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Shigella spp. constitutes some of the key pathogens responsible for the global burden of diarrhoeal disease. With over 164 
million reported cases per annum, shigellosis accounts for 1.1 million deaths each year. Majority of these cases occur among 
the children of the developing nations and the emergence of multi-drug resistance Shigella strains in clinical isolates 
demands the development of better/new drugs against this pathogen. The genome of Shigella flexneri was extensively 
analyzed and found 4,362 proteins among which the functions of 674 proteins, termed as hypothetical proteins (HPs) had 
not been previously elucidated. Amino acid sequences of all these 674 HPs were studied and the functions of a total of 39 HPs 
have been assigned with high level of confidence. Here we have utilized a combination of the latest versions of databases to 
assign the precise function of HPs for which no experimental information is available. These HPs were found to belong to 
various classes of proteins such as enzymes, binding proteins, signal transducers, lipoprotein, transporters, virulence and 
other proteins. Evaluation of the performance of the various computational tools conducted using receiver operating 
characteristic curve analysis and a resoundingly high average accuracy of 93.6% were obtained. Our comprehensive analysis 
will help to gain greater understanding for the development of many novel potential therapeutic interventions to defeat 
Shigella infection.
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Introduction

Shigella, refers to a genus of gram-negative facultative 
anaerobes that belongs to members of the family Entero-
bacteriaceae and is the causative agent of shigellosis, a severe 
enteric infection, one of the most common causes of 
morbidity and mortality among children in developing 
nations. The Global Burden of Disease (GBD) classified 
Shigella as the second leading cause of diarrheal deaths on a 
global scale in 2015 [1]. Shigellosis leads to the recurrent 
passing of small, bloody mucoidal stools with synchronous 
abdominal cramps and tenesmus caused by ulceration of the 
colonic epithelium [2]. In malnourished children, Shigella 

infection may lead to a vicious cycle of further impaired 
nutrition, frequent infection and growth retardation 
resulting from protein loss enteropathy [3]. 

The Shigella genus is divided into four species: Shigella 
flexneri, Shigella boydii, Shigella sonnei, and Shigella dysenteriae. 
These are further classified into serotypes based on 
biochemical differences and variations in their O-antigen 
[4]. A total of 19 different serotypes of S. flexneri have been 
reported so far by various research groups [5]. Among the 
four Shigella species, shigellosis is predominantly caused by 
S. flexneri in the developing world especially in Asia, and is 
responsible for approximately 10% of all diarrheal episodes 
among children of ＜5 years [6]. Recent multicenter study in 
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Asia revealed that the incidence of this disease might even 
exceed previous estimations, due to Shigella DNA being 
detectable in up to one third of the total culture negative 
specimens [7]. Currently, no effective vaccine with the 
ability to confer adequate protection against the many 
different serotypes of Shigella has been developed and made 
available. Existing antimicrobial treatments are becoming 
compromised in terms of efficacy due to increased antibiotic 
resistance, soaring cost of treatment, and persistence of poor 
hygiene and unsanitary conditions in the developing world. 

A particular study conducted on numerous isolates of 
Shigella collected over a time span of 10 years, multi-drug 
resistance (MDR) were found to be exhibited by 78.5% of 
the isolates. 2% of the isolates were found to harbor genetic 
information capable of conferring resistance to azithromycin, 
a final resort antimicrobial agent for shigellosis [8]. On the 
other hand, a recent whole genome analysis of a particular 
strain of S. flexneri revealed 82 distinct chromosomal 
antibiotic resistance genes while successive re-sequencing 
platforms elucidated several distinct single nucleotide 
polymorphisms that contributed to eventual MDR [9]. 
Therefore, the development of new drugs has risen to 
become a subject of immense magnitude to not only shorten 
the medication period but also to treat MDR shigellosis. The 
genome sequence of S. flexneri serotype 2a strain 2457T, 
available in the NCBI database consists of 4,599,354 bp in a 
single circular chromosome containing 4,906 genes 
encoding 4,362 proteins and has G ＋ C content of 50.9% 
[10]. Among these, the functions of 674 proteins have not 
been experimentally determined till date and are termed as 
hypothetical proteins (HPs). A HP is one that has been 
predicted to be encoded by an identified open reading frame, 
but for which there is a lack of experimental evidence [11]. 
Nearly half of the proteins in most genomes belong to the 
class of HPs and this class of proteins presumably have their 
own importance to complete genomic and proteomic 
platform of an organism [12, 13]. Precise annotation of the 
HPs of particular genome leads to the discovery of new 
structures as well as new functions, and elucidating a list of 
additional protein pathways and cascades, thus completing 
our incomplete understanding on the mosaic of proteins 
[13]. HPs may possibly play crucial roles in disease 
progression and survival of pathogen [11, 14]. Furthermore, 
novel HPs may also serve as markers and pharmacological 
targets for development of new drugs and therapies [15]. 
Functions of HPs from several pathogenic organisms have 
been already reported using a plethora of sequence and 
structure based methods [14, 16, 17]. 

Functional annotation of HPs utilizing advanced 
bioinformatics tools is a well-established platform in current 
proteomics [18]. Cost and time efficiency of these methods 

also favoring their preference over contemporary in vitro 
techniques [19]. In this study, we have used several well 
optimized and up to date bioinformatics tools to assign 
functions of a number of HPs from the genome of S. flexneri 
with high precision [20]. Functional domains were 
considered as the basis to infer the biological functions of 
HPs in this case. The receiver operating characteristic (ROC) 
analysis [21] was used for evaluating the performance of 
bioinformatics tools executed in our study. We also 
measured the confidence level of the functional predictions 
on the basis of bioinformatics tools employed during the 
course of the investigation [22]. We believe that this analysis 
will expand our knowledge regarding the functional roles of 
HPs of Shigella and provide an opportunity to unveil a 
number of potential novel drug targets [17]. 

Methods

The computational algorithm used for this study has been 
illustrated in Fig. 1. The entire work scheme has been 
divided into three phases namely, phase I, II and III. Phase I 
involves the characterization and sequence retrieval of the 
HPs, following the analysis of the S. flexneri genome. Phase II 
comprises of the annotation of various functional parameters 
using well optimized series of tools. The probable functions 
of the characterized HPs were predicted by the integration of 
various functional predictions. In phase III, an approach was 
made for systematic performance evaluation of various 
bioinformatics tools used in this study. In this case, S. flexneri 
protein sequences with known function were used as 
control. Finally, expert knowledge was applied for annotation 
of HPs at a considerable degree of confidence. 

Phase I

Accession of genome and sequence retrieval 
Complete genome sequence of S. flexneri 2a str. 2457T was 

retrieved from NCBI database (http://www.ncbi.nlm.nih. 
gov/genome/) and was found to code for a total of 4,362 
proteins (accessed July 5, 2017). Fasta sequences of the 
complete coding sequence of 682 proteins, characterized as 
HPs were retrieved from UniProt (http://www.uniprot.org/). 
Finally, a total of 674 proteins were retained for downstream 
analysis following exclusion of duplicates.

Analysis of the conserved domains
Domains are often identified as recurring (sequence or 

structure) units, and can be thought of as distinct functional 
and/or structural units of a protein. During molecular 
evolution, it is assumed that domains may have been utilized 
as building blocks and have encountered recombination to 
modulate protein function [23]. A domain or fold might also 
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Fig. 1. Computational algorithm used 
for annotating function of 39 hypo-
thetical proteins (HPs) from Shigella 
flexneri. The framework has been 
divided into three phases: PHASE I, 
sequence retrieval from online data-
bases; PHASE II, the extensive analysis
of sub-cellular localization, physico-
chemical parameters, virulence, func-
tion and domain present in HPs; 
PHASE III, assessment of the predicted
functions using the protein with known
function from S. flexneri and reliable
prediction of possible functions of 
HPs.

exhibit a higher degree of conservancy when compared with 
the entire sequence [24]. 

In our study, five bioinformatics tools namely: CDD-BLAST 
(Conserved Domain Database-Basic Local Alignment Search 
Tool) [25-27], PFAM [28], HmmScan [29], SMART (Simple 
Modular Architecture Research Tool) [30], and SCANPROSITE 
[31] were used. These tools are able to search for the defined 
conserved domains in the targeted protein sequences and 
further assist in the classification of putative proteins in a 
particular protein family. HPs analyzed by five 
aforementioned function prediction web tools revealed the 
variable results when searched for the conserved domains in 
hypothetical sequences. Therefore, different confidence 

levels were assigned on the basis of collective results of these 
web-tools. One hundred percentage confidence level was 
considered upon obtaining the same results from the five 
distinct tools. Finally, we obtained 39 such proteins from 674 
primary collected proteins, which were taken for further 
analysis (Supplementary Table 1).

Phase II

Physicochemical characterization 
Theoretical physiochemical parameters such as molecular 

weight, isoelectric point, aliphatic index, instability index 
and grand average of hydropathicity (GRAVY) of these HPs 
were analyzed using ProtParam server of the Expasy tools 
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Table 1. List of annotated Hconf proteins from Shigella flexneri

No Protein name Protein function

1 WP_005053355.1 Peptidase, C92 family
2 WP_000092054.1 DUF1615/lipoprotein
3 WP_001382892.1 DUF3251/lipoprotein YajI/immunoglobulin like domain
4 WP_005053036.1 Lipoprotein_16/uncharacterized lipoprotein
5 WP_000779831.1 lipoprotein chaperone (YscW)
6 WP_011110552.1 YbfN-like lipoprotein
7 WP_001269672.1 LPS-assembly lipoprotein RlpB (LptE)
8 WP_001247854.1 Topoisomerases, DnaG-type primases, Hedgehog/intein domain
9 WP_000070107.1 ATP-binding cassette transporter

10 WP_000224274.1 MOSC beta barrel domain/2Fe-2S iron-sulfur cluster binding domain
11 WP_000749269.1 YceI-like domain
12 WP_001125713.1 YcgL domain
13 WP_001043881.1 GAF domain
14 WP_001295493.1 Endoribonuclease L-PSP/YjgFfamily
15 WP_000691930.1 Domain of unknown function (DUF333)
16 WP_000597196.1 Glycine zipper 2TM domain
17 WP_000248636.1 AI-2E family transporter/permease
18 WP_000755956.1 SPFH domain/Band 7 family
19 WP_001237866.1 YecR-like lipoprotein
20 WP_000454701.1 TerC family/Transporter associated domain/CBS domain
21 WP_000003197.1 von Willebrand factor type A domain
22 WP_005049020.1 Uncharacterized lipoprotein YehR
23 WP_048814497.1 Leucine rich repeat protein/NEL or novel E3 ligase domain
24 WP_000301054.1 Lipopolysaccharide kinase (Kdo/WaaP)
25 WP_000266171.1 Tetratricopeptide repeat (TPR)
26 WP_000589825.1 Outer membrane protein (ompA) like domain/membrane lipoprotein
27 WP_005051685.1 LysM (lysin-like motif)/peptidase family M23
28 WP_001387238.1 DNA repair protein RadC-like JAB domain
29 WP_000248097.1 Carrier protein (CP) domain and phosphopantetheine attachment site
30 WP_000848528.1 Lipoprotein leucine-zipper
31 WP_000189314.1 GIY-YIG nuclease domain
32 WP_001297375.1 DNA repair protein RadC-like JAB domain
33 WP_000858193.1 yiaA/B two helix domain
34 WP_001296791.1 Autotransporter beta-domain
35 WP_000778795.1 Acetyltransferase (GNAT) domain
36 WP_001205243.1 Xylose isomerase-like TIM barrel (AP_endonuc_2)
37 WP_001238362.1 Lipocalin-like domain
38 WP_000943980.1 Glutathionylspermidine synthase
39 WP_000132640.1 Toxin SymE/SpoVT-AbrB domain 

(http://web.expasy.org/protparam/). Results of this analysis 
have been listed in Supplementary Table 2.

Determination of sub-cellular localization 
For the identification of a protein as a drug or vaccine 

candidate, determination of the sub-cellular localization of 
the protein becomes particularly important. Surface membrane 
protein can be served as a potential vaccine target while 
cytoplasmic proteins may act as promising drug targets [32]. 
We used CELLO [33], PSORTb [34], and PSLpred [35] for 
the denotation of sub-cellular localization of the query 
proteins. TMHMM, SOSUI, and HMMTOP were applied for 

the prediction of query proteins for being a membrane 
protein, based on Hidden Markov Model [36-38]. SingnalP 
4.1 [39] was used to predict the signal peptide and 
SecretomeP 2.0 [40] were utilized for the identification of 
proteins involved in non-classical secretory pathway. Results 
of these predictions are summarized in Supplementary Table 3.

Functional prediction of the query proteins
Various tools were used for precise functional assignments 

of all 39 HPs from S. flexneri (described in Table 1) such as 
CDD-Blast, Pfam, HmmScan, SMART, Scanprosite, MOTIF 
[41], INTERPROSCAN [42], CATH [43], SUPERFAMILY 
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Table 2. Different types of folds identified in Shigella flexneri

No. Fold type Accession number

1 Viral coat and capsid proteins WP_005053355.1, WP_000691930.1
2 TIM-barrel WP_000092054.1, WP_001247854.1, WP_001295493.1, WP_000266171.1, 

WP_001297375.1, WP_000943980.1, WP_000132640.1
3 Ferredoxin-like WP_001382892.1, WP_000003197.1, WP_000301054.1
4 4-Helical up-and-down bundle WP_005053036.1, WP_000779831.1, WP_001269672.1
5 DNA-binding 3-helical bundle WP_011110552.1, WP_000589825.1, WP_001387238.1, WP_000848528.1, 

WP_000189314.1
6 Small inhibitors, toxins, lectins WP_000070107.1, WP_000454701.1, WP_048814497.1, WP_001205243.1
7 Belta-grasp WP_000224274.1
8 Cupredoxins WP_000749269.1, WP_000248636.1, WP_005051685.1
9 Thioredoxin-like WP_001125713.1

10 Flavodoxin-like WP_001043881.1
11 Trypsin-like serine proteases WP_000597196.1
12 OB-fold WP_000755956.1, WP_001237866.1, WP_000858193.1, WP_000778795.1
13 Immunoglobulin-like WP_005049020.1
14 EF-hand WP_000248097.1
15 ConA-like lectin/glucanases WP_001296791.1
16 Lipocalins WP_001238362.1

[44], and Protonet [45]. Results of these analyses have been 
outlined in Supplementary Tables 4 and 5.

The computational prediction of the structure of a protein 
from its amino acid sequences greatly facilitates the subsequent 
prediction of its function [46]. An online server PS2-v2 (PS 
Square version 2) [47], a template based method were used to 
predict the structure of the HPs. The modeling of proteins using 
this online server further substantiated the function of HPs. 
Besides, PFP-FunDSeqE [48] has been used to elucidate the 
protein fold patterns based on a combination of functional 
domain information and evolutionary information (Table 2).

Virulence factors analysis 
Virulence factors (VFs) are described as potent targets for 

developing drugs because it is essential for the severity of 
infection [49]. VICMpred [50] and Virulentpred [51] tools 
were employed to predict VFs from protein sequences with 
an accuracy of 70.75% and 81.8%, respectively.

Functional protein association networks 
The function and activity of a protein are often modulated 

by other proteins with which it interacts. Therefore, 
understanding of protein-protein interactions serve as 
valuable leads for predicting the function of a protein. In this 
investigation, we had employed STRING (Search Tool for the 
Retrieval of Interacting Genes/Proteins, https://string-db.org/) 
[52] to predict protein interactions partners of HPs. To 
predict functional association, only highest confidence score 
partner proteins were chosen in this study.

Phase III

Performance assessment 
The predicted functions of HPs from S. flexneri and the 

accuracy of associated tools were validated using the ROC 
curve analysis. In this analysis, the diagnostics efficacy is 
evaluated at six levels where 1 and 0 classified as true 
positive and true negative respectively as binary numerals. In 
addition, the integers (2, 3, 4, and 5) were used as confidence 
ratings for each case. The ROC curves were carried out using 
25 S. flexneri proteins with known function as control and 
were compared with the results obtained for the 39 HPs 
(Supplementary Tables 6 and 7). The results were submitted 
to web-based calculator for the ROC curves [53] in “format 
1” form and the program thereby calculated the ROC curves. 
The results were expressed in terms of accuracy (Ac), 
sensitivity (Se), specificity (Sp) and the area under the curve 
(AUC) [54]. The average accuracy of the employed pipeline 
was found 93.6% (Table 3, Fig. 2).

Results and Discussion 
Sequence analysis 

Sequences of all the 674 HPs were analyzed for identification 
of the functional domains using five bioinformatics tools 
namely CDD-BLAST, Pfam, HmmScan, SMART, and 
SCANPROSITE. If the given five tools indicated the same 
domains for a protein, we considered it as 100% confidence 
level. In our study, all the five tools mentioned above 
revealed 39 such proteins and hence were grouped together. 
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Table 3. List of accuracy, sensitivity, specificity, and ROC area of various bioinformatics tools used for predicting function of Hconf 
proteins from Shigella flexneri obtained after ROC analysis

No. Software name Accuracy of prediction (%) Sensitivity (%) Specificity (%) ROC area

1 BLAST 100 100 n/a n/a
2 Pfam 100 100 100 1
3 HmmScan 100 100 100 1
4 SMART 100 100 100 1
5 Scanprosite  72 100  12.50 0.662
6 MOTIF 100 100 100 1
7 Interproscan 100 100 100 1
8 CATH  80 100 16.70 0.539
9 SUPERFAMILY  84 100  20 0.54

10 ProtoNet 100 100 100 1
11 Average  93.6 100  64.35 0.774

ROC, receiver operating characteristic.

Fig. 2. Receiver operating characteristic (ROC) curve (area under 
the curve [AUC] = 0.774) for average accuracy of prediction.

Fig. 3. Hypothetical proteins classified into different groups based
on their functions. 

Only these HPs having 100% confidence level were 
considered for further analyses and termed as highly 
confident (Hconf) proteins. From the rest of the 635 
proteins, no specific conserved domains were found for a 
total of 257 proteins. For other HPs (n = 378), specific 
domains were identified using several of these tools. To 
know accurate function of these proteins further studies are 
required.

The function of each of these 39 Hconf were successfully 
assigned by using different online tools, listed in Table 1. All 
sequence analyses were compiled and categorized into 
various functional classes constituting 9 enzymes, 10 
binding proteins, 4 transporters, 4 lipoproteins, 6 which are 
involved in various cellular processes, while 6 proteins were 
predicted to exhibit miscellaneous functions (Fig. 3). 
Various functional classes of these classified Hconf proteins 
are described below. 

Enzymes

Enzymes are key players in many leading biochemical 
processes in the living system and may facilitate the survival 
of pathogens in the host and making it viable for the course 
of infection. A total of 9 proteins out of 39 (23%) of our 
annotated Hconfs were characterized as enzymes. Among 
these, two proteins were characterized as transferases, 
among which, WP_000301054.1 is a lipopolysaccharide 
kinase (Kdo/WaaP), involved in the formation of outer 
membrane (OM) of gram negative bacteria and is encoded by 
the Waap gene. The OM protects cells from toxic molecules 
and is important for survival during infection and is required 
for virulence of the pathogen [55]. According to reports 
made by Delucia [55], the depletion of WaaP gene was seen 
to halt the growth of the bacteria suggesting that WaaP is 
essential to produce the full-length lipopolysaccharide, 
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recognized by the OM [49]. Therefore, WaaP may result in a 
potent target for the development of novel antimicrobial 
agents. The other transferase, protein WP_000778795.1 was 
found to consist of an acetyltransferase (GNAT) domain that 
uses acetyl coenzyme A (CoA) to transfer an acetyl group to 
a substrate, a reaction implicated in various functions for the 
development of antibiotic resistance of bacteria [56]. 

Three enzymes were predicted to be hydrolases, which 
plays key role in the invasion of the host tissue and evading 
the host defense mechanism and are thus associated with 
various VFs [57]. For instance, WP_005051685.1 marks the 
lysin-like motif/peptidase family M23, is found in proteins 
from viruses, bacteria, fungi, plants and mammals. It is 
present in bacterial extracellular proteins including hydrolases, 
adhesins and VFs such as protein A from Staphylococcus 
aureus. We report WP_001295493.1 protein as the endori-
bonuclease/YjgF family active on single-stranded mRNA 
that inhibits protein synthesis by cleaving mRNA [58]. YjgF 
family members are enamine/imine deaminases that 
hydrolyze reactive intermediates released by pyridoxal 
phosphate-dependent enzymes, including threonine 
dehydratase [59]. It has also been reported in the inhibition 
of transaminase B in Salmonella [60]. 

Among the other enzymes predicted, there has been two 
isomerase and one lyase enzyme. WP_001247854.1 constitutes 
the toprim (topoisomerase-primase),a catalytic domain 
involved in breakage and rejoining of DNA strand [61]. 
WP_001205243.1 marks the Xylose isomerase-like TIM 
barrel involved in the myo-inositol catabolism pathway [62]. 
Lyases also play a key role in bacterial pathogenesis due to 
their involvements in various biosynthesis processes. 
WP_000943980.1 was found to demonstrate synthase 
activity that causes hydrolysis of ATP with the formation of 
an amide bond between spermidine and the glycine 
carboxylate of glutathione. In the pathogenic trypanosomatids, 
this reaction is the penultimate step in the biosynthesis of 
the antioxidant metabolite, and is a resounding target for 
target mediated drug design [63]. The WP_000454701.1 
protein was found to be a cystathionine b-lyase, an enzyme 
which forms the cystathionine intermediate in cysteine 
biosynthesis and may be considered as the target for 
pyridiamine anti-microbial agents [64].

Binding proteins

Ten proteins annotated as binding proteins among which 
1 RNA binding, 3 protein binding, 3 lipid binding, 1 metal 
binding, 1 peptidoglycan binding, and 1 adhesion protein 
have been predicted. WP_000132640.1 protein was predicted 
to be SymE (SOS-induced yjiW gene with similarity to 
MazE). It has been reported to involve in inhibiting cell 
growth, decrease protein synthesis and increase RNA 

degradation and thus exhibit a vital role in the survival and 
propagation of pathogen in the host [65, 66]. Despite not 
manifesting any functional homology with other type I toxin 
proteins, SymE belongs to the type I toxin-antitoxin system. 
Its function resembles that of type II toxins such as MazF, 
which is able to perform the cleavage of mRNA in a ribosome 
independent manner. However, SymE shares homology to 
the AbrB-fold superfamily proteins such as MazE, which acts 
as transcriptional factors and antitoxins in various type II TA 
modules [67]. It seems probable that SymE has evolved into 
an RNA cleavage protein with toxin-like properties from a 
transcription factor or antitoxin [66]. In our study, we 
reported WP_000003197.1 as von Willebrand factor with a 
type A domain which has been reported responsible for 
various blood disorders [68-70]. The association of type A 
domain makes it liable to be involved in various significant 
activities such as cell adhesion and immune defense [71]. On 
the other hand, WP_000755956.1 has been predicted to 
belong to the band-7 protein family that comprises of a 
diverse set of membrane-bound proteins characterized by 
the presence of a conserved domain [72]. The exact function 
of this domain is not known, but concurrent reports from 
animal and bacterial stomatin-type proteins demonstrate 
the ability of binding to lipids and in the assembly of 
membrane-bound oligomers that form putative scaffolds 
[73]. We have also predicted WP_001269672.1 and 
WP_000749269.1 as the lipid binding domain called 
lipopolysaccharide (LPS)-assembly lipoprotein LptE and the 
YceI-like domain respectively. The LPS transport machinery 
is composed of LptA, LptB, LptC, LptD, and LptE. LptE 
forms a complex with LptD, which is involved in the 
assembly of LPS in the outer leaflet of the OM [74]. This OM 
is an effective permeability barrier that protects the cells 
from toxic compounds, such as antibiotics and detergents, 
thus conferring the bacteria with the capability to adapt and 
consequently inhabit several different and often hostile 
environments. Among the binding prtoteins, WP_ 
000266171.1 was found to be a tetratricopeptide repeat 
containing protein which is involved in protein-protein 
interactions and thus plays an important role in virulence 
[75]. 

Cellular processes/regulatory proteins

A total of 6 HPs have been predicted to be involved in 
various cellular and regulatory mechanisms, which are vital 
cognates in the pathogenesis of S. flexneri and thus can be 
treated as possible drug targets [76]. For example, 
WP_000189314.1 predicted to be a member of the GIY-YIG 
family involved in many cellular processes including DNA 
repair and recombination, transfer of mobile genetic 
elements, and restriction of incoming foreign DNA [77, 78]. 
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WP_001387238.1 and WP_001297375.1 have been found 
to be RadC-like domain belonging to the JAB superfamily of 
metalloproteins [79]. In most instances, this domain shows 
fusions to an N-terminal Helix-hairpin-Helix (HhH) domain 
and may also be function as a nuclease [79]. WP_ 
000848528.1 has been predicted to be a leucine-zipper found 
in the enterobacterial OM lipoprotein LPP [80]. It is likely 
that this domain is involved in protein-protein interaction 
via subsequent oligomerization. WP_000597196.1 and 
WP_048814497.1 have been respectively found to be a 
Glycine zipper 2TM domain found in the Rickettsia genus and 
leucine-rich repeat involved in a variety of biological 
processes, including signal transduction, cell adhesion, 
DNA repair, recombination, transcription, RNA processing, 
disease resistance, apoptosis, and the immune response 
[81]. 

Lipoprotein

Bacterial lipoproteins are a set of membrane proteins with 
many different functions. Due to this broad-ranging 
functionality, these proteins have a considerable significance 
in many phenomena, from cellular physiology through cell 
division and virulence [82]. Lipoprotein of gram-negative 
bacteria is essential for growth and division [83]. In our 
analysis, we report a total of 4 lipoproteins from the group of 
HPs predicted in this study. It has been also revealed that 
lipoproteins may function as vaccines [82]. The knowledge 
of these facts may be utilized for the generation of novel 
countermeasures to bacterial diseases [82]. 

Transport

In our findings, we report the prediction of HP WP_ 
000070107.1 to be a member of the ATP-binding cassette 
superfamily,largest of all protein families with a diversity of 
physiological functions [84]. It has recently been identified 
that these proteins may be involved in virulence and are 
essential for intracellular survival of pathogens [85]. We 
have found protein WP_001296791.1 to be an auto-
transporter of the YhjY type involved in DNA repair [86]. 
Protein WP_001238362.1 has been found to exhibit the 
function of transport of nutrients, control of cell regulation, 
pheromone transport, cryptic coloration and in the 
enzymatic synthesis of prostaglandins. An example a protein 
with such function is the retinol-binding protein 4, which 
transfers retinol from liver to peripheral tissues [87].

Other proteins

Six HPs have been predicted to exhibit miscellaneous 
functions where most of them are protein with unknown 
function. Among them, WP_001382892.1 and WP_ 
000691930.1 have been preicted to be domains of unknown 

function and are found in a number of bacterial proteins. 
WP_001125713.1 has been found to be YcgL domain with 
conserved class of small proteins widespread in gam-
maproteo bacteria. This group of proteins contain a 
85-residue domain of unknown function and two alpha- 
helices and four beta- strands in the sequential arrangement 
[88]. We have also predicted WP_001237866.1 and 
WP_005049020.1 as YecR and YehR like family of 
lipoproteins found in bacteria and viruses and are 
functionally uncharacterized.

Virulent proteins 

Gram-negative bacteria undergo frequent genomic 
alterations and consequent evolutions thus increasing their 
virulence inside the host environment [89]. We have found 
2 HPs that showed positive virulence scores servers among 
the Hconf proteins. These have been listed in Supplementary 
Table 8. It had already been hypothesized that targeting VF 
provides a better therapeutic intervention strategy against 
bacterial pathogenesis [89]. Predicted HPs having virulent 
characteristics thus provide powerful target-based therapies 
for the mitigation of an existing infection and are further 
considered as an adjunct therapy to existing antibiotics, or 
potentiators of the host immune response [90].

ROC curve

The average accuracy of the employed pipeline was 
identified 93.6% in our analysis which indicated that 
outcomes of the functional annotation of HPs were predicted 
with a high degree of confidence. We have also found 
sensitivity of 100% and specificity 64.3% for the tools used 
in this study. Finally, area under the curve was found to be 
0.774. AUC is an effective way to summarize the overall 
diagnostic accuracy of the test. It takes values from 0 to 1, 
where 0.7 to 0.8 is considered acceptable. 

Conclusion

Using an innovative in silico approach, all 674 HPs from S. 
flexneri were primarily analyzed and then using the ROC 
analysis and confidence level measurements of the predicted 
results the functions of the 39 HPs were precisely predicted 
with a reasonably high degree of confidence and thereby 
were successfully characterized. Following this, the 
validation of the functions of these proteins were carried out 
by using different approaches including structure based 
PS2-v2 server, sub-cellular localization and physicochemical 
parameters. These are important for distinguishing the HPs 
from the rest of the protein. The protein-protein interaction 
also gave insights in elucidation of the involvement of such 
proteins in various metabolic pathways. Moreover, some 
virulence proteins had also been detected which are essential 
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for the survival of this pathogen. This in silico approach for 
functional annotation of the HPs can be further utilized in 
drug discovery for characterizing putative drug targets for 
other clinically important pathogens. The outcomes of ROC 
analysis indicated high reliability of bioinformatics tools 
used in this study. Hence, the functional annotation of HPs is 
reliable and can be further utilized for other experimental 
research.
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Supplementary Table 1. Scores of conserved domain search for 674 hypothetical proteins of Shigella flexneri serotype 2a strain 
2457T using CDD-Blast, Pfam, HmmScan, SMART, and Scanprosite tools 

Sl No. Nucleotide ID Accession 
ID_Protein 

CDD 
Blast 

Pfam HmmScan SMART Scanprosite Percentage 

1 NC_004741.1 WP_000414150.1 0 0 0 0 0 0 
2 NC_004741.1 WP_000738723.1 1 1 1 1 0 80 
3 NC_004741.1 WP_001102351.1 1 1 1 1 0 80 
4 NC_004741.1 WP_000843568.1 1 1 1 1 0 80 
5 NC_004741.1 WP_032155592.1 0 0 0 0 0 0 
6 NC_004741.1 WP_011110533.1 1 1 1 1 0 80 
7 NC_004741.1 WP_032155631.1 0 0 0 0 0 0 
8 NC_004741.1 WP_000196533.1 0 0 0 0 0 0 
9 NC_004741.1 WP_001255305.1 0 0 0 0 0 0 
10 NC_004741.1 WP_001303790.1 0 0 0 0 0 0 
11 NC_004741.1 WP_000464383.1 1 0 0 0 0 20 
12 NC_004741.1 WP_032155552.1 0 0 0 0 0 0 
13 NC_004741.1 WP_005053505.1 1 1 1 1 0 80 
14 NC_004741.1 WP_005094211.1 1 1 1 1 0 80 
15 NC_004741.1 WP_001347263.1 0 0 0 0 0 0 
16 NC_004741.1 WP_000964241.1 1 1 1 1 0 80 
17 NC_004741.1 WP_000272188.1 1 1 1 1 0 80 
18 NC_004741.1 WP_000417058.1 1 1 1 1 0 80 
19 NC_004741.1 WP_005053355.1 1 1 1 1 1 100 
20 NC_004741.1 WP_000402248.1 1 1 1 1 0 80 
21 NC_004741.1 WP_024259146.1 0 0 0 0 0 0 
22 NC_004741.1 WP_001276640.1 1 1 1 1 0 80 
23 NC_004741.1 WP_000183806.1 1 1 1 1 0 80 
24 NC_004741.1 WP_000343116.1 0 0 0 0 0 0 



25 NC_004741.1 WP_000192453.1 1 1 1 1 0 80 
26 NC_004741.1 WP_005053303.1 0 0 0 0 0 0 
27 NC_004741.1 WP_000627639.1 1 1 1 1 0 80 
28 NC_004741.1 WP_032333103.1 0 0 0 0 0 0 
29 NC_004741.1 WP_001191885.1 0 0 0 0 0 0 
30 NC_004741.1 WP_000092054.1 1 1 1 1 1 100 
31 NC_004741.1 WP_001110751.1 0 0 0 0 0 0 
32 NC_004741.1 WP_005053269.1 0 0 0 0 0 0 
33 NC_004741.1 WP_000556489.1 0 0 0 0 0 0 
34 NC_004741.1 WP_000003122.1 0 0 0 1 0 20 
35 NC_004741.1 WP_001102097.1 1 1 1 1 0 80 
36 NC_004741.1 WP_001201712.1 0 0 0 0 0 0 
37 NC_004741.1 WP_000667623.1 0 0 0 0 0 0 
38 NC_004741.1 WP_000343515.1 1 0 0 0 0 20 
39 NC_004741.1 WP_005100645.1 1 1 1 1 1 80 
40 NC_004741.1 WP_000554647.1 0 0 0 0 0 0 
41 NC_004741.1 WP_005060548.1 0 0 0 0 0 0 
42 NC_004741.1 WP_001142439.1 1 1 1 1 0 80 
43 NC_004741.1 WP_032155747.1 0 0 0 0 0 0 
44 NC_004741.1 WP_000941942.1 1 1 1 1 0 80 
45 NC_004741.1 WP_000942006.1 1 1 1 1 0 80 
46 NC_004741.1 WP_000194195.1 1 0 0 0 0 20 
47 NC_004741.1 WP_001326928.1 0 1 0 1 0 40 
48 NC_004741.1 WP_001382892.1 1 1 1 1 1 100 
49 NC_004741.1 WP_000645013.1 0 0 0 0 0 0 
50 NC_004741.1 WP_005060811.1 1 1 1 1 0 80 
51 NC_004741.1 WP_005053055.1 0 0 0 0 0 0 
52 NC_004741.1 WP_005053036.1 1 1 1 1 1 100 



53 NC_004741.1 WP_001177122.1 0 0 0 0 0 0 
54 NC_004741.1 WP_000680312.1 1 1 1 1 0 80 
55 NC_004741.1 WP_005053020.1 1 1 1 1 0 80 
56 NC_004741.1 WP_000779831.1 1 1 1 1 1 100 
57 NC_004741.1 WP_000136192.1 1 1 1 1 0 80 
58 NC_004741.1 WP_032140245.1 0 1 0 1 0 40 
59 NC_004741.1 WP_001188905.1 1 1 1 1 0 80 
60 NC_004741.1 WP_000970323.1 1 1 1 1 0 80 
61 NC_004741.1 WP_000701358.1 1 1 1 1 0 80 
62 NC_004741.1 WP_001224555.1 1 1 1 1 0 80 
63 NC_004741.1 WP_000752567.1 1 1 1 1 0 80 
64 NC_004741.1 WP_000360957.1 1 1 1 1 0 80 
65 NC_004741.1 WP_064193753.1 0 0 0 0 0 0 
66 NC_004741.1 WP_000460431.1 1 1 1 1 0 80 
67 NC_004741.1 WP_000283754.1 1 1 1 1 0 80 
68 NC_004741.1 WP_000287805.1 1 0 0 0 0 20 
69 NC_004741.1 WP_001301130.1 0 0 0 0 0 0 
70 NC_004741.1 WP_005083189.1 0 0 0 0 0 0 
71 NC_004741.1 WP_001303843.1 0 0 0 0 0 0 
72 NC_004741.1 WP_005049395.1 0 0 0 0 0 0 
73 NC_004741.1 WP_005083246.1 0 0 0 0 0 0 
74 NC_004741.1 WP_001188346.1 1 1 1 1 0 80 
75 NC_004741.1 WP_001053303.1 1 1 1 1 0 80 
76 NC_004741.1 WP_000807562.1 1 1 1 1 0 80 
77 NC_004741.1 WP_025715253.1 0 0 0 0 0 0 
78 NC_004741.1 WP_000405563.1 1 1 1 1 0 80 
79 NC_004741.1 WP_001325427.1 0 0 0 0 0 0 
80 NC_004741.1 WP_011110552.1 1 1 1 1 1 100 



81 NC_004741.1 WP_000153125.1 1 1 1 1 0 80 
82 NC_004741.1 WP_000232643.1 1 1 1 1 0 80 
83 NC_004741.1 WP_005049464.1 0 0 0 1 0 20 
84 NC_004741.1 WP_001030938.1 1 1 1 1 0 80 
85 NC_004741.1 WP_000367140.1 1 1 1 1 0 80 
86 NC_004741.1 WP_000578172.1 1 1 1 1 0 80 
87 NC_004741.1 WP_001044870.1 1 1 1 1 0 80 
88 NC_004741.1 WP_001269672.1 1 1 1 1 1 100 
89 NC_004741.1 WP_000850550.1 1 1 1 1 0 80 
90 NC_004741.1 WP_000073523.1 0 0 0 0 0 0 
91 NC_004741.1 WP_005049496.1 0 0 0 0 0 0 
92 NC_004741.1 WP_000627468.1 1 1 1 1 0 80 
93 NC_004741.1 WP_005060669.1 0 0 0 0 0 0 
94 NC_004741.1 WP_000873153.1 1 1 1 1 0 80 
95 NC_004741.1 WP_000113500.1 1 1 1 1 0 80 
96 NC_004741.1 WP_005020049.1 0 0 0 0 0 0 
97 NC_004741.1 WP_005098291.1 0 0 0 0 0 0 
98 NC_004741.1 WP_001108106.1 0 0 0 0 0 0 
99 NC_004741.1 WP_000454800.1 1 1 1 1 0 80 
100 NC_004741.1 WP_047199943.1 1 1 1 1 0 80 
101 NC_004741.1 WP_001247854.1 1 1 1 1 1 100 
102 NC_004741.1 WP_001343960.1 0 0 0 0 0 0 
103 NC_004741.1 WP_005053437.1 0 0 0 0 0 0 
104 NC_004741.1 WP_000551132.1 1 1 1 1 0 80 
105 NC_004741.1 WP_000266134.1 1 0 0 0 0 20 
106 NC_004741.1 WP_005048534.1 1 1 1 1 0 80 
107 NC_004741.1 WP_000446914.1 1 1 1 1 0 80 
108 NC_004741.1 WP_000871982.1 1 1 1 1 0 80 



109 NC_004741.1 WP_000070107.1 1 1 1 1 1 100 
110 NC_004741.1 WP_001336078.1 0 1 0 1 0 40 
111 NC_004741.1 WP_005048500.1 1 1 1 1 0 80 
112 NC_004741.1 WP_000849301.1 1 1 1 1 0 80 
113 NC_004741.1 WP_000710620.1 1 1 1 1 0 80 
114 NC_004741.1 WP_000188784.1 0 0 0 0 0 0 
115 NC_004741.1 WP_000168813.1 1 1 1 1 0 80 
116 NC_004741.1 WP_001295900.1 0 0 0 0 0 0 
117 NC_004741.1 WP_000681108.1 1 1 1 1 0 80 
118 NC_004741.1 WP_001201557.1 1 1 1 1 0 80 
119 NC_004741.1 WP_000389260.1 1 1 1 1 0 80 
120 NC_004741.1 WP_001303862.1 0 0 0 0 0 0 
121 NC_004741.1 WP_001160722.1 1 1 1 1 0 80 
122 NC_004741.1 WP_032155760.1 0 0 0 0 0 0 
123 NC_004741.1 WP_000687442.1 0 0 0 0 0 0 
124 NC_004741.1 WP_029716636.1 1 1 1 1 0 80 
125 NC_004741.1 WP_005048249.1 0 0 1 0 0 20 
126 NC_004741.1 WP_001118167.1 1 1 1 1 0 80 
127 NC_004741.1 WP_000702036.1 1 1 1 1 0 80 
128 NC_004741.1 WP_001091985.1 1 1 1 1 0 80 
129 NC_004741.1 WP_001005968.1 0 0 0 0 0 0 
130 NC_004741.1 WP_005051132.1 1 0 0 0 0 20 
131 NC_004741.1 WP_005061679.1 1 1 1 1 0 80 
132 NC_004741.1 WP_001039888.1 1 0 1 0 0 40 
133 NC_004741.1 WP_000723623.1 1 1 1 1 0 80 
134 NC_004741.1 WP_000959226.1 0 0 0 0 0 0 
135 NC_004741.1 WP_000350058.1 1 1 1 1 0 80 
136 NC_004741.1 WP_000196607.1 0 0 0 0 0 0 



137 NC_004741.1 WP_000235193.1 1 0 0 0 0 20 
138 NC_004741.1 WP_000224274.1 1 1 1 1 1 100 
139 NC_004741.1 WP_001261235.1 1 1 1 1 0 80 
140 NC_004741.1 WP_000847791.1 1 1 1 1 0 80 
141 NC_004741.1 WP_001301416.1 0 0 0 0 0 0 
142 NC_004741.1 WP_001038092.1 1 1 1 1 0 80 
143 NC_004741.1 WP_005083611.1 0 0 0   0 0 
144 NC_004741.1 WP_000505101.1 1 0 0 0 0 20 
145 NC_004741.1 WP_000535353.1 1 0 0 0 0 20 
146 NC_004741.1 WP_001143120.1 1 1 1 1 0 80 
147 NC_004741.1 WP_000124106.1 0 0 0 0 0 0 
148 NC_004741.1 WP_000611853.1 0 0 0 0 0 0 
149 NC_004741.1 WP_001297187.1 1 1 1 1 0 80 
150 NC_004741.1 WP_032155907.1 0 0 0 0 0 0 
151 NC_004741.1 WP_001111218.1 0 0 0 0 0 0 
152 NC_004741.1 WP_005047366.1 0 0   0 0 0 
153 NC_004741.1 WP_000818776.1 0 0 0 0 0 0 
154 NC_004741.1 WP_000749269.1 1 1 1 1 1 100 
155 NC_004741.1 WP_000877111.1 1 1 1 1 0 80 
156 NC_004741.1 WP_001295962.1 1 1 1 1 0 80 
157 NC_004741.1 WP_000587933.1 1 1 1 1 0 80 
158 NC_004741.1 WP_001043459.1 1 1 1 1 0 80 
159 NC_004741.1 WP_032155646.1 0 0 0 0 0 0 
160 NC_004741.1 WP_000103622.1 0 0 0 0 0 0 
161 NC_004741.1 WP_005005155.1 0 0 0 0 0 0 
162 NC_004741.1 WP_001204964.1 0 0 0 0 1 20 
163 NC_004741.1 WP_000770157.1 1 1 1 1 0 80 
164 NC_004741.1 WP_000557473.1 0 0 0 0 0 0 



165 NC_004741.1 WP_001294167.1 0 0 0 0 0 0 
166 NC_004741.1 WP_001132078.1 0 0 0 0 0 0 
167 NC_004741.1 WP_000267598.1 1 1 1 1 0 80 
168 NC_004741.1 WP_000134107.1 1 1 1 1 0 80 
169 NC_004741.1 WP_001005703.1 0 0 0 0 0 0 
170 NC_004741.1 WP_029716858.1 1 1 1 1 0 80 
171 NC_004741.1 WP_000133415.1 0 0 0 0 0 0 
172 NC_004741.1 WP_005047957.1 0 0 0 0 0 0 
173 NC_004741.1 WP_032155828.1 0 0 0 0 0 0 
174 NC_004741.1 WP_005047951.1 0 0 0 0 0 0 
175 NC_004741.1 WP_001295611.1 1 1 1 1 0 80 
176 NC_004741.1 WP_000122462.1 0 0 0 0 0 0 
177 NC_004741.1 WP_005061990.1 0 0 0 0 0 0 
178 NC_004741.1 WP_001125713.1 1 1 1 1 1 100 
179 NC_004741.1 WP_000807626.1 1 1 1 1 0 80 
180 NC_004741.1 WP_011069340.1 0 0 0 0 0 0 
181 NC_004741.1 WP_000280742.1 0 0 0 0 0 0 
182 NC_004741.1 WP_001257042.1 1 1 1 1 0 80 
183 NC_004741.1 WP_000950192.1 1 1 1 1 0 80 
184 NC_004741.1 WP_001169669.1 1 1 1 1 0 80 
185 NC_004741.1 WP_000069487.1 0 0 0 0 0 0 
186 NC_004741.1 WP_005105319.1 1 1 1 1 0 80 
187 NC_004741.1 WP_001303937.1 0 0 0 0 0 0 
188 NC_004741.1 WP_000967595.1 1 1 1 1 0 80 
189 NC_004741.1 WP_000028536.1 1 1 1 1 0 80 
190 NC_004741.1 WP_000807659.1 1 1 1 1 0 80 
191 NC_004741.1 WP_001303289.1 0 0 0 0 0 0 
192 NC_004741.1 WP_001031530.1 1 1 1 1 0 80 



193 NC_004741.1 WP_014640285.1 0 0 0 0 0 0 
194 NC_004741.1 WP_000233043.1 0 0 0 0 0 0 
195 NC_004741.1 WP_000616081.1 0 0 0 0 0 0 
196 NC_004741.1 WP_001288369.1 1 0 0 0 0 0 
197 NC_004741.1 WP_001331106.1 1 1 1 1 0 80 
198 NC_004741.1 WP_023636694.1 0 0 0 0 1 20 
199 NC_004741.1 WP_000825769.1 1 1 1 1 0 80 
200 NC_004741.1 WP_032155686.1 1 0 0 0 0 20 
201 NC_004741.1 WP_000124119.1 0 0 0 0 0 0 
202 NC_004741.1 WP_001296046.1 0 0 0 0 0 0 
203 NC_004741.1 WP_005047705.1 1 0 0 0 0 20 
204 NC_004741.1 WP_005047713.1 1 1 1 1 0 80 
205 NC_004741.1 WP_023517638.1 1 1 1 1 0 80 
206 NC_004741.1 WP_011069401.1 1 1 1 1 0 80 
207 NC_004741.1 WP_000431885.1 1 1 1 1 0 80 
208 NC_004741.1 WP_011069399.1 0 0 0 0 0 0 
209 NC_004741.1 WP_001296778.1 0 0 0 0 0 80 
210 NC_004741.1 WP_001077956.1 0 0 0 0 0 0 
211 NC_004741.1 WP_000554382.1 1 0 0 0 0 20 
212 NC_004741.1 WP_005049838.1 1 1 1 1 0 80 
213 NC_004741.1 WP_001295499.1 1 1 1 1 0 80 
214 NC_004741.1 WP_001043881.1 1 1 1 1 1 100 
215 NC_004741.1 WP_001006860.1 1 1 1 1 0 80 
216 NC_004741.1 WP_032155836.1 0 0 0 0 0 0 
217 NC_004741.1 WP_000156246.1 1 1 1 1 0 80 
218 NC_004741.1 WP_001306763.1 0 0 0 0 0 0 
219 NC_004741.1 WP_001295493.1 1 1 1 1 1 100 
220 NC_004741.1 WP_032155854.1 0 0 0 0 1 20 



221 NC_004741.1 WP_000691930.1 1 1 1 1 1 100 
222 NC_004741.1 WP_005126892.1 0 0 0 0 0 0 
223 NC_004741.1 WP_000138039.1 1 1 1 1 0 80 
224 NC_004741.1 WP_001046790.1 1 1 1 1 0 80 
225 NC_004741.1 WP_001453023.1 0 0 0 0 0 0 
226 NC_004741.1 WP_012602004.1 0 0 0 0 0 0 
227 NC_004741.1 WP_000756955.1 1 1 1 1 0 80 
228 NC_004741.1 WP_000085238.1 1 1 1 1 0 80 
229 NC_004741.1 WP_001215295.1 1 0 0 0 0 20 
230 NC_004741.1 WP_000077934.1 0 0 0 0 1 20 
231 NC_004741.1 WP_032145487.1 0 1 0 1 0 40 
232 NC_004741.1 WP_001297653.1 1 1 1 1 0 80 
233 NC_004741.1 WP_000146138.1 1 1 1 1 0 80 
234 NC_004741.1 WP_001142445.1 0 0 0 0 0 0 
235 NC_004741.1 WP_005050031.1 1 1 1 1 0 80 
236 NC_004741.1 WP_042003723.1 0 0 0 0 0 0 
237 NC_004741.1 WP_000398613.1 0 0 0 0 0 0 
238 NC_004741.1 WP_005062520.1 0 0 0 0 0 0 
239 NC_004741.1 WP_000726666.1 1 1 1 1 0 80 
240 NC_004741.1 WP_000874243.1 1 1 1 1 0 80 
241 NC_004741.1 WP_045177689.1 0 0 0 0 0 0 
242 NC_004741.1 WP_001265249.1 1 1 1 1 0 80 
243 NC_004741.1 WP_000980987.1 0 0 0 0 0 0 
244 NC_004741.1 WP_000214712.1 1 1 1 1 0 80 
245 NC_004741.1 WP_001024558.1 1 1 1 1 0 80 
246 NC_004741.1 WP_000901367.1 0 0 0 0 0 0 
247 NC_004741.1 WP_000258546.1 0 0 0 0 0 0 
248 NC_004741.1 WP_000957853.1 0 0 0 0 0 0 



249 NC_004741.1 WP_005050130.1 1 1 1 1 0 80 
250 NC_004741.1 WP_001295395.1 1 1 1 1 0 80 
251 NC_004741.1 WP_000705197.1 1 1 1 1 0 80 
252 NC_004741.1 WP_000234660.1 0 0 0 0 0 0 
253 NC_004741.1 WP_000520318.1 0 0 1 1 0 40 
254 NC_004741.1 WP_000207512.1 0 0 0 0 0 0 
255 NC_004741.1 WP_000971490.1 1 0 1 0 0 40 
256 NC_004741.1 WP_001240758.1 0 0 0 0 0 0 
257 NC_004741.1 WP_000199921.1 0 0 0 0 0 0 
258 NC_004741.1 WP_001091024.1 0 0 0 0 0 0 
259 NC_004741.1 WP_000113584.1 0 0 0 0 0 0 
260 NC_004741.1 WP_000091718.1 0 0 0 0 0 0 
261 NC_004741.1 WP_001249851.1 0 0 0 0 0 0 
262 NC_004741.1 WP_000233090.1 1 0 0 0 0 20 
263 NC_004741.1 WP_000769323.1 1 1 1 1 0 80 
264 NC_004741.1 WP_000524868.1 1 1 1 1 0 80 
265 NC_004741.1 WP_000597196.1 1 1 1 1 1 100 
266 NC_004741.1 WP_032155892.1 1 0 0 0 0 20 
267 NC_004741.1 WP_000534313.1 1 1 1 1 0 80 
268 NC_004741.1 WP_000212657.1 1 1 1 1 0 80 
269 NC_004741.1 WP_000587595.1 1 0 0 0 0 20 
270 NC_004741.1 WP_001344535.1 1 0 0 0 0 20 
271 NC_004741.1 WP_000528342.1 1 1 1 1 0 80 
272 NC_004741.1 WP_001296104.1 1 1 1 1 0 80 
273 NC_004741.1 WP_000248636.1 1 1 1 1 1 100 
274 NC_004741.1 WP_001301287.1 1 1 1 1 0 80 
275 NC_004741.1 WP_032155900.1 0 0 0 0 0 0 
276 NC_004741.1 WP_000627104.1 1 0 0 0 1 40 



277 NC_004741.1 WP_000124121.1 0 0 1 0 0 20 
278 NC_004741.1 WP_000018633.1 1 1 1 1 0 80 
279 NC_004741.1 WP_012817775.1 0 0 0 0 0 0 
280 NC_004741.1 WP_032155659.1 0 0 0 0 0 0 
281 NC_004741.1 WP_001380520.1 1 1 1 1 0 80 
282 NC_004741.1 WP_000879272.1 1 0 0 0 0 20 
283 NC_004741.1 WP_000168747.1 1 1 1 1 0 80 
284 NC_004741.1 WP_000275187.1 0 0 0 0 0 0 
285 NC_004741.1 WP_005047608.1 1 1 1 1 0 80 
286 NC_004741.1 WP_000155622.1 0 0 0 0 0 0 
287 NC_004741.1 WP_001024930.1 1 1 1 1 0 80 
288 NC_004741.1 WP_005084198.1 0 0 0 0 0 0 
289 NC_004741.1 WP_001039885.1 1 0 1 0 0 40 
290 NC_004741.1 WP_000930145.1 1 1 1 1 0 80 
291 NC_004741.1 WP_000009987.1 0 0 0 0 0 0 
292 NC_004741.1 WP_000245528.1 1 1 1 1 0 80 
293 NC_004741.1 WP_005049830.1 1 0 0 0 0 20 
294 NC_004741.1 WP_001173294.1 1 1 1 0 0 60 
295 NC_004741.1 WP_000930141.1 1 1 1 1 0 80 
296 NC_004741.1 WP_001007942.1 0 0 0 0 0 0 
297 NC_004741.1 WP_000082749.1 1 1 1 1 0 80 
298 NC_004741.1 WP_005048633.1 0 0 0 0 0 0 
299 NC_004741.1 WP_001028876.1 0 0 0 0 0 0 
300 NC_004741.1 WP_000755956.1 1 1 1 1 1 100 
301 NC_004741.1 WP_001099210.1 1 1 1 1 0 80 
302 NC_004741.1 WP_000586688.1 1 0 0 0 0 20 
303 NC_004741.1 WP_000457719.1 1 1 1 1 0 80 
304 NC_004741.1 WP_001030133.1 0 0 0 0 0 0 



305 NC_004741.1 WP_005063152.1 1 1 1 1 0 80 
306 NC_004741.1 WP_000455174.1 1 1 1 1 0 80 
307 NC_004741.1 WP_001103659.1 1 0 0 0 0 20 
308 NC_004741.1 WP_042791229.1 0 0 0 0 0 0 
309 NC_004741.1 WP_000082120.1 1 1 1 1 0 80 
310 NC_004741.1 WP_001297814.1 0 0 0 0 0 0 
311 NC_004741.1 WP_001237866.1 1 1 1 1 1 100 
312 NC_004741.1 WP_000377229.1 1 1 1 1 0 80 
313 NC_004741.1 WP_032155628.1 0 0 0 0 0 0 
314 NC_004741.1 WP_000106474.1 1 1 1 1 0 80 
315 NC_004741.1 WP_000118898.1 1 1 1 1 0 80 
316 NC_004741.1 WP_000230645.1 0 0 0 0 0 0 
317 NC_004741.1 WP_024259260.1 0 0 0 0 0 0 
318 NC_004741.1 WP_005048789.1 1 1 1 1 0 80 
319 NC_004741.1 WP_000431460.1 1 0 0 0 0 20 
320 NC_004741.1 WP_032155863.1 1 0 0 0 0 20 
321 NC_004741.1 WP_032155819.1 0 0 0 0 0 0 
322 NC_004741.1 WP_001039899.1 0 0 0 0 0 0 
323 NC_004741.1 WP_064716611.1 1 1 1 1 0 80 
324 NC_004741.1 WP_000594909.1 0 0 0 0 1 20 
325 NC_004741.1 WP_001062338.1 1 1 1 1 0 80 
326 NC_004741.1 WP_001265248.1 1 1 1 1 0 80 
327 NC_004741.1 WP_000152435.1 0 0 0 0 0 0 
328 NC_004741.1 WP_032155691.1 1 0 0 0 0 20 
329 NC_004741.1 WP_001343759.1 0 0 0 0 0 0 
330 NC_004741.1 WP_000466572.1 1 0 0 0 0 20 
331 NC_004741.1 WP_061440266.1 1 0 0 0 0 20 
332 NC_004741.1 WP_001016348.1 1 1 1 1 0 80 



333 NC_004741.1 WP_000450409.1 1 1 1 1 0 80 
334 NC_004741.1 WP_005088730.1 0 0 1 0 0 20 
335 NC_004741.1 WP_000282151.1 1 1 1 1 0 80 
336 NC_004741.1 WP_001243860.1 1 1 1 1 0 80 
337 NC_004741.1 WP_011110604.1 0 0 0 0 0 0 
338 NC_004741.1 WP_011069433.1 0 0 0 0 0 0 
339 NC_004741.1 WP_000055830.1 0 0 0 0 0 0 
340 NC_004741.1 WP_011069434.1 1 0 1 0 0 40 
341 NC_004741.1 WP_000454701.1 1 1 1 1 1 100 
342 NC_004741.1 WP_000489605.1 1 0 0 0 0 20 
343 NC_004741.1 WP_000003197.1 1 1 1 1 1 100 
344 NC_004741.1 WP_000929408.1 1 1 1 1 0 80 
345 NC_004741.1 WP_014532286.1 0 0 0 0 0 0 
346 NC_004741.1 WP_001324860.1 0 0 0 0 1 20 
347 NC_004741.1 WP_000830460.1 1 0 1 0 0 40 
348 NC_004741.1 WP_011110605.1 1 1 1 1 0 80 
349 NC_004741.1 WP_000261596.1 0 0 0 0 0 0 
350 NC_004741.1 WP_005049040.1 0 0 0 0 0 0 
351 NC_004741.1 WP_005098884.1 1 1 1 1 0 80 
352 NC_004741.1 WP_005049034.1 1 1 1 1 0 80 
353 NC_004741.1 WP_024259269.1 1 1 1 1 0 80 
354 NC_004741.1 WP_000636931.1 0 0 0 0 0 0 
355 NC_004741.1 WP_000380421.1 0 0 0 0 0 0 
356 NC_004741.1 WP_001294399.1 0 0 0 0 0 0 
357 NC_004741.1 WP_005049026.1 1 1 1 1 0 80 
358 NC_004741.1 WP_001087240.1 1 0 1 0 1 60 
359 NC_004741.1 WP_005049020.1 1 1 1 1 1 100 
360 NC_004741.1 WP_048814497.1 1 1 1 1 1 100 



361 NC_004741.1 WP_011069443.1 0 0 0 0 0 0 
362 NC_004741.1 WP_000691708.1 0 0 0 0 0 0 
363 NC_004741.1 WP_001295452.1 1 1 1 1 0 80 
364 NC_004741.1 WP_032155550.1 0 0 0 0 0 0 
365 NC_004741.1 WP_001308773.1 0 0 0 0 0 0 
366 NC_004741.1 WP_000182053.1 1 1 1 1 0 80 
367 NC_004741.1 WP_000202798.1 1 1 1 1 0 80 
368 NC_004741.1 WP_001135673.1 1 1 1 1 0 80 
369 NC_004741.1 WP_001303596.1 0 0 0 0 0 0 
370 NC_004741.1 WP_001296837.1 0 0 0 0 0 0 
371 NC_004741.1 WP_001225855.1 1 1 1 1 0 80 
372 NC_004741.1 WP_001104543.1 1 1 1 1 0 80 
373 NC_004741.1 WP_005046832.1 1 0 0 0 0 20 
374 NC_004741.1 WP_001215763.1 1 1 1 1 0 80 
375 NC_004741.1 WP_032083391.1 0 0 0 0 0 0 
376 NC_004741.1 WP_000301054.1 1 1 1 1 1 100 
377 NC_004741.1 WP_001009396.1 1 0 0 0 0 20 
378 NC_004741.1 WP_000140529.1 1 1 1 1 0 80 
379 NC_004741.1 WP_000070619.1 1 1 1 1 0 80 
380 NC_004741.1 WP_001446945.1 1 1 1 1 0 80 
381 NC_004741.1 WP_000525371.1 1 1 1 1 0 80 
382 NC_004741.1 WP_000426116.1 1 1 1 1 0 80 
383 NC_004741.1 WP_000106622.1 1 1 1 1 0 80 
384 NC_004741.1 WP_001115612.1 0 0 0 0 0 0 
385 NC_004741.1 WP_001274496.1 1 1 1 1 0 80 
386 NC_004741.1 WP_000559763.1 1 1 1 1 0 80 
387 NC_004741.1 WP_005070009.1 1 1 1 1 0 80 
388 NC_004741.1 WP_000937783.1 0 0 0 0 0 0 



389 NC_004741.1 WP_000937210.1 1 1 1 1 0 80 
390 NC_004741.1 WP_000825597.1 1 1 1 1 0 80 
391 NC_004741.1 WP_000867638.1 0 0 0 0 1 20 
392 NC_004741.1 WP_009008053.1 0 0 0 0 0 0 
393 NC_004741.1 WP_000639883.1 1 1 1 1 0 80 
394 NC_004741.1 WP_000490072.1 1 1 1 1 0 80 
395 NC_004741.1 WP_042188255.1 0 0 0 0 0 0 
396 NC_004741.1 WP_000826512.1 1 1 1 1 0 80 
397 NC_004741.1 WP_000201413.1 1 1 1 1 0 80 
398 NC_004741.1 WP_000719924.1 1 0 1 0 0 40 
399 NC_004741.1 WP_001107736.1 0 0 0 0 0 0 
400 NC_004741.1 WP_000555795.1 0 0 0 0 0 0 
401 NC_004741.1 WP_000338539.1 0 0 0 0 0 0 
402 NC_004741.1 WP_001373377.1 0 0 0 0 0 0 
403 NC_004741.1 WP_000806589.1 0 0 0 0 0 0 
404 NC_004741.1 WP_001507728.1 1 1 1 1 0 80 
405 NC_004741.1 WP_001308835.1 0 0 0 0 0 0 
406 NC_004741.1 WP_001349976.1 1 0 0 0 0 20 
407 NC_004741.1 WP_000339447.1 1 1 1 1 0 80 
408 NC_004741.1 WP_001244758.1 1 0 0 0 0 20 
409 NC_004741.1 WP_000017552.1 0 0 0 0 0 0 
410 NC_004741.1 WP_000076001.1 1 1 1 1 0 80 
411 NC_004741.1 WP_000755178.1 0 0 1 0 0 20 
412 NC_004741.1 WP_000743213.1 0 0 0 0 0 0 
413 NC_004741.1 WP_000131871.1 0 0 0 0 0 0 
414 NC_004741.1 WP_000211355.1 1 1 1 1 0 80 
415 NC_004741.1 WP_000213809.1 0 0 0 0 0 0 
416 NC_004741.1 WP_001162384.1 1 1 1 1 0 80 



417 NC_004741.1 WP_005047279.1 1 1 1 1 0 80 
418 NC_004741.1 WP_001094726.1 1 1 1 1 0 80 
419 NC_004741.1 WP_000266171.1 1 1 1 1 1 100 
420 NC_004741.1 WP_000951754.1 1 0 0 0 0 20 
421 NC_004741.1 WP_000647601.1 1 0 0 0 0 20 
422 NC_004741.1 WP_012135949.1 0 0 0 0 0 0 
423 NC_004741.1 WP_001303621.1 0 0 0 0 0 0 
424 NC_004741.1 WP_032155618.1 0 0 0 0 0 0 
425 NC_004741.1 WP_001330697.1 0 0 0 0 0 0 
426 NC_004741.1 WP_001212392.1 1 1 1 1 0 80 
427 NC_004741.1 WP_000589825.1 1 1 1 1 1 100 
428 NC_004741.1 WP_000284119.1 0 0 0 0 0 0 
429 NC_004741.1 WP_000491410.1 1 1 1 1 0 80 
430 NC_004741.1 WP_000281320.1 1 1 1 1 0 80 
431 NC_004741.1 WP_000483311.1 1 0 0 0 0 20 
432 NC_004741.1 WP_001287454.1 1 1 1 1 0 80 
433 NC_004741.1 WP_001307965.1 0 0 0 0 0 0 
434 NC_004741.1 WP_000493764.1 1 0 0 0 0 20 
435 NC_004741.1 WP_032155822.1 0 0 0 0 0 0 
436 NC_004741.1 WP_000611930.1 0 0 0 0 0 0 
437 NC_004741.1 WP_001224024.1 1 0 0 0 0 20 
438 NC_004741.1 WP_001288227.1 0 0 0 0 0 0 
439 NC_004741.1 WP_000444999.1 1 1 1 1 0 80 
440 NC_004741.1 WP_000206987.1 1 1 1 1 0 80 
441 NC_004741.1 WP_001393510.1 0 0 0 0 0 0 
442 NC_004741.1 WP_000203905.1 1 1 1 1 0 80 
443 NC_004741.1 WP_000184250.1 1 1 1 1 0 80 
444 NC_004741.1 WP_001078387.1 1 1 1 1 0 80 



445 NC_004741.1 WP_032155588.1 0 0 0 0 0 0 
446 NC_004741.1 WP_000860229.1 0 0 0 0 0 0 
447 NC_004741.1 WP_000242461.1 1 0 0 0 0 20 
448 NC_004741.1 WP_000379402.1 0 0 0 0 0 0 
449 NC_004741.1 WP_005099217.1 0 0 0 0 0 0 
450 NC_004741.1 WP_005099219.1 0 0 0 0 0 0 
451 NC_004741.1 WP_000971492.1 1 0 0 0 0 20 
452 NC_004741.1 WP_005051685.1 1 1 1 1 1 100 
453 NC_004741.1 WP_000528349.1 0 0 0 0 0 0 
454 NC_004741.1 WP_001010156.1 0 0 0 0 0 0 
455 NC_004741.1 WP_005051767.1 1 1 1 1 0 80 
456 NC_004741.1 WP_011110620.1 0 1 1 0 0 40 
457 NC_004741.1 WP_001094817.1 1 1 1 1 0 80 
458 NC_004741.1 WP_000745204.1 1 1 1 1 0 80 
459 NC_004741.1 WP_000984792.1 1 1 1 1 0 80 
460 NC_004741.1 WP_005064025.1 0 1 0 1 0 40 
461 NC_004741.1 WP_000338035.1 0 0 0 0 0 0 
462 NC_004741.1 WP_000291751.1 0 0 0 0 0 0 
463 NC_004741.1 WP_001323220.1 0 0 0 0 0 0 
464 NC_004741.1 WP_032142224.1 0 0 0 0 0 0 
465 NC_004741.1 WP_001128940.1 1 1 1 1 0 80 
466 NC_004741.1 WP_001013320.1 1 1 1 1 0 80 
467 NC_004741.1 WP_000271035.1 1 1 1 1 0 80 
468 NC_004741.1 WP_001195464.1 1 1 1 1 0 80 
469 NC_004741.1 WP_011069510.1 0 0 0 0 0 0 
470 NC_004741.1 WP_005093820.1 0 0 0 0 1 20 
471 NC_004741.1 WP_000261147.1 0 0 0 0 0 0 
472 NC_004741.1 WP_005051842.1 0 0 0 0 0 0 



473 NC_004741.1 WP_001069724.1 1 1 1 1 0 80 
474 NC_004741.1 WP_005093816.1 0 0 0 0 0 0 
475 NC_004741.1 WP_005051844.1 0 0 0 0 0 0 
476 NC_004741.1 WP_001387238.1 1 1 1 1 1 100 
477 NC_004741.1 WP_000692350.1 1 1 1 1 0 80 
478 NC_004741.1 WP_000761715.1 0 0 0 0 0 0 
479 NC_004741.1 WP_000772029.1 1 1 1 1 0 80 
480 NC_004741.1 WP_000340141.1 0 0 0 0 0 0 
481 NC_004741.1 WP_000853257.1 1 1 1 1 0 80 
482 NC_004741.1 WP_000248097.1 1 1 1 1 1 100 
483 NC_004741.1 WP_000984979.1 0 0 0 0 0 0 
484 NC_004741.1 WP_000339534.1 1 0 0 0 0 20 
485 NC_004741.1 WP_005051896.1 0 0 0 0 0 0 
486 NC_004741.1 WP_001059136.1 1 1 1 1 0 80 
487 NC_004741.1 WP_024167679.1 0 0 0 0 0 0 
488 NC_004741.1 WP_001298764.1 0 0 0 0 0 0 
489 NC_004741.1 WP_000691640.1 1 1 1 1 0 80 
490 NC_004741.1 WP_000848528.1 1 1 1 1 1 100 
491 NC_004741.1 WP_000527661.1 0 0 0 0 0 0 
492 NC_004741.1 WP_001701108.1 0 0 0 0 0 0 
493 NC_004741.1 WP_000442868.1 1 1 1 1 0 80 
494 NC_004741.1 WP_001406537.1 0 0 0 0 0 0 
495 NC_004741.1 WP_024259304.1 0 0 0 0 0 0 
496 NC_004741.1 WP_001298386.1 0 0 0 0 0 0 
497 NC_004741.1 WP_032140301.1 0 0 0 0 0 0 
498 NC_004741.1 WP_000942538.1 1 1 1 1 0 80 
499 NC_004741.1 WP_000016819.1 1 1 1 1 0 80 
500 NC_004741.1 WP_000422149.1 1 1 1 1 0 80 



501 NC_004741.1 WP_005050960.1 1 1 1 1 0 80 
502 NC_004741.1 WP_000031415.1 1 1 1 1 0 80 
503 NC_004741.1 WP_000785722.1 1 1 1 1 0 80 
504 NC_004741.1 WP_000096080.1 1 1 1 1 0 80 
505 NC_004741.1 WP_000732225.1 1 1 1 1 0 80 
506 NC_004741.1 WP_005089560.1 0 0 0 0 0 0 
507 NC_004741.1 WP_005050890.1 0 0 0 0 0 0 
508 NC_004741.1 WP_001343556.1 1 1 1 1 0 80 
509 NC_004741.1 WP_000449030.1 1 0 0 0 0 20 
510 NC_004741.1 WP_000189314.1 1 1 1 1 1 100 
511 NC_004741.1 WP_001346700.1 0 0 0 0 0 0 
512 NC_004741.1 WP_000620405.1 1 1 1 1 0 80 
513 NC_004741.1 WP_005077180.1 0 0 0 0 0 0 
514 NC_004741.1 WP_005050708.1 1 1 1 1 0 80 
515 NC_004741.1 WP_001028769.1 1 1 1 1 0 80 
516 NC_004741.1 WP_001303690.1 0 0 0 0 0 0 
517 NC_004741.1 WP_011110633.1 0 0 0 0 0 0 
518 NC_004741.1 WP_001061203.1 0 0 0 0 0 0 
519 NC_004741.1 WP_001326891.1 1 0 0 0 0 20 
520 NC_004741.1 WP_024259309.1 1 1 1 1 0 80 
521 NC_004741.1 WP_005050690.1 0 0 0 0 0 0 
522 NC_004741.1 WP_000460680.1 1 1 1 1 0 80 
523 NC_004741.1 WP_000757326.1 0 1 1 1 0 60 
524 NC_004741.1 WP_000595564.1 1 1 1 1 0 80 
525 NC_004741.1 WP_000487766.1 0 0 0 0 0 0 
526 NC_004741.1 WP_024166609.1 0 0 0 0 0 0 
527 NC_004741.1 WP_005050602.1 0 0 0 0 0 0 
528 NC_004741.1 WP_011069598.1 1 1 1 1 0 80 



529 NC_004741.1 WP_000155673.1 1 1 1 1 0 80 
530 NC_004741.1 WP_001014565.1 1 1 1 1 0 80 
531 NC_004741.1 WP_001324833.1 0 0 0 0 0 0 
532 NC_004741.1 WP_000719886.1 1 1 1 1 0 80 
533 NC_004741.1 WP_001112357.1 1 0 0 0 0 20 
534 NC_004741.1 WP_000169147.1 1 1 1 1 0 80 
535 NC_004741.1 WP_032155643.1 0 0 0 0 0 0 
536 NC_004741.1 WP_000627171.1 1 1 1 1 0 80 
537 NC_004741.1 WP_023517643.1 0 1 0 1 0 40 
538 NC_004741.1 WP_046201574.1 1 0 0 0 0 20 
539 NC_004741.1 WP_000940102.1 1 1 1 1 0 80 
540 NC_004741.1 WP_011110634.1 0 0 0 0 0 0 
541 NC_004741.1 WP_001442985.1 0 1 0 1 0 40 
542 NC_004741.1 WP_000660586.1 0 0 0 0 0 0 
543 NC_004741.1 WP_000797352.1 1 1 1 1 0 80 
544 NC_004741.1 WP_000655986.1 1 1 1 1 0 80 
545 NC_004741.1 WP_000802226.1 1 1 1 1 0 80 
546 NC_004741.1 WP_000591073.1 0 0 0 0 0 0 
547 NC_004741.1 WP_000510376.1 0 0 0 0 0 0 
548 NC_004741.1 WP_014334093.1 0 1 0 1 0 40 
549 NC_004741.1 WP_001086388.1 0 0 0 0 0 0 
550 NC_004741.1 WP_001295676.1 1 1 1 1 0 80 
551 NC_004741.1 WP_032155602.1 0 0 0 0 0 0 
552 NC_004741.1 WP_024259324.1 0 0 1 0 0 20 
553 NC_004741.1 WP_000256409.1 1 1 1 1 0 80 
554 NC_004741.1 WP_032142137.1 0 0 0 0 0 0 
555 NC_004741.1 WP_000893994.1 0 0 0 0 0 0 
556 NC_004741.1 WP_000115988.1 0 0 0 0 0 0 



557 NC_004741.1 WP_001295264.1 1 1 1 1 0 80 
558 NC_004741.1 WP_005052859.1 1 1 1 1 0 80 
559 NC_004741.1 WP_001277142.1 1 1 1 1 0 80 
560 NC_004741.1 WP_024259323.1 1 0 0 0 0 20 
561 NC_004741.1 WP_000032578.1 1 1 1 1 0 80 
562 NC_004741.1 WP_001127088.1 0 0 0 0 0 0 
563 NC_004741.1 WP_000841001.1 1 1 1 1 0 80 
564 NC_004741.1 WP_000336276.1 0 0 0 0 0 0 
565 NC_004741.1 WP_000456043.1 0 0 0 0 0 0 
566 NC_004741.1 WP_005051995.1 1 1 1 1 0 80 
567 NC_004741.1 WP_000454294.1 0 0 0 0 0 0 
568 NC_004741.1 WP_032155619.1 0 0 0 0 0 0 
569 NC_004741.1 WP_001113432.1 1 1 1 1 0 80 
570 NC_004741.1 WP_000703959.1 1 1 1 1 0 80 
571 NC_004741.1 WP_000511292.1 0 0 0 0 0 0 
572 NC_004741.1 WP_005052029.1 1 1 1 1 0 80 
573 NC_004741.1 WP_000772934.1 1 0 0 0 1 40 
574 NC_004741.1 WP_005052034.1 1 1 1 1 0 80 
575 NC_004741.1 WP_032155621.1 0 1 0 1 0 40 
576 NC_004741.1 WP_000190670.1 1 0 0 0 0 20 
577 NC_004741.1 WP_045178171.1 1 1 1 1 0 80 
578 NC_004741.1 WP_005052068.1 1 1 1 1 0 80 
579 NC_004741.1 WP_000542440.1 1 1 1 1 0 80 
580 NC_004741.1 WP_032155816.1 0 0 0 0 0 0 
581 NC_004741.1 WP_011069564.1 0 0 0 0 0 0 
582 NC_004741.1 WP_001304210.1 0 0 0 0 0 0 
583 NC_004741.1 WP_001004881.1 0 0 0 0 0 0 
584 NC_004741.1 WP_045178164.1 0 0 0 0 0 0 



585 NC_004741.1 WP_001390447.1 0 0 0 0 0 0 
586 NC_004741.1 WP_005052132.1 0 0 0 0 0 0 
587 NC_004741.1 WP_011069562.1 1 0 0 0 0 20 
588 NC_004741.1 WP_000344113.1 0 0 0 0 0 0 
589 NC_004741.1 WP_000999840.1 1 0 0 0 0 20 
590 NC_004741.1 WP_000924289.1 1 1 1 1 0 80 
591 NC_004741.1 WP_000621323.1 1 1 1 1 0 80 
592 NC_004741.1 WP_001297375.1 1 1 1 1 1 100 
593 NC_004741.1 WP_000483856.1 1 1 1 1 0 80 
594 NC_004741.1 WP_000665677.1 1 1 1 1 0 80 
595 NC_004741.1 WP_000517100.1 0 0 0 0 0 0 
596 NC_004741.1 WP_000479627.1 1 1 1 1 0 80 
597 NC_004741.1 WP_000332751.1 0 0 0 0 0 0 
598 NC_004741.1 WP_001331222.1 0 1 0 1 0 40 
599 NC_004741.1 WP_011069558.1 1 1 1 1 0 80 
600 NC_004741.1 WP_000858193.1 1 1 1 1 1 100 
601 NC_004741.1 WP_001296808.1 1 1 1 1 0 80 
602 NC_004741.1 WP_000576411.1 1 1 1 1 0 80 
603 NC_004741.1 WP_001296791.1 1 1 1 1 1 100 
604 NC_004741.1 WP_000198578.1 0 0 0 0 0 0 
605 NC_004741.1 WP_032155594.1 0 0 0 0 0 0 
606 NC_004741.1 WP_001063318.1 1 1 1 1 0 80 
607 NC_004741.1 WP_001328969.1 0 0 0 0 0 0 
608 NC_004741.1 WP_001205330.1 0 0 0 0 1 20 
609 NC_004741.1 WP_000020617.1 0 0 0 0 0 0 
610 NC_004741.1 WP_005064932.1 0 0 0 0 0 0 
611 NC_004741.1 WP_000555608.1 0 0 0 0 0 0 
612 NC_004741.1 WP_000751953.1 0 0 0 0 0 0 



613 NC_004741.1 WP_011069548.1 0 0 0 0 0 0 
614 NC_004741.1 WP_032155607.1 0 0 0 0 0 0 
615 NC_004741.1 WP_000643692.1 1 1 1 1 0 80 
616 NC_004741.1 WP_005052620.1 1 1 1 1 0 80 
617 NC_004741.1 WP_000042900.1 1 1 1 1 0 80 
618 NC_004741.1 WP_000778795.1 1 1 1 1 1 100 
619 NC_004741.1 WP_005093467.1 0 1 0 1 0 40 
620 NC_004741.1 WP_001181212.1 0 0 0 0 0 0 
621 NC_004741.1 WP_000907005.1 1 0 0 1 0 40 
622 NC_004741.1 WP_005097678.1 1 0 0 0 0 20 
623 NC_004741.1 WP_011069541.1 1 0 0 1 0 40 
624 NC_004741.1 WP_001303701.1 1 0 0 0 0 20 
625 NC_004741.1 WP_005052731.1 0 0 0 0 0 0 
626 NC_004741.1 WP_001055752.1 0 0 0 0 0 0 
627 NC_004741.1 WP_001254807.1 1 1 1 1 0 80 
628 NC_004741.1 WP_005052744.1 1 0 0 0 1 40 
629 NC_004741.1 WP_000497332.1 1 1 1 1 0 80 
630 NC_004741.1 WP_000847163.1 1 1 1 1 0 80 
631 NC_004741.1 WP_001303699.1 0 0 0 0 0 0 
632 NC_004741.1 WP_001148908.1 1 1 1 1 0 80 
633 NC_004741.1 WP_000907085.1 1 1 1 1 0 80 
634 NC_004741.1 WP_001007729.1 1 1 1 1 0 80 
635 NC_004741.1 WP_000786137.1 0 0 0 0 0 0 
636 NC_004741.1 WP_005065417.1 1 1 1 1 0 80 
637 NC_004741.1 WP_001295738.1 0 0 0 0 0 0 
638 NC_004741.1 WP_000062539.1 1 1 1 1 0 80 
639 NC_004741.1 WP_000242065.1 1 1 0 1 0 60 
640 NC_004741.1 WP_032155811.1 0 0 0 0 0 0 



641 NC_004741.1 WP_000121001.1 1 1 1 1 0 80 
642 NC_004741.1 WP_024259336.1 0 0 0 0 0 0 
643 NC_004741.1 WP_032155640.1 0 0 0 0 0 0 
644 NC_004741.1 WP_001243676.1 1 1 1 1 0 80 
645 NC_004741.1 WP_001351186.1 1 0 0 0 0 20 
646 NC_004741.1 WP_011110644.1 1 1 1 1 0 80 
647 NC_004741.1 WP_000079652.1 1 1 1 1 0 80 
648 NC_004741.1 WP_001243871.1 1 1 1 1 0 80 
649 NC_004741.1 WP_011069606.1 0 0 0 0 0 0 
650 NC_004741.1 WP_000166281.1 1 1 1 1 0 80 
651 NC_004741.1 WP_001296688.1 0 0 0 0 0 0 
652 NC_004741.1 WP_005053984.1 1 1 1 1 0 80 
653 NC_004741.1 WP_000937635.1 0 0 0 0 0 0 
654 NC_004741.1 WP_001119485.1 1 1 1 1 0 80 
655 NC_004741.1 WP_001205243.1 1 1 1 1 1 100 
656 NC_004741.1 WP_000044756.1 0 0 0 0 0 0 
657 NC_004741.1 WP_001008046.1 1 1 1 1 0 80 
658 NC_004741.1 WP_001238362.1 1 1 1 1 1 100 
659 NC_004741.1 WP_005134385.1 1 0 0 0 0 20 
660 NC_004741.1 WP_001243705.1 1 1 1 1 0 80 
661 NC_004741.1 WP_000943980.1 1 1 1 1 1 100 
662 NC_004741.1 WP_005053837.1 1 0 0 0 0 20 
663 NC_004741.1 WP_000492914.1 1 1 1 1 0 80 
664 NC_004741.1 WP_032155818.1 0 0 0 0 0 0 
665 NC_004741.1 WP_000895690.1 1 0 0 0 0 20 
666 NC_004741.1 WP_000132640.1 1 1 1 1 1 100 
667 NC_004741.1 WP_000467859.1 1 1 1 1 0 80 
668 NC_004741.1 WP_005053796.1 0 0 0 0 0 0 



669 NC_004741.1 WP_000538192.1 1 1 1 1 0 80 
670 NC_004741.1 WP_001338213.1 1 1 1 1 0 80 
671 NC_004741.1 WP_000604352.1 1 1 1 1 0 80 
672 NC_004741.1 WP_000494556.1 0 0 0 0 0 0 
673 NC_004741.1 WP_000007444.1 0 0 0 0 0 0 
674 NC_004741.1 WP_001303782.1 0 0 0 0 0 0 
Note: 0 = 0%, 1 = 25%. 



Supplementary Table 2. List of predicted physicochemical parameters of 39 hypothetical proteins 
 
Sl. 
No
. 

Accession 
ID_Protein 

No. of 
amino 
acids 

MW PI Extinctio
n 
coefficient

Instability 
index 

Classificatio
n 

Alphabatic 
index 

Grand average of 
hydropathicity 
(GRAVY) 

1 WP_005053355.1 274 29970.4 7.62 24325 28.39 Stable 84.01 -0.016 
2 WP_000092054.1 364 40443.3 9.61 51005 47.89 Unstable 79.67 -0.384 
3 WP_001382892.1 179 19590.3 5.28 2980 35.06 Stable 101.23 -0.143 
4 WP_005053036.1 192 20906 9.04 7450 35.73 Stable 95.05 -0.062 
5 WP_000779831.1 190 19441.2 7.87 6990 45.39 Unstable 96.58 0.172 
6 WP_011110552.1 108 12039.7 7.61 8730 66.94 Unstable 77.78 -0.544 
7 WP_001269672.1 193 21386.6 8.73 11460 31.1 Stable 90.98 -0.238 
8 WP_001247854.1 619 69683.8 5.5 107425 33.35 Stable 78.24 -0.458 
9 WP_000070107.1 377 42056.8 7.71 52035 31.62 Stable 124.14 0.611 
10 WP_000224274.1 369 40593.3 7.03 40950 37.16 Stable 82.22 -0.191 
11 WP_000749269.1 191 20942.5 5.57 16960 11.14 Stable 75.6 -0.436 
12 WP_001125713.1 108 12371.5 9.16 7450 53.58 Unstable 82.13 -0.624 
13 WP_001043881.1 165 18093.6 4.66 11585 35.37 Stable 101.09 0.133 
14 WP_001295493.1 114 12493.2 4.96 20970 30.77 Stable 97.63 0.024 
15 WP_000691930.1 84 8942.38 7.66 12740 41.42 Unstable 81.31 -0.167 
16 WP_000597196.1 155 15601.7 9.36 2980 24.38 Stable 94.77 0.114 
17 WP_000248636.1 370 39841.2 8.49 79075 32.75 Stable 143.05 1.029 
18 WP_000755956.1 275 30284.6 5.68 30035 24.35 Stable 84.04 -0.331 
19 WP_001237866.1 107 11755.5 6.56 6210 30.08 Stable 97.57 0.277 
20 WP_000454701.1 527 59450.2 5.15 37930 32.47 Stable 116.7 0.177 
21 WP_000003197.1 219 24222.7 5.17 26595 42.24 Unstable 85.98 -0.055 
22 WP_005049020.1 153 16568.1 7.7 7450 23.39 Stable 82.94 -0.176 
23 WP_048814497.1 243 27279.8 4.72 22585 43.49 Unstable 104.32 -0.255 



24 WP_000301054.1 216 25324.2 9.31 51005 44.31 Unstable 77.64 -0.482 
25 WP_000266171.1 1033 117109 5.58 244955 42.42 Unstable 83.71 -0.343 
26 WP_000589825.1 160 17240.6 8.71 18450 39.1 Stable 82.44 -0.271 
27 WP_005051685.1 251 26572.5 10.11 34505 23.04 Stable 76.18 -0.279 
28 WP_001387238.1 158 17740.4 6.76 8480 28.12 Stable 108.04 -0.073 
29 WP_000248097.1 82 9417.1 4.02 6990 44.78 Unstable 135.37 0.266 
30 WP_000848528.1 85 9513.04 8.8 4720 42.38 Unstable 94.24 -0.107 
31 WP_000189314.1 100 11241.9 9.84 11460 36.12 Stable 84 -0.544 
32 WP_001297375.1 222 25258.4 7.84 13075 32.89 Stable 101.49 -0.086 
33 WP_000858193.1 113 12552.2 9.33 14565 22.75 Stable 129.38 1.041 
34 WP_001296791.1 232 25960.7 4.58 65890 36.83 Stable 74.87 -0.38 
35 WP_000778795.1 127 14544.5 6.59 26470 47.26 Unstable 85.98 -0.412 
36 WP_001205243.1 294 32718.5 4.96 50795 48.91 Unstable 98.91 -0.096 
37 WP_001238362.1 177 19911.7 8.88 35535 27.45 Stable 78.25 -0.194 
38 WP_000943980.1 387 45038.7 4.64 94685 46.38 Unstable 83.7 -0.434 
39 WP_000132640.1 113 12294.1 8.64 10095 36.84 Stable 87.26 -0.168 
MW, molecular weight; GRAVY, grand average of hydropathicity. 



Supplementary Table 3. List of predicted sub-cellular localization of 39 hypothetical proteins 
 
S. 
No. 

Accession No. Sub-cellular localization Signal 
peptid
e 
(Signa
l P) 

Secretor
y protein
(Secreto
me P) 

Trans membrane helices 
prediction 

CELLO PSORT B PSLpred HMMT
OP 

TMHM
M 

SOSUI 

1 WP_0050533
55.1 

Periplasmic Unknown Periplasmic Yes Yes No No Soluble 

2 WP_0000920
54.1 

Periplasmic Unknown Periplasmic Yes  Yes 1 TM 
Helices 

No Soluble 

3 WP_0013828
92.1 

Periplasmic/ 
Extracellular   

Unknown Outer 
membrane  

Yes Yes No No Soluble 

4 WP_0050530
36.1 

Periplasmic Unknown Periplasmic Yes Yes 1 TM 
Helices 

No Membrane, 
1 TM helix

5 WP_0007798
31.1 

Periplasmic Periplasmic Periplasmic Yes Yes No No Soluble 

6 WP_0111105
52.1 

Periplasmic Unknown Periplasmic Yes Yes No No Membrane, 
1 TM helix

7 WP_0012696
72.1 

Periplasmic Outer 
membrane  

Periplasmic No Yes 2 TM 
Helices 

No Membrane, 
1 TM helix

8 WP_0012478
54.1 

Cytoplasmic Cytoplasmic Cytoplasmic No No No No Soluble 

9 WP_0000701
07.1 

Inner membrane Cytoplasmic 
membrane  

Inner-
membrane 

No No 6 TM 
Helices 

6 TM 
Helices 

membrane, 
6 TM helix

10 WP_0002242
74.1 

 Periplasmic Unknown Cytoplasmic No No No No Soluble 

11 WP_0007492
69.1 

 Periplasmic Unknown Periplasmic Yes No 1 TM 
Helices 

No Soluble 



12 WP_0011257
13.1 

Cytoplasmic Cytoplasmic Periplasmic No Yes No No Soluble 

13 WP_0010438
81.1 

Cytoplasmic Unknown Cytoplasmic No No No No Soluble 

14 WP_0012954
93.1 

Cytoplasmic Cytoplasmic Cytoplasmic No No No No Soluble 

15 WP_0006919
30.1 

Periplasmic Unknown Periplasmic Yes Yes No No Membrane, 
1 TM helix

16 WP_0005971
96.1 

Extracellular Outer 
membrane  

Extracellular No Yes No No Membrane, 
1 TM helix

17 WP_0002486
36.1 

Inner membrane Cytoplasmic 
membrane 

 Inner 
membrane 

No No 9 TM 
Helices 

10 TM 
Helices 

8 TM 
Helices 

18 WP_0007559
56.1 

Periplasmic Unknown Periplasmic No Yes No No Soluble 

19 WP_0012378
66.1 

Cytoplasmic Unknown Cytoplasmic No No No No Membrane, 
1 TM helix

20 WP_0004547
01.1 

Inner membrane Cytoplasmic 
membrane  

InnerMembr
ane 

No No 7 TM 
Helices 

7 TM 
Helices 

Membrane, 
7 TM helix

21 WP_0000031
97.1 

Cytoplasmic Unknown Cytoplasmic No No No No Soluble 

22 WP_0050490
20.1 

Periplasmic Unknown Periplasmic Yes Yes No No Membrane, 
1 TM helix

23 WP_0488144
97.1 

Cytoplasmic/ Outer 
membrane 

Extracellular Extracellular No No No No Soluble 

24 WP_0003010
54.1 

Cytoplasmic Cytoplasmic  Cytoplasmic No No No No Soluble 

25 WP_0002661
71.1 

Cytoplasmic Unknown Cytoplasmic No No No No Soluble 



26 WP_0005898
25.1 

Periplasmic Outer 
membrane  

Outer 
membrane  

No Yes No No Membrane, 
1 TM helix

27 WP_0050516
85.1 

Extracellular Outer 
membrane    

Extracellular No yes No 1 TM 
Helices 

Soluble 

28 WP_0013872
38.1 

Cytoplasmic Cytoplasmic Cytoplasmic No No No No Soluble 

29 WP_0002480
97.1 

Cytoplasmic Unknown Cytoplasmic No No No No Soluble 

30 WP_0008485
28.1 

Periplasmic Outer 
membrane  

Cytoplasmic No No 1 TM 
Helices 

No Membrane, 
1 TM helix

31 WP_0001893
14.1 

 Cytoplasmic/Peripl
asmic 

Unknown Outer 
membrane  

No No No No Soluble 

32 WP_0012973
75.1 

Cytoplasmic Cytoplasmic Cytoplasmic No No No No Soluble 

33 WP_0008581
93.1 

Inner membrane Cytoplasmic 
membrane    

Inner 
membrane 

No No 4 TM 
Helices 

4 TM 
Helices 

Membrane, 
3 TM helix

34 WP_0012967
91.1 

Extracellular Extracellular Extracellular No Yes 1 TM 
Helices 

1 TM 
Helices 

Soluble 

35 WP_0007787
95.1 

Cytoplasmic Unknown Cytoplasmic No No No No Soluble 

36 WP_0012052
43.1 

Cytoplasmic Extracellular Cytoplasmic No No No 1 TM 
Helices 

Soluble 

37 WP_0012383
62.1 

Periplasmic Outer 
membrane  

Cytoplasmic Yes Yes No 1 TM 
Helices 

Membrane, 
1 TM helix

38 WP_0009439
80.1 

Cytoplasmic Cytoplasmic Cytoplasmic No No No No Soluble 

39 WP_0001326
40.1 

 Cytoplasmic Unknown  Cytoplasmi
c 

No yes No No Soluble 

 



Supplementary Table 4. List of annotated functions of 39 hypothetical proteins from Shigella flexneri using CDD-BLAST, Pfam, 
HmmScan, SMART, Scanprosite, PS2-v2, and STRING 
Sl. 
No 

Acc ID Functional domain 
(BLAST,Pfam, HmmScan, 
SMART,Scanprosite) 

Template
s 

Domain in (PS)2-v2 Predicted functional partner 
(STRING) 

1 WP_005053355.
1 

Peptidase, C92 family No 
template 

Error Minor fimbrial subunit, D-
mannose specific adhesin  

2 WP_000092054.
1 

DUF1615/Lipoprotein 1m9iA Same Microcin B17 transporter  

3 WP_001382892.
1 

DUF3251/lipoprotein 
YajI/immunoglobulin like domain 

2jwyA Same Hypothetical protein 
SF0234/ATP synthase 

4 WP_005053036.
1 

Lipoprotein_16/Uncharacterized 
lipoprotein 

2iqiF Same Regulatory protein AmpE  

5 WP_000779831.
1 

Lipoprotein chaperone (YscW) No 
template 

Error Universal stress protein UspB  

6 WP_011110552.
1 

YbfN-like lipoprotein No 
template 

Error Hypothetical protein ybfM 

7 WP_001269672.
1 

LPS-assembly lipoprotein RlpB 
(LptE) 

2r76A Same LPS assembly outer membrane 
complex protein LptD 

8 WP_001247854.
1 

Topoisomerases, DnaG-type 
primases, Hedgehog/Intein domain

No 
template 

Error DNA-directed RNA polymerase 
subunit beta 

9 WP_000070107.
1 

ATP-binding cassette transporter 2dyrA OXIDOREDUCTAS
E 

ATP-binding protein ybhF_2 

10 WP_000224274.
1 

MOSC beta barrel domain/2Fe-2S 
iron-sulfur cluster binding domain 

2piaA Same Fe/S biogenesis protein NfuA 

11 WP_000749269.
1 

YceI-like domain 1y0gA Same yceJ Cytochrome  

12 WP_001125713.
1 

YcgL domain 2h7aA Same Hypothetical protein ycgN 



13 WP_001043881.
1 

GAF domain 1vhmB Same Hypothetical protein; RNA 
chaperone proQ 

14 WP_001295493.
1 

Endoribonuclease L-
PSP/YjgFfamily 

1qd9A Same D-amino acid dehydrogenase 
small subunit 

15 WP_000691930.
1 

Domain of unknown function 
(DUF333) 

2pqcA TRANSFERASE Hypothetical protein yeaP 

16 WP_000597196.
1 

Glycine zipper 2TM domain No 
template 

Error Flagellar fliJ protein  

17 WP_000248636.
1 

AI-2E family transporter/permease 2jlnA Same Glutamine 
amidotransferase/anthranilate 
phosphoribosyltransferase 

18 WP_000755956.
1 

SPFH domain / Band 7 family 3bk6A Same Integrase  

19 WP_001237866.
1 

YecR-like lipoprotein No 
template 

Error Glycosyl transferase 

20 WP_000454701.
1 

TerC family/Transporter 
associated domain/CBS domain 

2yvyA Same Glutamate synthase  

21 WP_000003197.
1 

von Willebrand factor type A 
domain 

1atzB Same Chaperonin  

22 WP_005049020.
1 

Uncharacterized lipoprotein YehR 2joeA Same Transporter  

23 WP_048814497.
1 

Leucine rich repeat protein/NEL 
or novel E3 ligase domain 

3cvrA Same Aerobic respiration control 
sensor protein ArcB  

24 WP_000301054.
1 

Lipopolysaccharide kinase 
(Kdo/WaaP)  

1blxA Same Lipopolysaccharide core 
heptose(I) kinase RfaP 

25 WP_000266171.
1 

Tetratricopeptide repeat (TPR) No 
template 

Error NAGC-like transcriptional 
regulator  

26 WP_000589825.
1 

Outer membrane protein (ompA) 
like domain/membrane lipoprotein

2k1sA Same Hypothetical protein SF2663  



27 WP_005051685.
1 

LysM (lysin-like motif)/ Peptidase 
family M23 

2gu1A Same Beta-hexosaminidase 

28 WP_001387238.
1 

DNA repair protein RadC-like 
JAB domain 

2qlcA Same Hypothetical protein SF2995 

29 WP_000248097.
1 

Carrier protein (CP) domain and 
phosphopantetheine attachment 
site 

1x3oA Same Class II aminotransferase 

30 WP_000848528.
1 

Lipoprotein leucine-zipper 1jcdB Same Porin  

31 WP_000189314.
1 

GIY-YIG nuclease domain  1zg2A Same Hypothetical protein yhbP 

32 WP_001297375.
1 

DNA repair protein RadC-like 
JAB domain 

No 
template 

Error DNA mismatch repair protein 
MutS; 

33 WP_000858193.
1 

yiaA/B two helix domain 1oedA Same Hypothetical protein yiaA 

34 WP_001296791.
1 

Autotransporter beta-domain No 
template 

Error Biofilm formation regulatory 
protein BssR 

35 WP_000778795.
1 

Acetyltransferase (GNAT) domain 2k5tA Same Aspartate alpha-decarboxylase 

36 WP_001205243.
1 

Xylose isomerase-like TIM barrel 
(AP_endonuc_2) 

1k77A Same 3-ketoacyl-ACP reductase  

37 WP_001238362.
1 

Lipocalin-like domain 1qwdA Same Sugar nucleotide epimerase  

38 WP_000943980.
1 

Glutathionylspermidine synthase No 
template 

Error Nicotinate 
phosphoribosyltransferase 

39 WP_000132640.
1 

Toxin SymE/SpoVT-AbrB domain 1ve0A Same Hypothetical protein SF1670 

Note: Proteins with discrepant results are shown in bold.  



Supplementary Table 5. List of annotated functions of 39 hypothetical proteins from Shigella flexneri using MOTIF, Interproscan, 
CATH, SUPERFAMILY, and ProtoNet 
 
Sl 
No
. 

Acc ID MOTIF INTERPROSCAN CATH SUPERFAMIL
Y 

ProtoNet  

1 WP_00505335
5.1 

Papain-like 
amidase enzyme, 
YaeF/YiiX, C92 
family 

Papain-like 
amidase enzyme, 
YaeF/YiiX, C92 
family 

Lipoprotein/Uncharacte
rized protein 

Cysteine 
proteinases  
YiiX-like 

Cluster 3674930  
Proteobacteria   

2 WP_00009205
4.1 

Protein of unknown 
function 
(DUF1615) 

Protein of unknown 
function DUF1615 

 No hit GFP-like Cluster 4109548 
Protein of unknown 
function DUF1615 

3 WP_00138289
2.1 

Protein of unknown 
function 
(DUF3251) 

Domain of 
unknown function 
DUF3251  

Hypothetical lipoprotein 
yajI 

Phase 1 flagellin Cluster 3711586 
2JWY  

4 WP_00505303
6.1 

Uncharacterized 
lipoprotein 

Uncharacterised 
protein family, 
YajG 

 No hit Phase 1 flagellin Cluster 4028813 
Uncharacterized 
lipoprotein  

5 WP_00077983
1.1 

lipoprotein 
chaperone (YscW) 

No result  No hit No result  Cluster 4131069 
Proteobacteria  

6 WP_01111055
2.1 

YbfN-like 
lipoprotein 

YbfN-like 
lipoprotein 

 No hit No result  Cluster 4085534 
Lipoprotein  

7 WP_00126967
2.1 

Lipopolysaccharide
-assembly LptE 

LPS-assembly 
lipoprotein LptE 

LPS-assembly 
lipoprotein LptE 

No result  Cluster 3965977 
Rare lipoprotein B  

8 WP_00124785
4.1 

Toprim-like DNA 
primase/Toprim 
domain 

DNA primase/helicase DNA 
primase/helicasec
ore 

Cluster 3410389 
DNA helicase, 
DnaB-like 

9 WP_00007010 ABC-2 family ABC-2 transporter membrane transport MFS general Cluster 4114591 



7.1 transporter protein permease YbhS/ATP-
binding protein  

substrate 
transporter 

ABC-2  

10 WP_00022427
4.1 

MOSC domain/ 
2Fe-2S iron-sulfur 
cluster  

MOSC, N-terminal 
beta barrel 

MOSC domain/ 2Fe-2S 
iron-sulfur cluster  

MOSC N-
terminal domain-
like 

Cluster 4155424 
MOSC, N-terminal 
beta barrel  

11 WP_00074926
9.1 

YceI-like domain YceI-like domain YceI-like domain YceI-like domain Cluster 4314345 
YceI-like  

12 WP_00112571
3.1 

YcgL domain YcgL domain  No hit YcgL-like Cluster 4083593 
YcgL domain 

13 WP_00104388
1.1 

GAF domain GAF domain GAF domain GAF domain Cluster 4085038 
GAF 

14 WP_00129549
3.1 

Endoribonuclease 
L-PSP 

YjgF/L-PSP Endoribonuclease L-
PSP family 

YjgF/L-PSP Cluster 4054994 
YjgF/L-PSP 

15 WP_00069193
0.1 

Domain of 
unknown function 
(DUF333) 

Domain of 
unknown function 
(DUF333) 

 No hit No result  Cluster 4079210 
Protein of unknown 
function DUF333  

16 WP_00059719
6.1 

Glycine zipper 
2TM domain 

Glycine zipper 
2TM domain 

 No hit No result  Cluster 4073223 
Glycine zipper 
2TM domain 

17 WP_00024863
6.1 

AI-2E family 
transporter 

AI-2E family 
transporter 

 No hit No result  Cluster 4074174 
AI-2E family 
transporter 

18 WP_00075595
6.1 

SPFH domain / 
Band 7 family 

SPFH domain / 
Band 7 family 

 No hit Band 7/SPFH 
domain 

Cluster 3793474 
Band 7/SPFH 
domain 

19 WP_00123786
6.1 

YecR-like 
lipoprotein 

YecR-like 
lipoprotein 

 No hit SRCR-like Cluster 3743846 
Enterobacteriales  

20 WP_00045470
1.1 

TerC 
family/Transporter 

TerC 
family/Transporter 

TerC 
family/Transporter 

CBS-domain 
pair/transporter-

Cluster 4019065 
membrane protein 



associated 
domain/CBS 
domain 

associated 
domain/CBS 
domain 

associated domain/CBS 
domain 

associated 
domain 

TerC  

21 WP_00000319
7.1 

von Willebrand 
factor type A 
domain 

TerY/vWA-like von Willebrand factor 
type A domain 

vWA-like Cluster 4002958 
TerY/vWA-like 

22 WP_00504902
0.1 

 Protein of 
unknown function 
(DUF1307)/YehR-
like 

 Protein of 
unknown function 
(DUF1307)/YehR-
like 

Putative lipoprotein 
YehR 

YehR-like Cluster 
4046970  Protein of 
unknown function 
(DUF1307)/YehR-
like 

23 WP_04881449
7.1 

Leucine Rich 
repeats 

LRR-containing 
bacterial E3 ligase 

 leucine rich repeat 
protein/E3 ligase 
domain 

Leucine Rich 
repeats 

Cluster 4154032 
Protein binding  

24 WP_00030105
4.1 

Lipopolysaccharide 
kinase (Kdo/WaaP)

Lipopolysaccharide 
kinase 

Lipopolysaccharide 
kinase (Kdo/WaaP) 

Lipopolysacchari
de kinase 
(Kdo/WaaP) 

Cluster 3990101 
Lipopolysaccharide 
kinase  

25 WP_00026617
1.1 

Tetratricopeptide 
repeat 

Tetratricopeptide-
like domain  

TPR repeat-containing 
protein 

TPR-like Cluster 4040666 
Tetratricopeptide 
region  

26 WP_00058982
5.1 

OmpA family OmpA-like domain outer membrane 
lipoprotein  

OmpA-like Cluster 4198784 
Outer membrane 
protein 

27 WP_00505168
5.1 

Peptidase family 
M23/LysM domain

Peptidase 
M23/LysM domain

Peptidase M23 Peptidoglycan 
hydrolase LytM 

Cluster 4141397 
Peptidase M23B  

28 WP_00138723
8.1 

RadC-like JAB 
domain 

RadC protein DNA repair protein 
RadC 

JAB1/MPN 
domain 

Cluster 4114260 
RadC protein 

29 WP_00024809
7.1 

Phosphopantetheine 
attachment site 

Phosphopantetheine 
binding ACP  

Acyl carrier protein Acyl-carrier 
protein (ACP) 

Cluster 4146821 
Phosphopantetheine



-binding  
30 WP_00084852

8.1 
 Lipoprotein 
leucine-zipper 

Murein-lipoprotein Major outer membrane 
lipoprotein  

Outer membrane 
lipoprotein 

Cluster 4066376 
Murein-lipoprotein 

31 WP_00018931
4.1 

GIY-YIG catalytic 
domain 

GIY-YIG 
endonuclease 

 No hit GIY-YIG 
endonuclease 

Cluster 4157077 
GIY-YIG 
endonuclease  

32 WP_00129737
5.1 

RadC-like JAB 
domain 

RadC-like JAB 
domain 

DNA repair protein 
RadC 

RuvA domain 2-
like/JAB1/MPN 
domain 

Cluster 4403730 
RadC-like JAB 
domain 

33 WP_00085819
3.1 

yiaA/B two helix 
domain 

YiaAB two helix  No hit No result  Cluster 4440457 
YiaAB two helix 

34 WP_00129679
1.1 

Autotransporter 
beta-domain 

Autotransporter, 
YhjY 

 No hit Autotransporter Cluster 3853611 
Autotransporter, 
YhjY 

35 WP_00077879
5.1 

Acetyltransferase 
(GNAT) domain 

Acyl-CoA N-
acyltransferase 

Putative N-
acetyltransferase 

Acyl-CoA N-
acyltransferases 
(Nat) 

Cluster 4355736  
N-acetyltransferase 
activity  

36 WP_00120524
3.1 

Xylose isomerase-
like TIM barrel 

Xylose isomerase-
like TIM barrel 

Putative 
hydroxypyruvate 
isomerase 

Xylose 
isomerase-like 

Cluster 4100779 
Xylose isomerase-
type TIM barrel  

37 WP_00123836
2.1 

Lipocalin-like 
domain 

Lipocalin, ApoD 
type 

Outer membrane 
lipoprotein Blc 

Lipocalins Cluster 4145424  
Lipocalin 

38 WP_00094398
0.1 

Glutathionylspermi
dine synthase 
preATP-grasp 

Glutathionylspermi
dine synthase, pre-
ATP-grasp 

 No hit Glutathione 
synthetase ATP-
binding domain-
like 

Cluster 4243753 
Glutathionylspermi
dine synthase  

39 WP_00013264
0.1 

Toxin SymE, type I 
toxin-antitoxin 
system 

Type I toxin-
antitoxin system, 
SymE toxin  

 No hit No result  Cluster 4040297 
Toxin SymE-like  



Supplementary Table 6. List of annotated functions of 25 proteins with known function from Shigella flexneri using BLAST, Pfam, 
HmmScan, SMART, and Scanprosite for receiver operating characteristic analysis 
 
Sl 
no 

Acc ID protein Protein 
name 

BLAST Pfam HmmScan SMART Scanprosite 

1 WP_000241642.
1 

Homoserine 
kinase 

Homoserine 
kinase  1 (5) 

Homoserine 
kinase 1 (5) 

Homoserine 
kinase 1 (5) 

Homoserine 
kinase 1 (5) 

Homoserine kinase 1 (5) 

2 WP_000809168.
1 

Protein hokC Protein hokC 
1 (5) 

Protein hokC 
1 (5) 

Protein hokC 
1 (5) 

Protein hokC 
1 (5) 

Protein hokC 1 (5) 

3 WP_001286897.
1 

Isoleucine--
tRNA ligase 

Isoleucine--
tRNA ligase 
1 (5) 

Isoleucine--
tRNA ligase 
1 (5) 

Isoleucine--
tRNA ligase 
1 (5) 

Isoleucine--
tRNA ligase 
1 (5) 

Isoleucine--tRNA ligase 1 
(5) 

4 WP_000124415.
1 

Ferrichrome 
porin FhuA 

Ferrichrome 
outer 
membrane 
transporter 1 
(4) 

TonB 
dependent 
receptor 0 (2)

TonB 
dependent 
receptor 0 (2)

TonB 
dependent 
receptor 0 (2)

TonB dependent receptor 0 
(2) 

5 WP_001183183.
1 

MFS 
transporter 

MFS 
transporter 1 
(5) 

MFS 
transporter 1 
(5) 

MFS 
transporter 1 
(5) 

MFS 
transporter 1 
(5) 

MFS transporter 1 (5) 

6 WP_001230481.
1 

Ail/Lom 
family protein 

OM_channels 
super family 
1 (3) 

Ail/Lom 
protein 1 (5) 

Ail/Lom 
protein 1 (5) 

Ail/Lom 
protein 1 (5) 

Virulence outer membrane 
protein  1 (3) 

7 WP_001287126.
1 

Glutamine--
tRNA ligase 

Glutaminyl-
tRNA 
synthetase 1 
(5) 

tRNA 
synthetases 1 
(5) 

tRNA 
synthetases 1 
(5) 

tRNA 
synthetases 1 
(5) 

Aminoacyl-transfer RNA 
synthetases 1 (5) 

8  WP_001295442
.1 

Flagellar L-
ring protein  

Flagellar 
basal body L-

Flagellar L-
ring protein 1 

Flagellar L-
ring protein 1 

Flagellar L-
ring protein 1 

PROKAR_LIPOPROTEI
N  0 (3) 



ring protein 1 
(4) 

(5) (5) (5) 

9 WP_000130034.
1 

D-alanine--D-
alanine ligase

D-alanine--D-
alanine ligase 
1 (5) 

D-alanine--D-
alanine ligase 
1 (5) 

D-alanine--D-
alanine ligase 
1 (5) 

D-alanine--D-
alanine ligase 
1 (5) 

D-alanine--D-alanine 
ligase 1 (5) 

10 WP_000197853.
1 

Alanine 
racemase  

Alanine 
racemase 1 
(5) 

Alanine 
racemase 1 
(5) 

Alanine 
racemase 1 
(5) 

Alanine 
racemase 1 
(5) 

Alanine racemase 1 (5) 

11 WP_000569431.
1 

Ribonuclease 
HII 

Ribonuclease 
HII 1 (5) 

Ribonuclease 
HII 1 (5) 

Ribonuclease 
HII 1 (5) 

Ribonuclease 
HII 1 (5) 

No hit 0 (5) 

12 WP_000901098.
1 

VOC family 
protein 

VOC family 
protein 1 (5) 

VOC family 
protein 1 (5) 

VOC family 
protein 1 (5) 

VOC family 
protein 1 (5) 

VOC family protein 1 (5) 

13 WP_001260712.
1 

Proline--
tRNA ligase 

Proline--
tRNA ligase 
1 (5) 

Proline--
tRNA ligase 
1 (5) 

Proline--
tRNA ligase 
1 (5) 

Proline--
tRNA ligase 
1 (5) 

Proline--tRNA ligase 1 (5)

14 WP_000051892.
1 

Integrase Integrase 1 
(5) 

Integrase 1 
(5) 

Integrase 1 
(5) 

Integrase 1 
(5) 

No hit 0 (5) 

15 WP_001120449.
1 

Oxidoreducta
se 

Oxidoreducta
se 1 (5) 

Oxidoreducta
se 1 (5) 

Oxidoreducta
se 1 (5) 

Oxidoreducta
se 1 (5) 

Oxidoreductase 1 (5) 

16 WP_000460136.
1 

LysR family 
transcriptiona
l regulator 

LysR family 
transcriptiona
l regulator 1 
(5) 

LysR family 
transcriptiona
l regulator 1 
(5) 

LysR family 
transcriptiona
l regulator 1 
(5) 

LysR family 
transcriptiona
l regulator 1 
(5) 

LysR family 
transcriptional regulator 1 
(5) 

17 WP_001018618.
1 

Flavodoxin-1 Flavodoxin-1 
1 (5) 

Flavodoxin-1 
1 (5) 

Flavodoxin-1 
1 (5) 

Flavodoxin-1 
1 (5) 

Flavodoxin-1 1 (5) 

18 WP_000773301.
1 

Acyl-CoA 
esterase 

Acyl-CoA 
esterase 1 (5) 

Acyl-CoA 
esterase 1 (5) 

Acyl-CoA 
esterase 1 (5) 

Acyl-CoA 
esterase 1 (5) 

No hit 0 (5) 

19 WP_000201488.
1 

DNA-
packaging 

DNA-
packaging 

DNA-
packaging 

DNA-
packaging 

DNA-
packaging 

No hit 0 (5) 



protein FI protein FI 1 
(5) 

protein FI 1 
(5) 

protein FI 1 
(5) 

protein FI 1 
(5) 

20 WP_005049594.
1 

Terminase Terminase 1 
(5) 

Terminase 1 
(5) 

Terminase 1 
(5) 

Terminase 1 
(5) 

No hit 0 (5) 

21 WP_000537402.
1 

Thioredoxin-
disulfide 
reductase 

Thioredoxin-
disulfide 
reductase 1 
(5) 

Thioredoxin-
disulfide 
reductase 1 
(5) 

Thioredoxin-
disulfide 
reductase 1 
(5) 

Thioredoxin-
disulfide 
reductase 1 
(5) 

Thioredoxin-disulfide 
reductase 1 (5) 

22 WP_000109301.
1 

MFS 
transporter 

MFS 
transporter 1 
(5) 

MFS 
transporter 1 
(5) 

MFS 
transporter 1 
(5) 

MFS 
transporter 1 
(5) 

MFS transporter 1 (5) 

23 WP_005047463.
1 

Porin OmpA Porin OmpA 
1 (5) 

Porin OmpA 
1 (5) 

Porin OmpA 
1 (5) 

Porin OmpA 
1 (5) 

Porin OmpA 1 (5) 

24 WP_001247604.
1 

YjbF family 
lipoprotein 

YjbF family 
lipoprotein 1 
(5) 

YjbF family 
lipoprotein 1 
(5) 

YjbF family 
lipoprotein 1 
(5) 

YjbF family 
lipoprotein 1 
(5) 

YjbF family lipoprotein 1 
(5) 

25 WP_014532269.
1 

DUF333 
domain-
containing 
protein 

Domain of 
unknown 
function 
(DUF333) 1 
(5) 

Domain of 
unknown 
function 
(DUF333) 1 
(5) 

Domain of 
unknown 
function 
(DUF333) 1 
(5) 

Domain of 
unknown 
function 
(DUF333) 1 
(5) 

PROKAR_LIPOPROTEI
N 0 (3) 

True positive and true negative are denoted by “1” and “0”. 

Integers in parentheses denote the confidence level. 

 



Supplementary Table 7. List of annotated functions of 25 proteins with known function from Shigella flexneri using MOTIF, 
Interproscan, CATH, SUPERFAMILY, and ProtoNet for receiver operating characteristic analysis 
 
Sl 
No
. 

Acc ID protein Protein name MOTIF INTERPROSCA
N 

CATH SUPERFAMIL
Y 

ProtoNet  

1 WP_000241642.
1 

Homoserine 
kinase 

Homoserine 
kinase 1 (5) 

Homoserine kinase 
1 (5) 

Homoserine 
kinase 1 (5) 

Homoserine 
kinase 1 (5)  

Homoserine 
kinase 1 (5) 

2 WP_000809168.
1 

Protein hokC hok_gef  1 (3) hok_gef  1 (3)  0 (5) hok_gef  0 (5) hok_gef  1 (3)

3 WP_001286897.
1 

Isoleucine--
tRNA ligase 

Isoleucine--
tRNA ligase 1 
(5) 

Isoleucine--tRNA 
ligase 1 (5) 

Isoleucine--
tRNA ligase 1 
(5) 

Isoleucine--
tRNA ligase 1 
(5)  

Isoleucine--
tRNA ligase 1 
(5) 

4 WP_000124415.
1 

Ferrichrome 
porin FhuA 

TonB-
dependent 
Receptor 0 (2) 

TonB-dependent 
siderophore 
receptor  0 (2) 

TonB-
dependent 
siderophore 
receptor  0 (2)

TonB-dependent 
siderophore 
receptor  0 (2)  

TonB-
dependent 
siderophore 
receptor  0 (2)

5 WP_001183183.
1 

MFS 
transporter 

MFS 
transporter 1 
(5) 

MFS transporter 1 
(5) 

MFS 
transporter 1 
(5) 

MFS transporter 
1 (5)  

MFS 
transporter 1 
(5) 

6 WP_001230481.
1 

Ail/Lom 
family protein 

Ail/Lom family 
protein  1 (5) 

Ail/Lom family 
protein  1 (5) 

Ail/Lom 
family protein  
1 (5) 

Ail/Lom family 
protein  1 (5)  

Ail/Lom 
family protein  
1 (5) 

7 WP_001287126.
1 

Glutamine--
tRNA ligase 

Glutamine--
tRNA ligase 1 
(5) 

Glutamine--tRNA 
ligase 1 (5) 

Glutamine--
tRNA ligase 1 
(5) 

Glutamine--
tRNA ligase 1 
(5)  

Glutamine--
tRNA ligase 1 
(5) 

8  WP_001295442.
1 

Flagellar L-
ring protein  

Flagellar L-
ring protein  1 
(5) 

Flagellar L-ring 
protein  1 (5) 

 0 (5) Flagellar L-ring 
protein  0 (5) 

Flagellar L-
ring protein  1 
(5) 



9 WP_000130034.
1 

D-alanine--D-
alanine ligase 

D-alanine--D-
alanine ligase 1 
(5) 

D-alanine--D-
alanine ligase 1 (5)

D-alanine--D-
alanine ligase 
1 (5) 

D-alanine--D-
alanine ligase 1 
(5)  

D-alanine--D-
alanine ligase 
1 (5) 

10 WP_000197853.
1 

Alanine 
racemase  

Alanine 
racemase  1 (5)

Alanine 
racemase  1 (5) 

Alanine 
racemase  1 
(5) 

Alanine 
racemase  1 (5)  

Alanine 
racemase  1 
(5) 

11 WP_000569431.
1 

Ribonuclease 
HII 

Ribonuclease 
HII 1 (5) 

Ribonuclease HII 1 
(5) 

Ribonuclease 
HII 1 (5) 

Ribonuclease 
HII 1 (5 

Ribonuclease 
HII 1 (5) 

12 WP_000901098.
1 

VOC family 
protein 

VOC family 
protein 1 (5) 

VOC family 
protein 1 (5) 

VOC family 
protein 1 (5) 

VOC family 
protein 1 (5)   

VOC family 
protein 1 (5) 

13 WP_001260712.
1 

Proline--tRNA 
ligase 

Proline--tRNA 
ligase 1 (5) 

Proline--tRNA 
ligase 1 (5) 

Proline--tRNA 
ligase 1 (5) 

Proline--tRNA 
ligase 1 (5)   

Proline--tRNA 
ligase 1 (5) 

14 WP_000051892.
1 

Integrase Integrase 1 (5) Integrase 1 (5) Integrase 1 (5) Integrase 1 (5)  Integrase 1 (5)

15 WP_001120449.
1 

Oxidoreductas
e 

Oxidoreductase 
1 (5) 

Oxidoreductase 1 
(5) 

Oxidoreductas
e 1 (5) 

Oxidoreductase 
1 (5)  

Oxidoreductas
e 1 (5) 

16 WP_000460136.
1 

LysR family 
transcriptional 
regulator 

LysR family 
transcriptional 
regulator 1 (5) 

LysR family 
transcriptional 
regulator 1 (5) 

LysR family 
transcriptional 
regulator 1 (5)

LysR family 
transcriptional 
regulator 1 (5)  

LysR family 
transcriptional 
regulator 1 (5)

17 WP_001018618.
1 

Flavodoxin-1 Flavodoxin_1, 
3, 4, 5 1 (3) 

Flavodoxin, long 
chain 1 (3) 

Short-chain 
flavodoxin 
YkuP 1 (3) 

Flavodoxin, long 
chain 1 (3)  

Flavodoxin, 
long chain  1 
(3) 

18 WP_000773301.
1 

Acyl-CoA 
esterase 

Alpha/beta 
hydrolase fold 
1 (3) 

Alpha/beta 
hydrolase fold, 
alpha/beta 
hydrolase fold, 1 1 
(3) 

Esterase YbfF 
1 (5) 

Alpha/beta 
hydrolase fold, 
alpha/beta 
hydrolase fold, 1 
(3)  

Alpha/beta 
hydrolase 
fold-1  1 (3) 

19 WP_000201488.
1 

DNA-
packaging 

DNA-
packaging 

DNA-packaging 
protein FI 1 (5) 

 0 (5) DNA-packaging 
protein FI  0 (5) 

DNA-
packaging 



protein FI protein FI 1 (5) protein FI 1 
(5) 

20 WP_005049594.
1 

Terminase Phage 
terminase large 
subunit (GpA) 
1 (3) 

Bacteriophage 
lambda, GpA 1 (3)

 0 (5) Bacteriophage 
lambda, GpA  0 
(5) 

Phage 
terminase 
GpA 1 (3) 

21 WP_000537402.
1 

Thioredoxin-
disulfide 
reductase 

Pyridine 
nucleotide-
disulphide 
oxidoreductase 
1 (3) 

Pyridine 
nucleotide-
disulphide 
oxidoreductase, 
class-II 1 (4) 

Thioredoxin 
reductase 1 (4)

Pyridine 
nucleotide-
disulphide 
oxidoreductase, 
class-II 1 (3)  

Thioredoxin-
disulfide 
reductase 1 (5)

22 WP_000109301.
1 

MFS 
transporter 

MFS 
transporter 1 
(5) 

MFS transporter 1 
(5) 

MFS 
transporter 1 
(5) 

MFS transporter 
1 (5)  

MFS 
transporter 1 
(5) 

23 WP_005047463.
1 

Porin OmpA Porin OmpA 1 
(5) 

Porin OmpA 1 (5) Porin OmpA 1 
(5) 

Porin OmpA 1 
(5)  

Porin OmpA 1 
(5) 

24 WP_001247604.
1 

YjbF family 
lipoprotein 

YjbF family 
lipoprotein 1 
(5) 

YjbF family 
lipoprotein 1 (5) 

YjbF family 
lipoprotein 1 
(5) 

YjbF family 
lipoprotein 1 
(5)  YjbF family 
lipoprotein 1 (5) 

YjbF family 
lipoprotein 1 
(5) 

25 WP_014532269.
1 

DUF333 
domain-
containing 
protein 

DUF333 
domain-
containing 
protein 1 (5) 

DUF333 domain-
containing protein 
1 (5) 

 0 (5) DUF333 
domain-
containing 
protein 1 (5)   

DUF333 
domain-
containing 
protein 1 (5) 

True positive and true negative are denoted by “1” and “0.” 

Integers in parentheses denote the confidence level. 



Supplementary Table 8. List of predicted virulence factors of 39 hypothetical proteins by using 
VICMPred and Virulentpred 
 

Sl. No. Acc ID_Protein VICMpred Virulentpred 
1 WP_005053355.1 Cellular process Virulent 
2 WP_000092054.1 Cellular process Virulent 
3 WP_001382892.1 Information and storage Virulent 
4 WP_005053036.1 Cellular process Virulent 
5 WP_000779831.1 Cellular process Virulent 
6 WP_011110552.1 Information and storage Virulent 
7 WP_001269672.1 Metabolism Molecule Virulent 
8 WP_001247854.1 Virulence factors Non-Virulent 
9 WP_000070107.1 Metabolism Molecule Non-Virulent 
10 WP_000224274.1 Cellular process Non-Virulent 
11 WP_000749269.1 Virulence factors Virulent 
12 WP_001125713.1 Cellular process Virulent 
13 WP_001043881.1 Cellular process Non-Virulent 
14 WP_001295493.1 Metabolism Molecule Non-Virulent 
15 WP_000691930.1 Cellular process Virulent 
16 WP_000597196.1 Metabolism Molecule Virulent 
17 WP_000248636.1 Metabolism Molecule Non-Virulent 
18 WP_000755956.1 Metabolism Molecule Non-Virulent 
19 WP_001237866.1 Cellular process Virulent 
20 WP_000454701.1 Metabolism Molecule Non-Virulent 
21 WP_000003197.1 Cellular process Virulent 
22 WP_005049020.1 Cellular process Non-Virulent 
23 WP_048814497.1 Cellular process Virulent 
24 WP_000301054.1 Metabolism Molecule Non-Virulent 
25 WP_000266171.1 Metabolism Molecule Non-Virulent 
26 WP_000589825.1 Cellular process Virulent 
27 WP_005051685.1 Cellular process Virulent 
28 WP_001387238.1 Cellular process Virulent 
29 WP_000248097.1 Cellular process Virulent 
30 WP_000848528.1 Cellular process Virulent 
31 WP_000189314.1 Cellular process Virulent 
32 WP_001297375.1 Metabolism Molecule Non-Virulent 
33 WP_000858193.1 Cellular process Non-Virulent 
34 WP_001296791.1 Cellular process Virulent 
35 WP_000778795.1 Cellular process Virulent 



36 WP_001205243.1 Cellular process Non-Virulent 
37 WP_001238362.1 Cellular process Non-Virulent 
38 WP_000943980.1 Cellular process Non-Virulent 
39 WP_000132640.1 Cellular process Non-Virulent 
 

 




