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ABSTRACT

CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats) refers to
a particular arrangement of nucleotides in which there is an alternation between
short, direct repeats and short spacer sequences in between them. In addition to
the system of CRISPR, they express a bacterial-acquired immunity that protects
the bacterial cell against infection by bacteriophages and plasmids. This study
was aimed to detection of genetic diversity among bacterial isolates which was
performed by using CRISPR and were assessed for their potential in 18
Salmonella enterica (S. enterica) isolates. In this study, a total of 18 S. enterica
isolates from different clinical specimens (stool & blood) were subjected to
detection of CRISPR 1 and 2; of these, 18 (100%) and 13(72%) isolates were
PCR - positive for CRISPR I & II respectively. The number of the spacer of
CRISPR 1 and 2 were between 5-13 and1-12 spacers, respectively. The length
of the CRISPR1 and CRISPR2 DR was 29 nucleotides. The polymorphism of
DR of CRISPR-I by phylogenetic tree construction indicated that all 18 patterns
can divided into six linages (A-F), whereas among 13 diverse patterns of
CRISPR-II can classified into four linages (A-D). CRISPR-I had a different
number of spacers than CRISPR- II according to our research. Based on these
findings, it can be deduced that the CRISPR array has the potential to serve as
a molecular marker for an epidemiological study involving S. enterica.

Corresponding Editors
Nasser, N.
Abdel-Azeem, A. M.

Keywords
Bacteriophages,
genetic diversity,
molecular marker,
phylogenetic analysis,
plasmids,
polymorphism.

Published by Arab Society for Fungal Conservation

Introduction

This Clustered Regularly Interspaced Short Palindromic
Repeats (CRISPR) is a distinguishing characteristic of
DNA bands with conserved short repetitive direct repeats
separated by a short variable region known as a spacer
(Rath et al. 2015).

Clustered Regularly Interspaced Short Palindromic
Repeats is an acquired immunity that protects bacteria
against ((MGEs)), including viruses, plasmids, and
transposon (Koonin & Makarova 2019). Typically, a
CRISPR-Cas locus genomic design consists of three
components: a CRISPR array sequence, a CAS gene locus,

and an AT-rich leader region (Zhang & Ye 2017). The
direct repeat sequences in the CRISPR arrays range from
21 to 48 base pairs (bp), and they are all separated by
spacer sequences of 26-72 bp in length. The spacers
comprised four to ten preserved, short DNA sequences
derived from prior MGE interactions (Wang et al. 2020).

The CRISPR-Cas system mode of action may be
broken down into three distinct phases: the acquisition of
new spacers, also known as the adaption stage; the
generation of crRNA, also known as the CRISPR
transcribed and crRNA-mediated intervention against
foreign invaders (Mosterd et al. 2021).
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Typically, a CRISPR locus may include anywhere
from two to several hundreds of direct repeat (DR)
sequences that range in length from 23-50 base pairs and
are separated by unique spacer sequences of the same size
(Pourcel et al. 2020). Spacers are acquired from phages,
plasmids, and other transferable elements from previously
infected bacteria. They have sequences complementary to
those found in foreign DNA elements known as
protospacers (Makarova et al. 2015, Koonin & Makarova
2019, Hardany et al. 2025). Cas proteins often follow a
proto spacer adjacent motif (P A M) located on the target
sequence at least three nucleotides long. This allows the
Cas proteins to distinguish foreign DNA elements from
their DNA (Leenay et al. 2016).

Even though several studies have shown that the
S. enterica genome includes two unique CRISPR arrays
and that uses of CRISPR transcription and datatypes for
improved lab monitoring have been established, more
research is required (Fabre et al. 2012, Shariat et al. 2015).

Materials and Methods
Bacterial Specimens

In this research, 18 S. enterica (S typhimurium, S.
enteritidis and S. typhi) isolates were obtained from our
study and isolated from various clinical specimens (stool
& blood). The clinical stool and blood specimens were
collected from patients in the stages of all ages and both
sexes suffering from watery diarrhea (mucus, pus, little
blood or no) and blood obtained from patients with typhoid
fever were admitted in three hospitals of Babylon
Governorate: The Imam Al-Sadiq Teaching Hospital, Al-
Hillah Surgical Teaching Hospital and Babel Teaching
Hospital for Women and Children during a period of ten
months (from February 2022 to November 2022). We used
the same methods previously reported for isolating,
identifying, and serovar-typing S. enterica (Levy et al.
2008, Ogunremi et al. 2017, Aziz & Abdul-Lateef 2023).

Amplification of CRISPR arrays

CRISPR array amplification was performed
according to Lertworapreecha et al. (2018) using primers
that are particular to CRISPR-1 (F_CR-1: 5’-GCTGGT
GAAACG TGTTTATCC-3'; R _CR-1:5- ATTCC
GGTAGATY TK GA TGGAC-3',) and CRIRPR-2 (F_CR-
2: 5’-AACGCCAT GGCCTTCT CCTG-3"; R_CR-2: 5’-
CAAAATCAGY AAATTA GCTGTTC-3"). This reaction
is by using GoTaqg® G2 Green Master Mix (Promega,
USA). The reaction mixture (25 pl) comprises (Primers
1.5x2, DNA 3 ul, Master mix 12.5 ul, RNAse free water
6.5 ul). Amplification was performed under the following
conditions: first denaturation at 94 degrees Celsius for five
min, and after forty cycles of denature at 94 degrees
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Celsius for fifty minutes, the process of annealing at fifty
degrees Celsius for 1 minute, elongation of the primer at
seventy-two degrees Celsius for 1 minute, and a last
elongation step at seventy-two degrees Celsius for five
minutes. The outcome of Amplify was examined. Using an
agarose gel electrophoresis apparatus that was 1.5% thick
and stained with ethidium bromide (Thermo Fisher
Scientific, MA, USA).

CRISPR Screening

Purification was performed on every PCR product
produced from positive samples and evaluated using the
sanger sequencing technique in Korea (Macrogen
business). The CRISPR Finder tool was used to examine
each sequence related to CRISPR I and CRISPR II (Grissa
et al. 2007). The programs Bioedit and MEGA7 were used
to align several CRISPR variants, including CRISPR-I,
CRISPR-II, and direct repeat (Kumar et al. 2018).

Results

Detection of CRSPR I and CRSPR 11

Eighteen S. enterica (S enteritidis, S

typhimurium, S typhi) isolates from diverse sources
(stool and blood) were investigated for the presence
of CRISPR-1 and CRISPR- 2 as shown in the Figures
(1 and 2).

Fig 1. PCR product of CRISPR I, Lanes From right
represent the following: 2- STM3, 1- STM4, 3-
STM26, 4-STM27, 5- SE6, 6- SE7, 7- SE8, 8-SE10).
Lane M, DNA ladder

There was a total of 18 S. enferica serotype isolates
from different clinical specimens (stool & blood) were
subjected to detection CRISPR I and II of these 18(100%)
& 13(72%) isolates were PCR — positive for CRISPR I &
II respectively. The number of the spacer of CRISPR I and
IT were between 5-13 &1-12 spacer respectively. The size
of the direct repeats in CRISPR 1 and 2 was 29
nucleotides, as shown in table (1).
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Fig 2. PCR product of CRISPR 2, Lanes From right represent the following: 1- STM1, 2- STM2, 3- STM3, 4- STM4, 5-
STM26, 6-STM27, 7- SE6, 8-SE7). Lane M, DNA ladder.

Table 1. CRISPR I and CRISPR II Identification results

CRSPRI CRSPR2
PCR PCR
S“l,’}“’":”“ Isolate  Product CRSPR DR ”’";7” :r Product CRISPR DR ”’O’jf” ;r
P Length  Length Length spaocers ~ Length  Length  Length spacers -
(bp) (bp)
S ty29-1 763 333 29 5 + 1000 638 29 10+
S-ty30-1 778 333 29 5 + ; ; ; ; ;
. Sty3l-1 794 333 29 5 + ; _ ) } 5
Salmonella Typhi S ty32-1 808 333 29 5 + ; ; ; ;
S ty33-1 799 333 29 5 + : : : : :
S ty34-1 796 333 29 5 + : : : : :
S TMI-1 1022 703 29 11+ 109 89 29 1 +
S TM2-1 1020 702 29 11+ 1100 89 29 1 +
S TM3-1 1009 700 29 11+ 1298 638 29 10+
Salmonella S TM4-1 1004 821 29 13+ 2020 699 29 1+
Dyphimurium S—TI;/I%' 1005 699 29 11+ 1456 150 29 2 +
s_n;/m- 1004 698 29 11+ 1453 150 29 2 +
S E6-1 1216 331 29 5 + 692 334 29 2+
S E7-1 1442 676 29 10  + 1982 89 29 1 +
Salmonella S ES8-1 1440 758 29 12 + 1980 699 29 11 +
Enteritidis S E10-1 761 515 29 8 + 1433 89 29 1 +
S Ell-1 758 455 29 7 + 1051 638 29 10+
S E17-1 1233 639 29 10  + 1935 638 29 0+
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Estimation and Variation of CRISPR-1 and CRISPR-2
in Salmonella enterica

A phylogenetic tree based on the spacer and DR
sequences of CRISPR types was created to understand
further the links between all discovered CRISPR types of
serotypes. The findings indicated that CRISPR types
corresponded well with serotypes, but strains of the same

Microbial Biosystems 10(4)-2025

Clustering the polymorphism of DR of CRISPR-1 by
phylogenetic analysis tree construct revealed that all 18
patterns could be divided into six lineages (A-F), as shown
in figure (3), whereas amongst the 13 diverse patterns of
CRISPR -2 can be distinguished into four lineages (A-D)
as shown in figure (4).

CRISPR type were often found on the neighbouring
branch, as seen in figures (3-6).

S rv32-1 CRSPRI
Sty32-1 CRISPRI

0.007 S-ry31-1 CRISPR I
5-130-1 CRISPRT
S v20-1 CRISPRI
0.003
S ty3d-1 CRISPRI
o011 | SE11-I CRISPRI
{ 0.014
o.00k S TM3-1 CRISPR I
i 0.014
.
0.003 S ES-1 CRISPR I
0.006 S5 E10-1 CRISPRI
0.003
0.004 SE17-1 CRISPRI
0.026
S TM27-1 CRISPRI
0.006
S TM26-1 CRISPR I
0.009 0.003 )
0.604 S TMI-1 CRISPRI
0.002
S TM2-1 CRISPRI
0.009
5 Eo-1 CRISPRI
0.039
6.007 SE7-1 CRISPRI
0.018
S TM4-1 CRISPR 1
0.01

Fig 3. CRISPR I Phylogenetic tree of studied Salmonella isolates according to direct repeat sequences using neighbor-
joining method via MEGA-X Software.
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Fig 4. CRISPR II Phylogenetic tree of studied Sa/monella isolates according to direct repeat sequences using
Neighbour-joining method via MEG are. A-X Software.
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From the genetic similarity value of S. enterica serotype SE7 & STM4 at (19%), the result revealed a high
serotype according to repeat sequence for CRISPR-I and percentage of genetic variation among studied isolates &
CRISPR-II was shown in tables (2) and (3), it was found in introduced significant genetic differentiation of all used
CRISPR-1 there is a maximum similarity between serotypes isolates.
such as SE11 & STM3 at (100%) and minimum Similarity
STM4 & STY29 at (40%). While in CRISPR-2, the
maximum  Similarity between serotype SE11 & SE29 at
(100%) and the minimum similarity matrix between

Table 2. CRISPR I Similarity per cent of studied Sa/monella isolates according to direct repeat sequences.

SE1 SE1 SE1 STM STM STM STM STM STM Sty2 Sty3 Sty3 Sty3 Sty3 Sty3
SE6 SE7 SE8 v o 8 o v gl

0 1 7 1 2 3 4 26 27 9 0 1 2 3 4

49%

49% 49% 49% 49% 49% 49%

49% 49% 49% 49% 49% 49%

40% 40% 40% 40% 40% 40%

49% 49% 49% 49% 49% 49%

100%

48% 48% 48% 48% 48% 48%
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Table 3. CRISPR II Similarity in per cent of studied Salmonella isolates according to direct repeat sequences.

SE6 SE7 SE8 SE10 SE11 SE17

100%

SE6

19% 100% 19% 28% 35% 19%

48%

100% 50%
100%

SE8 48% 48% 100%

SE10 34% 50%

STM26

The alignment comparison of CRISPR-I and
CRISPR-II spacer sequences was performed in S enterica.
The evolutionary tree generated by the CRISPR-1 spacer
sequence alignment demonstrates that each serotype is
subdivided into distinct groups as illustrated in Figure 5.

100%

43% 50%

STM1 STM2 STM3 STM4 STM26 STM27 Sty29

24% 25% 32% 19% 35% 30%

100%
100%

100%
100%
100%

100%

Contrary to the CRISPR-2 spacer, the evolutionary
tree generated by the sequence alignment of the CRISPR-
2 spacer could not distinguish between S. enterica serovars
as illustrated in Figure 6.

S Eo-1 CRISPR I

o.027
r S ES-1 CRISPR T

I S E17-1 CRISPRIT

2. 729
o.0s5
—I 7.570
S E7-1 CRISPRIZ
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S E10-7 CRISPR I
o.330 o738
o015
S E77-7 CRISPRI
Z.955
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o.00=
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S-13v30-72 CRISPR I
RS S-v3Z-7 CRISPR I
S v32-7 CRISPR I
S n33-71 CRISPR I
S vFF-7 CRISPR I
———
o.s0

Fig 5. CRISPR I Phylogenetic tree of studied Salmonella isolates according to Spacer sequences using neighbour-

joining method via MEGA-X Software.
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Fig 6. CRISPR II Phylogenetic tree of studied Sa/monella isolates according to Spacer sequences using neighbour-joining

method via MEGA-X Software.

The genetic similarity value of S. enterica serotype
according to spacer sequence for CRISPR-I and CRISPR-II
was shown in tables (4 and 5); it was found that in CRISPR-
I there is a maximum similarity between Salmonella
serotypes S typhi & S typhimurium at (100%) and minimum
Similarity between S enteritidis & S typhi at (11%). In
contrast, in CRISPR-II the maximum Similarity between
serotypes STM4 & SE7, STM4 & SES8, STY29 & SEI11 at
(100%) and the minimum Similarity between serotypes
STM26 & SEG6 at (10%) cluster analysis based on combined
similarity matrix grouped all isolates in different clusters
indicating a genetic variability of isolates.

Typical CRISPR arrays with direct repeat (DR)
interspaced with a spacer was predicted in isolates with a
CRISPR system. DR of CRISPR-I and CRISPR-II isolates
showing identical lengths of 29 bp.

The DR sequence alignment of CRISPR-1 and
CRISPR-2 indicates the heterogeneous distribution of single
nucleotide polymorphism found scattered in both CRISPR-
1 and CRISPR-2. The sequencing analysis, on the other
hand, suggests that the DR region of CRISPR-1 and
CRISPR-2 have considerable diversity from each other.
This is the case even though both have the same number of
direct repeats.

53

The CRISPR assay found in S. enterica varied in length
and spacer content; in this study, the length of different
CRISPR arrays varied significantly, with the number of
spacers ranging from 1 to 13, the longest CRISPR locus
contained 13 unique spacers with most isolates contained 5
or 11 spacer the number of the spacer of spacers of CRISPR-
I was between 5-13 spacer and CRISPR-II was between 1-
12 spacer.

CRISPR-I had a different number of spacers than
CRISPR- II According to our research, CRISPR- I has a
more significant number of spacer terms and nucleotide
diversity than CRISPR- II.

CRISPR typing was accomplished by combining
CRISPR I & II After the spacer sequence was arrayed in
standard CRISPR typing, the resultant profile for each strain
revealed high genomic variation.

CRISPR reveals a significant spacer
diversity across S. enterica serovar isolates from a single
geographic region. Since CRISPR spacer undergoes fast
horizontal gene transfer events, S. enterica development in

However,

a host may vary dramatically within a few generations.
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Table 4. CRISPR I Similarity per cent of studied Sa/monella isolates according to spacer sequences.

SE1 SE1 SE1 ST ST ST ST STM2 STM Sty2 Sty3 Sty3 Sty3 Sty3 Sty3
SE6 SE7 SES ty * o o Y Y
0 1 7 M1 M2 M3 M4 6 27 9 0 1 2 3 4
100
SE6 o 28% 27% 21% 19% 24% 31% 31% 29% 25% 30% 28% 11% 11% 11% 11% 11% 11%
o
100
SE7 31% o 28% 23% 20% 27% 31% 31% 31% 31% 31% 31% 18% 18% 18% 18% 18% 18%
o
100
SE8 27% 27% o 30% 26% 83% 31% 31% 32% 24% 31% 32% 12% 12% 12% 12% 12% 12%
o
SE 100
10 32% 32% 45% o 88% 45% 38% 38% 37% 35% 38% 37% 14% 14% 14% 14% 14% 14%
o
SE 100
" 32% 31% 45% o 45% 38% 38% 37% 35% 38% 38% 16% 16% 16% 16% 16% 16%
A
SE 100
' 28% 30% 36% 31% o 35% 35% 36% 26% 35% 36% 15% 15% 15% 15% 15% 15%
o
STM
) 33% 31% 34% 27% 24% 32% 31% 24% 24% 24% 24% 24% 24%
STM
R 33% 31% 34% 27% 24% 32% 31% 24% 24% 24% 24% 24% 24%
STM 100
R 32% 31% 35% 27% 23% 33% o 30% 24% 24% 24% 24% 24% 24%
o
STM
. 23% 27% 22% 21% 19% 20% 13% 13% 13% 13% 13% 13%
STM
2 33% 31% 34% 27% 24% 32% 24% 24% 24% 24% 24% 24%
STM
»” 31% 31% 35% 27% 24% 32% 24% 24% 24% 24% 24% 24%
Sty 100
2 26% 39% 29% 22% 22% 29% 54% 54% 53% 33% 54% 53% o
b
Sty 100
30 26% 39% 29% 22% 22% 29% 54% 54% 53% 33% 54% 53% o
A
Sty 100
“ 26% 39% 29% 22% 22% 29% 54% 54% 53% 33% 54% 53% o
o
Sty 100
32 26% 39% 29% 22% 22% 29% 54% 54% 53% 33% 54% 53% o
o
Sty 100
1 26% 39% 29% 22% 22% 29% 54% 54% 53% 33% 54% 53% o
o
Sty 100
N 26% 39% 29% 22% 22% 29% 54% 54% 53% 33% 54% 53% o
o

The spacer was conserved in CRISPR-I and absent in 5
isolates in CRISPR-II; the variability of CRISPR-I & II
spacer either resulted from the doubling of the single spacer
or deletion of the single spacer.

The CRISPR regions might be employed as an
original target for creating PCR tests specific to
distinct Sal/monella serotypes with a consistent and
particular spacer. The repetitive distribution of the
spacer may be associated with the sequence
recombination of the repeat. The recombination
process may be followed by an increase and deletion
of the spacer and a shift in the spacer's location.
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The DR sequence was distinct, and a portion of the
spacer originated from a foreign gene. Under antibiotic
pressure, the bacterial CRISPR sequence may alter,
enabling the bacterium to acquire an exogenous resistant
gene and survive. The variation in CRISPR sequence and
the variety of spacer sequences may be associated with
Salmonella resistance. Therefore, various spacers and
direct repeat (DR) sequences may be used for subtyping
or tracing strains from multiple origins.
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Table 5. CRISPR II Similarity in per cent of studied Salmonella isolates according to spacer sequences.

e Sp sbs Shlo Son spis  SIM SIM  SIM  STM STM2 STMZ  Su2
! 2 3 4 6 7 9
SE6 1020 A%  41%  38%  36%  41%  43%  43%  43%  41%  43% 3%  36%
SET 7% 1(300 37%  13%  13%  33%  19%  19%  19%  37%  19% 19%  13%
SES  18% - 1[2)0 3% 3% - 3%  43%  43% - 43% 83% 3%
SEI0 12%  25%  21% 130 2U%  20%  26%  26%  28%  21%  27% 2%  24%
0
SEIl 18%  40%  40%  38% 1020 40%  36%  36%  36%  40%  36% 36%
SE17  20% - 3% 40% 1300 A% 44%  44% 44% 44%

STIM 14%  38%  31%  28%  24%  29%  100%
STzM 14%  38%  31%  28%  24%  29% 31% 24%
STM
) 12%  31%  26%  24%  20%  24% 100% | 26% m
SEM 18% 3%  37% 3% 4% 4% 100%  43% 3% 37%
S;é“ 0%  27%  22%  21%  17%  21% 7%  71%  80%  22%  100% 8%  17%
Sg’[ 13%  34%  28%  26%  22%  26%  88%  88% 100%  22%
Sty 0 0 0 0 0 0 0 0 0, 0 0 100
Y 18%  40%  40%  38% 39%  36%  36%  36%  40%  36% 36% o

Discussion

The variety within CRISPR can be used to distinguish
between closely related S. enterica strains. The
emergence of CRISPRI1 frequently accompanies the
presence of CRISPR2 were chosen as a genotyping target
since they were shown to be one of the areas of bacterial
genomes that evolves the most quickly. The sequencing
of the genes of S. enterica isolates will aid in assessing
the feasibility of CRISPR genotyping for outbreak
investigations and in discovering other potential
genotyping targets. CRISPR-Type 1 Cas systems are
generally regarded as standard evolutionary processes.
Type 2 system were derived from 1st class systems by
introducing transposable elements encoding various
nucleases, and they are being used as genome editing
tools (Mohanraju et al. 2016).

CRISPR has been proposed to replace conventional
Salmonella serotyping techniques (Tang et al., 2019).
CRISPR examines spacers of CRISPR loci and cluster
strains according to the Similarity of their spacer content
(Shariat et al. 2015).

Even within the same bacterial species, there have
been reports of variation in spacer number and nucleotide
sequences. This is likely due to environmental and host
changes, in addition to the loss or doubling of gained
CRISPR array, which has resulted in a considerable
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number of intra- and inter-species variations (Shariat et
al. 2015, Koonin & Makarova 2019, Shabbir et al. 2019).
Additionally, these variation arrays may be passed
vertically to the daughter strain from the parent strain
(Sheludchenko et al. 2015).

Some bacterial strains may exhibit variation in the
form of varying amounts of spacer sequences at the same
CRISPR locus, which may be used in phylogenetic and
epidemiological research (Beuvink et al. 2007). The
utilization of strain-specific SNPs in phylogeny and
epidemiological studies is noteworthy, though (Beuvink
et al. 2007). Notably, utilizing CRISPR-based molecular
subtyping, certain bacterial species (approximately 50%)
could not be sub-grouped because their genomes could
not acquire CRISPR loci, while others received spacers
more quickly (Shariat & Dudley 2014). The earliest
application of spacer data for bacterial subtyping was
spoligotyping, or  spacer-oligonucleotide  typing
(Kamerbeek et al. 1997). The concept is based on
identifying application locations utilizing labelled
primers during PCR amplification of CRISPR arrays
(Kamerbeek et al. 1997, Aziz & Abdul-Lateef 2023).

CRISPR sequences were shown to be significant
subtyping targets for Salmonella enteritidis isolates by
Simon & colleagues in 2013. They concluded that it
might be utilized to identify specific strains of Salmonella
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and perhaps other bacterial diseases, mainly because the
content of the CRISPR spacer may be readily obtained
from short-read DNA sequences (Hello et al. 2015,
Zheng et al. 2020).

However, it has not been recorded if S. enterica has
gained new spacers and lost old spacers in response to
phage and plasmids. Neither occurrence may have been
seen. In addition, a previous study has not shed light on
the function of Clustered regularly interspaced short
palindromic systems in Sa/monella.

However, previous research has demonstrated that
CRISPR spacers are intimately related to Sal/monella
serotypes. Each S. enterica serovar has unique spacers or
spacer arrangements, and several uncommon serotypes
have very complicated spacers (Li et al. 2017).

The existence of a spacer in the CRISPR array
makes it easier to acquire several spacers in a subsequent
infection by a previously seen invader; this biological
mechanism is known as primed adaptation (Datsenko et
al. 2012, Swarts et al. 2012).

Conclusion

CRISPR-I had a different number of spacers than
CRISPR- II According to our research. Based on these
findings, it can be deduced that the CRISPR array has the
potential to serve as a molecular marker for an
epidemiological study involving S. enterica. The
variation in CRISPR sequence and the variety of spacer
sequences may be associated with Salmonella resistance
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