DNA sequencing and phylogeny of
Pseudomonas aeruginosa isolated

from nosocomial infections' in Iraqg
Abstract

PCR product of 16SrRNA gene was used for partial sequencing,
and registration in gene bank-NCBI and phylogeny. Ten accession
numbers were obtained from registration of ten sequences of16srRNA
gene bank-NCBI: The accession numbers were: KX963356.1,
KX963357.1, KX963358.1, KX963359.1, KX963360.1,
KX963361.1, KX963362.1, KX963363.1, KX963364.1 and
KX963365.1.

The phylogenetic analysis of local isolates of P. aeruginosa
showed a close related to NCBI-BLAST P. aeruginosa
strain(KR81540.1) except the Iraq isolates 2 (burns source) and Iraq
isolates 8 from (ear source) which showed genetically differences as

unique isolates.

Based on the update local literatures, this is the first study in
Irag which employed sequencing, registration of sequences in gene
bank-NCBI, and carrying out phylogeny of local, clinical isolates and
world strains of P. aeruginosa, in addition to that, a new records of
two strains of local isolates from ear (KX963362.1) and burns
(KX963357.1) are established in Gene bank locus.

introduction

Pseudomonas aeruginosa is a Gram's negative opportunistic
pathogen has emerged as one of the most problematic of the
nosocomial pathogens; it is considered Multi-resistant infections in
both communal and hospital settings. It is an opportunistic pathogen
that causes infections in immunocompromised, cancer, burn, urinary



tract, surgical wound, eye, blood, ear infection, sepsis cystic fibrosis,
and intensive care unit (Tille, 2014).

DNA sequencing is the process of determining the precise order of
nucleotides within a DNA molecule. It includes any method or
technology that is used to determine the order of the four bases—
adenine, guanine, cytosine, and thymine—in a strand of DNA. The
advent of rapid DNA sequencing methods has greatly accelerated
biological and medical research and discovery. Knowledge of DNA
sequences has become indispensable for basic biological research,
And in numerous applied fields such as diagnostic, biotechnology,

forensic biology, and biological systematics. (Clyde, 2007).

The rapid speed of sequencing attained with modern DNA
sequencing technology has been instrumental in the sequencing of
complete DNA sequences, or genomes of numerous types and species
of life, including the human genome and other complete DNA
sequences of many animal, plant, and microbial species (Pettersson et
al., 2009). Fifteen years elapsed between the discovery of the DNA
double helix in 1953 and the first experimental determination of a
DNA sequence (Reinert and Huson, 2007).

Whole genome sequencing, facilitated by the Advent of high-
through put approaches, brings the promise of single-base-pair
resolution between isolates, making it the ultimate molecular typing
method for bacteria. Several recent studies have shown that analysis
of single nucleotide polymorphisms (SNPs) in bacterial genomes
provides a means of determining relatedness between
epidemiologically linked isolates and tracking bacterial evolution

over periods of months to years(Eppinger et al., 2011).

Snyder et al., 2013 Studied of epidemiological investigation of

P. aeruginosa isolate from a six-year-long hospital outbreak using
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high —through put whole genom sequencing, In that study they
demonstrated that the single base resolution of whole genome
sequencing is a powerful tool in analysis of outbreak isolates that can
not only show strain similarity, but also evolution over time and

potential adaptation through gene sequence change.

In Iraq, there are several studies were conducted during the last
five years on phenotypic and genotypic characterization of P.
aeruginosa (Abdullah, 2012; Fadhel, 2013; Al Doory,2012; AL-
Obaidi, 2013), but the present study focused on the causes of the
continuous antibiotic resistance by P. aeruginosa that prevalent in
hospitals especially that caused the nosocomial or hospitalized
infections based on the identify the genetic variation between the
isolates collected from different clinical samples by using the DNA
sequencing and phylogeny analysis.
The study was aimed to identify some microbial factors (phenotypic

and genotypic) that support the antibiotic resistance and prevalence of

Pseudomonas aeruginosa that causes hospitalized infection. 2.2.

Method

Five hundred specimens from urine, wounds, burns, sputum, ear

swab and diabetic foot were collected from inpatients of many
hospitals and Central Public Health Laboratory during November,
2015 to April, 2016 in Baghdad city. All Specimens were collected by
clean sterilized cotton swabs or containers under supervision of a
clinical consultant physicians. The time between samples collection
and bacteriological exam never exceeded 1-2 hours. The swabs were
primary cultivated on suitable incubation at 37C° for 18-24 hour
under aerobic condition. Positive culture media represented by Blood
agar and MacConkey agar, then culture samples re-cultured on
selective media besides performing morphological characteristic,
biochemical tests followed by confirmative diagnostic methods
(phenotypic and genotypic method).

. Isolating Genomic DNA from P. aeruginosa



The following procedure was done according to the instructions of

manufacturing company:

® A volume 1ml of an overnight culture was added to a 1.5ml

microcentrifuge tube, Centrifuged at 16,000 x g for 2 minutes to

pellet the cells and Removed the supernatant.

® A volum 600ul of Nuclei Lysis Solution was added. Gently pipet

until the cells are suspended, Incubated at 80°C for 5 minutes to lyse

the cells and then cooled to room temperature.

® A volum 3pl of RNase solution was added to the cell lysate. Invert

the tube 2-5 times to mix. Incubated at 37°C for 30 minutes. Cooled
the sample to room temperature, A volume 200ul of Protein
Precipitation Solution was added to the RNase-treated cell lysate
Vortex vigorously at high speed for 20 seconds to mixed the Protein

Precipitation Solution with the cell lysate.

® The sample was Incubated on ice for 5 minutes, Centrifuged at

13,000-16,000 x g for 3 minutes and then transfered the supernatant
containing the DNA to a clean 1.5ml microcentrifuge tube which
contained on 600ul of isopropanol at room temperature then Gently
mixed by inversion until the thread-like strands of DNA form a
visible Mass then Centrifuge at 13,000-16,000 x g for 2 minutes.

® Carefully the supernatant was poured off and drained the tube on

clean absorbent paper, A volum 600ul of room temperature 70%
ethanol was added and gently inverted the tube several times to wash
the DNA pellet then Centrifuged at 13,000-16,000 x g for 2 minutes
and Drained the tube on clean absorbent paper and allow the pellet to

air-dry for10-15 minutes.

® A, volume 100ul of DNA rehydration solution was added to the

tube and rehydrate the DNA by incubating at 65°C for 1 hour. Was



periodically mixed the solution by gently tapping the tube.
Alternatively, rehydrate the DNA by incubating the solution
overnight at room temperature or at 4°C and then stored the DNA at
2-8°C.
2.2.11.2. Isolation of Plasmid DNA from p. aeruginosa

The following procedure was performed at room temperature, to

instructions according of Manufactory Company:

® A total of 600l was transferred of bacterial culture grown in Lauria

bertani broth medium to a 1.5ml micro centrifuge tube. A 100ul of
Cell Lysis Buffer was added, and mixed by inverting the tube 6 times.
The solutions should change from opaque to lysis clear blue,

indicating complete
® A ,volum 350ul of cold (4-8°C) neutralization solution was used

and mixed thoroughly by inverting the tube the sample will turn
yellow when neutralization is completed, and will form a yellow
precipitate, inverted the sample an additional 3 times to ensure
completed neutralization, Centrifuged at maximum speed in a
microcentrifuge for 3 minutes andTransfered the supernatant (~900ul)
to a PureYield™ Minicolumn.Do not disturb the cell debris pellet.

For maximum yield, transfer the supernatant with a pipette.

® The minicolumn was placed into a PureYield™ Collection tube,

and centrifuged at maximum speed in a microcentrifuge for 15
seconds then discarded the flowthrough, and placed the minicolumn
into the same PureYield™ Collection Tube and A volume 200ul of
endotoxin removal washed to the minicolumn centrifuged at
maximum speed in a microcentrifuge for 15 seconds. It is not

necessary to empty the PureYield™ Collection Tube.

® A, volume of 400ul of column wash solution was added to the

minicolumn, centrifuged at maximum speed in a micro centrifuge for



30 seconds then transferred the minicolumn to a clean 1.5ml micro
centrifuge tube, then added30ul of Elution buffer directly to the
minicolumn matrix, let stand forl minute at room temperature. And
then Centrifuged at maximum speed in a micro centrifuge for 15
seconds to elute the plasmid DNA. sealed the micro centrifuge tube,
and stored eluted plasmid DNA at —20°C

2.2.12. Estimation of DNA yield and purity

The extracted genomic DNA was checked by using Nano drop

spectrophotometer to estimate the concentration and extracted purity
of DNA through reading the absorbance in at (260 /280 nm).

2.2.13. Detection of specific genes for P. aeruginosa by
PCR method.
2.2.13.1. Preparing the Primers:

Oligonucleotide  primers were prepared depending on
manufacturer's instruction by dissolving the lyophilized product with
Nuclease - free water after rotating down briefly. Working primer
tube was prepared by diluting with Nuclease - free water. The final

picomoles depended on the procedure of each primer.

Table (2-13): PCR amplification program of 16SrRNA gene used

for confirmatory identification of P. aeruginosa.

Stage Steps Temperature Time | No. of
(C9 cycles
First Initial 95°C 120sec 1
Denaturation
| | Denaturation 95°C 20sec
Second Il | Annealing 58°C 20sec 25
Il | Extension 72°C 40sec
Third Final 72°C 60sec 1
Extension




Table (2-14): PCR amplification program of 16SrRNA gene used

for DNA sequencing in P. aeruginosa.

Temperature | Time | No. of
Stage Steps
(C) (sec) | cycles
First Initial _ 95°C 4min 1
Denaturation
I Denaturation 95°C 30sec
Second
I Annealing 55°C 30sec 30
Il Extension 72°C 90sec
Third Final Extension 72°C 9min 1

2.2.14. Agarose gel electrophoresis:

This agarose gel was prepared by dissolving 1 g of agarose
powder in 100 ml of (1X) TBE buffer (pH 8) on hot plate with
magnetic stirrer and magnetic capsule was added, left until boiling
and becoming clear, allowed to cool to 50°C, and 5 pl Ethidium
Bromide was added(Sambrook and Russell, 2001).

2.2.14.1. Casting of the horizontal Agarose gel:

The tape was placed across the end of the gel tray. The comb was
fixed at one end of the tray for making wells used for loading DNA
samples. The agarose was poured gently into the tray, and allowed to
solidify at room temperature for 30 minutes. Then, the comb was

removed gently from the tray and the tape was also removed from the




ends of the tray. The agarose gel was fixed in electrophoresis
chamber which was filled with TBE buffer (1X) that had covered the
surface of the gel (Sambrook and Russell, 2001).
2.2.14.2. Loading and running DNA in agarose gel:

Five ul of each DNA template was transferred to eppendorf tube,
3ul of loading dye was added to the tube and the mixture was loaded
into the wells in agarose gel with the addition of loading buffer and
DNA Ladder (100bp) as standard in electrophoresis. The electric
current was allowed at 100 volt for 10mintes and then 80 volt for 1
hour to detected the 16srRNA gene (956 base pairs amplicon), DNA
extraction and plasmid extraction while used90 min at 100 volt/50
mAmp to detected, 16srRNA gene(1504base pairs amplicon) and
exotoxine A. After complete time read the reselts on UV
transilluminater was used for the observation of DNA bands, and the
g e | W a s p h otographe d
2.2.1.4.6. Analysis of PCR results:

PCR product was analyzed by gel electrophoresis in 1-2% agarose
gels containing Ethidium Bromide Staining Solution. 5 pl from
amplified sample was directly loaded in agarose gel with the addition
of loading buffer and DNA Ladder (100 base pairs) as standard in
electrophoresis and the gel was run at 100 Volt for10 mintes and 80
volt for 1hour. The products were visualized with UV illuminator and

photographed.

2.2.15. DNA sequencing:

DNA sequencing method was performed for Phylogenetic tree
analysis study of local P. aeruginosa isolates based on 16srRNA
genel504bp. DNA capillary sequencing was performed by using their



ABI 3730xI genetic analyzer (Applied Bio systems, US), (Larkin
etal., 2013).

As the following steps:

1. The specific PCR product was excised from the gel by clean, sharp
scalpel. Then, transferred into a 1.5mL micro centrifuge tube.

2. 400ul Binding Buffer 1l was added to gel fragment. Then,
incubated at 60°C for 10 minutes and shaked until the agarose gel is
completely dissolved.

3. Add the above mixture to the EZ-10 column and let stand for 2
minutes. Centrifuge at 10,000rpm for 2 minutes and discard the flow-
through in the tube.

4. 750ul Wash Solution was added to each tube and centrifuged at
10000rpm for one minute. Then, solution discarded.

5. After that, the step 4 was repeated. Then, centrifuged at 10000rpm
for an additional minute to remove any residual wash Buffer.

6. The column was placed in a clean 1.5ml micro centirfuge tube and
added 30ul of Elution Buffer to the center of the column and
incubated at room temperature for 2 minutes. Then, the tube was
centrifuged at 10000rpm for 2 minutes to elute PCR product and store
at -20°C. (Tamura etal., 2013)

Confirmative Detection of P. aeruginosa isolates by
conventional PCR by using 16SrRNA gene.
3.1.2.3.1. Extraction chromosomal DNA

The DNA from 60 isolates of P.aeruginosa was extracted and
purified using genomic DNA kit. The results were detected by gel
electrophoresis process using 1%agarose gel and then examined
under UV. Light in which the DNA appeared as clear compact band
in Figure (3-4).
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Figure (3-4): Ethidium bromide stained Agarose gel electrophoresis of extracted
DNA from P. aeruginosa isolates using 1% Agarose, 90 min at 100 volt/50

mAmp.

3.1.2.3.2. Total DNA concentration and purity

Total DNA concentrations and purity that extracted from
different clinical samples were measured by Nano drop
spectrophotometer. Results (Mean) concentrations exhibited as ng/pul.
The purity of the extracted DNA was estimated by measuring the
ratio of Azso/Azgo. It gave an optimal concentration of DNA for
amplification process ranged from 35.3-39.8 ng/ul. While optimal
purity amplification process ranged from 1.6-2.01 ng/ul. (Table 3-3).

. Concentration of _

Clinical ) Purity Azeo/ Azso
No. of isolates DNA (ng/ul)
samples Mean
Mean
Diabetic
2 38.35 1.8
foot




Sputum 8 35.3 1.8
Ear 13 38.5 2.01
Urines 5 35.6 1.6
Burns 16 38.4 1.96
Wounds 16 39.8 2.0

Table 3.3: Values of extracted DNA concentration and purity of

selected sample of Extracted DNA.

Based on the standard values of DNA concentration for
amplification, the values of the present study are considered an
efficient values and suitable for the establishment of the DNA
extracted with target primers or sequences amplification.
Sequencing and phylogeny analysis of 16SrRNA gene

The sequencing 16srRNA gene based on the PCR product of the
nucleotide sequence with 1054 base pairs (fig.3-13) of 10 isolates P.
aeruginosa were identify the genetic variation and phylogeny of these
isolates after compared with their accession numbers and their
definition of another global sequence data of two standard strains in
NCBI-BLAST the 10 sequences were recognized as P. aeruginosa as
follow with their accession number and their definition (fig3-13 to fig
3-22).
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Figure (3-13): Ethidium bromide stained gel electrophoresis of PCR
product~1504base pairs of P. aeruginosa isolates using (1%) Agarose for 90
minutes at 100 volt positive PCR product~1504b p size Lane (M) DNA marker
100bp. Lanes (1-10) show positive result to16SrRNA gene.

Sequencingl: Results of 16S Ribosomal RNA gene, partial sequences
forward of P. aeruginosa isolates from Diabetic foot, showed the
identities percent 74% with world strains when examined in Gene
bank of NCBI (fig.3-12).

Sequencing2: Results of 16S Ribosomal RNA gene, partial sequences
forward of P. aeruginosa isolates from burns, showed the identities
percent 77% with world strains when examined in Gene bank of
NCBI (fig.3-).

Sequencing 3: The results of 16S Ribosomal RNA gene, partial
sequences forward of P. aeruginosa isolates from urine, showed the
identities percent 99% with world strains when examined in gene
bank of NCBI in (fig.3-).

Sequencing4: The results of 16S Ribosomal RNA gene, partial
sequences forward, P. aeruginosa isolates from sputum, showed the



identities percent 95% with world strains when examined in Gene
bank of NCBI (fig.3.19).

Sequencing 5: The results of 16S Ribosomal RNA gene, partial
sequences forward, P. aeruginosa isolates burns, showed the
identities percent 99% with world strains when examined in Gene
bank of NCBI fig 3-20.

Sequencing 6: Results of 16S Ribosomal RNA gene, partial
sequences forward, P. aeruginosa isolates sputum, showed the
identities percent 99%with world strains when examined Gene bank
of NCBI (fig 3-21).

Sequencing7: The results of 16S Ribosomal RNA gene, partial
sequences forward, P. aeruginosa isolates wound showed the
identities percent 81% with world strains when examined in Gene
bank of NCBI (fig.3-22).

Sequencing 8: The results of 16S Ribosomal RNA gene, partial
sequences forward, P. aeruginosa isolates ear, showed the identities
percent 89% with world strains when examined in Gene bank of
NCBI (fig.3-23).

Sequencing 9: Results of 16S Ribosomal RNA gene, partial sequences
forward, P. aeruginosa isolates wound, showed the identities percent
99% with world strains when examined in Gene bank of NCBI fig.
(3-24).

Sequencing 10: The results of 16S Ribosomal RNA gene, partial

sequences forward, P. aeruginosa isolates wound showed the



identities percent 98% with world strains when examined in Gene
bank of NCBI (fig.3-25).
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Query 255 AAAGAATAATCACCCTCACT ACAGARACACGECACACACACCTACGEEAGECATCAG 347

I IIIII II CELELREEE i it erenenr 11l
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Fig. (3-13): Partial sequences of 16S RNA gene of P. aeruginosa

isolates from diabetic foot.
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Query 37 TTCGCATTGETGAGCACT TTAT TCTGAGAGRAAGGETCTT T TGT TASAAACTTECTGTTA 437

N R e N e e A A
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LECE e 0 el L AP eeee ir LEREre it
Sbict 418 TGACGTTACCAACAGAATAAGCACCGGCTAACTTCGTGOCAGCAGCCOCGETAATACGAY 477

Query 498 GLETGCADCCETGAATCECAAT TACTEEGLGTATTGOECGLGT TTGTELETCAGCASGTT  B57
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N A e
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B
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Query 98 CTGAAATOCTTGAGATCTTATTG 820

LE LRt 1l
Sbjct 771 TTGGGATOCTTGAGATCTTAGTG 793

Fig. (3-14): Partial sequences of 16S RNA gene of P. aeruginosa
isolates from burns.
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Sbjct 121 QT TEAGEEAGAAAGT GEEEEATCT TCEEAC T TCAC G TATCAGAT AR TAGETCGE
Query 200 AT TAGCTAGT TG TEEEE T AAAGGOC T A AA GG CAC A TG TAACTEETCTEAGAGE
. frrreerrerrrreerererrreerr e e e e e e
sbjct  1s1 AT TAGCTAGT TEETEEEE TAAARGOC T A AN RACGA TG TAAC T EE T TRARARR
Query 2681 ATGATCAGT A AT GEAA TGAGAC A GETCCAGAC TCC TACGEEAGECAGCAGTEEEE
. frrreerreerrrrerreerrererre et berr et e e errrnrrnd
Shict 241 ATGATCAGTC A A TGEAAC TEAEACACGE TOCAGAC TCC TACGEEAEEC AR ACTSEEE
Query 321  AATATTGGACAATGEEECGAAAGDC TEATIOCAGOCAT GTGAAGAAGETCTTC
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Sbict 30a T TEEACAATGERECGAAAGDC TGATOCAGOCAT: GTEAAGAAGETCTTC
Query 381 GEAT TETAAAGCACTT TAAGT TEELAGEAAGGECALGTAAGT TAATACCT TECTGET T T TaA
. e et el
Sbjct 351 GEAT TETAAAGCACT T TAAGT TGELAGEAAGGECAGTAAGT TAATACCT TGCTGT T T TG4
Query 451 T TA AR A AR T A A TAACT TG T EO AR AR GETAATACGAAREE
. Cerreeereerrreereeerrererrer e eerre et e et
Shict 421  CETTACCAACAGAATAAGCADCGEC TAACT TCETECCAGCAGOCGCGETAATACGAAGES
Query S5O0 TGECAAGCGT TAATOGGAAT TACTGEECGTAAAGC OGO GTAGETEET TCAGCAAGT TEEA
. e eerrenrre e e e e e et
sbjct 481 TECAAGCET TAATOGGRAAT TACTGRECETAAAGDEDEUETAGETEET NCARTAAGT TEEA
Query 561 TETEAAA T e T AA TG EAA TGO AT AAAAC T ACTGAGC TAGAGTACGET
. PErrerrreerrrrerreerre et et ettt ererrnnl
Shict 541 TETEAsATO e T AA I T EAM TGO A T AAA AT TAC TGS TAGAGTACGET
Query 621 ARG TEETEEAAT T T TG TETAGC e TGAAA TG T AGATATAGRAAREAACACC AL
. ferreerreeerrrnrrenrrn e et et et e e e errnrntl
Sbjct 60 AGAGEETEETEEAAT T T TETGTAGCGETGAAATGOGTAGATATAGEAAREAACATCAG
uery G651 TR AR A A T A TEA TAC T EACA TEAGG T EOEAAAGD G TREEEAGTAAA
) PErreerreeerreerrenerrn et e et e et eetnritl
Sbjct 661 TGEECEAAGEC A AT TEEAC TGATAC T GACA TEAGETGCGAAAGD G TREEEAECAAA
Query T4 CAGCAT TAGA T AT GETAGT O A GO ETAAACCGATETCGACTAGOCET TEEEATOCT
. frererrreeerreereenerreeerreerreerre et
sbjct  Fza CAGEAT TAGATAC O TEETAGTOCAC OO TAAACGATE T CRACTAGOCET TEEEATOCT
Query 800 TGAGATCT TAGTEECGCAGC TAAC GO GAT AAGTCGACC GO TEEEEEAGTACGEOCECAA
. Ferreerrrrerreerreerreeerretrreerrerererer rerrrerrreerrrrtd
sbjct  FEL TEAGATCT TAGTEEOGCAGC TAACGUGATAAGTORACCEOCT - GRELAL TACGROCEAA
Query 861 GG TAAAACTCAAATEAAT TEADEEEEECOCGCACAAGCGETGGAGCATGTGEGET TTAAT
. e e e ettt
Sbjct &40 GET TAAAA T AAATGAAT TRACGEEEEOOCGCACAAGC LT EEAGCATET - GET T TAAT
Query 92Z1 T GEAA A A AT TACC TR T TRACATEC TEAGAACT T TOCAGAAAAT R
. PEEErrrrrn et e r et 1 1l
Sbjct &99 TOGAAGC A GO GAAGAAT T TACCTGEOCT TGACATGCTGAGAACT T TOCAG - ARATEE
Query 95l AT TEETEEOCT TOEEEAA T AGACACADE TGO TR TETOETCAGITOETETOCT
. [T ||||||||||||||||||||||||||||||||| PO FEErrrrrrrrnnd
Shjct 9cE ATTGEGET - GOCT TOGEEAAC TCAGACACAGETEC TECATEET TETC T TCAGC TOGTGTOCT
Query 1041 GAASATGTTITGG 1052
L1 e I
sbhjct 1007 G-AGATGTTGEE 1027

partial seguence

e

B

14D
120
2
15D
2560
240
320
JD
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420
S

EED
540
G20
S
BED
(=14
40
720
SDD

a5l
g39
Q2o
g98
98D
a5y
1030
106

Fig. (3-15): Partial sequences of 16S RNA gene of P. aeruginosa
isolates from urine.




Pseudomonas aeruginosa Irag.PA-4 dsolate 165 ribosomal RMA gene, partial
Sscore  Expect Identities Gaps Strand
1361 bits{150&3 0.0 §52/90{95%) 12/90001%) Plus/Plu=s

Query 23 TGCAGTCGAGCGGATGAAGGEAGCTTECTCCTGEAT TCAGCGEOGEACGEETGAGTAATG

) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
sbjct 1 TGCAGTCGAGDGEATGAAGEEAGC T TECTCCTEEAT TCAGLGEIGEACGEETGAGTAA
Query &3 OCTAGGAATCTGOCTGETAGTEEGGEATAACGTOCGEAAACGEEOGCTAATACCECATAC

) EEE PEREr e et e e e errrrrtl
Sbict 61  OCTGEGAATCTGOCTGETAGTEEGGEATAACGTOCGRAAACGEEOGCTAATACCGCATAC
Query 143 GTCCTGAGGEAGAAAGTGGEEEATCTTOGGACCTCACGCTATCAGATGAGDC TAGETCGE

) CELLEEREE e e e e e e e rerrgl
Sbict 121 GTCCTGAGGGEAGAAAGTGGGEEEATCT TOGGACCTCACGCTATCAGATGAGIC TAGETCGG
Query 203 ATTAGCTAGTTGETGEEETAAAGGICTACCAAGELGACGATCCGTAACTEETC TGAGAGS

i FEEELERE e e et ee et e e e e gl
Shict 181 ATTAGCTAGTTGETGGGGTAAAGGCCTACCAAGEIGACGATCCETAACTEETC TGAGAGS

Query 263 ATGATCAGTCACACTGGAACTGAGACACGETCCAGACTCCTACGEEAGECAGCAGTGEEE

. FEETEEERRE et e e et e e et e et
shbjct 241 ATGATCAGTCACACTGGAACTGAGACACGETCCAGACTCCTACGEEAGECAGCAGTGEEE
Query 323

AATATTGEEACAATEEECEAANGCCTGATOCAGDCATECC GTEAAGAAGETCTTC
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 300 AATATTGGACAATGEGECGAAAGCCTGATOCAGCCATEOCGCETETETGAAGANGETCTTC

Query 383 GLATIGTAAAGCACTT TAAGT NehGAGEAAGEECAGTAAGT TAATACCTTGCTGT T T TaA

) CEEEEEreer et et e e e el
Sbjct 361 GEATTGETAAAGCACTTTAAGT TGEGAGEAAGEECAGTAAGT TAATACCTTGCTETTTTGA

Query 443 CGTTACCAACAGAATAAGCACCGECTAMCT TOETEOCAGCAGICEOGETAATACGAAGEE
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbict 421 CGTTACCAACAGAATAAGCACCGGCTAACT TOETGEOCAGCAGIOGD ACGAAGGEGE
Query 503 TGCAAGCGTTAATCGGAATTACTGGEETAAAGCGOECETAGETGET TCAGLAAGT TGGEA
) FELELEREEE e et eerrrnl
Sbjct 481 TGCAAGCGTTAATCGGAATTACTGGEOETAAAGCGLECETAGETGET TCAGLAAGT TGGEA
Query 563 TGTGAAATOOCCGGECTCAACCTAGGAMC TECATCCAAAACTACTGAGCTAGAGTACGET
) FEELEERREE el e e eee el
Sbict 541 TGTGAAATOODCGGECTCAACCTGGGAMC TECATCCAAAACTACTGAGCTAGAGTACGET
Query 623 AGAGEGTGGTGGAATTTCCTGTETAGCEETGAAAATECETAGATATAGEAAAGEAACACC
) FEELLERRER e e rerr et teerrnigl
Sbict 6001 AGAGEETGGTGGAATTTCCTGTGETAGCEETG-AAATEOETAGATATAGG- AAGGAACACC
Query 683 AGTGECGAAGECGACCACCTGEACTGATACTGACACTGATGT GUGAAAGCETGEEEEAGT
) FELLLEEREE et ee et e et el il
Sbjct 659 AGTGECGAAGELGACCACCTGEACTGATACTGACACTGAGET GUGAAAGLGT -GEEGEAGT
QUery 743 AAACAACGAATAGATACCCTGECAGTGCAGEOODCTACACCATETCAACTAMCCCTTEEE
) R R A A Ay
Sbict 718 AAAC-AGGATTAGATACCCTGETAGTOCACG-COGTAAADGATETOGACTAGCCETTEEE
Query 803 ATCCETGAGATTTTA-TTGLGE0-GOT - ACACGATAA - TCAACAGCTGGEEEAGTACGEIC
) FEEE Ceeeee e e eer te eeeeer i e tf el
Sbjct 776 ATCCTTGAGATCT TAGTGGLGCAGCTAMCGCGATAAGTCGACCGOCTGEEEAGTACGEIC
Query 859 -COCEGETGAAACTC-AATGTATTGTCAATGEOOCTECACAAACACACGAGCAGETGETT
e b e et reeer terern | LELEL THL
Sbict 836 GLAAGET TAAAACTCAAATGAATTGACEEGEE00C-GCACAAGCGETGRAGCATETGETT
Query 917 T 917

I
Sbjct 895 T B9E

SEgquencs

82
e
142
120
202

252
240
322
30D
382
360

420
Rk

Ead
L&D
622
60
652
G658
L

a2
e
858
835
915
&4

Fig. (3-16): Partial sequences of 16S RNA gene of P. aeruginosa

isolates from sputum.




P=eudomonas zsruginosa Irag.PA-5 isolate 165 ribosomal RMA gene, partial seguence
SCore Expect ILdentities = Strand
1528 bits {20263 0.0 10231028 099%) 1.,/1028 {0ED Plus /Plus=s
Query 23 TECAGTOGARCGEATGAAGEEAGCT TECTOCTEAGAT TCAGCGECGLRACGEETGAGTAAT 82
i R et tererr et eererntl
sbjct 1 TECAGTOGARCGGATGAAGEEAGCT TECTOCTE - GAT TCAGCGECGLRACGEETGAGTAAT 59

Query &3 GO TAGGAATC TGO TEETAGT GEEEEATAACGTODGEAAACGEEOEC TAATACCGCATA 142

_ CEEE trerererrerer ettt e e e et erernrttl
sbjct &0 GOCTGEEAATCTECCTEETAGTGEEEEATAACETODGEAAACGEEOGCTAATACCECATA 119

Query 143 T T EAGEEAGAAAGTGEGEEATCT TOGGACCTCADGI TATCAGATGAGLCTAGGTCE 202

_ LRttt e ettt
Shjct 120 CETOCTGAGGEAGAAAGTGEGEEATCT TOGEACCTCACGITATCAGATGAGOCTAGETOE 179

Query 203 GATTAGCTAGT TEETEEEETAAAGEOCTACDCAAGEOGADGATOCGTAACTEETCTEAGALE 262

_ PRttt et ettt
Shjct 180  GATTAGCTAGTTGGETGGEGETAAAGECCTACCAAGEOGACGATOCGTAACTGETCTGAGAE 239

Query 263 GATGATCAGTCACA TEEAAC TEAGACADGLTOCAGAC T TACGEEAGECAGCAGTEEE 322

_ Crererrerererrer ettt ettt
Sbict 240 GATGATCAGTCACACTGGAACTEAGACACEETCOCAGACTCCTACGEEAGECAGCAGTEEE 299

Query 323  GAATATTGGACAATGEGCGAAAGCCTEATOCAGOCATEOCGED GTGAAGAAGETCTT 382
_ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 300 TTGEACAATGEE0EAAAGCCTEATOCAGOCAT GTGAAGAAGETCTT 359

Query 383 CEGAT TGTAAAGCACT T TAAGT TEREAGLAAGEECAGTAAGT TAATACCTTECTGTTT TG 442

_ CEErerrerererter et e e e et
Shjct 360 COGATTGTAAAGCACTTTAAGT TGEGAGGAAGEECAGTAAGTTAATACCTTEGCTGTTTTG 419

Query 443 GTTACCAACAGAATAAGCACCGECTAACT TOGTGOCAGCAGICGD ACGAAGE 502
_ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Shjct 420  ACGTTACCAACAGAATAAGCACCGECTAACTTOETEICAGCAGIOGOGETAATACGAAGE 479

Query 503 GTECAAGTET TAATORGAAT TACTGEEOETAAAGOEUGUETAGGTEET TCAGCAAGT TG 562

_ CEEerrrerererrerer et er e et
Shjct 480  GTGCAAGCGETTAATCGGAATTACTGGECGETAAAGCECECGETAGGTGETTCAGCAAGTTGE  §39

Query EG3 ATGTEAAATOOOO G T AACC TEREAA TECATOCAAAAC TACTEAGC TAGAGTACE 22

_ (TEREre et e et el
Shjct 540  ATGTGAAATOOOCGGECTCAACCTEGGEAACTGCATOCAAAACTACTGAGC TAGAGTACGE 599

Query 623 TAGAGEETGETEEAAT T TCCTETETAGDGE TEAAATEOETAGATATAGLRAAGRAACACCA G582

_ CEERLErerererrer e e ettt ererninnl
Shjct G600 TAGAGGETGETGGAATTTCCTGTGTAGCGETGAAATEOGTAGATATAGGAAGGAACACCA GE9

Query B&3 GEOEAAGE A CACC TERAC TEATACTGACAC TEAGETEUGAAAGOETRREEAGCAA T4

_ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Shjct 660  GTGEOGAAGECGACCACCTEGACTGATACTGACACTGAGETEOGAAAGIGTEEEEAGCAA  T19

Query 743 ACAGGAT TAGATACCC TEETAGTOCACGOCGTAAADGATETCGACTAGOCET TEEEATOC  S02

_ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Shjct 7I0  ACAGGATTAGATACCCTGETAGTOCACGOCGTAAACGATETCGACTAGICGTTGEEATOC 779

Query 803 TTGAGATCT TAGTEEOGCAGC TAACGUGATAAGTORADDGUCTEEEEAGTACGEOOECAL 562

_ ettt et ee e et
Sbjct TEO  TTGAGATCTTAGTGEECGCAGITAADGCEATAAGTCOGACCGOCTEEEEAGTACGEOCECAS B30

Query &863 GETTAAAA TCAAATEAAT TGACGREEEODCGCACAAGDGLTERAGCATEGTEET TTAATT 922

_ CEEnrrrer et e e et et
Shjct E40  GETTAAAACTCAAATGAATTGACGEGEEOCCECACAAGCGETEGAGCATETEGETTTAATT &99

Query 923 ARG A GUEAALAAT TTACCTEEOCT TRACATEI TEAGAACT T TOCAGAGATEEAT 982

_ CEERErrerererrer et ettt
Shjct 900 CeAAGCAACGOGAAGAACCTTADCTGECCT TGACATECTGAGAACTTTOCAGAGATGGEAT 959

Query 983 TGGTECCTTOGEGEAACTCAGACACAGETECTECATEGECTETOGTCAGCTOETETCOETGAG 1042
_ CEERErrerererrer ettt eeer et 1l
Shjct 960 TEETEOCTTOGEGEAACTCAGACACAGETECTECATGET TGTCT TCAGCTCETETCCTGAG 1009

Query 1043 ATGTTEEG 1050

Fig. (3-17): Partial sequences of 16S RNA gene of P. aeruginosa

isolates from sputum.



Psewdomonas aeruginosa Irag. PA-6 isolate 165 ribosomal RMA gene, partial seguence

SCore Expect Identities = strand

1777 bit= FOOD 0.0 1020038 (99E] L0348 00ED PTus /Plu=

Query 25 T AT O eA T RAT AR EEEA T T TOCTEEAT T A el R G TG T A a4
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Sbict 1 T AT O A AT A EEEAGC T T TCCTERAT TCAGD RO ERACGEETRAGTAATE ol

uery &85 CCTAGGAATC TGO T GG TAGTEEGEEATAACGTOCEEAAAC LG TAATACCGCATAC 144

. Lt ettt e e e e e et
sbjct &1 CCTEEEAATC RO TEETAGT GEEEEATAACGTUCEEAAACEEECECTAATACCECATAC 120

Query 145  GTCCTGAGEEGEAAAGTEEGEEATCTTCGEACCTCACGITATCAGATGAGOCTAGETORE 204
) L prrer e e et e e e e el
Shict 121  GTOCTGAGEGAGAAAGTGEGEGATCT TOGEACCTCACGITATCAGATEAGDCTAGETCOREE 180

Query 205 ATTAGCTAGT TG TEEEETAAAGGOC TACCAAGEOCACGATOCGTAACTGETCTEAGAGE 264

. CLererrrererer e e et e et e e e e el
shjct 181  ATTAGCTAGT IGETGEGETAAAGEOCTACCAAGEIEACGATODGTAMCTEETCTEAGARE 240

Duery 265 ATEATCAGTCAC A TEEAA TEAGACACGETCCAGACTOCTACGEEAGECAGCAGTEEEE 324

i Crrrrrerrenr e e e e e e e e el
Shict 241  ATGATCAGTCACACTGEAACTGAGACACGETOCAGACTOCTACGEEAGECAGCAGTGEEE 300

uery 325 AATAT TERACAA TGEECEAAAGCCTEATCCAGDCATEOC GTGAAGAAGETCTTC 384

. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Shict 300 AATATTGEGACAATGEEECEAAARIC TEATOCAGDCATEOD GTGAAGAAGETCTTC 360

Duery 385 GEATTETAAAGTACT T TAAGT TEEGAGEAAGEECAGTAAGT TAATACCT TECTGET T T TEA 444

i CEEErrerr e e e e e e e ettt
Shict 361  GEATTGTAAAGCACT TTAAGT TGGGAGGAAGGECAGTAAGTTAATACCTTECTETTTTGEA 420

uery 445 T TACCAACAGAA TAAGC A EEC TAACT TCETGOCAGCAGOOEORETAATACEAALREE T4

. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
sbjct sz T TADCAACAGAATAAGCADCGEC TAACT TOGTEOCAGCAGOCEIGETAATACGAAGEE 480

Duery 505 TECAAGDET TAATOGEAAT TACTGEEUETAAAGCEOEUETAGETEET TCAGCAAGT TEEA 564

i CEEErrerr et e et e e e e e ettt
Shict 481  TGCAAGCGET TAATCGGAATTACTGGECGTAAAGIGIGOGTAGGTGET TCAGCAAGTTGEA 540

uery EBEE5 TETEAAA T OO G TCAACC T GEEAACTECATOCAAAACTACTGAGC TAGALTACGET 624

. CLErrrrr e e e e e e et et er el
shjct 541  TETEAAATOOCCEEECTCAADC TEEEAAC TECATCCASAAC TAC TEAGC TAGAGTACEET 600

Duery G625 AGAEEETEEETEEAAT T T TETGTAGCGETEGAAATEGOGTAGATATAGGAAGRAACACCA G684

i FELEEEE et e e e e e e et ertirtirt
Shjct G001  AGAGEET-GETGEAATTTCCTGTETAGCGETEAAATCOGTAGATATAGGAAGEAACACCA G659

uery G685 GTEEOEAAGEC A AT GEACTGATACTGACACTEARETEOGAAAGDETGREEAGCAA 744

. CLererrererererrer e et e e e e et
shjct 660 GIEE0EAAGECGACCACC TGEACTEATAC TEACAC TEAGETEOGAAAGOGTEEEEAGCAA 719

Query 745  ACAGEATTAGATACOCTGETAGTOCACGCOGTAAACGATETOGACTAGDCETTGEEATCC 804
i CREEEt et e e e e e e e e et
Shjct 720  ACAGGATTAGATACCCTGGETAGTOCACGOCGTAAACGATGTCGACTAGICGTTGEEATOC 77

Query 205 TTEAGATCT TAGTEEOGCAGC T AACGOGATAAGTOADOGOCTEEEEEAGTACGEOCECA  E64

. CLererrererererrerererere et ettt e e ererr terer et
Shjct TFEO  TTGAGATCT TAGTGEECGCAGCTAACGOGATAAGTCGACCEOCT-GEEEAGTACGEOCECA £38

Query ©S65 AT TAAAACTCAAATGAAT TGACGEEEEOCCECACAAGOGETGEAGCATETEET T TAAT 924

i FELETEErr et e e e e e e e ettt
Shict 839  AGGTTAAAACTCAAATGAATTGACGEGGEEOICEACAAGIGETEEAGCATGTEETTTAAT 895

Query 925 TOEAAECAAC AR CAACC T TACCTGEOCT TGACATECTEAGAACT T TOCAGALAATGE 984

) CEEEEErrrerrrererer e e et erereen 1l
Shict 8§99  TOGAAGCAADGCGAAGAADCTTADCTGECCT TEACATEITEAGAACT TTCCAGAG-ATEE 957

Duery 985 ATTEETEEOCT TCEEEAAC TCAGACACAGETECTECATEEECTETOETOCACCTOGTGTC 10:4%

i CELerr reerrerrerrenr e et ee e 1 i rerld
Shjct 958  ATTGGET-GLCTTCGGGAACTCAGACACAGETEGCTECAT-GETTETC-TTCAGCTCETGTC 1004

Quary 1045 GTGEAGATGTTTGE 1058
LLEErnr Il
Shict 1015 CT-GAGATGTTEGE 1027

Fig. (3-18): Partial sequences of 16S RNA gene of P. aeruginosa

isolates from sputum.

Pseudomonas aeruginosa Irag.PA-7 isolate 165 ribosomal RMA gene, partial sequence
Score  Expect ILdentities Gaps Strand

a2 bits 10000 0.0 753965 (51%) 15 /965 1% Plus /Plus

e e s T
sbjct 34 ARG ECEEAC GG TGAGTAAT GO TGELAATCTEOCTELTAGTGEEEEATAACGTOCGEA 98

Query 127  AACGETEECTAATACCGCATAATETCTACAGADCAAADCAGEEGCTCTTODGACCTTEOA 186

) FEEEE  TEEEEErrrrttl [ e R R N
sbjct o4 AACEEECECTAATACCECATACGTOC TGAGGEAGAAAGTGEEEEATCTTCEEACCTCACE 158

| Jrp— e — [ —




Fig. (3-19): Partial sequences of 16S RNA gene of P. aeruginosa
isolates from wound.



FPzeudomonzs aeruginosa Irag.PA-§ isolate 165 ribosomal RMA gene, partial seguence

Score Expect Identities Gaps strand

1229 bits {13622 0.0 QG -"1-313{39%} 36,/ 1003350 Flus /Plus

Query 22 TECAGTORAGCGEATGA - GEGEAGCT TECTOCTERAT TCAGOGEOGRADELRETGAGTAATG &0
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Shjct 1 TECAGTORAGCGEATGAAGGEAGC T TRCTOCTERAT TCAGOEEOERADELRETGAGTAATG 60

Query &1 CTAGGAAT TR TEETAGTGHEEEATAACGTOCGEAAACGEEOGCTAGTALCGCAGAE 140

_ LEE Perrreeereer e eeert e e e eereteer teernet |
Sbjct 61 OCTEEEAATC TR0 TEETAGT GEEGEATAACGTCCGEAAACGEEOECTAATACCECATAC 120

Query 141 CTOCTEAGEEAGAAAGT GEEEEATCT TOEEACCTCACGITATCAGATGATOCTAGGTOGE 20D

_ PELEERLEErerr e ettt eret et et terrritnnl
Sbjct 121  GTCCTGAGGEAGAAAGTGEGEGATCTTOGGACCTCACGITATCAGATGAGOCTAGETORE 180

Query 200 ATTAACTAGT TRETEEEETAAAGECC TACCAAGECGACGATOCGTAACTEETC TGAGAGE 2610

_ CEEE e e et et el
Shjct 181  ATTAGCTAGT TEGTEGGETAAAGEOCTACCAAGECGACGATCOGTAACTEETCTEAGAEE 240

Query 261 ATGATCAGTCACACTEEAA TEAGACACEETOCACACTOC TACDGERAGECAGLAGTEEEE 320

_ CREErreererrerererreer e et e ettt
Shjct 241  ATGATCAGTCACACTGGAACTGAGACACGETCCAGACTCCTACGEEAGECAGCAGTGEEE 300

Query 321 AATAT TGRACAA TGO GAAAGCC TEATOCAGLCATEIOGUGTGTETRAAGAAGETCTTC 380

_ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 30 TTGEACAATGGE0GAAAGIC TGATCCAGCCATGEIC GTGAAGAAGGETCTTC 360

Query 351 GRATTETAAAGCACTT TAAGT THREAGLAAGGECATTAAGT TAATACCTTEGCTGTT T TGA 440

_ CELreeerreenr e et tere e eer pere el
Sbict 361  GGATTGTAAAGCACTTTAAGT TGEGAGGAAGGECAGTAAGTTAATACCTTGCTGTTTTGA 420

Query 441 CaET TACCAAGEAA T AN G A GEC TAACT TCGTEOCAGCACTOGET AATACCAAGGE 500

_ CEEEEeeet ettt IIIIIIIIIIII (1111
Sbict 421  CGTTADCAACAGAATAAGCACCGECTAACT TCETGCICAGCAGOOGOGETAATACGAAGEE 480

Query 50l TECAAGUGT TAATOGEAAT TACTEEECGTAGAGDGUGLGTATGTEEETCAGCAAGTTEEA 560

_ CELEEerrreeereerr e eerte ey peeereereet toeer frrrerriinnnl
Sbict 481  TGCAAGCGTTAATCGGAATTACTGGECGTAAAGDGCGOGTAGETGET TCAGCAAGTTGEA 540

uery GLELl TETEARA T OO GG TCAACC T EEEAAC T GCATCCGEAACTACTEAGC TAGAETACGET 620

_ CEEEE prreeerreerneerneeerrernr et tereer el
Sbict 541  TGETGAAATOOOCGEGCTCAADCTEGEAACTECATCCAAAACTACTGAGC TAGAGTACEET G600

Query 621 AGAGGEEGEATEEAATT TCGTGTGTAACGATAATGTGL T TACATGTEEEAAGEAGCACTG 680

_ CEEeee e reeeeeeer reeeet ettt 1 1 feerer 1l
Shjct GOl  AGAGGETGEG-TEGAATTTOCTGTETAGCGETGAAATECETAGATATAGEAAGEAACACCA G50

Query 631 CTGACAAA TGO GAA AL THEAATGATACTGACAC TGACGTEELAAAGCGTGTGAAGITA 740

_ P e e b e eeereeerreenent et teeeeretr 1onn
Sbjct 660  GTGECGAAGGOGACCACCTGEACTGATACTGACACTGAGGTEOGAAAGIGTGEEEAGCAA 719

Query 741 ACGCGAT TAAATACGCTGEATAA T AU GTAAATOCATEEECTACTADDOCGTTEEE  S00

_ i IIIII A e A R A e ey
Shjct 720 @ ACAGGATTAGATACCCTGE- TAGTCCACGOCGTAAA-CGAT-GTCRACTA-GOCGTTEEE 775

Query &0l AATOCATGAGATCT TAGTEETEECAGC T TATOOGATCAT T TCGAGDEEOCTEEEEAAGT 560

_ N e e R e A I ARl
Sbjct TTE  -ATCCTTGAGATCTTAGTGEG-CGECAGC- TAACGOGAT - AAGTCGA-CCGCCTEEEE-AGT 529

Query 861 ACGRACCGCAATGET TAAAGEL TCAGATGASAT TEACGEEEEEOCCECACAAAGUGAATT 920

_ CEEE ceeeer reeeeet teer e e fereerereerr et
Sbjct 830  ACGE-OOGCAA-GETTAAA- ACTCAAATG- AATTGAC - GEGEEE0C0ECAC-AAGCE--GT  BE1
AR

Query 921 GAADCATETEEET T TAAT T TOEAAAGUGAACGUETAAGAACCTTTACCTGRACC T TGCAC 980

_ [ e e e eeer eeerer teeeent tereerner reeen 1l
Sbjct 882  GGAGCATGTGGE-TTTAA-TTCOG-AAGC- AACGOG-AAGAACC- TTACCTGE-OCTTG-AC 933

Query 931 ATGACTGAACATCT T T TOOGECAGATGLEATTEET TEOOCT TOEEEAAACTCA 1033

LE.ER I
_ N N e A A NN ARy
Sbjct 934  ATG-CTG-AGAACTTTCCAG- -AGAT-GEATTGEET--GOCTTOGGE-AACTCA 978

Fig. (3-20): Partial sequences of 16S RNA gene of P. aeruginosa

isolates from ear.



Pzeudomonas aeruginosa Irag. PA-9 isolate 165 ribosomal RMA gene, partial seguence
SCore Expect ILdentities = Sstrand
1538 bit= {20380 O.D 102410270998 0102 70D Plus /Plu=
Query 25 TECAGTCGAGCGEATGAARGEAGT T TEC TOCTEEAT TCAGDGEOERACGDETGAGTAATE &4
. R RN N N NN nnn Ry
Sbjct 2 TECAGT A e T EAAREAET T TECTOCTEEAT TCARDERIERATGEETEAGTASTE G0

pusry B 11 IIIIIIIIIIIIIIIIIIIIIIITIIIIIIIIIIIIIIIIIIIITTTIIIIIITT:I: =
sbjct &1 CCTEEEAATCTEOC TEETAG T GEEEEATAACE TODEEAAACEEECECTAATACOGCATAC 120

Query 145 GTOCTGAREEAGAAAGTEEGEEATCT TCGGACC TCADGC TATCAGATGAGOC TAGETCEE 204

) CEerererere et e et e e et errrntl
Shict 121  GTOCTGAGGEAGAAAGTGEGEEEATCTTOGEACCTCACGITATCAGATGAGOCTAGETORE 180

Query 205 T TAGCTAGT TG TEEEE T AAAGGOC TACCAAGE T HACGATCCGTAAC TEETCTRAGSZE 264

) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Shjct 181  ATTAGCTAGT TGETGEGEETAAAGEICTACCAAGECGACGATCCGTAACTEETCTGAGAGE 240

Quary 285  ATGATCAGTCACACTGGAACTGAGACACGETOCAGACTOCTACGEEAGECAGCAGTEEEE 324
) CEerererererrrre e eree e et errrrrtl
Shict 241 ATGATCAGTCACACTGEEAACTGAGACADGETOCAGACTOCTADGEEAGECAGCAGTEEEE 300

Query 325 AATATTGGACAATGEECGAAAGCCTEATCCAGOCATGOCGOGTGTETGAAGAAGETCTTC 364
) AR R R AN nNany
Shict 300 AATATTGEACAATGEGECEAAAGCCTEATOCAGDCATEOCGOGTETETGAAGAAGETCTTC 360

Query 385  GERATTETASAGCACTT TAAGT TGGEGAGEAAGEECAGTAAGT TAATACCTTECTGT TTTGA 444
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

shict 351 ETASAGCACT T TAAGT TEEEAGEAAGEECAGTAAGT TAATADCTTECTGT TTTEA 420

Query 445 CGTTACCAACAGAATAAGCACCGECTAACT TOGTEOCAGCAGDCGCGETAATACGAAGEE S04
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Shict 421  CETTACCAACAGAATAAGCACCGECTAACT TOGTEOCAGCAGOCECGETAATACGAAGEE 450

Query 505  TGECAAGCGTTAATCGGAAT TACTGEECGTANAAGOGOGOGETAGGTGETTCAGCAAGTTGEA 554
) CEEEErereret e e e e e ereriirntl
Shict 481  TECAAGDET TAATOGGAAT TACTGEE0GETAAAGOEIECETAGETGET TCAGCAAGT TEEA 540

Query 565 TETEAAA T EEEC T AAC T TEEEAAC TOCATOCAAAATTAC TEAGC TAGAGTACGET 624

) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct &4 T GAAN TOC O EEEC TCAADC TEEEAM TECATOCAAANCTACTGAGC TAGAGTACGET 600

Query B25 AGARGLTEETGEAATT TOC TG TG TAGCRGTGAAAT GG TAGATATAGGAAGRAMACACC AL  BES

) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
shjct 601 AGAGGETGETGEAATTTCCTSET GETEAAAT ATAGEAAGEAACACCAS G660

Query G685  TEECGAAGGCGACCACCTGEACTEATACTEACACTCAGETECEAAAGCETEEEEAGIAAL 744
) CEREETErer ettt e er e et et ererrrrttl
Shict 651  TEGECGAAGEDGACCACCTEEACTGATACTGACACTGAGET GLEAAAGIGTGEEEAGIAAA  T20

Query 745  CAGGATTAGATACCCTGGTAGTCCACGOCGTAAMCGATETCGACTAGCOGTTEGGGATOCT 504
) CEErererer et re et ettt
Shict 721 CAGGATTAGATACCCTGGETAGTCCACGOCGTAAACGATETOGACTAGCOGTTEEEATOCT 780

Query &05 TEAGATCT TAGTEECGCAGCTAACGOGATAAGTCGADCGOCTEEEEAGTACEEOCECAAL 5649

i IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Shict 781 TEAGATCTTAGTGECECAGITAACGIGATAAGTCGACCECCTEEEEAGTACGEOCOGIAAE 540

QUery 8685  GTTAAAACTCAAATEAAT TEACGEEEE0ICECACAAGDEETGRAGCATETEET TTAATTC 924
. e e e e e e e el
Shjct &41  GTTAAAACTCAAATGAAT TEACGEEEECOCECACAAGOGETGRAGCATGTEET TTAATTC 900

Query 925 GAAGCAACGCGAAGANCCT TACCTGECCTTEGACATGCTGAGAACTTTOCCAGAGATGGATT 954
) CEEEErErer ettt irrttl
Shict 901  GAAGCAADGDGAAGAACCT TACCTGEOCT TEACATGC TEAGAACT T TCCAGAGATGEATT  9&E0

Query 985 GETECCT TOGGEAA T AGAC A AGETEC TECATGECTGTOGTCAGITCGTETOCTEAGA 1044

) CLerererererternerr et rer et teer e errrrttl
Shict 951  GETGOCTTCGGGEAMCTCAGACACAGETECTEIATEGET TETCTTCAGCTOGTETCCTGAGA 1020

Query 1045 ToTIeEEE L1051

RERNRN
shict 1021 TGETTGEE 1027

Fig. (3-21): Partial sequences of 16S RNA gene of P. aeruginosa

isolates from wound.



Pseudomonas asruginosa Irag. PA-10 isolate 165 ribosomal RMA gene, partial seguence
SCore Expect IDdentities Gaps Strand

1741 bits 30> LD 1021104109850 14/1041 015D Plus/Plus

Query 21 TECAGTOLARCRRA TGAAGRLAGC T T TOCTRRAT TCAGCGEOREANCGEETEAGTAATSG B0

) CEEreEr e e e et e e e et e e irrgl
Sbjct 1 TECAGTOEAGOEEATEAAGEEAGC TTECTCCTEEATTCAGCGEOGEADGEETEAGTAATE 60

Query &1 CCTAGGAATC TGO TEETAGTGEGGGATAACGTCCGGAAACGGGUGI TAATACCGCATAC 140

) CEL terernrrrr e ettt ee ettt
sbjct 61 CCTEEEAAT TGO TEETAGTGEEEEATAACGTOCGEAAACGEECECTAATACCECATAC 120

Query 141  GIoCTGAGERARAAACTGEEEEATCT TOGGACC TCACGC TATCAGATGAGCC TAGGTORE 200
) et et e e e e e e e e e e b er et e ernrrnl
Shict 121  GTOCTGAGGEAGAMAGTGGEEGEEATCTTCGGEADCTCACGCTATCAGATEAGOCTAGETORE 180

Query 204 ATTAGCTAGT TGGTGEEGTAAAGGCC TACCAAGECGACGATCCGTAACTGGTC TGAGASS 260

) frereerrerer e et e et e e e rrrrnl
Shict 181  ATTAGCTAGTTGEETGEEGETAAAGGOCTACCAAGECEACGATODGTAACTGETCTGAGAEE 240

Query 261  ATGATCAGTCACACTGEGEAACTEAGHCACGETOCAGAI TCCTADGEEAGECAGCAGTEEEE 320
) FTereerer e e e e e e e e e e e e e erirrnl
Shict 241  ATGATCAGTCACACTGEGAACTEAGACACGETOCAGAI TCCTADGEEAGECAGCAGTEEEE 300

Query 321 AATAT TGRACAATGEECGAAAGUC TEATOCAGOCA TGO AGAAGETCTTC 380

) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Shjct 301 AATATTGGACAATGEGEECEAAAGDCTEATOCAGOCAT AGAAGETCTTC 360

Query 381 GEATTGTAAAGCACT T TAAGT TGEGAGGAAGGECAGTAAGT TAATACCTTGCTGTTT 1G4 440

) CEEErerererrrr et e e e et
Shjct 361  GEATTETAAAGCACT TTAAGT TEEGAGEAAGEECAGTAAGTTAATACCTTGCTETTTTGA 420

Query 441 CaT TACCAACAGAA T AAGC A GG TAACT TCGTEOCAGCAGUUGUGLTAATACGAAGGG S0

) CEETEEr et er e e e e e e e e e et
Shjct 421  CETTACCAACAGAATAAGCADCEGECTAACT TOGTGOCAGCAGDCGIGETAATACGAAGEE 450

Query 504 TECAAGCGT TAATCGGAAT TACTGGEUGTAAAGCGUGUGETAGGTGET TCAGCAAGTTGRA 560

) CEErerrer et et e et e rirnl
Shict 481  TECAAGDGT TAATCGGAATTACTGEGOGTAAAGOGOGOGTAGETEET TCAGCAAGTTEEA 540

Query E§61  TETEAAATOOCCGEECTCAADCTEEGAACTECATCCAAAACTACTGAGC TAGAGTACEET 620
) CEEEEEr e e e e e e et e e e bt inrnl
Sbict 5§41  TETEAAATOOCCGEECTCAADCTEEEAACTECATCCANAAC TACTGAGC TAGAGTACEET 600

Query 621 ALCARGETGEETGLAATT T TGETETAGCGE TEAAATEOLTAGATATAGLAAGGA BED

) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Shjct G0l AGAGEET-GETGEEAATTTCCTETETAGCEGTGAAATGOGTAGATATAGEAAGEAACACDCA 659

Query 681 GTEECEAAGEC A A TGRACTGATACTGACACTGAGETGUGAAAGUGTEEGEAGTAS 74D

) CEEEEerererrr et et et e el
Shjct 660 GTEE0GAAGECEACCACCTERACTGATACTEACACTGAGETECGAAAGOETGEEEAGCAA 719

Query 41 ACAGEATT. TACCC TGETAGTOCACGOCGTAAACGATGTOGACTAGUCGT TEELATOC S0

) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
sbjct 7Fzo TACOCTEETAGTOCACEICET AAACGEAT ACTAGDOGTTEEGEATOC 779

Query &04 TTGEAGATCT TAGTGEOGCAGI TAACGUGATAAGTCGACCGOCTGREGGAGTACGROCGCA  B60

) Crererrerrerere et trer e ettt et eeerrnrrrirrnl
Shict TEO0  TTGEAGATCTTAGTEECGCAGCTAACGOGATAAGTOEADCEICT -GEEEAGTACGEOCECA 538

Query EB561  AGET TAAAATCANATCAATTEADECECE00CrACANCCCETCRANCCATETEEETTTA 220
) et e e e e e e e e e ey 1l
Shict B39  AGETTAAAA TCAMATGAATTGACEEEGEE000GCACANGOGETEGE-AGCATET-GETTTA 596

Query 8921 ATTCGAAGCAACGUGAAGAATCT TACCTGEOCT TGACATGC TGAGAACTT TCCAGAGATS 980

) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Shjct B97  ATTCGAAGCAACGDGEAAGAACCTTACCTGGOCT TRACATEC TEAGAACTTTOCAG 9ES

Query 8981 GEATTGGTEOCCT TOEEEGAAC T CAGAACACAGGETGC T TGCATGEECTGTOET TCACCT 104D

) LRt eeeereeerr reeer e eeeed e e ren 1l
Shjct 956 @ GEATTGETG-CCTTC-GGEAACTCAG-ACACA-GETGEC-TECAT-GETTETC-TTCAGCT 1008

fuEny Ae [ 11 T:I;IIIII'IG'IG e
Sbjct 1008 CETETCCT--GAGATGTTEEE 1027

Fig. (3-22): Partial sequences of 16S RNA gene of P. aeruginosa

isolates from wound.

The results of DNA sequencing should be firstly examined to
confirm the nucleotide sequences and closed relationships with others
world strain, test used to confirm was through NCBI-BLAST-query-



nucleotide —online, it was perfect program and gave the exact results
of identity percentage with other world strains and they were ranged
from (97%-100%).

It has been demonstrated that 16srRNA gene sequence data on
an individual strain with a nearest neighbor exhibiting a similarity
score <97% represent a new species, the meaning of similarity scores
of >97% is not as clear (Petti, 2007).

Table. (3-8), shows the Evolutionary Divergence between
studied sequences of P. aeruginosa based on the number of base
substitutions per site between sequences. The differences in
comparison among bases sequences were considered in evolutionary.
The analysis involved 11 nucleotide sequences 10 local isolates and
one stranded strain: KR815840.1. All ambiguous positions were
removed for each sequence pair. There were a total of 1606 base
positions in the final dataset. The results revealed a genetic variation as
base substitutions in the nucleotide sequences of involved local
isolates when compared with standard world. The evolutionary
divergence between involved sequences ranged from 0.005between
local isolates No.5 burns sample) and Standard world isolates to
0.332 Dbetween local isolates No.1 and standard World strain
(KR815840.1) based on the sequences analysis of 16srRNA gene.

No. of isolate in | NCBI

Sequence Accession NCBI-BLAST Homology sequence identity

and source Number




Sequence Genetic variation
Identity (%0) (base substitutions)
1.Diabetic foot KX963356 74% 0.332
2.burn KX963357 77% 0.350
3.urine KX963358 99% 0.006
4.sputum KX963359 95% 0.117
KX963360
5.burn 99% 0.005
6.treach KX963361
99% 0.013
sputum
7.wound KX963361 81% 0.255
8.ear KX963362 89% 0.148
9.wound KX963363 99% 0.003
10.wound KX963365 98% 0.017
Table (3-8): Homology sequence identity of P. aeruginosa

compared with P. aeruginosa Standard strain by using NCBI-
Blast Gen bank Database:




i 2 3 4 5% 6 7 &8 9 0 1
1, P.aeruginosa irag-1 isolate 165 rinosomal RNA gene
2. P.aeruginosa iraq-2 isolate 165 rinosomal RNA gene 0,688
3. Paeruginosa iraq-3 isolate 165 rinosomal RNA gene 0.387 0406
4. P.aeruginosa iraq-4 isolate 165 rinosomal RNA gene 042 0417 0.2
5. P.aeruginosa irag-5 isolate 165 ribosomal RNA gene 0397 0413 0037 0421
6. P.aeruginosa irag-f isolate 165 ribosoral RNA gene 0373 0419 007 0128 0073
7. P.aeruginosa irag-7 isolate 165 ribosomal RNA gene 0270 0821 020 0339 0.9 0.29
8. P.aeruginosa irag-§ isolate 165 ribosomal RNA gene 039 03% 0197 0208 0189 0204 0382
9. P.aeruginosa irag-9 isolate 165 ribosomal RNA gene 0405 0421 0041 0.027 0.0 0067 0294 0.09
10, P.aeruginosa iraq-10 isolate 165 ribosornel RNA gene 0347 038 0051 0124 0049 0065 0294 0.184 0053
11, Pseudomonas aeruginosa 165 ribosomal RNA gene (KR815840.1) 0332 0350 0006 0417 0005 0013 0.255 0.48 0003 0.017-

The present study showed that showed that sequences identity
(%) of P. aeruginosa (10 isolates) when using DNA sequencing of
16srRNA gene ranged from 74% -99% according to type of
isolates.(Table 3-8) when compred with world strain (KR815840.1).
There are 5/10 of local isolates of P. aeruginosa gave more than 97%
of sequence identity which mean these isolates belong to same
species or strain while the remaining isolates (n=5) had a similarity
score less than 97%, which mean these isolates belong to other new
strains of P. aeruginosa.

Open reading frame (ORF) program was a perfect tool which
used for reading each nucleotide sequences to 4-6 segments of genetic
codes with its translation to amino acids within six ORF three ORF in
the direction 5-3 and other 3 ORF in the direction 3-5, one genetic
code or more consider proper code which start by methionine and end
by stop codon. Also, ORF provide high information about amino acid
translations for each sequence. The translated protein by ORF
program then submitted to NCBI-Blast by using this protein query for
searching on translated database, and results of the ORF were
important for searching on other sequences on NCBI, these sequences

were collected and download, then added with local sequences of this



study, then submitted for MEGAG6 software for alignment and
phylogeny.

OREF also provide information used in the submission data of this
study to gene bank database information for recording and publishing
isolates of this study. The Molecular Evolutionary Genetics Analysis
(MEGA) software is a desktop application designed for either from
multi gene families or from different species with a special emphasis
on different evolutionary relationship and patterns of DNA and
protein evolution.

Thel6srRNA gene sequence analysis is the most commonly used
method for identifying bacteria or for constructing bacterial
phylogenetic relationships (Wang et al., 2008).

In addition to the tools for statistical analysis of data MEGAG
provides many convenient facilities for the assembly of sequence data
sets from files or web based repositories, and it includes tools for
visual presentation of the results obtained in the form of interactive
phylogenetic trees and evolutionary distance matrices (Kumar et al.,
2008).

First step of analysis by alignment of all sequences of this study
with other world selected reference by using (clustal W) program step
in MEGAG6. This program demonstrated had accurate degree of
identity with all world sequences including sequences of this study.

These results with (clustal W) were important because they used
directly in the phylogeny tree constriction.

The present used study nucleotide maximum likelihood method
for detection the close relationship of world and local sequences
which was better method of the nucleotide sequences in MEGAG.
Also the phylogenetic tree was constructed using unweight pair group
method with arithmetic mean (UPGMA Tree) in MEGAG version. In
thel6srRNA gene phylogeny of present study introduced for

sequencing.



The 16srRNA gene sequences in formation have an expanding
role in the identification of bacteria in clinical or public health
settings. This may due to several reasons include (i) its presence in
almost all bacteria often existing as a multi gene family, or operons;
(i) the function of 16srRNA gene over time has not change,
suggestion the random sequences change are a more accurate measure
of time (evolution); and (iii) thel6srRNA gene (1500bp) is large
enough for informatics purpose (Janda and Abbott, 2007).

3.5. Phylogenetic analysis of local strains:

The present study used thel6srRNA gene for the phylogeny
whem submitted (10 sequences belong to the local isolates and 5
sequences belong to globial strains downloaded from NCBI to
analysis by using MAGAG6 software programe to find nucleotide
maximum likehood between sequencing and obtaining Phylogenetic
relationship among local and global strains sequences.

The results showed that the local isolates of these bacteria were
closed related to NCBI-Blast P. aeruginosa (KR815840.1) except the
Irag-2 isolate (Burn sources) and Irag-8 isolate (ear sources) showed
genetically difference as unique isolates. Whereas the NCBI-Blast
P.aeruginosa isolates showed different and out of tree. These results
means that isolates is considered as a new strains record of P.

eruginosa in Iraq and world fig. (3-23).



63 A Pseudomonas oleovorans ribosomal RNA gene (GQ387664.1)
100 F Pseudomonas pseudoalcaligenes 16S ribosomal RNA gene (KF171340.1)
100

Pseudomonas mendocina 16S ribosomal RNA gene (KT380529.1)

100 —— _ Pseudomonas anguilliseptica partial 168 rRNA gene (X99540.1)

P.aeruginosa iraq-6 isolate 16S ribosomal RNA gene

- P.aeruginosa iraq-10 isolate 16S ribosomal RNA gene

100 99
94
83

P.aeruginosa irag-5 isolate 16S ribosomal RNA gene

P.aeruginosa iraq-3 isolate 16S ribosomal RNA gene

A Pseudomonas aeruginosa 168 ribosomal RNA gene (KR815840.1)
100

89 " P.aeruginosa iraq-9 isolate 16S ribosomal RNA gene

P.aeruginosa irag-4 isolate 16S ribosomal RNA gene

P.aeruginosa iraq-8 isolate 16S ribosomal RNA gene

P.aeruginosa iraq-1 isolate 16S ribosomal RNA gene
92 P.aeruginosa irag-7 isolate 16S ribosomal RNA gene

A\ P.aeruginosa irag-2 isolate 168 ribosomal RNA gene

Figure (3- 23): Shows the Phylogenetic tree analysis based on 16S ribosomal
RNA gene partial sequence of 10 P. aeruginosa isolates.

P. aeruginosa according to clinical samples that collected from
hospitals the results indicated that the sources of 9 isolate with the
same origin which No.3 represent (urine), No.7, 9, 10(wounds) No. 5,
(burns), No.6 (Trachea) No.4 (sputum), No.1 (Diabetic foot) while
the isolate No.8 from ear and isolate No. 2 from burns that collected

show different origin or sources (unique isolate) fig 3-

<> P.aeruginosa irag-3 isolate (Urine sample)
A\ P.aeruginosa irag-9 isolate (Wound swab)
A\ P.aeruginosa irag-5 isolate (Burn swab)
A\ P.aeruginosa irag-10 isolate (Wound swab)
P.aeruginosa iraq-6 isolate (Treach Suptum)
<> P.aeruginosa irag-4 isolate (Sputum sample)
| O P.aeruginosa irag-1 isolate (Diabetic foot)
100! A\ P.aeruginosa irag-7 isolate (Wound swab)
A\ P.aeruginosa irag-2 isolate (Burn swab)

71
96

95

99 P.aeruginosa irag-8 isolate (Ear swab)

0.05

Figure (3-24): Shows the Phylogenetic tree analysis based on 16S ribosomal

RNA gene partial sequence 10 isolates.

3.6. Recording Iraqi P. aeruginosa isolates in gene bank-NCBI.:



Ten sequences of P. aeruginosa were isolated from human
sources in Baghdad city and each sequence has a symbol code
(Iraq.PA-Llisolate, Irag.PA-2isolate,lrag.PA-3isolate, Irag.PA-
lisolate4, Irag. PA-bisolate, Iraq.PA-6isolate, Iraq.PA-7isolate,
Irag.PA-8isolate, Iraq.PA-9isolate, Irag.PA-10isolate. 16srRNA gene
sequences submitted to Gen Bank- Ban kit under submission code
BankIt11959593.The results of these sequences were analyzed and
examined by professional staff in gene bank in two working days.
All these sequences accepted in gene bank and each sequence take
accession number (KX963356, KX963357, KX963358, KX963359,
KX963360, KX963361, KX963362 KX963363, and KX963364
KX963365).(appendices. -10) Version number codes after two
months (KP420229.1, KP420230.1, KP420231.1, KP420232.1,
KP420233.1, KP420234.1, KP420235.1, and KP420236.1) in the
pobset number: 798546704. Appendix (IIl -) Accession number of

Iragi isolates of P. aeruginosa in Gene bank.






