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Abstract

Background: Shigella dysenteriae are Gram-negative and non-sporulating bacteria that cause illness in epithelial tissue of the colon
and rectum. According to a preliminary analysis, rare or no reports could introduce highly reliable and specific genes, primers,
and probes for S. dysenteriae recognition. Thus, it is necessary to detect specific genome parts in S. dysenteriae that could be used in
diagnostic laboratories to recognize S. dysenteriae species confidently.

Methods: Identification of specific S. dysenteriae genome regions as DNA-barcodes was the main objective of the current study to
accrue detection of this species. To this end, S. dysenteriae genome was compared with other Enterobacteriaceae genomes.

Results: Results indicated that there is little genetic distance between S. dysenteriae and E. coli, and most of the genes are common
between these 2 species. The lowest genome fluidity was observed between S. dysenteriae and Escherichia coli, and Salmonella enter-
ica. Furthermore, the largest number of orthologous genes was observed between S. dysenteriae and E. coli (0157_H7). All previous
markers and virulent genes were also evaluated in the current study. However, no specific DNA barcodes were identified among al-
ready identified genes. Additionally, all regions of S. dysenteriae genome were investigated in the current study using specific region
identifier programs by comparison with other Enterobacteriaceae strains.

Conclusions: Finally, eight specific DNA-barcodes were identified in the current study that could be beneficial for specific recogni-

tion of S. dysenteriae strains.
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1. Background

Shigellosis causes over one million fatalities with more
than 160 million patients with shigellosis. Most of these
patients were under 5 years (1, 2). Shigella infection occurs
through the mouth and intestines. Accumulation of 10 to
100 of these bacteria could cause shigellosis (3). Shigella
is categorized to 4 groups, through biochemical and O
antigen characteristics, including S. dysenteriae (group A),
Shigellaflexneri (group B), Shigella boydii (group C), and
Shigella sonnei (group D) (4-6). Shigella cells include a vir-
ulent plasmid that encodes genes that are necessary for
attacking Intestinal mucosal cells (7). However, there is
some pathogenicity islands in Shigella chromosomes that
could play important roles in Pathogenicity (8). All Shigella
strains include a large virulent plasmid with 180 to 215 kb

of size, which is necessary for Shigella pathogenicity (9, 10).
Pandemic epidemic of S. dysenteriae in central Amer-
ica led to a total of 112000 cases and 10000 deaths in
Guatemala from 1969 to 1972 (11, 12). The Sd197 strain of
S. dysenteriae includes Gram-negative and non-sporulating
bacteria that cause illness in epithelial tissue of the colon
and rectum (13). The Sd197 strain of S. dysenteriae was ob-
served in the epidemic of Guatemala in 1968 (12, 14, 15).
Shigella species originally formed from Escherichia coli
about 3500 to 270 000 years ago (16). Escherichia coli is the
most important model organism in biological and medi-
cal studies. Many of the critical approaches, including bac-
terial conjugation, recombination, and genetic regulation
are derived from studying E. coli (17). Over billions of E. coli
cells are established in a healthy human gut (18), yet there
aresomeE. colithat causeillness, including diarrhea, blood
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infection, pneumonia and meningitis in humans or ani-
mals (19).

Large amounts of S. dysenteriae genome are very much
similar with the E. coli genome (9, 10). There is a low
number of genetic assays that could distinct S. dysenteriae
from E. coli or other strains of Shigella because most of the
genes included in S. dysenteriae could also be found in E.
coli or other Shigella strains with similar sequence struc-
ture. Additionally, their virulent plasmid showed similar
characteristics (20). In some reports, shiga toxin gene has
been used for S. dysenteriae and E. coli recognition (21-23)
because this gene is present in both S. dysenteria and Es-
cherichia coli. Although, this method is beneficial for recog-
nition of toxin existence, yet it could not recognize the
exact species. Because of similarities among S. dysente-
riae and E. coli and also other Shigella strains, especially
in their virulent genes, most of the designed primers or
probes for S. dysenteriae could also recognize other related
species. As an example, stx1, ipaBCD, and ipaH are some
genes that have been introduced for specific recognition
of Shigella species, such as S. dysenteriae (24). However,
the researcher’s in-silico analysis (but not experimental)
indicated that these genes and their primer might be used
to recognize other related species such as E. coli or other
Shigella species instead of S. dysenteriae. Similar results
have been found by other studies. Thus, according to our
preliminary analysis, rare or no reports could introduce
highly reliable and specific genes, primers, and probes for
S. dysenteriae recognition. Therefore, laboratory specialists
could be misled in diagnostic tests when they are using
common genes for specific recognition. Thus, it is neces-
sary to detect specific genome parts in S. dysenteriae that
could be used in diagnostic laboratories to recognize S.
dysenteriae species confidently. Although both Shigella and
Escherichia species are very much similar in large amounts
of their genome, an extensive study of comparative ge-
nomics between these species should be done. In the cur-
rent study, comparative genomics was hired to indicate the
similarity among S. dysenteriae, E. coli, and other Shigella
strains that led to the identification of specific genome ar-
eas of S. dysenteriae as specific DNA-barcodes.

2. Methods

2.1. Genome Sequences

Enterobacteriaceae strains genome sequences were
downloaded from the genome list of NCBI database
(https://[www.ncbi.nlm.nih.gov/genome/browse). ~ These
genome sequences were used by comparative genomics
used in the current study.

2.2. Genetic Distance and Similarity Computation

Genetic distance calculation of strains could lead us
to the identification of close strains. In the current
study, genetic distances between S. dysenteriae and other
bacteria strains were calculated according to oligonu-
cleotide frequency through an online tool available at
http://insilico.ehu.eus.

The researchers visualized phylogenetic trees to indi-
cate close species. The IMG software was used for creat-
ing genome clusters between S. dysenteriae and other bac-
teria species (https://img.jgi.doe.gov/cgi-bin/m/main.cgi).
The Sd197 strain of S. dysenteriae focused mainly on com-
puting and comparisons with other strains of species in
the current study.

Dissimilarity and genome fluidity of Sd197 strain with
other strains was also evaluated in the current study.
Genome fluidity is a measure of dissimilarity among
genes. It is obtained through the ratio of all unique
genes (not shared) to all genes present in the 2 com-
pared genomes (25). Genome fluidity was evaluated and
compared using POGO-DB (26) for 70 conserved genes de-
scribed in this study.

In order to confirm genome fluidity results of stud-
ied strains, orthologous genes between S. dysenteriae and
other Enterobacteriaceae species were studied using Or-
thoVen (http:|/probes.pw.usda.gov/OrthoVenn/). To this
end, 2 methods, including high sensitivity and low sensi-
tivity methods were used. In the high sensitivity method
the minimum percentage of similarity was considered as
30 % for 70% of aligned sequenced, yet in low sensitivity
method the minimum percentage of similarity was con-
sidered as10 % for 50% of aligned sequences.

2.3. Comparative Genomics Analysis

The SCAN2 program was used for multiple alignments
of genome sequences instead of other alignment pro-
grams because of its specific ability for analysis of multi
mega byte size genome sequences that could expedite the
sequence alignment. The researchers used the SCAN2 pro-
gram for multiple alignments of S. dysenteriae and E. coli
strains used in the current study. This program is available
at  http://[www.softberry.com/berry.phtml?topic=scan2&
group=programs&subgroup=scanh.

Synteny LinePlot analysis and was used in the
current study to create a graphical overview of
conserved regions. This graphical visualization
was carried out using the MicroScop program
(http://[www.genoscope.cns.frfagc/microscope). Micro-
Scop is a prokaryotic annotation system widely used by
the microbiologist and it has been mostly used for synteny
map visualization (27).
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In addition, BioEdit, Mega, and Blastall programs have
been used for comparing sequences and also for some
comparative genomics studies (28, 29).

2.4. Comparative Genomics Analysis of Virulent Genes to Iden-
tify Specific Virulent DNA-Barcodes

In this study, identified virulent genes were considered
to detect specific and conserved virulent genes. To this
end, ShiBase (http://[www.mgc.ac.cn/ShiBASE|) and VFDB
(http://[www.mgc.ac.cn/VFs|) databases were used in the
current study. ShiBase and VFDB have been introduced as
important databases for identifying virulent factors of bac-
terial strains (30, 31). The researchers used these databases
to identify specific and conserved virulent genes among S.
dysenteriae, Shigella, and Escherichia strains.

2.5. Exploration of New DNA-Barcodes

Identification of specific genes for sd197 strain of S.
dysenteriae has been done by removing homologous genes
with other Shigella and also E. coli strains, according to MIC-
FAM clustering algorithm through pan genome analysis
using the SiLiX software (32). The MICFAM parameter was
considered as 80 in this analysis.

The researchers have also used PSAT analysis (33) to
identify sd197 homologues genes with other Shigella and
also E. coli strains. To this end, E-value < 10, bitscore
> 20 and identity percentage > 10 were considered to
identify homologous genes against all Shigella and Es-
cherichia strains genome. These selected strict criteria
could increase the range of homologous genes and on the
other hand could decrease error in identification of non-
homologous genes. This could lead to an increase in con-
fidence in identification of sd197-specific DNA-Barcodes
through PSAT analysis.

Additionally, the researchers have also used the
nucmer program from MUMmer3 software (34) to identify
specific regions in the sd197 genome. The researchers
considered 500nt as minimum lengths of specific regions.

3. Results

3.1. Genetic Distance of S. dysenteriae from Other Enterobacte-
riaceae

Evaluation of the phylogenetic tree of Enterobacteri-
aceae indicated that S. dysenteriae is genetically close to E.
coli in addition to other Shigella species (Figure 1). Thus,
it is very likely that many of the genome regions between
S. dysenteriae and E. coli are similar. Genetic distance of
S. dysenteriae with other Shigella and E. coli strains is pre-
sented in Table 1. As shown in Table 1 S. dysenteriae is ge-
netically very close to E. coli. Therefore, since the aim of

Avicenna ] Clin Microb Infec. 2017; 4(4):e13082.

this study is to recognize specific regions of S. dysenteriae,
extensive comparative genomics has been performed to
identify specific S. dysenteriae regions not common with all
E. coli strains.

3.2. First Comparative Results

Shigella dysenteriae are identified by 2 important
strains, including sd197 and 1617. In this study sd197 was
selected for further studies. Genomes of sd197 strains in
comparison with other Shigella species and also E. coli are
presented in ShiBASE (http://[www.mgc.ac.cn/ShiBASE)).
Genome characteristics of S. dysenteriae were compared
with other Shigella strains and also the sakai strain of E.
coli O157:H7 using NCBI database. Results indicated that S.
dysenteriae chromosome is smaller than other Shigella and
sakai strains. In addition, comparison results indicated
that all of these strains had one large plasmid and up to
three small plasmids. Shigella dysenteriae includes one
large plasmid (pSD1_197) and one small plasmid (pSD197_-
spA). It is important to note that more genes exist in
Shigella plasmids when compared with the sakai strain
of E. coli O157:H7. Additionally, more pseudo genes exist
in Shigella species when compared with the sakai strain.
A lower number of genes and on the other hand greater
number of pseudo genes in S. dysenteriae indicated that
fewer regions of this species genome could encode pro-
teins compared to others. The Conserved Synteny LinePlot
was used to show and overview existence of homologous
regions between S. dysenteriae and other Shigella species
and also S. dysenteriae and E. coli (Figure 2). As shown
in Figure 2, large amounts of S. dysenteriae regions are
conserved with other Shigella species and E. coli.

3.3. Similarity Evaluation of Shigella Dysenteriae with Other En-
terobacteriaceae

As mentioned earlier, genome fluidity is a measure
of dissimilarity among genes, which is the ratio of all
unique genes (not shared) to all genes that exist in the two
genomes (25). Higher genome fluidity indicates existence
of more specific genes between 2 species and finally shows
the difference between evaluated species (25). In this study,
genome fluidity has been used to compare S. dysenteriae to
other Enterobacteriaceae species. The lowest genome flu-
idity (less than 40%) was observed between S. dysenteriae
and E. coli and also S. dysenteriae and S. enterica. This in-
dicates high similarity among S. dysenteriae and the other
two species. On the other hand, the highest genome flu-
idity (more than 80%) was observed between S. dysenteriae
and B. aphidicola and also S. dysenteriae and C. Moranella en-
dobia. Thus, these two species have the lowest common
genes with S. dysenteriae.
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Figure 1. Phylogenetic Tree of Enterobacteriaceae

Furthermore, results of orthologous genes between S.
dysenteriae and other Enterobacteriaceae species indicated
that the lowest number of orthologous genes belonged to
S. dysenteriae and B. aphidicola (high sensitivity: 321 num-

ber, low sensitivity: 351 number) and likewise S. dysenteriae

and C. Moranella endobia (high sensitivity: 359, low sensitiv-
ity:398). On the other hand, the largest number of ortholo-
gous genes belonged to S. dysenteriae with E. coli O157:H7 en-
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Table 1. Genetic Distance of Shigella dysenteriae with Other Shigella and Escherichia coli Strains

Row Race Name Genome Id Genetic Distance Row Race Name Genome Id Genetic Distance Row Race Name Genome Id Genetic Distance
1 S. dysenteriae Sd197 NC_007606 0 28 E. coli 0104:H4 str. NC_018650 0.005460488 55 E. coli ABU 83972 NC_017631 0.006632288
2009EL-2050
2 S. dysenteriae 1617 NC_022912 0.000550692 29 E. coli str. K-12 substr. NC_010473 0.005498053 56 E. coli O7:K1 str. CE10 NC_017646 0.006723061
DH10B
3 Shigella boydii CDC NC_010658 0.001831203 30 E. coli SE1l NC_o11415 0.005499051 57 E. colistr. clone D i14 NC_017652 0.006834802
3083-94
4 Shigella boydii Sb227 NC_007613 0.001841915 31 E. coli str. K-12 substr. NC_020518 0.005549004 58 E. coli str. clone D i2 NC_017651 0.006835676
MDS42 DNA
5 Shigella sonnei Ss046 NC_007384 0.001901669 32 E. coli DH1 NC_017625 0.005561443 59 E. coli APEC O1 NC_008563 0.006878332
6 Shigella sonnei 53G NC_016822 0.002198125 33 E. coli K-12 substr. NC_000091 0.00558117 60 E. coli 042 NC_017626 0.007084083
W3110
7 Shigella flexneri 2a str NC_004337 0.002692293 34 E. coli str. K-12 substr. NC_007779 0.00558117 61 E.coli 536 NC_008253 0.007168004
301 W3110
8 Shigella flexneri 2a NC_004741 0.002698727 35 E. coli PMV-1 NC_022370 0.005606612 62 E. coli 0103:H2 str. NC_013353 0.007219182
str. 24577 12009
9 Shigella flexneri 5 str. NC_008258 0.002698731 36 E. coli 0104:H4 str. NC_018661 0.005642387 63 E. coli 026:H1 str. NC_o013361 0.00722457
8401 2009EL-2071 1368
10 Shigella flexneri NC_017328 0.002920613 37 E. coli B str. REL606 NC_012967 0.005646166 64 E. coli O111:H- str. 11128 NC_013364 0.007441441
2002017
n E. coli NATI4 NC_017644 0.003198381 38 E. coli IHE3034 NC_017628 0.005654157 65 E. coli CFTO73 NC_004431 0.007721105
12 E. coli P12b NC_017663 0.00413917 39 E. coli S88 NC_o11742 0.005662353 66 E. coli SMS3-5 NC_010498 0.007789663
3 E. coli KONFL NC_017660 0.004926643 40 E. coli 0104:H4 str. NC_018658 0.005677694 67 E. coli 055:H7 str. NC_013941 0.007969988
2011C3493 CB9615
14 E. coli ]J1886 NC_022648 0.004936043 41 E. coli str. K-12 substr. NC_000913 0.005726779 68 E. coli Xuzhou21 NC_017906 0.008153557
MG1655
15 E. coli ETEC H10407 NC_017633 0.004947672 42 E. coli 55989 NC_on748 0.005799974 69 E. coli O157:H7 str. NC_002695 0.008279665
Sakai
16 E. coli ATCC 8739 NC_010468 0.005055756 43 E. coli SE15 NC_013654 0.005824402 70 E. coli 055:H7 str. NC_017656 0.008571297
RM12579
17 E.coli HS NC_009800 0.005101879 44 E. coli ED1a NC_o11745 0.005825414 7 E. coli O157:H7 str. NC_013008 0.008576832
TW14359
18 E. coli UMNK88 NC_017641 0.005168637 45 E. coli 1AI NC_on741 0.005894765 72 E. coli O157:H7 str. NC_o11353 0.008618833
EC4115
19 E. coli BL21-Gold NC_012947 0.00517856 46 E. coli IAI39 NC_on750 0.005903618 3 E. coli 0157:H7 EDL933 NC_002655 0.009314847
20 E. coli LY180 NC_022364 0.005252523 47 E. coli UMN026 NC_on7s1 0.006089112
21 E.coliWw NC_017664 0.005278604 a8 E. coli LF82 NC_011993 0.006106167
22 E. coli KOTFL NC_016902 0.005294661 49 E. coli E24377A NC_009801 0.006195796
23 E. coli BL21(DE3) NC_012892 0.005295794 50 E. coli APEC 078 NC_020163 0.006262813
24 E. coli BL21(DE3) NC_012971 0.005296196 51 E. coli O83:H1 str. NRG NC_017634 0.006315047
857C
25 E.coliw NC_017635 0.005305845 52 E. coli UTI89 NC_007946 0.006348379
26 E. coli DH1 NC_017638 0.005435895 53 E. coli 0127:H6 NC_011601 0.006460836
E2348/69
27 E. coli BW2952 NC_012759 0.005442963 54 E. coli UM146 NC_017632 0.006614888

dobia (high sensitivity: 3112, low sensitivity: 3147 number).
Therefore, results of orthologous comparisons confirmed
genome fluidity results of the current study.

3.4. Could Already-Introduced Marker Genes in Bacteria Be In-
troduced as Suitable DNA-Barcodes for S. dysenteriae?

Different genes have already been used as marker
genes for identification of bacteria. The 16s rRNA is one of
the frequent used genes in these studies (35-38). One of the
important reasons for selection of 16s rRNA in these studies
is that 16s rRNA exists in all bacteria species with no vari-
ability in its gene structure (39). Blast results of S. dysente-
riae16s rRNA with other Enterobacteriaceae showed that this
gene could be aligned with all bacteria, especially with E.
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coli. Furthermore, 97% to 99% similarity has been observed
between all E. coli strains and S. dysenteriae for 16s rRNA gene
in this study. The lowest similarity has been observed be-
tween S. dysenteriae and C. Riesia with 87% similarity. Thus,
16s rRNA could not act as an efficient marker for recogni-
tion of closely related species like S. dysenteriae and E. coli.
Therefore, marker genes with higher distinctive features
are necessary for S. dysenteriae recognition. To this end,
other introduced markers for recognition of different bac-
teria species were evaluated in this study including amoA,
pmoA, nirS, nirk, nosZ, and pufM (35, 40, 41) and also dnaG,
frr, infC, nusA, pgk, pyrG, rplA, rplB, rplC, rplD, rplE, rplF, rplK,
rplL, rpIM, rpIN, rplP, rplS, rplT, rpmA, rpoB, rpsB, rpsC, rpsE, 1psl,
1ps], rpsK, rpsM, rpsS, smpB and tsf (42). The current inves-
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Figure 2. Synteny LinePlot Among Shigella and Escherichia coli Species

Shigella dysenteriae
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Shigella boydii

Shigella dysenteriae
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Escherichia coli

Shigella dysenteriae
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N

Shigella flexneri

g

Shigella dysenteriae
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Shigella sonnei

Red line indicated homologous regions and blue line indicated homologous and reversed regions, respectively.

tigation indicated that all of these genes could be aligned  Enterobacteriaceae for these marker genes. However, more
with the S. dysenteriae genome. In all cases, more than50%  than 90% similarity was observed between S. dysenteriae
similarity was observed between S. dysenteriae and other ~ and all E. coli strains for all the mentioned genes. There-
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fore, it could be concluded that these already-introduced
marker genes could not be useful for S. dysenteriae recogni-
tion.

3.5. Could Already-Introduced Virulent Genes in Bacteria Be In-
troduced as Suitable DNA-Barcodes for S. dysenteriae?

The use of virulent genes has been introduced as one
of effective ways for recognition of bacteria. As an exam-
ple, the stx gene has been used for S. dysenteriae recognition
(21-23). In this context, all virulent S. dysenteriae genes were
compared with other Shigella and also with E. coli strains
to identify their conservation in this study (Figure 3). Re-
sultsindicated thatall virulent genes of S. dysenteriae could
be aligned with other Shigella or E. coli strains using NCBI,
VFDB, and ShiBASE. Thus, these virulent genes could not
be introduced as suitable DNA-barcodes for S. dysenteriae.
Therefore, these virulent genes are beneficial for recogni-
tion of multiple bacteria recognition and also virulent fac-
tors instead of specific diagnosis of bacteria like S. dysente-
riae. As shown in Figure 3, the stx gene is conserved in both
S. dysenteriae and E. coli strains and plays a role in shiga
toxin production. Thus, these virulent genes are beneficial
for recognition of shiga toxin existence. Conservation of
other virulent genes is presented in Figure 3.

3.6. Investigation of Other Genome Areas of S. dysenteriae to
Identify DNA-Barcodes

Using the MUMmer3 program, six specificregions were
identified in the current study that could be used as spe-
cific DNA-barcodes for S. dysenteriae recognition, includ-
ing NC_009344.1 (2791.7017 in plasmid pSD197_spA), NC_-
007606.1 (3886090.3886726 in complete genome), NC_-
007606.1 (3769230.3770547 in complete genome), NC_-
007606.1 (3859088.3859910 in complete genome), NC_-
007606.1(2329346.2331791 in complete genome), and NC_-
007606.1 (1082613.1083293 in complete genome) regions.
In addition, using PSAT, specific DNA-barcodes have been
found for large and small plasmids, including NC_-
009344.1(5327.6079 in plasmid pSD197_spA near rfp genes
that was also detected by MUMmer3 but in a larger space)
and NC_007606.1(162252.162452 exist in plasmid pSD1_197
between virA and spa genes). Designed forward and reverse
primersin the current study are presented in Table 2. These
primers could be beneficial for further studies.

4. Discussion
The current results indicated that specific regions of S.

dysenteriae that might have evolved recently are appropri-
ate for DNA-barcodes detection rather than slowly evolved
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Table 2. Designed Forward and Reverse Primers for Identified DNA-Barcodes

DNA- Forward Primer Reverse Primer
Barcodes

NC_007606.1 ATTAAACCGGGGTGCCTCA GCCTCTCGAGACGTGAAATC
(162252.162452)

NC_007606.1 GCGTAACCACCAATCCAGTT TGCAATATTTCCAGCAGGTG
(3886090.38867.

NC_007606.1 GGGGACACCAGCAGTACCTA CGGTGGAGAAATCGTCATCT
(3769230.3770547)

NC_007606.1 CTITCTGCCAGAGCATCTTCC CTGATTAGCGTGATACCGCA
(3859088.385991

NC_007606.1 TTGACCAGCAACTTCCAGTG CTTGCTGGCTGGCTTATTTC
(2329346.2331791)

NC_007606.1 TGGTTTCAGCCAATGTTTCA TGCGATTGCATTTGCTAAGA
(1082613.108329:

NC_009344.1 CCATGTGGCTGCTCTGTAAA GCGCCATTCCTGTTGATTAT
(2791.7017)

NC_009344.1 TGCCAACAACCTTAGCTGTG CAAGTGACCCAAATGTGTTAGC
(5327.6079)

genes, such as 16s rRNA or stx. Comparative genomic stud-
ies have helped with identification of specific regions in
the S. dysenteriae genome from recently evolved genes.
However, slowly evolved genes could be helpful for mul-
tiple bacteria recognition or identification of virulent fac-
tors when certain strains or species are not considered.
Lack of attention to these notes could lead to mistakes in S.
dysenteriae recognition. To overcome this event, selection
of correct genes form this species is an essential step. Fi-
nally, in this study, 8 specific DNA-barcodes for recognition
of S. dysenteriae were identified. These DNA-barcodes could
be useful for designing primers and probes to identify S.
dysenteriae.
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