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Abstract 

The multidrug resistant Acinetobacter baumannii is one of the emerging health 

threatening -bacteria globally. Phase variation in this bacterium showed to play a role 

in switching between different phenotypes that displayed different capacities to resist 

adverse conditions. In this study, computer based analysis was applied to characterize 

the Simple Sequence Repeats (SSRs) in 32 genomes of A. bumannii, and to evaluate 

their potential mediating of phase variation of certain genes. SSRs were screened in 

terms of their types, periodic length, motifs and location within coding or intergenic 

regions. A total of 2277 SSR loci were detected in the total genomes analyzed, 

dominated by poly A/T tracts which represented 57.1 % of the whole SSRs detected. 

Excluding the tracts that not affecting gene expression, the total number of candidate 

phase variable (PV) genes identified were 1860 genes, ranged from 49 to 79 genes 

per genome. The majority of these genes have their SSRs within coding sequences. 

The genes clustered into 402 distinct homologous groups, and 42 of them are found in 

more than 50 % of the total isolates analyzed. Only 27 genes showed interstrain 

variability in their SSR numbers, and only five of them switched between different 

expression states (On/ Off) over genomes. In general, the detected SSRs are mainly 

short, and have a limited role in variation of surface antigens, but it potentially 

mediates phase variation in genes that are supposed to participate in drug resistance, 

reflecting their possible importance in regulating such ability in A. baumannii. 
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 Acinetobacterالراكدة البومانية )توصيف التكرارات التسلسلية البسيطة في جينومات بكتيريا 

baumannii وتقييم دورها المحتمل في التغاير الطوري  ) 

 علي عبد الواحد عبد الربيعاوي
1

  

 

 المستخلص

المقاومة للعديد من المضادات الحيوية واحدة من  Acinetobacter baumanniiتعُد بكتيريا الراكدة البومانية 

( في هذه phase variationالبكتيريا الصاعدة كتهديد للصحة على مستوى العالم. وقد أظهر التباين الطوري )

البكتيريا أنه يلعب دورًا في التبديل بين الانماط الظاهرية المختلفة والتي أظهرت قدرات مختلفة على مقاومة 

لظروف المعاكسة. في هذه الدراسة، تم تطبيق التحليل القائم على الكمبيوتر لتوصيف التكرارات البكتريا ل

جينومًا من بكتريا الراكدة البومانية، وتم تقييم قدرتها على  23( في الحمض النووي لـ SSRsالتسلسلية البسيطة )

ها واطوالها الدورية وأنماطها من حيث أنواع SSRsالتوسط في الاختلاف الطوري لبعض الجينات. تم فحص 

في  SSRموضعاً لـ  3322وموقعها داخل المناطق المشفرة أو المناطق بين الجينات. تم الكشف عن إجمالي 

(  المتعددة والتي تمثل A/Tإجمالي الجينومات التي تم تحليلها، والتي تهيمن عليها تتابعات الادنين/ الثايمين )

ة. باستثناء المناطق التي لا تؤثر على التعبير الجيني، بلغ العدد الإجمالي المكتشف SSRs٪ من إجمالي 12.5

جيناً لكل جينوم. تحتوي  24إلى  94جيناً، وبمعدل من  5681للجينات المرشحة لحدوث التباين الطوري فيها 

مجموعة  913ضمن التسلسلات التي تشفر للبروتين. صنفت هذه الجينات الى  SSRsغالبية هذه الجينات على 

% من إجمالي العزلات التي تم تحليلها. أظهر 11منها في موجودا في أكثر من  93اعتمادا على تماثلها، وكان 

الخاصة بها بين الجينومات المختلفة، وخمسة منها فقط تغايرت بين حالات  SSRجيناً فقط تبايناً في اطوال  32
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( المشخصة قصيرة في SSRsتلفة. بشكل عام، كانت )تعبير جيني مختلفة )تشغيل/إيقاف( في الجينومات المخ

الغالب، ولها دور محدود في تباين الطور في المستضدات السطحية، ولكنها قد تتوسط تباين الطور في الجينات 

التي من المفترض أن تشارك في مقاومة الأدوية، مما يعكس أهمية محتملة لها في تنظيم قدرة هذه البكتريا على 

 ادات الحيوية.مقاومة المض

 

، ، تحليل الجينوم، مقاومة الادوية المتعددةالتباين الطوري، التكرارات التسلسلية البسيطة الكلمات المفتاحية:

 الراكدة البومانية

 

Introduction 

A. baummannii is a multidrug-resistant, Gram-

negative bacterium that is rated as the sixth most 

important nosocomial pathogen in the world [1]. 

The bacterium responsible for a wide range of 

hospital acquired infections in human including 

urinary tract infection, wound infection, 

meningitis, septicemia and most importantly 

ventilator associated pneumonia which are 

correlated with a high rate of mortality and 

morbidity [2]. It can also cause community 

acquired infection mainly in people with risk 

factors including chronic obstructive lung diseases 

or diabetic mellitus [3]. A. baummannii is 

ubiquitous in the nature and also colonize different 

body cites of human such as skin and digestive 

tracts asymptomatically [4]. The bacteria are one 

of the highly prevalent opportunistic pathogens in 

Iraq, and large number of cases are continuously 

reported over the different regions of the country 

with a wide range of nosocomial infections [5–7]. 

Phase variation (PV) is an adaptive mechanism 

that has been reported to happen in a wide range of 

pathogenic bacteria, which enhance their virulence. 

It involves several genetic mechanisms that lead to 

generate reversible phenotypic heterogeneity 

within the clonal population, giving it more 

flexibility to overcome the adverse conditions in 

their local environment [8]. 

Simple sequence repeats (SSRs) are short motifs of 

DNA sequences (ranging from 1-6 nucleotides) 

that are tandemly repeated several times within a 

 

locus [9]. SSRs showed high rate of length 

polymorphism due to reversible insertion/deletion 

mutations happened within it stretch during 

chromosome replication [10]. These hypermutable 

loci mediate phase variation in large number of 

surface antigens in many pathogenic bacteria 

increasing their adaptability to the environmental 

stress such the immune response [11]. Alteration in 

the length of SSR tracts affects the expression state 

of protein, changing it reversibly from high to low 

level when it lies within the regulatory region, or 

switched it from expression (ON state) to no 

expression (OFF state) when it occur in the coding 

sequence of a gene [12]. 

Phase variation has been reported previously in A. 

baummannii . It mediates switching between two 

different colony opacity phenotypes, opaque and 

translucent. The two phenotypes exhibit further 

variability including surface motility, cell 

morphology, drug resistance and biofilm formation 

[13]. Although these studies investigated the phase 

variation at the genetic level, they focused mainly 

on understanding the role of some negative 

regulators on the switching between the two 

phenotypes and other parameters differ between 

them such as motility and biofilm formation [14]. 

However, there was no study documented the 

characteristics of the simples sequence repeats in 

A. baumannii and their possible role in phase 

variation. Due to medical importance of A. 

baummannii as human pathogen that has emerged 

as global life threatening bacteria, understanding 
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the pathogenicity and the main mechanism that 

play a role in enhancing their virulence is crucial 

to develop an effective therapy. Therefore, this 

study was aimed to characterize the SSRs in 32 

genomes of A. baumannii (publicly available) 

isolated from different sources and evaluate their 

potential role in phase variation and consequently 

in the pathogenicity of the Bactria. 

 

Methods 

Acinetobacter baumannii genomic datasets 

The SSRs have been identified within 32 complete 

genomes of A. baumannii available in GenBank 

database. These genomes were chosen from 

literature and belongs to different A. baumannii 

isolates isolated from different sources, 16 of them 

from clinical sources and the other 16 were from 

non-clinical sources. The accession numbers and 

the details of the isolates are summarized in table 

1.Screening for SSRs loci and detection of 

candidate PV genes. 

The SSRs of each genome were investigated using 

phasomeIt software, which is available on github 

website (https://github.com/JackAidley/PhasomeIt/ 

) [15]. The repeats were analyzed in terms of their 

types (homo or heteromeric repeats), their motif 

lengths (mono, di, tri, tetra, penta and hexameric 

repeats) and their number as array within a locus. 

Genomic loci harboring SSRs within their genic or 

intergenic regions were considered as candidate 

PV genes according to criteria used by [16]. The 

SSRs must be located within open reading frames 

(ORFs) or within the 200 bp upstream the ORFs if 

they occur within the intragenic regions. The 

length of the monomeric repeats should be more 

than eight repeats in the case of (A/T) tracts, and 

more than six repeats in the case of (G/C) motifs. 

Whereas in the heteromeric repeats, the 

dinucleotide must consist of more than five 

repeats, and the tri and tetranucleotides should 

consist of more than four repeats. All pentameric 

and hexameric repeats should be consist of more 

than two repeats as shown in Table (1).

 

Table (1): Details of A. baumannii genomes involved in this study 

 

Genomes accession 

number 
Isolates Source Reference 

CP003849 BJAB0868 Ascites [17] 

CP003846 BJAB07104 Blood [17] 

CP003967 D1279779 Blood [18] 

CU459141 AYE Urine [19] 

CP000521 ATCC 17978 Meningitis [20] 

CP001937 MDR-ZJ06 Blood [21] 

CP002522 TCDC-AB0715 Blood [22] 

CP003856 TYTH-1 Blood [23] 

CP000863 ACICU CSF [24] 

CP001172 AB307-0294 Blood [25] 

CU468230 SDF Body louse [19] 

https://github.com/JackAidley/PhasomeIt/
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SRX14056989 354/17 Feces [26] 

CP001921. 1656-2 Sputum [26] 

SRX14056995 5250/17 Feces [26] 

SRX14056996 11453/17 Feces [26] 

SRX14056997 14259/17 Feces [26] 

SRX14056999 16644/17 Feces [26] 

SRX14057000 29946/18 Feces [26] 

SRX14056988 37889/18 Feces [26] 

ACYS00000000.2 6014059 Skin [27] 

NZ_RZNI01000000 AB18PR065 Pig feces [28] 

NC_011586 AB0057 Blood [25] 

NZ_AEOX01000000 AB210 
Pre-therapy clinical 

isolate 

[29] 

NZ_LAPU00000000 AB210M 
Clinically derived 

strain from AB210 

[30] 

NZ_ABXK00000000 AB900 Perinea [25] 

PRJNA738868 DETAB-P95 Nasogastric tube [31] 

PRJNA738869 DETAB-P96 Rectal swab [31] 

PRJNA738870 DETAB-P99 Rectal swab [31] 

PRJNA738871 DETAB-P100 Oral swab [31] 

NZ_CP076812.1 UC23022 Blood culture [32] 

NZ_AMZT00000000 WC-348 Skin [33] 

NZ_AMGG00000000 WC-692 Skin [33] 

 

Clustering of homologous PV genes 

The PV genes were assigned –by PhasomeIt- to 

homology groups if they share 50% similarity in 

their sequences. These groups may also contain 

non-PV homologous genes which in most cases 

differ in their repeat numbers or types (reduced to 

low number or interrupted with other bases), but 

share high similarity in other sequences with their 

homologous PV genes. The homology were also 

confirmed by extracting a number of putative PV 

loci from different genomes and blasted them 

against the 32 genomes, so their presence and their 

similarity within those genomes were confirmed. 

Statistical analysis 

Student t test was used to compare means of PV 

genes in clinical and non-clinical isolates, while Z- 

test was used to compare means of PV genes 

having SSRs in ORF and intergenic regions. 

 

Results 

SSRs have a significant role in the pathogenicity of 

the majority of pathogenic bacteria [8]. However, 

phase variation mediated by SSRs is poorly 

studied within the bacterium A. baumannii. A total 

of 32 genomes of A. baumannii were investigated 

for their SSR-loci using the software PhasomIt, 16 
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genomes were of clinical isolates and other 16 

genomes were of isolates from non-clinical sources 

including faecal, skin and other body sites. The 

total number of SSR loci detected within the 32 

genomes was 2277, and their average was 72.2 loci 

per genome (the average number of SSRs in 

clinical and non-clinical isolates were relatively 

similar which counts 71.12 and 71 .18 loci per 

genome respectively). This was dominated by 

homopolymeric repeats which represents 85.9 % of 

the total detected SSRs , where poly A/T motifs 

represented 57.1 % of the total SSRs and poly 

G/C, represented 28.8% of the total SSRs. Among 

the hetero repeats, the hexameric repeats were with 

the highest number that accounted 5.9 % of the 

detected SSRs, followed by the penta and tri 

nucleotide repeats which representing 5.4 % and 

4.3 % respectively (figure 1). Whereas the other 

repeats, (di and tetrameric tracts) were with a few 

number and did not exceed nine loci within the 

total 32 genomes. The mean number and the 

aboundancy of the SSRs motifs within genomes 

were summarized in figure 2 A&B. Number and 

distribution pattern of the SSRs is quite similar 

between the both group of isolates (clinical and 

non-clinical) and no clear difference was noted 

(data not shown). A negative correlation was found 

between the length of SSR motifs and the number 

of their loci per genome. The highest number (92.3 

%) of SSR loci harbor poly A/T tracts with 9 A/T 

repeats, 7 % with 10 repeats and only 0.06 of them 

with more than 10 repeats. In the case of poly G/C 

tracts, the majority of their loci (80%) were with 

seven repeats, 14 % with eight repeats, and only 

5% of them were with more than eight repeats 

(figure 2, C). Such negative correlation become 

very clear in the case of shorter motifs especially 

poly (A/T) tracts (< 9) and the other short 

heteropolymer tracts (except penta and hexameric 

tracts). Such SSR loci increased exponentially with 

the decrease of their SSR’S length and distributed at 

a high number within both coding and non-coding 

regions (data not shown). as shown in Figure (1) 

and figure (2). 

 

 

Figure (1): The ratios of the different types of SSRs loci detected within the whole genomes analysed 

 

The figure displays the percentages of each SSRs 

types among the total 2277 SSR loci detected 

 

within the 32 genomes analysed in this study. 
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b 

c 

 

 

Figure (2): Abundance and distribution of SSRs within analyzed genomes. a: The mean number of 

different types of SSRs within the different genomes. The error bar represents the standard error.  

b: counts of the most abundant SSR motifs within genomes. The boxplots diplay the median, 

minimum, maximum and outlier numbers of motifs within the total genomes.  

c: the total number of SSRs according to their types and periodic length 

a 
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Putative PV genes 

Putative PV genes were characterized according to 

the criteria depended by Siena et al. [16] 

mentioned in previous section. Excluding the SSR 

loci located at >200 bp upstream genes, or occur 

directly downstream genes, the total number of 

candidate PV genes identified were 1860 genes 

within the 32 genomes analyzed, ranged from 49 

to 79 genes per genome (with average of 58.125 

genes per genome). 

The genes were clustered into 402 distinct 

homologous gene groups. Regarding the SSRs 

location, 298 gene groups (74.1 %) harbor SSRs 

within their coding sequence and 104 groups (25.9 

%) containing SSRs within 200 bps upstream their 

coding sequence. The differences between means 

of PV genes according to their SSRs location 

(within ORF or within intergenic regions) were 

statically significant: p< 0.00001using z test. The 

comparison of numbers of PV genes between 

clinical and non-clinical isolates showed no 

statistically significant difference between the 

mean number of PV gens in the groups of isolates. 

Among the total gene groups, 42 of these groups 

were found in more than 50 % of the total isolates 

analyzed; representing the core PV genes 

distributed within A. baumanni genomes as shown 

in (table 2). 

Intergenomic variability of SSRs 

Intergenomic variability of SSRs has been 

analyzed in the all candidate PV genes that 

presented in more than one genome using the 

software PhasomeIt. DNA sequence of a number of 

these genes were also extracted from one genome 

(either the whole ORFs or the SSRs with their 

flanked 200bps upstream and downstream 

sequence), and blasted against the 32 genomes to 

confirm the variability in SSR tract number noticed 

in homologous genes within different genomes. 

The data showed that only 27 candidate PV genes 

showed variability in their SSRs number, fourteen 

of them have their SSRs within coding regions 

while the others (13 genes) were containing SSRs 

within their intergenic sequence (table 3). The 

variability was mainly in genes with 

homopolymeric tracts, which represented 78 % (22 

genes) of the total variable genes. Whereas, only 

genes with pentameric and hexameric repeats 

showed variability among the total genes harboring 

heteropolymeric SSRs. In general, the vast 

majority of variation noticed in the monomeric 

SSR loci was by adding/ removing only one 

nucleotide. In contrary, the pentameric and 

hexameric loci showed strong variability ranged 

from single repeat to more than 30 repeats. 

However, the insertion/ deletion of SSRs within 

coding sequences did not affect the expression 

states of majority of PV genes detected, which 

kept the same expression state (either On or Off) 

even they varied in their SSR numbers (as shown 

in table 3). 

There was a high rate of reduction of the number of 

SSR to short number in homologous genes within 

different genomes. Such reduction may stabilize 

the repeat tracts at short number and prevent the 

slipped stand mechanism to happen. This was 

noticed along with nucleotide replacement that 

also happened within a large number of SSRs 

especially with poly G/C tracts. Such SSRs 

showed high rate of replacement in one to three 

G/C with A/T within their stretch that also lead to 

stabilize them as it breaks the long tracts into many 

shorter repeats (figure 5). These genes were 

identified as non-PV genes by PhasomeIt software 

due to their SSR number lower than the cutoff, and 
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sometime were not detected by the program even if 

they are present in all genomes analyzed. as shown 

in Figure (3), (4) and (5). 

 

 
Figure (3): The number of candidate PV genes in A. baumannii isolates according to chromosomal 

regions of their SSRs. The data compare the number of SSRs per genomes according to their location 

whether intergenic regions (IR) or open reading frames (ORF).The boxplots display median, minimum, 

maximum and the outlier of the data. **** highly statically significant difference was found between the 

two categories (P<0.00001) 

 

 

Figure (4): The number of candidate PV genes in A. baumannii isolates according to their source of 

isolation. The data compare the number of candidate PV genes per genome of the clinical (n=16) and 

non-clinical (n=16), and the boxplots display the median, minimum, maximum and the outlier of the 

data. No statically significant difference was found between the two categories of data 
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Table (2): Core SSR loci detected within 32 A. baumannii isolates analyzed in this study 

Percentag 

e of 

strains 

 

PV Genes 

 

Function 

SSR 

motif 

100 
MBA24_00019 

3 
Tim44 domain-containing protein A 

 folP dihydropteroate synthase G 

 btuB_2 TonB-dependent receptor A 

 
aceE 

pyruvate dehydrogenase (acetyl- 

transferring), homodimeric type 
C 

 thrC threonine synthase CTG 

 MBA24_00303 

0 
RND transporter AAATT 

 iclR IclR family transcriptional regulator G 

96.9 gltB glutamate synthase large subunit T 

 emrA_5 HlyD family secretion protein CCTGCA 

 
dmeF 

CDF family Co(II)/Ni(II) efflux 

transporter DmeF 
CATCAC 

93.8 rplL 50S ribosomal protein L7/L12 CTG5 

 ybaL cation:proton antiporter T 

90.6 dnaX_1 DNA polymerase III subunit gamma/tau ACCTGA 

 
ABK1_1601 

conserved hypothetical protein; putative 

exported protein 
T 

87.5 phnA alkylphosphonate utilization protein T 

 MBA24_00186 

5 

conserved hypothetical protein; putative 

membrane protein 
A 
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 MBA24_00212 

5 
No annotation data A 

81.2 glsA glutaminase A 

78.1 hfq RNA chaperone Hfq T 

75 yvdD_1 TIGR00730 family Rossman fold protein A 

71.9 
MBA24_00306 

2 
alpha/beta hydrolase A 

 MBA24_00307 

6 
insulinase family protein G 

68.8 
MBA24_00042 

2 
GNAT family N-acetyltransferase A 

 MBA24_00348 

2 
EAL domain-containing protein C 

65.6 
MBA24_00045 

9 

glutathione-dependent 

formaldehyde 

dehydrogenase 

G 

 ureC urease subunit alpha G 

 MBA21_00241 

3 
hypothetical protein A 

62.5 
MBA24_00089 

4 
glutathione S-transferase family protein T 

59.4 
MBA24_00315 

3 
PQQ-dependent sugar dehydrogenase G 

 MBA24_00342 

1 
hypothetical protein G 

56.2 ABK1_1089 TonB-dependent receptor G 

 hemE uroporphyrinogen decarboxylase GGACT 

53.1 spoT_1 
guanosine polyphosphate 

pyrophosphohydrolases/synthetase 
A 
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Table (3): Candidate PV genes that showed interstrain variability in their repeat tract number 

PV Genes Function 
SSR 

motif 

SSR 

location* 

Expression 

state** 

No. of 

genomes 

MBA24_000193 Tim44 domain-

containing 

protein 

A (9-11) ORF All off 32 

MBA24_000422 GNAT family N- 

acetyltransferase 

A (9-10) IR - 22 

MBA24_000459 glutathione-

dependent 

formaldehyde 

dehydrogenase 

G (7-8) ORF All off 21 

MBA24_000478 porin Omp33-36 T (9-10) IR - 11 

MBA24_000751 urease subunit alpha G (9-13) ORF On/off 21 

MBA24_000856 DNA polymerase III 

subunit gamma/tau 

ACCTG

A (5-

31) 

ORF All off 29 

MBA24_001560 HlyD family secretion 

protein 

CCTGC

A (4-8) 

ORF All on 31 

MBA24_001734 ribosomal protein S18- 

alanine N-

acetyltransferase 

T (9-10) IR - 11 

MBA24_001922 pyruvate 

dehydrogenase (acetyl-

transferring), 

homodimeric type 

C (8-9) IR - 32 

MBA24_002610 cation:proton 

antiporter 

T (9-10) IR - 30 

MBA24_003016 CDF family Co(II)/Ni(II) 

efflux transporter 

DmeF 

CATCA

C (3-

10) 

ORF All off 31 

ABK1_0865 Tyrosine--tRNA 

ligase, putative 

AATC

A (11-

31) 

ORF On/off 7 
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ACINWC692_106 

7 

hypothetical protein G (7-8) IR - 7 

ABK1_3614 chitinase CTACA

C (4-7) 

ORF All on 3 

HMPREF0022_01 

143 

Sel1 repeat protein G (7-9) IR - 9 

ACICU_01027 hypothetical protein A (9-10) ORF All on 21 

HMPREF0022_02 

355 

conserved domain protein G (7-8) IR - 10 

HMPREF0022_03 

607 

putative ATP synthase 

F0, A subunit 

G (7-8) ORF On/off 13 

MBA32_002640 hypothetical protein T (9-10) IR - 4 

ACINWC692_098 

8 

D-serine ammonia-lyase A (9-11) IR - 5 

KQ253_06715 glucose/quinate/shikimat

e family membrane-

bound PQQ-dependent 

dehydrogenase 

G (7-8) ORF On/off 6 

KQ253_16005 FKBP-type peptidyl-

prolyl cis-trans 

isomerase 

T (9-10) IR - 9 

AB57_0647 prohead core protein CAAA

G A (7-

9) 

ORF All on 2 

ACINWC692_104 

5 

endopeptidase La A (9-10) IR - 6 

ABBFA_02125 FMN-dependent 

NADH- 

azoreductase 

G (7-8) ORF All off 4 

BJAB0868_01195 hypothetical protein G (7-9) ORF On /off 6 

ACINWC692_148 

1 

hypothetical protein G (7-8) IR - 3 

*ORF: open reading frame, IR: intergenic region.. 
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** Expression state: For genes that have their SSRs in ORF. On/Off: genes with different SSR numbers 

showed different expression state; all On, all Off: genes with different SSR numbers showed same expression 

states. 

 

Figure (5): Multiple sequence alignment showing the variability in the poly G tracts within the gene 

MBA24_000751 (urease subunit alpha) from different genomes of A. baumannii analyzed in this study. 

The figure showed that variability in poly G tracts ranged from variability in their tracts number, 

interruption with multiple Ts, or the tracts were deleted completely from the genes. The software 

classified the two later types of genes as non-PV genes but they are homologous to the PV genes 

 

Discussion 

The role of phase variation in enabling the 

pathogenic bacteria to overcome adverse condition 

has been reported obviously [34]. Many pathogenic 

bacteria such as Neisseria meningitidis and 

Haemophylus influenza have many surface 

antigens that are subject to phase variation 

mediated by alteration of their SSRs that lies either 

in their coding sequences or in their regulatory 

regions [35,36] . One example is the outer 

membrane proteins Opa in N. meningitidis which 

display a clear switching between different variants 

within the clonal population during the longitudinal 

colonization of healthy carriers [37]. Such 

switching was in response to the immune stress 

imposed on Opa repertoire, and it participates in 

the immune evasion of the bacteria during the 

long-term colonization [38]. However, phase 

variation in A. baumannii has also shown to 

mediate reversible switching between different 

phenotypes, involving opaque colony producing 

phenotype and translucent colonies producing 

phenotype [13]. The two phenotypes differ in their 

reactivity with their environmental conditions 

including their resistance to immune cells, 

antibiotics, disinfectants, hydrolysis enzymes and 

producing of thick/thin capsules [13,39,40]. 

Genetic mechanisms that can affect PV in A. 

baumannii have been studied in a manner that 

focusing on the effects of the global regulators 

genes - such as transcriptional regulators (ABUW_ 

1132) and (RND)-type efflux system (arpAB) – on 

the phase variation process. Mutating these 

regulators has shown to effect the rate of PV in the 

two mentioned phenotypes [41,42]. However, 

studying the genetic bases of mechanisms 

mediating PV in A. baummanii has a great 

implication in understanding the role of such 

mechanisms in the pathogenicity of these bacteria. 

In spite of the importance of the SSRs in PV, no 

studies have documented the features of SSRs in A. 
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baummannii and their potential role in phase 

variation. In this study, the simple sequence repeats 

in A. baumannii was investigated in 32 genomes 

published publicly. The genomes belong to 

different strains isolated from different sources 

including clinical specimens and other non-clinical 

specimens. Our data showed that SSRs are divers 

and highly represented within A. baumnnii 

genomes. A total of 2247 SSRs loci were 

detected within the 32 of A. baumnnii genomes. 

Repeats were dominated with monomeric tracts 

that represented about 86 % of total SSRs detected, 

where poly A/T represent the highest number in 

both the genic and intergenic regions. The SSRs 

length cut off used in this study were chosen 

depending on preliminary data from the same 

genomes analyzed and also according to previous 

studies in purpose of detection only SSRs that 

can mediate PV in their loci. Preliminary data 

showed that applying cut off lower than the one 

used here (A/T >8, G/C >6, di >5, tri & tetra >4 

and penta & hexa >2 repeats), a very high number 

of SSRs will be detected that making it so difficult 

to interpret the results obtained. In the same time, 

all these tracts with shorter number were very stable 

and did not show any variability in their length 

among the different strains (data not shown), which 

may not reflect any potential mediation of phase 

variability in these loci. In general, tracts length in 

A. baumannii tend to be shorter than those in many 

other pathogenic bacteria characterized in other 

studies such as N. meningitidis [43], H. influenza 

[44] and Campylobacter jujuni [15]. This is clearer 

in monomeric repeats especially the poly G/C 

where their length peaked around seven and eight 

repeats and only one locus were with thirteen Gs , 

while in poly A/T , the length ranged between 

nine-eleven and peaked at nine As / Ts . Exception 

of pentameric and hexameric repeats, the other 

heteropolymeric repeats (di, tri and tetra) displayed 

similar pattern and did not exceed the threshold 

length used in the study. 

The instability of the SSRs is positively correlated 

with their length, and shorter repeats tend to be 

more stable and may not mediate phase variation in 

the genes they lie within [45]. This suggests that 

these loci were favored to be more stable rather 

than highly variable, reflecting their possible 

essentiality to the cellular processes, especially 

genes that code for proteins with metabolic 

functions. Such possible essentiality may also 

justify the absence of a statically significant 

difference between clinical and non-clinical 

isolates of A. baumannii in their numbers of 

predicted PV genes. An equal importance of those 

genes to the both types of isolates might lead to 

maintain them to be expressed in a similar manner 

within the two groups. Alternatively, these genes 

may not critically participate in the virulence or in 

other adaptation mechanisms of clinical isolates, 

so there is no particular selection for those loci in 

such group rather than the other- non-clinical- 

group. 

Interstrain variability in SSRs were noticed in 27 

genes, fourteen of them carry their SSRs in coding 

sequences and the other twelve genes have SSRs 

within their regulatory regions. Such variability in 

SSR length display the role of the slipped strand 

mispairing mechanism (SSM) that happens within 

these loci leading to insert/delete one or more 

homopolymeric or heterpolyomeric repeat. SSM 

happening in coding regions lead to generate 

frame-shift mutations that may affect the 

expression state of the gene, leading to switching 

reversibly between on and off state. Whereas 

insertion/deletion happening in SSRs within 

regulatory region can affect the expression level of 

gene products by changing it from high level to 
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low and vice versa [46] . However, among the 

fourteen genes showed variability in SSRs within 

their coding sequence, only five showed changes 

in their expression state (i.e. switching between ON 

and OFF state), while others were in the same 

expression state even they varied in heir SSRs 

number. The gene MBA24_003016 encodes for 

heavy metal efflux transporter protein (DmeF) that 

mediates resistance of bacteria to zinc and heavy 

metal ions [47]. This gene showed strong variation 

in their hexameric SSRs length among different 

genomes, which may effects the function of their 

protein (when they in on state) and hence reflects a 

possible role for SSRs variation in regulating 

tolerance/resistance of the bacteria to the heavy 

metal ions. However, the majority of the variable 

SSRs were located in gens that mediate either 

metabolic function and cellular process, or they 

with unknown functions (hypothetical proteins), 

and no variability was detected in genes coding for 

surface proteins, except in poly Ttracts within 

regulatory region of the gene MBA24_000478 that 

encodes for Omp33-36 Porin. This protein is a 

surface protein that act as a channel for water 

traffic, and it plays a role in inducing cytotoxicity 

in immune and connective tissue and its expression 

participates in antibiotic resistance [48]. Similarly, 

Variability has also been noticed in intergenic 

region of mba24_000422 that encodes for n-

acetyltransferase belong to GNAT family. Such n-

acetyltransferase has been shown to confer 

antibiotic resistance towards aminoglycosides in 

bacteria [49]. The variability in the SSR number 

within these two genes as well as within 

MBA24_003016 and their effects on the 

expression levels / state of their proteins need to be 

more investigated to assess if they have any impact 

on drug resistance ability of A. baumannii. 

Generally, SSRs of A. baumannii tend to be 

condensed in genes that code mainly for non-

surface products where mutability in their SSRs 

are usually lower than those in genes coding for 

surface antiges. Such antigens are continuously 

exposed to environmental stress and display a high 

rate of phase variation via mutations occur in their 

SSRs as noticed in many pathogenic bacteria [50]. 

Lacking of such events may reflect a weak 

environmental stress imposed on surface proteins 

of A. baumannii during presence within living 

hosts, making it unnecessary to phase vary and 

change their expression states. Alternatively, the 

bacteria might depend other mechanisms to 

immune evasion rather than using phase variation, 

which then lead to maintain their surface protein 

repertoires in a fixed expression state. 

 

Conclusion 

SSRs are highly represented within A. baumannii 

genomes with mostly similar pattern in both 

clinical and non- clinical isolates, but they tend to 

be shorter and hence lower mutable than what is 

common in many pathogenic bacteria. However, 

evidences for phase variation mediated by SSRs 

have been reported in a considerable number of 

genes within A. baumannii, some of these genes 

encode for proteins that participate in antibiotic and 

heavy metal ions resistance, which may reflect a 

role for phase variation in regulating drug 

resistance in this bacterium. The effects of SSRs 

variability on the expression state/ level of proteins 

need to be confirmed by further investigation in 

order to assess their impacts on the adaptation 

capacity of A. baumannii during their persistence 

within hosts. 
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