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Abstract - Phylogenetic analysis of about twenty isolates of Shigella spp. was carried out using the nucleotide sequences 
of 16S rRNA, 23S rRNA and DNA gyrase B (gyrB) genes which was determined by directly sequencing PCR fragments. The 
results showed that the similarity based on 16S rRNA for specimens belonging to the same species of Shigella flexneri, Shi-
gella boydii, Shigella dysenteriae and Shigella sonnei were 99.7, 99.6, 99.5 and 100%, the corresponding results based on 
23S rRNA were 99.4, 99.7, 99.3 and 100%, and for gyrB were 99.4, 99.7, 99.1 and 100% respectively. Our results dem-
onstrate that gyrB sequence analysis is a fruitful approach to determine the phylogenetic relationships of Shigella isolates 
and may be an alternative to 16S rRNA analysis. In particular, gyrB analysis of bacteria is an effective means to classify 
closely related species, while 23S rRNA gene sequence data may be used for phylogenetic analysis at the species level.
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INTRODUCTION

Shigella was first discovered by the Japanese scientist Shiga 
in the 1890s and was adopted as a genus in the 1950s (Hale, 
1991). Shigellae are Gram-negative, non-motile and facultative 
interacellular pathogens (Murray et al., 2009), and cause bacil-
lary dysentery or shigellosis, a significant threat to public health, 
particularly in less developed countries with poor sanitation. 
Based on phenotypic characteristics, four species are recognized 
in this genus: Shigella dysenteriae, Shigella flexneri, Shigella 
boydii and Shigella sonnei (Murray et al., 2009). Each of them 
has a number of serotypes, e.g., S. dysenteriae type 1-12, S. 
sonnei phase I and II, S. boydii type 1-18, S. flexneri type 1-6 
(Sur et al., 2004). 
 In general, the chromosomes of Shigella comprise a sin-
gle circular DNA molecule consisting 4×106 bp, with a relative 
molecular mass of 4×109 and a total length of about 1.4 mm 
(Fukushima et al., 2002).
 Since 1980`s, microbiology has undergone a momentous 
shift from a determinative taxonomy to one based phylogeny 
(Woese et al., 1990). In the laboratories of Woese and other his 
colleagues, it was shown that phylogenetic relationships of bacte-
ria, and, indeed, all life-forms, could be determined by comparing 

a stable part of the genetic code (Woese et al., 1985, Woese, 
1987). Candidates for this genetic area in bacteria included the 
genes code for the 5S, the 16S, and the 23S rRNA and the spaces 
between these genes (Clarridge, 2004). The part of DNA that 
most commonly used for taxonomic purposes for bacteria, is the 
16S rRNA gene (Bottger, 1989; Kolbert and Persing, 1999; Palys 
et al., 1997; Tortoli, 2003).
 Bacterial analysis by 16S rRNA which is about 1550 bp long 
has become popular, because it is composed of both variable and 
conserved regions and also easy to sequence (Christensen et 
al., 1998; Clarridge, 2004). 16S rRNA gene analysis has proved 
useful for defining prokaryotic relationships from the species to 
phylum levels (Dewhirst et al., 2005). 
 The 23S rRNA gene offers the same advantages as the 16S 
rRNA gene (e.g., universal distribution, conserved function, and 
invariant and variable regions) (Ludwig and Schleifer, 1994). 
Comparison of 23S rRNA sequences allows phylogenetic analysis 
equivalent to 16S rRNA but due to it being twice as long and the 
presence of more variable regions, 23S rRNA gene sequence data 
is suggested for phylogenetic analysis at the species/subspecies 
level (Ludwig and Schleifer, 1994; Leffers et al., 1987; Anton et 
al., 1999).
 Theoretically, any sequence which codes protein can be used 
for a phylogenetic analysis. However, many genes, particularly 
those for catabolism, are known to spread horizontally among 
various bacterial species, and they cannot be used to mark the 
evolutionary record of host bacteria. Selecting proper taxonomic 
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marker genes may be because that, they are fundamentally 
necessary for housekeeping activities such as DNA replication, 
transcription, and translation, they are a single copy on each 
genome; and at least two regions are conserved for PCR ampli-
fication using primers complementary to the conserved regions. 
So, it was interested to apply gyrB sequences in the present 
study. gyrB, which is about 1.2 Kb long, is a single copy gene 
present in all bacteria which encodes the ATPase domain of DNA 
gyrase, an enzyme essential for DNA replication (Huang, 1996). 
gyrB partial sequence analysis seems to be more reliable and 
useful than 16S rRNA for determining the evolutionary relation-
ships of Shigella species (Fukushima et al., 2002).
 This report showed the homology rate of Shigella species in 
Iran using 16S rRNA, 23S rRNA and gyrB genes.

MATERIALS AND METHODS

Study bacterial strains and clinical samples. Twenty Shigella 
spp. included four serogroups, five isolates from each serogroup, 
were subjected for further characterization and phylogenetic 
relationships. The isolates had been selected from the microbial 
collection in the laboratory of food borne diseases in Research 
Center for Gastroenterology and Liver Diseases of Shahid 
Beheshti University of Medical Sciences. The samples subcultured 
on Xylose Lysine Deoxycholate medium (XLD) and McConkey 
agar. Non-fermenter colonies resembling Shigella spp. further 
confirmed using standard biochemical and microbiological meth-
ods (Downes et al., 2001). Serotyping of the isolates carried out 
using slide agglutination kit by specific poly and phase І and П 
antisera (MAST House, Merseyside, UK) and the isolates classi-
fied within twenty serogroups based on antigenic differences.

Molecular identification of Shigella spp. The isolates positive 
for invasion plasmid antigen H (ipaH) and negative for invasion-
associated locus (ial) considered as Shigella spp. and the isolates 
positive for invasion-associated locus (ial) considered as EIEC 
and excluded from the study (Sethabutr et al., 1993). 

Primers design. The used primers in the PCR and in the 
sequencing protocols were designed based on the reported 
Shigella boydii, Shigella dysenteriae, Shigella flexneri and 
Shigella sonnei 16S rRNA, 23S rRNA and gyrB genes sequences 
(GenBank accession no. NC 007613, NC 007606, NC 008258, 
and NC 007384, respectively). 16S and 23S rRNA and gyrB 
genes sequences of Escherichia coli BW2952 (NC 012759), 
Salmonella enterica subsp. enterica serovar paratyphi A str. 
ATCC 9150 (NC 006511), Klebsiella pneumoniae NTHU-K2044 
(NC 012731), Yersinia enterocolitica subsp. enterocolitica 8081 
(NC 008800) and Proteus mirabilis HI4320 (NC 010554) were 
also used as outgroups to design appropriate primers. The query 
coverage for the blasted designed PCR and sequencing primers 
(Tables 1 and 2) for Shigella spp. was 100%.
 16S rRNA. In order to obtain satisfactory results in DNA-
sequencing and covering all the gene sequence, the 16S rRNA 
gene sequence was divided into two segments. The forward 
primer for the first segment was designed to amplify 67 bp 
upstream of the first nucleotide and the reverse primer for the 
second segment was designed to amplify 61 bp downstream 
of the last nucleotide to avoid missing the nucleotides in DNA 
sequencing. 
 23S rRNA. To prevent missing the nucleotides in DNA 
sequencing, the 23S rRNA gene sequence was divided into 
four segments. The forward primer for the first segment was 

designed to amplify 100 bp upstream of the first nucleotide and 
the reverse primer for the forth segment was designed to amplify 
103 bp downstream of the last nucleotide. 
 gyrB. We have developed universal PCR primers (UP1fS and 
UP2Sr) with which the amplification and sequencing of gyrB 
genes from a variety of bacteria were possible (Yamamoto and 
Harayama, 1995). Sequencing primers were also designed to 
avoid missing nucleotides in DNA sequencing.

DNA extraction and amplification. To isolate chromosomal 
DNA, a big loopful of freshly grown colonies of bacteria were 
scrabed into a 1.5-ml micro centrifuge tube and resuspended 
in 700 μl of TE buffer (10 mM Tris-HCL; pH 7.5-8.0, 1 mM 
EDTA; pH 7.5-8.0). Chromosomal DNA was extracted accord-
ing to standard phenol-chloroform method (Sambrook and 
Russell, 2001). PCR was performed using Taq DNA polymerase 
(Fermentas, Germany), 100 ng of bacterial DNA, 1.5 mM MgCl2, 
200 mM dNTPs and 10 pMol each primer mentioned in Table 1. 
The cycling conditions for 16S rRNA, 23S rRNA and gyrB genes 
were: initial denaturation at 95 °C for 4 min, following 30 cycles 
of 94 °C for 60 s, appropriate annealing temperature according 
to Table 1 for 30 s, 72 °C for 20 s and the final extension of 72 
°C for 10 min.

Sequencing. The PCR-amplified products were subjected to 
direct sequencing, which was performed using a BigDyeTm 
Terminator Cycle Sequencing Kit (Applied Biosystems, Foster 
City, CA) and a genetic Analyzer Abi PrismTM 3130x1 (Applied 
Biosystems). All reactions were performed by sequencing 
with oligonucleotides mentioned in Table 2 and samples were 
sequenced in both directions and in case of any variations were 
found, results were confirmed by sequencing of at least two inde-
pendent PCR products. All sequences were analyzed by Chromas 
version 2.22 (Queenlands, Australia). 

Phylogenetic analysis. The nucleotide sequences of 16S rRNA, 
23S rRNA and gyrB genes were aligned by the CLUSTAL W com-
puter program (Thompson et al., 1994). A Maximum Parsimony 
analysis (Dayhoff, 1972) was used to reconstruct phylogenetic 
trees with the MEGA3 software (Kumar et al., 2004).

Nucleotide sequence accession numbers. The Nucleotide 
sequences of 16S rRNA, 23S rRNA and gyrB genes from twenty 
isolates of Shigella have been submitted to the GenBank and are 
available for public access under the accession numbers: EF643608, 
EF643609 and EU009177 to EU009199 (16S rRNA), EU855230 to 
EU855249 (23S rRNA), EU051355 to EU051374 (gyrB).

RESULTS

Serotyping
All isolated Shigella spp. subjected for serotyping using slide 
agglutination method by poly and Phase I and II antisera. The 
result of serotyping has been shown in Table 3. 

Amplification and sequencing of 16S rRNA, 23S rRNA and 
gyrB genes
PCR-amplification of 16S and 23S rRNA genes has been per-
formed using the two and four covering primer pairs to amplify 
complete sequence of 16S rDNA (1542 bp) and 23S rDNA (2904 
bp) respectively (Table 1). Also a 1256 bp fragment of gyrB 
amplified, using universal primer pair in all twenty Shigella iso-
lates (Table 1).
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 PCR fragments were determined by the sequencing oli-
gonucleotides (Table 2). Nucleotide sequences comparison in 
National Center of Biotechnology Information (NCBI) revealed 
high homology with other Shigella spp.

Phylogenetic analysis and genetic distance of 16S rRNA, 
23S rRNA and gyrB genes 
The results showed that every twenty isolates of Shigella have 
99.7% similarity to each other based on 16S rRNA, while 
according to 23S rRNA; the homology rate was 99.6%. The 
similarity based on 16S rRNA for specimens belonging to the 
same species of S. flexneri, S. boydii, S. dysenteriae and S. 
sonnei were 99.7, 99.6, 99.5 and 100%, the corresponding 

TABLE 1 - Primers for the PCR amplification of 16S rRNA, 23S rRNA and gyrB genes 
Genes Primer sequences (5’-3’) Positiona Product size 

(bp)
Annealing 
temp. (°C)

16S rRNA TGAATACCAAGTCTCAAGAGTG
GTCCACGCTGTAAACGAT

67 bp upstream start site
805-822

889 61

GAAGACTGACGCTCAGGTG
GATTGTCTGATAGAAAGTGAAAAGC

747-765
61 bp downstream stop site

856 62.5

23S rRNA TCAAGCTGAAAATTGAAACACTG
CAATCAAACCGGGAGATAGC

100 bp upstream start site
788-807

907 60.5

AAGGGAAACCGAGTCTTAACTG
CTGGTTTTCCAGGCAAATC

627-648
1481-1499

873 61.5

GCGTAGTCGATGGGAAACAG
GTTGGCTAATCCTGGTCGG

1370-1389
2291-2309

940 63

TACCACCCTTTAATGTTTGATG
GATAAAACAGAATTAGCCTGGC

2173-2194
103 bp downstream stop site

834 60

gyrBb GAAGTCATCATGACCGTTCTGCA
AGCAGGGTACGGATGTGCGAGCC

275-297
1508-1530

1256 67

a Positions correspond to the 16S (rrs H) and 23S rRNA (rrl H) nucleotide sequences of Shigella flexneri 5 str. 8401 (CP000266).
b UP1fS and UP2Sr Universal Primers (Yamamoto and Harayama, 1995). 

TABLE 2 - Selected genes and sequencing oligonucleotides used in this study
Genes Sequencing nucleotides Positiona

16S rRNA TGAATACCAAGTCTCAAGAGTG 67 bp upstream start site
CACACTGGAACTGAGACAC 314-332
GAGGAAGGGAGTAAAGTTAA 449-468
GTCCACGCTGTAAACGAT 805-822
GAAGACTGACGCTCAGGTG 747-765
CAACCCTTATCCTTTGTTG 1111-1129
CTACACACGTGCTACAATG 1225-1243
GATTGTCTGATAGAAAGTGAAAAGC 61 bp downstream stop site

23S rRNA TCAAGCTGAAAATTGAAACACTG 100 bp upstream start site
TACTCCTGACTGACCGATAG 432-451
TACTCCTGACTGACCGATAG 432-451
CAATCAAACCGGGAGATAGC 788-807
AAGGGAAACCGAGTCTTAACTG 627-648
AAAGCGTAATAGCTCACTGGTC 1089-1110
GAAAGCGTAATAGCTCACTG 1088-1107
CTGGTTTTCCAGGCAAATC 1481-1499
GCGTAGTCGATGGGAAACAG 1370-1389
TCGTGGAGCTGAAATCAGTC 1734-1753
GTAACTATAACGGTCCTAAGG 1911-1931
GTTGGCTAATCCTGGTCGG 2291-2309
TACCACCCTTTAATGTTTGATG 2173-2194
TGTTTGGCACCTCGATGTC 2490-2508
GTGTTCGGGTTGTCATGCC 2687-2705
GATAAAACAGAATTAGCCTGGC 103 bp downstream stop site

gyrB GAAGTCATCATGACCGTTCTGCAb 275-297
CTACTGCTTTACCAACAACATTC 799-821
CAAACTGGTTTCTTCTGAGG 1015-1034
AGCAGGGTACGGATGTGCGAGCCb 1508-1530

a Positions correspond to the 16S (rrs H) and 23S rRNA (rrl H) nucleotide sequences of Shigella flexneri 5 str. 8401 (CP000266).
b UP1fS and UP2Sr Universal Primers (Yamamoto and Harayama, 1995). 

TABLE 3 - Serogroups of twenty Shigella isolates

Serotype Isolates (No.)
Shigella sonnei
Poly D Phase I & II

5

Shigella flexneri 
Poly B Types I , II , III , IV , V , 
VI Groups (3)4,6,7(8)

5

Shigella boydii
Poly C Types 1,2,3,4,5,6,7
Poly C1 Types 8,9,10,11
Poly C2 Types 12,13,14,15
Poly C3 Types 16,17,18

2
1
1
1

Shigella dysenteriae
Poly A Types 1,2,3,4,5,6,7
Poly A1 Types 8,9,10,11,12

3
2
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results based on 23S rRNA were 99.4, 99.7, 99.3 and 100% 
respectively. The percent nucleotide divergence between S. 
dysenteriae and S. flexneri of 16S and 23S rRNA was 99.5 
and 99.3% whereas between S. boydii and S. sonnei was 
99.7 and 99.5%. Figures 1 and 2 show the phylogenetic trees 
for Shigella isolates on the basis of their 16S and 23S rRNA 
genes. 
 In the phylogenetic-tree analysis of gyrB, homology in 
specimens of S. flexneri, S. boydii, S. dysenteriae and S. son-
nei species were 99.4, 99.6, 99.1 and 100% respectively; also 
the homology of these twenty isolates was 99.5%. Shigella 
boydii and S. dysenteriae were found to have 99.2% similarity 
to each other, 99.6 and 99.1% similarity to S. flexneri respec-
tively. The phylogenetic tree of twenty isolates of Shigella 
based on the nucleotide sequence of gyrB gene has been 
shown in Fig. 3.

DISCUSSION

Phylogenetic-tree analysis is frequently used as a method to 
classify organisms (Fukushima et al., 2002). Variant genes 
such as thrB, ksgA, pabB, ipaB, ipaD etc., have been examined 
for the analysis of phylogenetic relationships of Shigella (Pupo 
et al., 2000; Escobar-Paramo et al., 2003; Yang et al., 2007). 
In general, 16S rRNA is most often used for such analyses; 
however 23S rRNA sequences allows equivalent result com-
pare to 16S rRNA, but due to it being twice as long, and the 
presence of more variable regions, 23S rRNA gene sequence 
data might be better marker for phylogenetic analysis at the 
species/subspecies level (Leffers et al., 1987). Also, the gyrB 
sequence analysis is a rapid and effective method for identify-
ing bacterial species and for examining phylogenetic relation-
ships (Yamamoto and Harayama, 1996).

FIG. 1 - Phylogenetic tree based on the nucleotide sequences of 16S rRNA genes. The 16S rRNA sequences were adjusted to 1542 
bases, and the tree was constructed by the Maximum Parsimony method, using the computer program MEGA3. The numbers 
shown next to the nodes indicate percent bootstrap values of the 1000 replicates. Genetic distances were computed using the 
Close-Neighbor-Interchange algorithm (Nei and Kumar, 2000). The sequence data for phylogenetic analysis were taken from 
the GenBank nucleotide sequence database for the following strains: Shigella boydii Sb227 (CP000036), Shigella dysenteriae 
Sd197 (CP000034), Shigella flexneri 5 str. 8401 (CP000266) and Shigella sonnei Ss046 (CP000038). Proteus mirabilis HI4320 
(AM942759) was used as an outgroup.
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 In our phylogenetic-tree analysis of 16S and 23S rRNA, the 
percent divergences of S. flexneri from S. dysenteriae and S. 
sonnei from S. boydii were 0.5, 0.6, 0.2 and 0.4% respectively. 
These data are in accordance with the previous study using the 
16S rRNA gene sequence (Wang et al., 1997; Fukushima et al., 
2002) indicating close relationship among these species.
 In Fig. 1 and 2 S. flexneri and S. dysenteriae are grouped 
together, while these phylogenetic trees included S. sonnei and 
S. boydii in one group. However, the results of the phylogenetic 
analysis of the twenty isolated Shigella based on 23S rRNA 
nucleotide sequences confirmed the 16S rRNA phylogenetic 
analysis, the divergence values between species are smaller in 
16S rRNA analysis than in 23S rRNA and previous studies using 
several housekeeping and invasion genes (Boyd et al., 1994, 
1997; Li et al., 1995; Nelson et al., 1991; Nelson and Selander, 
1994).

 In the phylogenetic-tree analysis of gyrB, the percent 
divergences of S. boydii from S. dysenteriae and S. flexneri 
were 0.7 and 0.8% respectively, also S. dysenteriae and S. 
flexneri had 0.8% divergence. The divergence values are 
significantly improved in gyrB analysis compared with 16S 
and 23S rRNA analysis which is in accordance with the previ-
ous study (Fukushima et al., 2002). It is reported that when 
20 Pseudomonas strains were analyzed using the nucleotide 
sequences of gyrB and the genes for 16S rRNA and RNA 
polymerase σ70 factor (rpoD), the percent divergences of gyrB 
were larger than those of the other genes (Yamamoto and 
Harayama, 1998).
 Comparisons of Fig. 1 and 2 with Fig. 3 highlight the differ-
ent pattern of Shigella divergence which is determined that S. 
sonnei isolates are located in the same cluster; whereas, S. boy-
dii, S. flexneri and S. dysenteriae are gathered in one group.

FIG. 2 - Phylogenetic tree based on the nucleotide sequences of 23S rRNA genes. The 23S rRNA sequences were adjusted to 2904 
bases, and the tree was constructed by the Maximum Parsimony method, using the computer program MEGA3. The numbers 
shown next to the nodes indicate percent bootstrap values of the 1000 replicates. Genetic distances were computed using the 
Close-Neighbor-Interchange algorithm (Nei and Kumar, 2000). The sequence data for phylogenetic analysis were taken from 
the GenBank nucleotide sequence database for the following strains: Shigella boydii Sb227 (CP000036), Shigella dysenteriae 
Sd197 (CP000034), Shigella flexneri 5 str. 8401 (CP000266) and Shigella sonnei Ss046 (CP000038). Proteus mirabilis HI4320 
(AM942759) was used as an outgroup.
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 Although the 16S rRNA gene is preferred for phylogenetic 
studies because of its attributes, such as little evidence for 
its lateral transfer (Sneath, 1993), the sequence variation of 
16S rRNA is not as high as those of other genes in numerous 
studies. In addition, the rate of base substitution is greater for 
the gyrB sequence than for the 16S rRNA sequence (Dams et 
al., 1988; Yamamoto and Harayama, 1995, 1998) same as the 
results of this study.
 The study shows that 16S and 23S rRNA sequence analy-
ses are complementary because 23S rRNA was able to verify 
conclusions drawn from 16S rRNA analysis and it provided phy-
logenetic information at the species level; while, gyrB analysis 
generally shows more precise separations of S. sonnei iso-
lates.
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