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Abstract The Universal Method (UM) described here
will allow the detection of any bacterial rDNA leading to
the identification of that bacterium. The method should
allow prompt and accurate identification of bacteria. The
principle of the method is simple; when a pure PCR product
of the 16S gene is obtained, sequenced, and aligned against
bacterial DNA data base, then the bacterium can be iden-
tified. Confirmation of identity may follow. In this work,
several general 16S primers were designed, mixed and
applied successfully against 101 different bacterial isolates.
One mixture, the Golden mixture7 (G7) detected all tested
isolates (67/67). Other golden mixtures; G11, G10, G12,
and G5 were useful as well. The overall sensitivity of the
UM was 100% since all 101 isolates were detected yielding
intended PCR amplicons. A selected PCR band from each
of 40 isolates was sequenced and the bacterium identified to
species or genus level using BLAST. The results of the UM
were consistent with bacterial identities as validated with
other identification methods; cultural, API 20E, API 20NE,
or genera and species specific PCR primers. Bacteria
identified in the study, covered 34 species distributed
among 24 genera. The UM should allow the identification
of species, genus, novel species or genera, variations within
species, and detection of bacterial DNA in otherwise sterile
samples such as blood, cerebrospinal fluid, manufactured
products, medical supplies, cosmetics, and other samples.
Applicability of the method to identifying members of
bacterial communities is discussed. The approach itself can
be applied to other taxa such as protists and nematodes.
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Introduction

Historically, identification and classification of eubacteria
are based on phenotypic characteristics [1-4]. Early
molecular techniques used in bacterial classification were
based on GC content [5], plasmid profiling, and compati-
bility to genetic transformation [6]. Currently, two funda-
mental molecular applications are being extensively
utilized in bacterial detection and identification; these are
based on hybridization and nucleotide sequencing.
Hybridization based applications such as Southern [7, 8],
PCR [9], real-time PCR [10, 11], microarray [12, 13],
universal tagging method [14], and loop-mediated iso-
thermal amplification (LAMP) [7] are sensitive and spe-
cific techniques for the detection and identification of
microbes. Specific PCR primers have been employed to
confirm the presence or absence of target microorganisms
or specific features associated with them such as antibiotic
resistance and virulence factors [1, 15-18]. Specific prim-
ers proved useful in assessing clinical samples for the
presence of slow growing bacteria such as Mycobacterium
tuberculosis [19-22] and Helicobacter pylori [8, 23].
Although specific primers are powerful tools showing
superior sensitivities and specificities, yet they can not
predict the presence or absence of non-target bacterial
species in the tested sample. Detection and identification of
non-target bacteria require a different approach; degenerate
primers are used to amplify gyr B for taxonomic analysis of
Pseudomonas putida [22] while PCR coupled to sequenc-
ing of the 16S rDNA is used to identify pathogenic Pseu-
domonas spp. [24] and others [25, 26]. PCR-RFLP analysis
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of 16S genes is used in the analysis of Campylobacter,
Helicobacter, and Arcobacter [27, 28]. Though useful,
most methods suffer from major limitations that can not be
overlooked especially in clinical laboratories. In clinical
samples the absolute presence or absence of bacteria must
be determined. In addition, accurate identification of
pathogenic bacteria is essential for therapy, post-treatment
follow up, and epidemiological purposes.

To solve this problem, investigators [4, 17, 20, 25, 27,
29-31] sought universal primers. Unfortunately, “Uni-
versal Primers” do not live up to their name since they do
not cover all bacteria [30]. The term is misleading and
should be abandoned since most claimed universal primers,
if not all, are not universal as exemplified in Tables 1, 2.
Multiplexing [13, 32, 33] employs specific primer pairs, it
is a time saving process that allows the simultaneous
detection of a limited number of target microbes. However,
multiplexing with specific primers will miss non-target
microbes. Multiplex has been applied to respiratory viruses
[32], middle ear bacteria [33], and others. Group-specific
primers are utilized in the detection of sulfate-reducing
bacteria [34]. Templex is an assay based on type-specific
primers; it was developed for the simultaneous detection of
25 different human papilloma genotypes [35].

A robust method, required for bacterial identification, has
been perused by several investigators [4, 14, 26, 36-40];
studies on universal and multiplex primers]. With the
current number of eubacterial species surpassing 7166
species [41], the UM described here [42] should fulfil this
requirement.

The UM had integrated several general primers, PCR
amplification, DNA sequencing, and sequence alignment
(BLAST) [43, 44] in one system designed for the detection
and identification of bacteria. First, the capacity of the UM

and primer mixture to detect bacteria is described. Second,
the applicability of the UM in bacterial identification was
repeatedly demonstrated. Third, the UM should allow the
detection of bacterial DNA in any given sample including
clinical samples, water samples, medical supplies, drugs,
and others. Fourth, the detection and subsequent identifi-
cation of novel bacterial species should become a simple
process especially when all known bacteria have been
sequenced and deposited in accessible data bases. The
ability of the UM to identify bacteria is dependent on the
availability of sequenced bacterial genomes (specifically
rDNA sequences) of identified bacteria in the nucleotide
data bases available for alignment analyses. This threat to
the UM and other alignment dependent methods will fade
away as more bacteria are sequenced. However, it is
unlikely to dissipate completely and will continue to
challenge the UM and other similar methods.

Rational and Hypothesis

DNA sequencing and sequence alignment have been
widely applied and accepted as methods of bacterial
detection and identification [2, 8, 18, 21, 24-26]. Phylo-
genetic analysis of bacteria can be based on their 16S DNA
sequences [2]. The UM took advantage of this fact and the
fact that rDNA sequences of different bacteria will even-
tually be accumulated by the different nucleotide data
banks. The integration of these facts together with general
primer mixtures capable of amplifying any bacterial rDNA
in one system called “The UM for detection and identifi-
cation of bacteria” was accomplished. The assembly of
general primer mixtures capable of amplifying 16S genes
of bacteria represent the key to successful application of

Table 1 Examples of claimed

16S universal and general Primer Primer sequence; This study (underlined sequences) Reference

primers Ul 5'-CCAGCAGCCGCGGTAATACG-3' [48], This study: QUGP-F6*
U2 5'-ATCGG(C/T)TACCTTGTTACGACTTC-3’ [48], This study: QUGP-R1*
909 bp 5'-AAACTCAAAGGAATTGAC-3' [17]
907R 5'-CCGTCAATTCMTTTGAGTTT-3’ [28]
909 bpR 5'-GACGGGCGGTGTGTACCAA-3 [17], This study: QUGP-R2*
8F 5'-GGATCCAGACTTTGATYMTGGCTCAG-3’ [20]
UnF 5'-GAGTTTGATCCTGGCTCAG-3’ [28], This study: QUGP-F1?*
TPU1 5'-AGAGTTTGATCMTGGCTCAG-3’ [4]
EubB [20], This study: QUGP-F1*
RTUS8 or EubA 5'-AAGGAGGTGATCCANCCRCA-3’ [20]
6R 5'-AGAAAGGAGGTGATCCAGCC-3’ [4]

[22]

UnR 5'-GGACTACCAGGGTATCTAAT-3' [27], This study: QUGP-R3*

* Underlined sequence are 11F

5"TGGCGAAGGCGGCCCCCTGGA-3' [35]

shared by QUGPs
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Table 2 Can a 16S primer be universal when its >16 b?

Bacterium®

Published primers/universal primers

Al-Quds University general primers (QUGP)

RTU8*

909 bp*

909 bp R*

o]
s

F1

F3 R3

F4 R4

F5 RS

F6 R6

R1b

=
\S]

~
Q

Acidobacteria bacterium
Acinetobacter sp.
Aeromonas hydrophila
Agrobacterium tumefaciens
Anabaena variabilis
Agquifex aeolicus VF5
Arthrobacter aurescens
Arthrobacter sp. FB24
Bacillus cereus

Bacillus subtilis
Bifidobacterium adolescentis
Bordetella pertussis
Brucella abortus
Burkholderia cenocepacia
Campylobacter jejuni
Chlamydophila pneumoniae 1
Chlamydophila pneumoniae
Corynebacterium jeikeium
Dehalococcoides ethenogenes
Deinococcus geothermalis
Desulfovibrio vulgaris
Escherichia coli O157:H7
Fusobacterium nucleatum
Haemophilus influenzae

H. pylori

Lactobacillus acidophilus
Legionella pneumophila
Magnetococcus sp.

M. tuberculosis
Mpycoplasma pneumoniae
Neisseria meningitidis
Nocardioides sp.
Prochlorococcus marinus
P. putida

Ralstonia eutropha
Rhodopirellula baltica
Rickettsia akari

Rickettsia rickettsii
Salmonella enterica
Staphylococcus aureus
Streptococcus pyogenes
Streptomyces avermitilis
Streptomyces coelicolor
Syntrophobacter fumaroxidans
Thermotoga lettingae

Thermus thermophilus

ZHKAHRKARAKRKAAZZ22ZZZAKARKZKAZAKAZARAZARAARAKZIKZKZAKAZAAKAZAZAKZAK

M Z KA HKHKHKZAHAAK K KZAKZAAZAARAKARZZAHAKAZZAKKKZZZAAARAZAARAAKAAKZKKZZ

X Z KA HKHKHKAHKZZZAKAK A AALAAAAAAZAAHKEAHAAKAKEAKKZAAAARIAAARAZAAAARAARAAKKEKAK

M ZHA KKK AR A AZZAKARI AR ZKAAK A AR AR ARZZKZZARAZAKARZAZAZAKZARK

HZ R ZE R Z R ZZ R Z AL LZRZETREZZARZZALZARALZALZRZAKZZEZ

Z AR LK KL ZTZZ AL AL AL Z AL E L L L L TZZARZAALLATZ LR AL T Z L LR

ZHKZHK AR A AAIAAKA AR ARZAIA KA I A AR A AREZIARIAKZZAAKR KA AKAAKA KRR AR

M KH KKK KA AAFAAK A A A A A A AR AE IR AR ZZAHA AR AR AR ZIRAKARRX

M KKK KKK A KK A AAZAALAAA A A A A Z AR A AAA A A A AR KKK

M H K < 22K K ZLZEZE R LZZTEREZ AR A

M ZHA KKK AZZAKAK A A A A ZARK A A A A AR AR AR ZR R

XN ERZZAKAAKA A AR A AK KK ZAKAZIZZIRARAAARARAAHRZAKZ2Z2Z2Z2Z2Z2ZAARAARZAKARRZZZZAKAKAAX
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Table 2 Can a 16S primer be universal when its >16 b?

Bacterium” Published primers/universal primers Al-Quds University general primers (QUGP)

RTU8* 909 bp* 909 bp R* 8F F1 F3R3 F4R4 F5R5 F6R6 Rlb R2 R7
Treponema pallidum Y Y Y N N M N Y R Y Y Y
Vibrio cholerae 0395 Y N Y Y M Y Y Y Y N Y Y
V. parahaemolyticus N N Y Y M Y Y Y Y Y Y Y
Wolbachia endosymbiont ~ N Y N Y M Y N Y Y N M Y

Y primer sequence is present, M 5" or central mismatch was detected, 7 3’-end mismatch was found. R Only the reverse primer may be functional.

N the sequence is completely absent or partially present
Published * RTUS, 909 bp, 909R, and 8F are as in Table 1

® Distribution of primers was analyzed in other bacteria: Bacteroides fragilis, Bdellovibrio bacteriovorous, Clostridium tetani, Enterococcus

faecalis, Listeria monocytogenes, and Ochrobactrum anthropi

the UM. The assembled primer mixtures should contain a
minimum of two forward and two reverse general primers.
More than one mixture may be required to detect all bac-
teria. A single mixture may be assembled that potentially
can substitute for all mixtures. Successful detection and
amplification can then be utilized in bacterial identification
and other applications.

Materials and Methods
DNA Preparation

Bacterial isolates were labeled as Al-Quds University
Bacterial Collection (QUBC). Fresh pure bacterial cells
were treated with 100 pl of freshly prepared lysozyme
(Sigma Chemical Co.; 5 mg per ml of sterile J-buffer;
100 mM Tris—HCl, 100 mM EDTA, 150 mM NaCl; pH 8;
autoclaved) [23], incubated in a microfuge tube for 30 min
at 35°C, cells or incompletely lysed cells were collected by
centrifugation, the pellet was lysed with 20 pl of 0.5 N
NaOH and 20 pl of 1% SDS. The cell lysate were boiled
for 10 min, then diluted to 200 pl with sterile water.

Primer Design

The 16S rDNA sequence of H. pylori HPAG], selected for
its clinical importance [42], was used to BLAST all 940
microbial genomes. The BLAST results showing minimal
similarity to H. pylori, were then scanned for conserved
regions >16 bases long. In the second stage, >50 repre-
sentative 16S rDNA sequences were searched for the
presence or absence of each putative primer sequence. The
presence of primer sequence in published rDNA was
determined as shown in Table 2. Primer sequences were
refined to arrive at the final primers listed in Tables 3, 4.
Some primer sites were used in both directions; forward
and reverse. New Al-Quds University General Primers

(QUGP) Forward (F) or Reverse (R) were longer primers
and were based on the short general primers, their
sequences are shown in Tables 3, 4 They were designated
QUGP-Fn3, QUGP-Fn5, QUGP-Fn6, QUGP-Rn3, and
QUGP-Rnl, additional primers (QUGP-R2 and its long
form QUGP-Rn2) were introduced. QUGP-F4 and QUGP-
R4 were not modified since they showed high melting
temperature (7m). Primers were commercially synthesized
(Hy Labs, Jerusalem or Danyel, Rehohot). Multiplex
mixtures were prepared and tested (Table 5) to define a
Golden (G) mixture that will react positively with the vast
majority, if not all, bacteria. Each working primer mixture
contained 10 pmol of each respective primer/pl.

Amplification Parameters

A MiniCycler (MJ Research, Inc., Watertown, MA) heated
lid thermocycler was used to amplify DNA; 25-ul reactions
were prepared by adding 8 pmol of each primer (0.8 pl of
primer mixture), 0.5 pl of DNA sample, 12.5 pl Master
Mix from Promega, and pure sterile water to 25 pl. All
amplification reactions were hot started at 95°C for 3 min.
The PCR protocol used with short General primers was:
94°C 90 s, 48°C 35, 50°C 35, 72°C 105 s. and 33
cycles, a final extension step at 72°C for 3 min, 4°C for
24 h. When Golden Mixtures (G1-G13) were used, PCR
parameters were the same as above except for annealing
temperature which was set at 58°C for 1 min. Species
specific primers HPU1 and HPU2 [46] were used for
detection of H. pylori. The species specific PA-SS-F and
PA-SS-R were used for the detection of Pseudomonas
aeruginosa. The genus specific PA-GS-F and PA-GS-R
primers were used for detection of P. species [18].

Detection and Documentation

Agarose gels containing ethidium bromide (0.1 pg per ml)
were used through out the study at concentrations of 1.2 or

@ Springer
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Table 3 Al-Quds University 16S General PCR and Sequencing Primers (QUGP-16S; this study”) based on 16S sequence of H. pylori
2il108562424:c1140006-1138506

Primer PCR and sequencing primers Oligomer: location Tm (°C)
QUGP-F1 5'-AGTTTGATCCTGGCTCAG-3’ 18: 10-27* 537
QUGP-F1b 5'-AGTTTGATCATGGCTCAG-3' 18: 1027 51.40
QUGP-F3 5'-GATACCCTGGTAGTCCA-3' 17: 753-769 52.80
QUGP-R3 5'-TGGACTACCAGGGTATC-3' 17: 769-752 52.80
QUGP-F4 5'-CCGCCTGGGGAGTACG-3’ 16: 840-856 59.55
QUGP-R4 5’- CGTACTCCCCAGGCGG-3’ 16: 856-840 59.55
QUGP-F5 5'-CCTACGGGAGGCAGCAG-3’ 17: 326-343 54.54
QUGP-R5 5'-CTGCTGCCTCCCGTAGG-3' 17: 343-326 54.30
QUGP-F6 5'-GCAGCCGCGGTAATAC-3 16: 481497 54.51
QUGP-R6 5'-GTATTACCGCGGCTGC-3' 16: 497-481 54.30
QUGP-R7 5'-CGATTACTAGCGATTCC-3' 17:1319-1302 47.13
QUGP-R2 5'-GACGGGCGGTGTGTAC-3' 16: 1376-1392 54.85
QUGP-R1 5'-TACCTTGTTACGACTTCACCC-3' 17: 1468-1447 57.90
QUGP-R1b 5'-TACCTTGTTACGACTTC-3’ 17: 1468-1451 47.90

Bold italicized sequences are homologous to Human GENE ID: 100008588 LOC100008588 | 18S ribosomal RNA. The potential products
QUGP-Fn6. Rn2, 1096 bp and QUGP-Fn6.Rn1, 1226 bp are unlikely to form at 58°C due to 3/-mismatches to human 18S rDNA when clinical
samples contain human DNA. This justifies switching from the short QUGP to the new longer sequences; while QUGP-R2 will match human
DNA, QUGP-Rn2 presents a critical mismatch at its 3'-end

* Some of the primers overlapped those used by others, see Table 1. Primer location differ slightly in different bacteria and may be absent from
others (QUGP R2/Rn2 is absent from H. pylori, the shown location is for P. fluorescens, some bacteria will mismatch with 5’-end of primer(s)

Table 4 Al-Quds University 16S general primers new long primers

Primer PCR long primers Oligomer: location Tm (°C)
QUGP-Fn3 5'-CAGGATTAGATACCCTGGTAGTCC-3’ 24: 744-768 65
QUGP-Fn5 5'-ACTCCTACGGGAGGCAGCAG-3’ 20: 323-343 65
QUGP-Fn6 5'-CCAGCAGCCGCGGTAATAC-3' 19: 479497 62
QUGP-Rn1 5'-GGCTACCTTGTTACGACTTC-3 20: 1471-1468 58
QUGP-Rn2 5'-TGACGGGCGGTGTGTACAAG-3' 20: 1406-1386 63
QUGP-Rn3 5'-GGCGTGGACTACCAGGGTATC-3’ 21: 775-752 65

Long form QUGP were used to prepare golden mixtures

Underlined sequences, indicate the short QUGP prior to being re-designed. QUGP (underlined sequences) were extended mostly at their 5'-ends
with conserved nucleotides, QUGP-F4/R4 were not modified since their 7m was 59.5°C and are flanked by variable nucleotides. The main
differences between the QUGP and redesigned primers are limited to increased primer length and 7m which allowed annealing to be performed
at 58°C instead of 50°C

1.6% (w/v). LKB power supply (Biochrom,Cambridge,
England) and UV Transilluminator (Dinco and Rhenium
Industrial Ltd.,), 100-bp ladder was used as molecular
weight markers. Gels were photographed using a digital
camera (Casio Exilim, Tokyo, Japan) at 3-8 mega pixels
with sepia or black and white filter.

The Universal Method Protocol
Figure 1 illustrates the two stages of the UM protocol;

stage 1 was designed to allow detection of bacteria

@ Springer

followed by stage II which was designed to identify the
target bacterium. The two stages are detailed below.

Stage 1

Detection of a bacterium: starting with a pure bacterium or
its DNA, one or more Golden primer mixtures (Table 5B)
is used to amplify the 16S rDNA of the bacterium by PCR.
Agarose gel electrophoresis is used to identify the size of
the PCR amplicon, the active primer pair is then identified
by cross referencing with Table 6. This stage was con-
cluded once detection of amplicons was accomplished.
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Table 5 General and Golden
Primer Mixtures A B
General mixtures QUGP Golden mixture QUGP-primers
Level 1
Reaction one F5, F6, R1b Gl Fn3, FnS5, Fn6eRnl
Reaction two F5, F6, R3 G2 Fn3, Fn5, Fn6eRn2
Reaction two (b) F5, Fo6, R3, R4
Reaction three F3, F4, R1b G3 Fn3, Fn5, Fn6eRn3
Level 11
Reaction four F1, R1b G4 Fn3, Fn5, Fn6eRn3, Rn2
Reaction five F1, R3, R4 G5 Fn5, Fn6eRn3, R4
Reaction six F1, R5. R6 G6 Fn3, Fn5, Fn6eRnl, Rn2
Level 11
Reaction seven F5, F6, R4 G7 Fn3, F4, Fn5, Fn6eRnl, Rn2, Rn3
Reaction eight F3, R4 G8 Fn3, Fn5, Fn6eRnl, Rn2, Rn3, R4
Reaction nine F5, R6 G9 Fn5, Fn6eRnl, Rn2, Rn3, R4
Mqg4 F4, F5, F6, R1b, R2 G10 Fn3, F4eRnl, Rn2
Gl11 Fn5, Fn3eRnl, Rn2
Gl12 Fn6, F4eRnl, Rn2
Gl13 Fn5, Fn6eRnl, Rn2

Stage |: Detection
Obtain Pure Bacterium

Stage IlI: Identification

| dentify active QUGP
Based on Table 5

Extract DNA
+ Select and Purify Amplicon
Amplify with G7 - 4
Sequence and Align
Detect by With BLAST
Agarose Gel
Electrophoresis

Interpret Results

Fig. 1 A flowchart presentation of the UM protocol; starting from
pure bacterial culture or DNA, ending with DNA alignment (BLAST)
and bacterial identification

Stage 11

To identify the bacterium, the PCR product must be
reproduced in a pure form for DNA sequencing, BLAST
alignment, and interpretation of results. If unambiguous
high identity >98% was scored with only a single species,
then the results are accepted. If high scores were obtained
(usually between 95 and 98%) with several species, this
may permit genus identification only. Independent methods
must be applied to discriminate between these species and
identify the bacterial species. If low identity was obtained
(<95%), it is most likely due to unavailability of the
sequence for alignment or due to the detection of a new
species. This potential for discovering novel species should
not be dismissed as an experimental error. Such bacteria
must be identified by classical, cultural, biochemical test-
ing, and by whole genome sequencing. The obtained

sequence (rDNA or whole genome) should then be
deposited into one of the nucleotide data bases. In theory,
only 100% matches should be considered as identity.
However, due to mutations, gene duplication and copy
number, and sequencing errors, it becomes difficult to
decide where to draw the identity line.

Results

The Universal Method (UM), described in this work, was
applied to 101 different known and unknown bacterial
isolates. The method detected all 101 tested isolates by
producing one or more PCR products from each isolate. To
insure that the 101 isolates represent a wide range of
bacteria and to show the utility of the UM in the identifi-
cation of bacteria; forty isolates of the 101 isolates were
subjected to sequencing. A selected PCR products (pref-
erably >500 bp) was purified and sequenced. All 40 iso-
lates were successfully sequenced, aligned with BLAST
[43, 44] and bacteria were identified to species or genus
level, the results are summarized in Table 7.

Predicted PCR Amplicons were Obtained with QUGP
Primers

Table 6 predicts the possible PCR amplicons that may be
generated with each pair of Al-Quds University Primers
(QUGPs). Table 6 was constructed based on published 16S
rDNA sequences of H. pylori and Pseudomonas fluores-
cens. It shows that some primer sites are missing; (e.g.
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Table 6 PCR product size with paired primers based on published tDNA gene H. pylori (HP) HPAG1 gil108562424:c1140006-1138506 or P.

Sfluorescens (PF) gil70728250:122811-124349 of Pf-5 NC_004129

Forward primer QUGP-F1 QUGP-Fn3 QUGP-F4 QUGP-Fn5 QUGP-Fn6
Reverse primer HP/PF HP/PF HP/PF HP/PF HP/PF
QUGP-Rn1 1463/1503 7217743 633/639 1142/1183 995/991
1277°
QUGP-Rn2 00/1396 623/636 532/536 00/1073 00/893
1097°
QUGP-Rn3 764/798 NP* NP 465/473 287/298
QUGP-R4 847/881 112 NP 530/561 374/379
QUGP-Rn5 334/344 NP NP NP NP
QUGP-Rn6 488/523 NP NP 1717199 NP

The exact PCR product size for each primer pair may vary from one bacterium to another. Some primer sites are missing and their products are

indicated as zero (00 bp)

 Primers that did not form PCR pairs are indicated as no pairing (NP). The exact PCR product size depends on bacterial species. Italicized

products indicate size similarity

® Homo sapiens 18S sequence shares homologies with these primers and predicts the possible amplification of 1277 and 1097 bp region

QUGP-Fn5 with QUGP-Rn2 will result in no amplification
when applied to H. pylori, but will produce 1073 bp PCR
product if applied to P. fluorescens). When the designed
QUGPs were mixed (Table SA) and applied to DNA
extracted from Streptococcus sp. QUBC26, the predicted
PCR amplicons were obtained as illustrated in Fig. 2.
These PCR products were consistent with those predicted
in Table 6, demonstrating that all short QUGPs were
functional. The produced amplicons were also consistent
with primer distribution shown in Table 2 for the bacte-
rium  Streptococcus pyogenes. Reaction 2b and 3
(Table 5A) were applied to five additional bacterial isolates
(Shigella sp. QUBC43, Salmonella sp. QUBC42, Klebsi-
ella sp. QUBC41, Proteus sp. QUBC40, and Staphylo-
coccus aureus QUBC34). All isolates were detected as
illustrated in Fig. 3. Amplicons were consistent with those
predicted by Table 6. PCR product at 630 bp indicating the
activity of primer pair QUGP-F4.R1 (of reaction 3,
Table 5A) was detected with two isolates (lanes 8 and 9).
The same amplicon was missing from lanes 10, 11, and 12
indicating sequence mismatch with QUGP-F4 or subopti-
mal reaction conditions that favoured the formation of the
larger product (720 bp) amplified with QUGP-F3.R1b; in
lanes 8—12 of Fig. 3. The large molecular weight bands
appearing in lanes 5 and 7 of Fig. 2 and lanes 3, 4 and 5 of
Fig. 3 are non-specific bands; most probably due to snap-
back mediated amplification associated with suboptimal
annealing temperature for QUGP-R4 primer [45].

Selection of Golden Mixtures for Efficient Bacterial
Detection

Different Golden Mixtures were prepared (Table 5B) and
their efficacy to detect bacteria was tested. The mixtures
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Gl1, G2, and G3 were considered too simple and were only
included as control mixtures. G4, G6, G8, and G9 had
failed even when tested against few bacterial isolates. G4
had failed with Streptomyces sp. QUBCS50 which was
detected by G1, G2, and G3 (Fig. 4), yet G4 was produc-
tive with both QUBCS56 and 58 (Fig. 5). G8, G9, and G13
had several failures when tested against few (<5) bacterial
isolates (not shown). G6 and G9 showed bias to producing
small PCR products (Figs. 4, 5). On preliminary screening,
G5, G7, G10, G11, and G12 performance was acceptable.
Further investigation of G7 and G10 showed that G7 was
capable of producing positive PCR reactions with all tested
bacterial isolates (67/67; 100%). 12 bacterial isolates were
randomly selected for detection with G7 (Fig. 6a) which
detected one band from isolate QUBC4. The same isolates
were tested with G10 (Fig. 6b) which detected all except
QUBC4, G10 produced positive PCR results with a total of
25 bacterial isolates (>96%). Both G11 and G5 performed
well, they detected all 23 and 11 tested isolates respec-
tively; QUBCS50 was clearly detected with G5 but poorly
with G11.

Validation of Bacterial Detection and Bacterial
Identification (Stage II)

Amplicon Sequences are Those of 16S rDNA Genes

To confirm that PCR amplicons obtained from Stage I of
the UM (Fig. 1) represent target DNA sequences, it was
necessary to show that the produced PCR amplicons rep-
resent the 16S rDNA gene, and to show that these ampli-
cons can be used in the identification of the source
bacterium.
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Table 7 Identified bacteria based on sequencing and/or other methods
Name* BLAST identification, DNA sequence (%) identity PCR and
sequencing
primers
QUBCI1 P. aeruginosa API 20 NE* PA-SS
QUBC33 H. pylori ATCC 43526, confirmed with HP-specific primers HP-F,HP-Rf QUGP
F6, R3
Isolates listed below were sequenced and identified with indicated Primers QUGP
QUBC3 P. fluorescens NC 004129.61, (98.7) F3, R1
rhizosphere isolate, PA-GS genus specific primers, AP 20NE"
QUBC4 Alcaligenes sp. ZB gblFJ151631.11, soil isolate oN° F3, R1
QUBCS Aeromonas veronii emblAM937446.11, spring water pond (100) F4, R1
QUBC6 Serratia marcescens PSB19gblFJ360759.11, soil sample (100) F3, R1b
QUBC7 Aeromonas salmonicida refINC_009348.11, soil (94.8)° F4, R1
QUBCS8 P. aeruginosa gblEU221384.1l, mosquito (99.1) F4, R1
QUBCY9 Klebsiella oxytoca gblIEU554427.11, Clinical sample; (99.7) F3, R1b
Al-Maqgased Hospital, Jerusalem, Palestine
QUBCI0 Salmonella enterica NZABENO01000001.1, Fish intestines (99.3) F5, R3
QUBCI11 Microbacterium hydrocarbonoxydans emblFM163607.11, Soil (99) F5, R3
QUBCI12 Acinetobacter baylyi mepllc gblEF419183.1, (99.7) F3, R1b
A. baumannii API-20E (98.1), wood sawing powder
QUBC13 Ochrobactrum anthropi NC009668.1 Chromosome2 Isolated from decaying broomrape (99.7) F3, R1b
QUBC14 Enterobacter ludwigii T4384 gblEU999992.11 soil, (99.3) F3, R1b
Enterobacter sp. API-20E 99.8%
QUBCI15 Enterobacter ludwigii T4384 gblEU999992.1! soil (99.5) F3, R1b
QUBCI16 Bacillus atrophaeus gblEU729737.11, Autoclave test bag (99.2) F3, R1b
QUBCI18 Bacillus subtilis refINC_000964.2I, fecal sample (100) F6, R3
QUBCI19 Kocuria sp. JSM gblFJ237398.11, Aphids (100) F6, R3
QUBC24 Aeromonas hydrophila AC-C9gblDQ865062.11 spring pond (98.5) R1
QUBC25 Bacillus thuringiensis gblEU162014.11, lab contaminant 99) F1, R6
QUBC32 Serratia marcescens gblFJ360759.11, soil sample, (99.2) F3, R2
S.spp. API-20E (99.1%)
QUBC34 Staphylococcus aureus refINZ_ACJA01000069.11, a gift, M. Ayesh (99.3) F4, R2
QUBC35 Citrobacter koseri refINC_009792.11, (95.5)° F3,4R1
Citrobacter sp. API (99.9%), a gift from M. Ayesh
QUBC36 Pseudomonas otitidis gblAY953147.11, Clinical sample (98.5) F3, R1
QUBC37 Enterobacter sp gblFJ025770.11, a gift from M. Ayesh 99) F3, R1
QUBC42 Salmonella enterica gpl ABAMO02000001.11, (100) F3, R1b
Salmonella sp. API-20E, clinical sample, Al-Maqased Hospital
QUBC43 Shigella boydii gblCP001063.11, (99.8) F3, R1b
Shigella sp. API-20E, clinical sample, Al-Maqased Hospital
QUBCS50 Streptomyces fragilis gblEU841657.1, Dove feather (99.8)° F3, R2
QUBC60 Pantoea agglomerans 110 gbIDQO065752.11, carrot rot, (99.5) F3, R2
Pantoea sp. API -20E (97.9%)
QUBC70 Phaeospirillum sp., spiral bacterium fecal sample 95)* F3, R2
QUBC71 Neisseria meningitides refINC_008767.11, mouth swab (98.8) F3, R2
QUBC75 Dyella marensis gblF1535861.1I (96.4)¢ F3, R2
QUBC77 Alkalilimnicola ehrlichii refINC_008340.11, Sardin fish (89)¢ F3, R2
QUBCS80 Enterococcus faecalis refINZ_ACAV01000046.11 Clinical (98.2) F3, R2
QUBCS81 Enterococcus faecalis refINZ_ACAV01000046.11 Clinical (98.9) F3, R2
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Table 7 continued

Name* BLAST identification, DNA sequence (%) identity PCR and
sequencing
primers

QUBCS82 Clavibacter michiganensis refINC_010407.11 Clinical (93)d F3, R2

QUBCS3 Enterococcus faecalis refINZ_ACAV01000046.11 Clinical (99.3) F3, R2

QUBCI1 Listeria monocytogenes refINZ_AARP03000051.11 ATCC 19115 99) F3, R2

QUBCI102 Streptomyces griseus refINC_010572.11 Pigeon feather (98.9) F3, R2

QUBC103 Streptomyces griseus refINC_010572.11 Pigeon feather (99)° F3, R2

QUBCI104 Streptomyces coelicolor A3 refINC_003888.3] Soil (99)° F3, R2

QUBC106 Streptomyces mediolani gblFJ486429.11 Soil (99)° F3, R2

* These bacteria are stored frozen at —70°C as part of Al-Quds University Bacterial Collection
* This test was performed with API 20NE by the Microbiology Laboratory, The Karitas Hospital, Bethlehem

" The Microbiology laboratory, Ministry of Health, Ramallah, Palestine

¢ Poor sequencing results

92 Good sequencing results but poor BLAST alignment result, 2 indicates an independent repeat of sample processing on a different day

¢ Different colony morphologies

© H. pylori specific primers were used to confirm isolate, according to reference [8], while PCR product was generated with QUGP-F6.R3, no
sequencing was attempted for this bacterium

Fig. 2 All nine Level reactions
(Table 5A) were positive with
isolate QUBC26. Lanes
represent Level reactions in the
same order (/-9). Interpreted
results are shown in the table

Level I Level I1 Level II1
Rx1 2 3 4 S 6 7 8 9

-
= . L -
9 .
- ' &
- e
- 1} =
1
o 5 K
: -
1
Band * A b c d e f g h i j k 1 M
Size (bp) 1484 | 1115 | 990 872 782 721 547 510 465 375 287 181 107
QUGP- Fl1/ F5/ Fo6/ F1/ Fl1/ F3/ F5/ F1/ F5/ Fe6/ Fo6/ F5/ F3/
F/R R1b | RIb | R1b | R4 R3 R1b | R4 R6 R3 R4 R3 R6 R4

*large molecular weight bands appearing in lanes 5 and 7 most probably are due to snapback

reactions [45].

Having the 40 amplicons sequenced and aligned using ~ DNA Sequence Alignment and Bacterial Identification
BLAST, only 16S rDNA was detected indicating 100%
specificity of amplification of rDNA from those 40 dif-  Identification of Pseudomonas spp.
ferent isolates and most likely from the rest of the 101
tested isolates (Table 7). The results are highly supportive The isolate (QUBC1) was used as a control bacterium to
of the conclusion that the UM-QUGPs can only amplify  test the concurrent validity of the PCR and sequencing
and detect 16S rDNA sequences. system, published P. aeruginosa specific PCR primers
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Reaction 2b: Lanes 1-5
1 2

Fig. 3 Reaction 2b (lanes 1-5) and Reaction 3 (lanes 8-12
(Table 5A). Lanes 1 and 8 QUBC43 Shigella (API), lanes 2 and 9
QUBC42 Salmonella (API), lanes 3 and 10 QUBC41 Klebsiella
(AP)), lanes 4 and 11 QUBC40 Proteus, and lanes 5 and 12 QUBC34

Marker Gl G2 G3 G4 Gé6 G7 GS
! - -

-

- - - s
-

-

Fig. 4 G4 has failed to detect this bacterium; Streptomyces
sp.(QUBC50), notice the absence of the 630 bp which appeared with
G2, G4 showed very week band at 287/298 bp that was clearly
present with G3

PA-SS-F and PA-SS-R [18] were utilized with this isolate.
The primers were used to amplify a segment of the 16S
rDNA gene, the product was sequenced (Automated
Sequencing, Bethlehem University, Bethlehem, Palestine)
[19]. Alignment of the sequenced amplicon showed 98.5%
identity to the 16S gene of P. aeruginosa (Table 7).

The isolate QUBC3 obtained from the rhizosphere of a
garden weed, was identified with API 20NE as P. fluores-
cens/putida. The UM was applied to this bacterium. A
720 bp segment of the 16S rDNA of QUBC3 was amplified
with QUGP-F3 and QUGP-R1, upon sequencing of the PCR
amplicon and BLAST alignment, QUBC3 was confirmed to
be P. fluorescens (98.7%) offering additional validation of
the UM capacity to detect 16S rDNA and to identify the
source bacterium. This process of validation was repeated
with a total of 40 isolates (Table 7). Another suspected
Pseudomonas isolate QUBC37 was identified (98.5% iden-
tity) by the UM as P. otitidis. The isolate QUBCS obtained
from a mosquito larva was identified as P. aeruginosa

and Reaction 3: Lanes 8-12

7 8 9 10 11 12

720
630
543 .
510

370

287

Staphylococcus aureus. Notice the presence of the 510 bp in lanes 3-5
and its absence from lanes I and 2 and the presence of a 630 bp band
in lanes 8 and 9 and its absence in lanes 10, 11, and 12

(99.1%; Table 7) as a result of sequencing and alignment a
640 bp amplicon produced with QUGP-F4.R1.

Identification of Three Bacillus Species

Three Bacillus species defined as aerobic spore forming
Gram positive rods. Isolates QUBC16, 18, and 25 were
isolated accordingly. DNA extracted from these isolates
was amplified using the UM (QUGP multiplex mixtures;
Table 5A) for identification.

QUBCI16: Reaction 1 was negative, while two bands
were obtained with Reaction 2; a 450 bp/QUGP-F5.R3 and
a 287 bp/QUGP-F6.R3. Reaction 3 produced a 720 bp/
QUGP-F3.R1b which was sequenced with QUGP-F3 and
QUGP-R1b. BLAST analysis of the 611 bp identified the
bacterium as Bacillus atrophaeus with 100% identity.
QUBCI18 isolate was positive with all Level I reactions, it
was identified as B. subtilis with 100% identity. The 287 bp
product was obtained and sequenced with QUGP-F6.R3.
The third isolate, QUBC25 was identified as B. cereus with
99% identity using the primer pair QUGP-F1.R6. Although,
other primers can be used since the bacterium was positive
for all Level II reactions 4, 5 and 6. The intentional appli-
cation of different primer pairs with these isolates was aimed
at showing the flexibility of the UM in accommodating the
length and location of the amplicon for identification pur-
poses, Table 7. Therefore, it may not be critical as to which
segment and length should be utilized, but for the purpose of
rigorousness segments >500 bases are preferable.

Identification of Two Different Colonies as Enterobacter
ludwigii

Two morphologically different isolates, QUBC14 and 15,
were obtained from a soil sample as pink colonies on the
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Fig. 5 a (QUBC56) and b A
(QUBCS5S) tested with different Marker G4 G6 G7 G8* G9 G10 Gll G12
Golden mixtures; G4-G12,
showing poor performance of
G8 (asterisks) -.-" ey g 4 - -
“ ; . -
-y - - .
————y ! o
o b ;
R 3 - M <
Sl 25 VLIl
e 0 . : . - kel :1‘.'
A A A -
B
Marker G4 G6 G7 G8* G9 G10 Gll1 G12
X ——
Lo Y

@

T meae - -

QUBC- Isolates
M 11 20 14 62 63 1360 4 32 57 64 65 M

Fig. 6 Detection of bacterial rDNA from 12 different QUBC isolates
with G7 (a) or with G10 (b), notice that isolate QUBC4 was negative
with G10

same MacConkey agar plate. When amplified and
sequenced, both isolates were identified as Enterobacter
ludwigii (>99%) and confirmed with API 20E as

@ Springer

Enterobacter sp. (99.8%). Both were PCR positive with
Mq10 (Table 5A). A 720 bp PCR product obtained from
each isolate and sequenced with QUGP-F3 and QUGP-R1b.

Identification of Ochrobactrum anthropi

Unknown soil isolate QUBC13 was PCR-sequenced with
QUGP-F3 and QUGP-R1b. Alignment with BLAST
[43, 44], identified the bacterium as Ochrobactrum
anthropi, chromosome2 with 99.7% identity. Biochemi-
cal reactions were consistent with this identification, the
bacterium was Gram negative, aerobic, non-fermenter
rod, urease and oxidase positive, and indole negative
[47]. Neither API 20 NE nor API 20 E could identify
this isolate.

Identification of Acinetobacter

API 20NE system identified QUBCI12 as A. baumannii
(98.1%). The isolate was identified by PCR-sequencing as
A. baylyi (99.7%). Both methods identified the bacterium
at the genus level but disagreed at the species level,
sequence identity to A. baumannii was 99.1%, the
sequence was 100% identical to uncultured bacterium
gblEF121340.1I.
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Fig. 7 Ten-fold serially diluted A
DNA samples from clinical

Escherichia coli isolate

QUBC62; API 20E, were tested

with G7 (a) or G10 (b). 100-bp

ladder markers were included

10° 107

Identification of Citrobacter Isolate

A putative Citrobacter isolate QUBC35, was subjected to
PCR-sequencing with QUGP-F3 and QUGP-R1b followed
by BLAST analysis. The bacterium was identified as Cit-
robacter koseri (95.5%) refINC_009792.11. API 20E sys-
tem identification indicated Citrobacter sp. (99.9%);
C. freundii (92.5%) or C. youngae (7.4%).

Identification of Additional Isolates

Additional examples of identified bacteria are presented in
Table 7, the sequencing primers are indicated for each iso-
late as well. Isolate QUBC32 produced deep pink colonies
characteristic of Serratia marcescens and was identified as
such (95.9%) or 99.8% as Serratia sp. with API 20E. PCR-
sequencing with QUGP-F3 and QUGP-R2 confirmed its
identity as S. marcescens gblFJ360759.11 (99.2%). QUBC50
sequenced with QUGP-F3 and R2 was identified as Strep-
tomyces fragilis (99.8%). The result was in agreement with
characteristic odor and morphology of Streptomyces spp.
Isolate QUBC42 was API 20E indentified as Salmonella sp.,
PCR-sequencing identified it to species level as S. enterica
(100%). Isolate QUBC43 was identified as Shigella sp. with
API 20E or S. boydii (99.8%) by PCR-sequencing (Table 7).
Poor sequencing may result in poor identification as indi-
cated for QUCB4, QUBC7, and QUBC35.

Primer Specificity and Sensitivity

The sequenced amplicons obtained from 40 different iso-
lates were found to be those of 16S rDNA, they were
aligned with BLAST which identified the bacterium to
species or genus level; 24 genera and 34 species were
represented. Among the 101 detected bacteria, eight addi-
tional genera were represented; Agrobactrum sp., Cam-
pylobacter sp., H. pylori ATCC 43526, Lactobacillus sp.,

441
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Proteus sp., Staphylococcus epidermidis, Stenotropho-
monas sp., and Streptococcus sp. bringing the total number
of detected bacterial to exceed 32 genera. The ability of the
UM to detect and discriminate between several genera and
species makes it highly specific and sensitive provided that
good DNA sequences are obtained and that matching
sequences exist in nucleotide data bases for alignment
analysis.

To test the sensitivity of detection of bacterial DNA, a
diluted sample containing 1 pl of bacterial DNA diluted by
a factor of 10™* folds, was detected with both G7 and G10
(Fig. 7). Some PCR amplicons disappeared as DNA con-
centration was reduced, possibly due to imperfect anneal-
ing of some primers (Table 2). One of the amplified bands
continued to show strong presence even when sample DNA
was diluted 10~ folds, higher dilutions were not tested.

Validation of the UM was supported by the obtained
results; only 16S sequences were amplified. Two methods
of bacterial identification were in agreement; the UM and
another valid method. The obtained amplicons had similar
sizes to predicted amplicons shown in Table 6. The
detection process was successful with 67 isolates when G7
was applied. A total of 101 isolates were detected (100%).
Sequencing and alignment were performed on 40 different
isolates i.e. the system was tested repeatedly (40 times) and
isolates were identified.

Discussion

As predicted in the hypothesis and illustrated in Figs. 1, 2, 3,
4,5, 6, and 7, the appearance of different PCR amplification
profiles for different bacterial isolates (Fig. 3) supports the
hypothesis in that more than one general primer pair was
required to detect all bacteria, the hypothesis predicted the
shortcoming of “Universal Primers”. The results showed
that G4, G6, G8, G9, and G10 had failed with one or more
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isolates. The inevitable failure of universal primer pairs (or
general primer pairs) can be further predicted based on
primer distributions; Table 2 shows that no single primer
could react with all 44 listed genera, meaning that any given
primer pair will at least fail once (2.2%). The “Universal”
primer pair 909F.R (Table 1) [17] will fail with 22 different
genera or 50% of those listed in Table 2. This renders the
909-primer pair neither specific nor universal. The Primer
pair QUGP-F3.R2 (which proved useful in this study,
Table 7) will fail with three genera that lack the QUGP-R2
sequence (Aquifex, Rickettsia, Thermotoga; Table 2) and it
will fail with nine genera that lack QUGP-F3 (Anabaena,
Agquifiex, Bordetella, Campylobacter, Chlamedophilal,
Desulfovibrio, Mycoplasma, Prochlorococcus, and Ther-
motoga). In applying this PCR primer pair to the 44 genera
listed in Table 2, the primer pair will fail with ten genera
allowing the detection of 34 genera only (72%). Similarly,
the primer pair QUGP-F5.R4 will detect 84% of the listed
genera; QUGP-FS will fail with two genera (Chlamydo-
philal, Rhodopirellula Table 2) while QUGP-R4 will fail
with Chlamydophilal and five additional genera (Myco-
plasma, Syntrophobacter, Thermus, Treponema, and Wol-
bachia). Accordingly, QUGP-F5.R4 will only detect 37
(84%) genera of those listed in Table 2. Mathematically, the
two pairs QUGP-F3.R2 and QUGP-F5.R4 will detect
(95.4%) all 44 but (Chlamydophilal and Mycoplasma).
However, mixing the two pairs will have the added advan-
tage of generating a new pair (QUGP-F5.R2) which will
detect Mycoplasma but not Chlamydophilal. Therefore
mixing the four primers will result in the detection of 43
genera (97.8%). Now, it is clear how G7 with its 10 primer
pairs could detect bacteria. G7 will detect all 44 genera
shown in Table 2 which may be a representative sample of
all bacteria. According to the present study, additional
genera (not listed in Table 2) had been detected by G7
(Acinetobacter, Alkaligenes, Serratia, Klebsiella and others;
Table 7). These calculations strongly support the potential
of the UM approach over the “Universal Primer” approach.

The limiting step in the identification of a bacterium using
the UM resides in the detection step (Stage I). The UM solved
this limitation by providing an array of primer mixtures
(Table 5A, B). According to the UM, Golden Mixtures G7
and G5 can potentially produce 12 different primer pairs (or
PCR amplicons). Additional primer pairs can be generated
by incorporation of QUGP-F1 and QUGP-R7 in Golden
mixtures. Incorporation of QUGP-F1 generates 6 additional
primer pairs (Table 6). The 20 possible primer pairs shown
in Table 6 are likely to detect any bacterium. G7 allowed for
the formation of 10 different primer pairs responsible for the
amplicons observed in Fig. 6a (QUGP-Fn3 neither pairs
with QUGP-Rn3 nor with QUGP-F4). Two additional pri-
mer pairs (QUGP-Fn5.R4 and QUGP-Fn6.R4) can be gen-
erated with GS5. Therefore, applying G7 and G5 to any
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bacterium will enhance the chances of detecting that bacte-
rium by 12 folds over any single PCR primer pair, or by 20
folds if all primer pairs of Table 6 are to be used.

The detection of all 101 tested bacterial isolates utilizing
the different QUGP mixtures with zero failure strongly
supports the capacity of the UM to detect any bacterium.
Golden Mixtures were developed for practical reasons and
to simplify the process relative to utilizing single primer
pairs; G7 alone capacity to produce positive PCR ampli-
cons with each of (67/67) tested bacterial isolates, testifies
to its potential to detect most if not all bacteria.

Both G7 and G10 were able to detect bacterial DNA
when diluted 10,000 folds, this implies that samples should
be sufficiently diluted when casual contamination is sus-
pected; dilution of blood samples contaminated with
Staphylococcus epidermidis or other bacteria can help
avoiding detection of such contaminants, this area needs
extensive investigation before it can be put to any practical
use. G7 can be applied to test for the presence or absence of
bacteria in a variety of samples including clinical samples.

Application of G7 is probably most suitable in the
analysis of bacterial communities since it is expected to
amplify the vast majority, if not all species, within the
tested sample. Qualitative analysis of mixed PCR products
with available techniques such as microarrays [12], COt
analysis, cloning and sequencing, RFLP, denaturing gra-
dient gel electrophoresis analysis [14, 39] or any combi-
nation of these methods will improve our understanding of
bacterial communities.

A critical requirement for DNA sequencing is that a
sequencing primer should only anneal to a single site on the
template DNA. Therefore, samples containing mixed DNA
species obtained with General primers are not suitable for
direct DNA sequencing. Another obstacle associated with
sequencing based ribotyping is its dependency on the
availability of rDNA sequences for alignment analysis
(BLAST). For example, BLAST analysis identified isolate
QUBC3S5 as Citrobacter koseri (95.5%), it was also iden-
tified as Citrobacter freundii (92.5%) or C. youngae (7.4%)
with API 20E system, the unavailability of some species
for BLAST analysis may have biased the identification of
the isolate as C. koseri. Another example was obtained
when the spiral bacterium QUBC70 was PCR-sequenced
but was poorly identified. It was 95% identical to Phaeo-
spirillum sp. most probably as a result of absence of the
matching sequence from nucleotide data bases. The isolate
QUBCT70 is being identified using biochemical profiling,
the obtained sequence will be deposited in the gene bank
after bacterium identification is accomplished and con-
firmed. Having a complete bacterial nucleotide/gene bank
(especially for ribosomal nucleotides sequences) will cer-
tainly improve the reliability of the UM and any other
sequence-based methods.
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Isolates showing BLAST homologies less than 98%
were not accepted unless verified by another method. Two
main reasons contributed to poor identification; poor
sequencing and absence of corresponding sequence from
the nucleotide database. Additional threats to the validity
of the UM come from strong associations between bacterial
species as in case of the parasitic bacteria (Bdellovibrio
sp.), gene copy number, and polymorphism.

When highly conserved genes such as 16S genes are
used for bacterial identification, long sequences (>500
bases) may provide sufficient discriminatory power
amongst bacteria than would shorter sequences. Therefore,
sequences >500 bases long are preferable for identification
although species specific shorter sequences can be applied
[9, 20-22, 24].

The validity of the UM was established; all 40
sequenced PCR amplicons were those of 16S rDNA. The
UM detected and identified 24 genera and 34 species. This
wide range of species detection and identification justifies
the application of the method to any other bacterium. The
UM was further validated; since it was in agreement with
other identification methods such as API, morphological
and biochemical profiles, and species specific PCR primers.
The reproducibility of the results obtained by the UM
testify for its stability; detection of all Enterococcus fae-
calis isolates (QUBCS80,81, and 83). The ability of the UM
to discriminate between Streptomyces spp. QUBCS50, 102,
103, 104, and 106 was illustrated as well. Repetition of
sequencing and BLAST analysis with the same isolate as in
QUBC70 revealed the same exact results.

In conclusion, G7 together with G5 may represent a true
substitution to universal primers; as predicted in the
hypothesis, these two mixtures contained a total of 8
general primers (7 primers in G7 and 4 primers in GY).
Potentially, they may detect all bacteria since they generate
a total of 12 primer pairs. G7 and G5 can be utilized to
serve a number of other applications such as the detection
of bacterial presence in samples, analyses of bacterial
communities, and bacterial identification.
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