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Abstract

The small ribosomal subunit contains 16S rRNA in prokaryotes and 18S rRNA in eukaryotes. Even though it has been

known that some small ribosomal sequences are conserved in 16S rRNA and 18S rRNA molecules, they have been used

separately for taxonomic and phylogenetic studies. Here, we report the existence of two highly conserved ribosomal sequences

in all organisms that allow the amplification of a zone containing approximately 495 bp in prokaryotes and 508 bp in

eukaryotes which we have named the ‘‘Universal Amplified Ribosomal Region’’ (UARR). Amplification and sequencing of

this zone is possible using the same two universal primers (U1F and U1R) designed on the basis of two highly conserved

ribosomal sequences. The UARR encompasses the V6, V7 and V8 domains from SSU rRNA in both prokaryotes and

eukaryotes. The internal sequence of this zone in prokaryotes and eukaryotes is variable and the differences become less

marked on descent from phyla to species. Nevertheless, UARR sequence allows species from the same genus to be

differentiated. Thus, by UARR sequence analysis the construction of universal phylogenetic trees is possible, including

species of prokaryotic and eukaryotic microorganisms together. Single isolates of prokaryotic and eukaryotic microorganisms

from different sources can be identified by amplification and sequencing of UARR using the same pair of primers and the

same PCR and sequencing conditions.
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1. Introduction

All known microorganisms are included in three

domains: eukarya, archaea and bacteria (Woese et al.,

1990; Doolittle, 1999). The classification within each

domain is based in different phenotypic and molec-

ular criteria. Advances in techniques such as PCR
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and DNA sequencing have provided a phylogenetic

classification of microorganisms allowing a more

rapid and reliable identification. Since the works of

Woese concerning evolution (Woese, 1987; Olsen

and Woese, 1993), ribosomal RNAs are the mole-

cules most widely employed in phylogenetic studies,

although 16S rRNA—in prokaryotes—and 18S

rRNA—in eukaryotes—are used separately in taxo-

nomic studies of these organisms. For several years,

16S rRNA has been sequenced in most prokaryotes

and the importance of this molecule grew up since its

use in current phylogenetic classification of prokar-

yotes of the Second Edition of Bergey’s Manual of

Systematic Bacteriology whose guidelines have been

included in the Web page http://server.mph.msu.edu/

bergeys/. Currently, the sequencing of 16S rRNA

must be performed before the description of any

bacterial species. Moreover, the identification of

bacteria, especially fastidious species, in human,

animal and plant tissues is one of the most important

applications of the 16S rRNA molecule in clinical

diagnosis. Since the beginning of the 16S rRNA

sequencing, many works have been performed in

which the use of this molecule in phylogeny of

animal pathogen bacteria is described (Weisburg et

al., 1989, 1991) and recently several PCR-based

methods have been reported to identify bacteria for

clinical and veterinary diagnosis (Ley et al., 1998;

Pusterla et al., 2000; Rantakokko-Jalava et al., 2000;

Dore et al., 2001; Bohr et al., 2002; Chae et al., 2002;

Lachnik et al., 2002; Millar et al., 2002; Rothman et

al., 2002; Yang et al., 2002; Aoki et al., 2003; Bader

et al., 2003; Harris and Hartley, 2003; Riggio and

Lennon, 2003; Saravolatz et al., 2003). In addition,

bacteria may be detected by direct PCR using primers

targeting 16S rRNA on plant samples (Davis et al.,

1997; Lee et al., 1997; Davis et al., 1998; Hauben et

al., 1998; Jung et al., 2003; Rodrigues et al., 2003;

Verdin et al., 2003). Most of these techniques can

only detect the species for which the primers and

probes were designed, but they allow the identifica-

tion even when more than one bacterial species is

present in the samples.

The 18S rRNA molecule has been also sequenced

in microbial eukaryotes, although it has not yet

attained the renown of 16S rDNA in prokaryotes.

Nevertheless, many 18S rDNA sequences of eukary-

otic species are currently available in databases and
several procedures to identify eukaryotic microorgan-

isms based on 18S rRNA have been recently reported

(Bialek et al., 2002; Booton et al., 2002; Sims et al.,

2002; Radwanska et al., 2002; Sturbaum et al., 2002;

Vanittanakom et al., 2002; Gatei et al., 2003; Hayden

et al., 2003).

In 1987, Woese wrote ‘‘it is reasonable for a

properly equipped laboratory in the future to sequence

on the order of 100 16S rRNA per year’’. Currently,

using the new automatic sequencers, this number of

sequences can be readily obtained in a week. More-

over, the amplification of ribosomal sequences by

PCR, the purification—by centrifugation—of the

bands obtained and the sequencing– by automatic

sequencers—of the small ribosomal subunit is easy,

rapid and reliable. Although many molecular techni-

ques have been described after PCR discovery to

differentiate microorganisms, the ribosomal sequences

have an important advantage, they are available in

public databases. The automatic sequencing is a tech-

nique that can be routinely performed in many labo-

ratories, but the complete 16S rDNA and 18S rDNA

sequencing is not a suitable method for rapid identifi-

cation because these genes are too large, their sequenc-

ing needs many different primers and it is necessary to

know whether the isolate is a prokaryote or a eukaryote

before performing the amplification.

In this work, we describe a procedure to identify

any prokaryotic or eukaryotic microorganism by

sequencing a ‘‘Universal Amplified Ribosomal Re-

gion (UARR)’’ from their small ribosomal subunit

using the same pair of primers. This procedure

could be applied in the future to identify microbial

species isolated from environmental and clinical

sources.
2. Material and methods

2.1. Construction of phylogenetic trees

The sequences of 44 representative species of

several phyla of archaea, bacteria and eukarya were

used (Table 1A and B). We have arranged the

bacterial and archaeal species in orders and families

according to the Second Edition of Bergey’s Manual

of Systematic Bacteriology whose guidelines have

been included in the Web page http://server.
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mph.msu.edu/bergeys/). For the yeast species, we

used the new classification of Kurtzman and Fell

(1998) and for the filamentous fungi, the Dictionary

of the Fungi (Hawksworth et al., 1995).

The sequences were aligned using the ClustalX

software (Thompson et al., 1997) to find the con-

served regions in 16S rDNA and 18S rDNA. Two

universal primers were designed based on these

sequences (U1F and U1R) to amplify UARR. To

analyse the phylogenetic relationships among the

UARR of the species, the distances were calculated

according to Kimura’s two-parameter method

(Kimura, 1980). Phylogenetic trees were inferred

using parsimony (Felsenstein, 1983). Bootstrap anal-

ysis was based on 1000 resamplings. The MEGA 2

package (Kumar et al., 2001) was used for all

analyses.

2.2. Microbial strains and culture conditions

The strains used are listed in Table 1C. The follow-

ing type strains from different prokaryotic and eukary-

otic species were used: Escherichia coli ATCC11775T,

Rhizobium tropici CIAT899T, Rhizobium leguminosa-

rum ATCC10004T, Brevundimonas diminuta

ATCC11568T, Lactobacillus casei DSM20021T, Clav-

ibacter michiganensis DSM46364T, Streptomyces gri-

s eus ATCC23345T, Haloarcu la h i span ica

ATCC33960T, Ha lobac t e r i um sa l i na r i um

ATCC33171T, Halococcus morrhuae ATCC 17082T,

Saccharomyces cerevisiae CBS1171T, Rhodotorula

mucilaginosa CBS330T and Hypocrea lutea

IFO9061. These strains were grown for 24 h in YED

medium (0.5% yeast extract and 0.7% glucose) at 28

jC and 180 rpm. Halophilic archaea were grown in

halophile medium I (Casamino acids 0.75%, yeast

extract 1%, trisodium citrate 0.3%, KCl 0.2%,

MgSO4 . 7H 2O 2% , F eSO4 �7H2O 0 . 0 05% ,

MnSO4�7H2O 0.025%, NaCl 25%) for a week at 28

jC and 180 rpm. Yeasts and fungi were grown in YED

for 48 h at 22 jC and 150 rpm.

Cells were collected by centrifugation of 1.5 ml at

room temperature on a microspin centrifuge at

5000� g and then washed with 200 Al of a solution

of 0.1% sarkosyl in water. Until the DNA extraction,

the cells were maintained at � 20 jC. DNA was

extracted as has been previously reported (Rivas et

al., 2001).
2.3. Identification of bacteria isolated from legume

nodules using UARR sequencing

A total of 12 isolates from different legume

plants growing in soils from Spain were used.

Isolation of strains was made according to Vincent

(1970) using yeast manitol agar, YMA (Bergersen,

1961). For DNA extraction, the strains were incu-

bated in tryptone-yeast agar, TY (Beringer, 1974) at

28 jC and 180 rpm for 24 h the fast growing

isolates and for 72 h the slow growing isolates.

DNA was extracted as has been previously reported

(Rivas et al., 2001).

2.4. Detection of bacterial species in tissues from

eukaryotic organisms

The reliability of the primers U1F and U1R to detect

bacteria in tissues from eukaryotic organisms was

tested in tissues of uninfected Nicotiana plants and in

spleen and liver samples of healthy mice. A human

blood sample, in which we have spiked a suspension of

E. coli in DEPC-treated water, was also used.

The contaminant DNA from the PCR reagents was

eliminated using the protocol described by Rothman et

al. (2002). Alternatively, the restriction enzyme AluI

was substituted by DNAse which was inactivated at

121 jC (in autoclave) during 5–8 min. In this case only

the water, the commercial buffer and the MgCl2 solu-

tion were separately treated and inactivated. These

reagents were aliquoted and maintained at � 20 jC
until their use.

The DNA from human blood samples was extracted

using the phenol–chlorophorm–isoamyl alcohol pro-

cedure described by Rothman et al. (2002). Before the

DNA extraction, the strain E. coli CECT348 (previ-

ously grown in YED plates) was inoculated and dis-

persed in the blood sample to obtain suspensions

containing approximately 105 to 10 cells/ml of E. coli.

To obtain spleen and liver tissues, BALC mice were

used (Charles River Laboratories, Spain). They were

maintained for 4 weeks in an isolation room under

controlled conditions of temperature, humidity and

light/dark cycle. The mice were anesthetized before

the extraction of the liver and spleen, which were

placed in sterile saline solution. To obtain plant organs

(leaves and stems) of Nicotiana tabaccum, surface-

sterilized seeds were germinated axenically on water

ical Methods 56 (2004) 413–426 415



Table 1

Organism Family Order Phylum TAG Accession

number

(A) Microorganisms used for phylogenetic studies

Domain Archaea

Desulfurococcus mobilis Desulfurococcaceae Desulfurococcales Crenarchaeota M36474

Archaeoglobus fulgidus Archaeoglobaceae Archaeoglobales Euryarchaeota X05567

Nanoarchaeum equitans Nanoarchaeota AJ318041

Domain Bacteria

Aquifex pyrofilus Aquificaceae Aquificales Aquificae M83548

Thermotoga maritima Thermotogaceae Thermotogales Thermotogae AJ401017

Thermodesulfobacterium

hveragerdicum

Thermodesulfobacteriaceae Thermodesulfobacteriales Thermodesulfobacteria X96725

Thermus aquaticus Thermaceae Thermales Deinococcus-Thermus L09663

Chrysiogenes arseniatis Chrysiogenaceae Chrysiogenaceae Chrysiogenetes X81319

Chloroflexus aurantiacus Chroflexaceae Chloroflexales Chloroflexi AJ308501

Thermomicrobium roseum Thermomicrobiaceae Thermomicrobiales Thermomicrobia M34115

Nitrospira marina Nitrospiraceae Nitrospirales Nitrospira X82559

Deferribacter thermophilus Deferribacteraceae Deferribacterales Deferribacteres U75602

Anabaena variabilis Nostocaceae Nostocales Cyanobacteria AB016520

Chlorobium limicola Chlorobiaceae Chlorobiales Chlorobi AB054671

Rhizobium leguminosarum Rhizobiaceae Rhizobiales Proteobacteria U29386

Aneurinibacillus aneurinilyticus Paenibacillaceae Bacillales Bacillii X94194

Bifidobacterium bifidum Bifidobacteriaceae Bifidobacteriales Actinobacteria S83624

Planctomyces brasiliensis Planctomycetaceae Planctomycetales Planctomycetes AJ231190

Chlamydia trachomatis Chlamydiaceae Chlamydiales Chlamydiae E17344

Spirochaeta stenostrepta Spirochaetaceae Spirochaetales Spirochaetes M88724

Fibrobacter succinogenes Fibrobacteraceae Fibrobacteriales Fibrobacteres M62696

Acidobacterium capsulatum Acidobacteriaceae Acidobacteriales Acidobacteria D26171

Bacteroides fragilis Bacteroidaceae Bacteroidales Bacteroidetes AB050106

Fusobacterium nucleatum Fusobacteriaceae Fusobacteriales Fusobacteria AJ133496

Verrucomicrobium spinosum Verrucomicrobiaceae Verrucomicrobiales Verrucomicrobia X90515

Dictyoglomus thermophilus Dictyoglomaceae Dictyoglomales Dictyoglomi X69194

Domain Eukarya

Cryptococcus gastricus ’Cryptococcaceae’ Filobasidiales Basidiomycota AB032632

Saccharomyces cerevisiae Saccharomycetaceae Saccharomycetales Ascomycota Z75578

Amoebidium parasiticum Y19155

Hyphochytrium catenoides Hyphochytriaceae X80344

Chytridium confervae Chytridiaceae Chytridiales Chytridiomycota M59758

Fusarium oxysporum Hypocreales Ascomycota E17083

Penicillium namyslowskii Trichocomaceae Eurotiales Ascomycota AB028190

Phytophthora undulata Pythiaceae Pythiales Oomycota AJ238654

Polymyxa graminis AF310898

Chlamydomonas mexicana Chlamydomonadaceae Volvocales AF395434

Euglena viridis Euglenales AF090868

Gymnodinium fuscum Gymnodiniaceae Gymnodiniales AF022194

Labyrinthula sp. Labyrinthulidae Labyrinthulida AB022105

Eubothrium crassum Triaenophoridae Platyhelminthes AJ287509

Naegleria fowleri Schizopyrenida Vahlkampfiidae U80059

Paramecium caudatum Peniculida AF217655

Trypanosoma brucei Trypanosomatidae Kinetoplastida AJ009142

(B) Microorganisms included in Table 2

Domain Archaea

Termoproteus tenax Thermoproteaceae Thermoproteales Crenarchaeota M35966

Methanococcus vanniellii Methanococcaceae Methanococcales Euryarchaeota M36507
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Table 1 (continued)

Organism Family Order Phylum TAG Accession

number

(B) Microorganisms included in Table 2

Methanobacterium formicium Methanobacteriaceae Methanobacteriales Euryarchaeota AF169245

Methanobacterium palustre Methanobacteriaceae Methanobacteriales Euryarchaeota AF093061

Methanobrevibacter arboriphilus Methanobacteriaceae Methanobacteriales Euryarchaeota AB065294

Methanothermus fervidus Methanothermaceae Methanobacteriales Euryarchaeota M59145

Domain Bacteria

Caulobacter vibriodes Caulobacteraceae Caulobacterales Proteobacteria AJ227754

Rhizobium etli Rhizobiaceae Rhizobiales Proteobacteria U28916

Rhizobium leguminosarum Rhizobiaceae Rhizobiales Proteobacteria U29386

Sinorhizobium fredii Rhizobiaceae Rhizobiales D14516

Bradyrhizobium japonicum Bradyrhizobiaceae Rhizobiales Proteobacteria U69638

Clostridium tetani Clostridiaceae Clostridiales Firmicutes X74770

Burkholderia cepacia Burkholderiaceae Burkholderiales Proteobacteria AF097530

Domain Eukarya

Taphrina maculans Taphrinaceae Taphrinales Ascomycota AB000953

Cryptococcus gastricus ’Cryptococcaceae’ Filobasidiales Basidiomycota AB032632

Endomyces scopularum Endomycetaceae Saccharomycetales Ascomycota AF267229

Kluyveromyces wickerhamii Saccharomycetaceae Saccharomycetales Ascomycota X83826

Saccharomyces cerevisiae Saccharomycetaceae Saccharomycetales Ascomycota Z75578

Saccharomyces martiniae Saccharomycetaceae Saccharomycetales Ascomycota X99525

(C) Species used in validation of UARR

Domain Archaea

Halobacterium salinarum Halobacteriaceae Halobacteriales Euryarchaeota U68538

Haloarcula hispanica Halobacteriaceae Halobacteriales Euryarchaeota U68541

Halococcus morrhuae Halobacteriaceae Halobacteriales Euryarchaeota D11106

Domain Bacteria

Escherichia coli Enterobacteriaceae Enterobacteriales Proteobacteria Z83205

Rhizobium leguminosarum Rhizobiaceae Rhizobiales Proteobacteria U29386

Rhizobium tropici Rhizobiaceae Rhizobiales Proteobacteria U89832

Mesorhizobium chacoense Phyllobacteriacea Rhizobiales Proteobacteria AJ278249

Brevundimonas diminuta Caulobacteraceae Caulobacterales Proteobacteria M59064

Lactobacillus casei Lactobacillaceae Lactobacillales Bacilli M58815

Clavibacter michiganensis Microbacteriaceae Actynomycetales Actinobacteria X77435

Streptomyces griseus Streptomycineae Actinomycetales Actinobacteria AF056711

Domain Eukarya

Saccharomyces cerevisiae Saccharomycetaceae Saccharomycetales Ascomycota Z75578

Rhodotorula mucilaginosa Sporidiobolales Basidiomycota X84326

Hypocrea lutea Hypocreaceae Hypocreales Ascomycota D14407
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agar and seedlings were transferred to pots with sterile

vermiculite, watered with sterile Rigaud and Puppo

solution (Rigaud and Puppo, 1975) and maintained for

4 weeks in a plant growth chamber with temperature,

humidity and light/dark cycle controlled conditions.

For extraction and purification of DNA from animal

and plant tissues, the first step of the method of Roth-

man et al. (2002) was modified as follows: a sample of

1 g from each organ was crushed in liquid nitrogen and

immediately 100 Al of a solution of NaOH 0.05Mwere

added maintaining the suspension at 95 jC for 5 min to
extract DNA. Then, 400 Al of miliQ sterile water was

added to the suspension. After centrifugation at

5000� g for 3 min, the supernatant (400 Al) was

recovered and the DNA was purified using the same

phenol–chloroform–isoamylic procedure used for

DNA purification from blood human samples.

2.5. Amplification and sequencing of UARR

For PCR amplification, 2 Al of DNAwas used. PCR

was performed using an AmpliTaq reagent kit (Perkin-
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Elmer Biosystems, California, USA) following the

manufacturer’s instructions (1.5 mM MgCl2, 200 AM
of each dNTP and 2 U of Taq polymerase for 25 Al of
final reaction volume). The PCR primers used for

amplification were U1F (5V-CTYAAAKRAATT-

GRCGGRRRSSC-3V, E. coli positions 909–932) and
U1R (5V-CGGGCGGTGTGTRCAARRSSC-3V, E.

coli positions 1383–1404) at a final concentration of

0.2 AM. PCR conditions were as follows: pre-heating at

95 jC for 9 min; 35 cycles of denaturing at 95 jC for 1

min; annealing at 55 jC for 2 min and extension at 72

jC for 1 min, and a final extension at 72 jC for 7 min.

The PCR products were stored at 4 jC.
The PCR product was electrophoresed in 1%

agarose gel in TBE buffer (100 mM Tris, 83 mM

boric acid, 1 mM EDTA, pH: 8.5) at 6 V cm� 1 and

stained in a solution containing 0.5 Al ethidium bro-

mide ml� 1. Standard VI (Boehringer-Roche, USA)

was used as a size marker. A 3-Al aliquot of 6�
loading solution (30% glycerol, 0.25% xylene cyanol

and 0.25% bromophenol blue) was added to each

sample. The bands were purified from the gel by

centrifugation in Ultrafree-DA tubes (Millipore Illi-

nois, USA) for 10 min at 5000� g at room temper-

ature according to the manufacturer’s instructions.

The sequence reaction was performed on an ABI377

sequencer (Applied Biosystems) using a BigDye ter-

minator v3.0 cycle sequencing kit as supplied by the

manufacturer. The primers used were the same as

those employed in PCR amplification. The sequences

obtained were compared against those held in data

banks using the FASTA program (Pearson and Lip-

man, 1988).
3. Results and discussion

3.1. Construction of phylogenetic trees

Comparison of the complete sequences revealed

that the 16S rDNA and 18S rDNA sequences display

two common zones located between positions 909

and 1404 in E. coli and positions 1134 and 1642 in S.

cerevisiae. These two zones allowed the design of

two universal primers (U1F and U1R) to amplify a

band of 495 bp in prokaryotes and 508 bp in

eukaryotes that could be sequenced using the same

primers. We called this band ‘‘Universal Amplified
Ribosomal Region (UARR)’’. This region encom-

passes the V6, V7 and V8 domains from SSU rRNAs

of eukaryotes and prokaryotes (Neefs et al., 1993;

Gutell, 1993, 1994).

The UARR is a region that varies strongly among

phyla, both in prokaryotes and eukaryotes (Fig. 1).

Phylogenetic analysis of sequences of several pro-

karyotic and eukaryotic species from several phyla

allows the generation of phylogenetic trees that are

consistent with those obtained using 16S rRNA and

18S rRNA sequences separately (Prescott et al.,

1999). In the phylogenetic tree depicted in Fig. 1,

species from phyla of the domains eukarya, archaea

and bacteria are clearly separated. Within the eukary-

otic branches, representative species from the phyla

of fungi, protozoa and chromista are located on

different branches. The three phyla of archaea—

nanoarchaeota, crenarchaeota and euryarchaeota—

are on three different branches located between the

eukaryotic and prokaryotic branches. All bacterial

phyla are also located on different branches and their

distribution is basically in agreement with the current

classification of this group of microorganisms. There-

fore, UARR sequence analysis reproduces the same

type of trees as when complete 16S rRNA and 18S

rRNA sequences are used separately. All results

obtained in prokaryotes and eukaryotes are consistent

with those obtained using the complete sequences of

the 16S rRNA and 18S rDNA molecules (Woese,

1987; Hawksworth et al., 1995; Kurtzman and Blanz,

1998; Prescott et al., 1999). These results offer a new

way to compare the prokaryotic and eukaryotic

microorganisms together since UARR can be ampli-

fied and sequenced using the same primers and

conditions.

Therefore, a possible application of UARR se-

quencing is the rapid identification of microorgan-

isms. Nevertheless, taking into account the low size of

this region and that the basic taxonomic unit is the

species, it was necessary to analyse the UARR sim-

ilarities in different microbial species. For that pur-

pose, we chose three groups of microorganisms: the

order Methanobacteriales (archaea), the order Rhizo-

biales (bacteria) and the order Saccharomycetales

(fungi). Table 2 shows the similarity percentages in

UARR region comparing with those obtained by

using the complete sequences of 16S rRNA or 18S

rRNA. As expected, these percentages become higher



 

 

 

 

 

 

 

 

 

  

  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

  

 

 

 

 

 

 

 

Fig. 1. Phylogenetic tree showing the phylogenetic relationships among representative species from different prokaryotic and eukaryotic phyla.
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from phyla to species in all the cases. Although the

similarity percentages of UARR are higher than those

obtained by using the complete 16S rRNA or 18S

rRNA sequences, the UARR sequence allows the

differentiation even between phylogenetically closed

species from the same genus, as the cases of R.

leguminosarum/R. etli and S. cerevisiae/S. martiniae.

From these results, it may be concluded that UARR
sequence is very useful in microbial identification at

species level in both prokaryotic and eukaryotic

microorganisms. Therefore, the sequencing of UARR

may be applied to the identification and classification

of microorganisms from fossil materials when the

isolation of DNA is possible and to the identification

of prokaryotic and eukaryotic isolates from different

sources.



Table 2

Similarity percentages between some species belonging to different

phylogenetic categories of microorganisms

Organisms* UARR

similarity

16S

rRNA

gene

similarity

18S

rRNA

gene

similarity

Domain Archaea

Methanobacterium

formicium (Phylum

Euriarchaeota)/

Thermoproteus tenax

(Phylum Crenarchaeota)

82.9 73.7

Methanobacterium

formicium (Class I

Methanobacteria)/

Methanococcus vanniellii

(Class II Methanococci)

84.1 79.7

Methanobacterium formicium

(Order Methanobacteriales,

Family Methanobacteriaceae)/

Methanothermus fervidus

(Family Methanothermaceae)

91.5 87.6

Methanobacterium formicium

(Family Methanothermaceae)/

Methanobrevibacter arboriphilus

(Family Methanothermaceae)

96.2 91.4

Methanobacterium formicium/

Methanobacterium palustre

99.0 97.2

Domain Bacteria

Rhizobium leguminosarum

(Phylum Proteobacteria)/

Clostridium tetani

(Phylum Firmicutes)

82.6 76.9

Rhizobium leguminosarum

(Class I ‘‘AlphaProteobacteria’’)/

Burkholderia cepacia

(Class II ‘‘BetaProteobacteria’’)

84.6 77.1

Rhizobium leguminosarum

(Order Rhizobiales)/

Caulobacter vibrioides

(Order Caulobacterales)

88.6 88

Rhizobium leguminosarum

(Family Rhizobiaceae)/

Bradyrhizobium japonicum

(Family Bradyrhizobiaceae)

89.8 88.5

Rhizobium leguminosarum

(Family Rhizobiaceae)/

Sinorhizobium fredii

(Family Rhizobiaceae)

93.8 95.4

Rhizobium leguminosarum/

Rhizobium etli

99.0 99.1

Domain Eukarya

Saccharomyces cerevisiae

(Phylum Ascomycota)/

Cryptococcus gastricus

(Phylum Basidiomycota)

91.2 88.7

Table 2 (continued)

Organisms* UARR

similarity

16S

rRNA

gene

similarity

18S

rRNA

gene

similarity

Saccharomyces cerevisiae

(Order Saccharomycetales)/

Taphrina maculans

(Order Taphrinales)

92.4 94.0

Saccharomyces cerevisiae

(Family Saccharomycetaceae)/

Endomyces scopularum

(Family Endomycetaceae)

95.5 88.9

Saccharomyces cerevisiae

(Family Saccharomycetaceae)/

Kluyveromyces wickerhami

(Family Saccharomycetaceae)

97.9 97.3

Saccharomyces cerevisiae/

Saccharomyces martiniae

99.0 99.3

*The phylogenetic affiliation of all species is recorded in Table 1.
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3.2. Amplification and sequencing of UARR in

reference strains from different microorganisms

To evaluate in the laboratory the reliability of the

designed universal primers to amplify and sequence

the UARR, we have used several prokaryotic and

eukaryotic strains from different taxonomic groups.

We used reference strains of representative species

from Gram negative bacteria belonging to Proteobac-

teria, E. coli, R. tropici, R. leguminosarum, and B.

diminuta, Gram positive bacteria from Firmicutes, L.

casei and Gram positive bacteria from Actinobacte-

ria, C. michiganensis and S. griseus. Three archaeal

species: H. hispanica, H. salinarium and H. mor-

rhuae and three fungal species: S. cerevisiae, R.

mucilaginosa and H. lutea were also included.

Fig. 2 shows that the primers U1F and U1R allow

the amplification of 16S and 18S rDNA. The differ-

ent electrophoretic motility of the bands obtained

between prokaryotes and eukaryotes is appreciable

even in low concentrations of agarose gels (1%).

Therefore, it is possible to know whether an isolate

is a prokaryote or an eukaryote by observing the size

of UARR obtained after amplification. This point is

very important when the cells cannot be microscop-

ically observed or cultivated and also for the appli-

cation of UARR amplification and sequencing in

identification of bacteria in animal or human infected

tissues.



Fig. 2. UARR band amplified in different species of microorganisms. Reference strains belonging to domains eukarya, bacteria and archaea:

lane 1: S. cerevisiae CBS1171T, lane 2: R. mucilaginosa CBS330T, lane 3: H. lutea IFO9061, Lane 4: E. coli ATCC11775T, lane 5: R. tropici

CIAT899T, lane 6: R. leguminosarum ATCC10004T, lane 7: B. diminuta ATCC11568T, lane 8: L. casei DSM20021T, lane 9: C. michiganensis

DSM46364T, lane 10: S. griseus ATCC23345T, lane 11: H. hispanica ATCC33960T, lane 12: H. salinarium ATCC33171T, lane 13: H. morrhuae

ATCC 17082T. Strains isolated in this study: lane 14: RMS10, lane 15: RMO17, lane 16: RMA32, lane 17: RMP01, lane 18: RMSA49, lane 19:

LL1, lane 20: RPVR06, lane 21: RTP01, lane 22: PECA26, lane 23: PECA03, lane 24: PECA09, lane 25: MCLA12. MW: bands correspond to

size marker VI from Roche.
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The band corresponding to UARR of all strains

included in the present study were sequenced using

the same primers U1F and U1R. The UARR sequen-

ces obtained were compared with those from the

GenBank and the results obtained showed that the

sequences obtained matched 100% with the sequence

of the same strain available in Genbank.

Therefore UARR sequence can be used for the

identification of single isolates of prokaryotes and

eukaryotes from different sources (water, food, plants,

clinical samples, etc.) when wide microbial popula-

tions must be analysed.

3.3. Identification of bacteria isolated from legume

nodules using UARR sequencing

The results are shown in Table 3 (the band

corresponding to their UARR is showed in Fig. 2).

As can be seen, all strains were identified using

UARR sequencing and the similarity percentages

were identical using this region and the complete

sequencing of 16S rDNA gene. We chose legumes

whose endosymbionts belong to species very closely

related such as occurs with Medicago-Melilotus

group that are nodulated by Sinorhizobium meliloti

and Sinorhizobium medicae, which present a 16S

rRNA sequences similarity higher than 99% or
Leucaena-Phaseolus group that are nodulated by R.

tropici and R. leguminosarum with approximately

98% similarity; and others whose endosymbionts

belong to groups more separated from a phylogenetic

point of view such as that occurs in the case of Cicer

and Lupinus nodulated by Mesorhizobium and Bra-

dyrhizobium, respectively, that present 90% similar-

ity between their 16S rRNA. Our results show that

all isolates were correctly identified using UARR

sequencing.

3.4. Detection of bacterial species in tissues from

eukaryotic organisms

The use of primers targeting 16S rDNA gene are

extensively used in diagnostic of bacterial pathogens

by PCR directly from animal and plant tissues. A

priori, any primer pair targeting highly conserved

regions in bacterial 16S rDNA may be useful to detect

and identify bacteria in tissues. Nevertheless, as U1F

and U1R primers have been designed basing on

conserved regions present in any known eukaryotic

and prokaryotic microorganism, it is necessary to test

if the 16S rDNA of mitochondria and/or chloroplasts

present in eukaryotic tissues may be also amplified

using these primers. For this reason, one of the

objectives of this work was to analyse the amplifica-



Table 3

Strains isolated from nodules in this study and results of the

identification

Strain Host legume Identification

by UARR

sequencing

Similarity

percentage

Similarity

percentage

using

complete

16S

rRNA

sequencing

RMS10 Medicago

sativa

Sinorhizobium

meliloti

100 100

RMO17 Medicago

orbicularis

Sinorhizobium

meliloti

100 100

RMA32 Melilotus

officinalis

Sinorhizobium

meliloti

99.6 99.8

RMP01 Melilotus

parviflora

Sinorhizobium

medicae

100 100

RMSA49 Medicago

sativa

Sinorhizobium

medicae

100 100

LL1 Leucaena

leucocephala

Rhizobium

tropici

99.2 99.2

RPVR06 Phaseolus

vulgaris

Rhizobium

leguminosarum

bv trifolii

100 100

RTP01 Trifolium

repens

Rhizobium

leguminosarum

bv trifolii

100 100

PECA26 Cicer

arietinum

Mesorhizobium

ciceri

99.8 99.8

PECA03 Cicer

arietinum

Mesorhizobium

mediterraneum

99.6 99.5

PECA09 Cicer

arietinum

Mesorhizobium

mediterraneum

99.8 99.3

MCLA12 Lupinus

albus

Bradyrhizobium

japonicum

99.4 99.4
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tion products obtained by using U1F and U1R primers

in DNA from human, animal and plant samples.

As one of the most important problems in bacterial

detection in tissues is the existence of contaminant

DNA in several PCR reagents (Rantakokko-Jalava et

al., 2000; Millar et al., 2002; Rothman et al. 2002;

Harris and Hartley 2003), we compared different

methods reported in the literature. Different methods

for the elimination of contaminant DNA have been

proposed; Rothman et al. (2002) used the restriction

enzyme AluI which is inactivated by heating at 65 jC
during 30 min. Harris and Hartley (2003) used UV

light with the same purpose. As AluI is expensive to

be used when a large number of samples must be

analysed and the treatment with UV light may not be
applicable in some laboratories, we analysed in this

work an alternative method to eliminate the contam-

inant DNA using DNAse.

The treatment of water, buffer and MgCl2 solu-

tion with DNAse later inactivated by autoclaving

for 5 min was effective and allowed the amplifica-

tion of DNA of E. coli used as positive control.

Although there are recent references of DNA con-

tamination of Taq polymerases (Corless et al., 2000;

Lyons et al., 2000), we have not detected DNA

amplification from the Taq neither from dNTPs mix

using U1F and U1R primers in the conditions of

this study. The treatment with DNAse is easier than

the treatment with UV light and less expensive than

the treatment with AluI and therefore is suitable for

many laboratories.

Using this method, a band of 495 bp (the same

than that obtained in prokaryotes, see Fig. 3A) was

obtained from DNA of N. tabaccum plants (leaves

and stems) which matches 99.9% with the 16S rDNA

sequence of its chloroplast (accession number

Z00044). Therefore mitochondrial 16S rDNA is not

amplified and the detection and direct sequencing of

bacterial UARR region from vegetal tissues using

U1F and U1R primers only would seem to be

possible after cloning of the PCR product (data not

shown). On the contrary, no bands were amplified

from spleen and liver samples of healthy mice or

from human blood samples (Fig. 3B). Therefore, the

16S rDNA of animal or human mitochondria is not

amplified using U1F and U1R primers and so these

primers may be useful to detect and identify bacteria

from animal or human tissues. These results were

expected because U1F and U1R sequences have

zones of high homology in chloroplast 16S rDNA

(as occurs in prokaryotes), but not in mitochondrial

16S rDNA from plants, animals or human (data not

shown).

Therefore, we analysed if the presence of bacteria

in human samples can be detected using the primers

designed in this study. For that, as explained in

Material and methods, a colony of E. coli was spiked

in human blood samples. In Fig. 3C, the band

corresponding to the UARR region of E. coli is clearly

visualized until a concentration of about 10 cells/Al.
Taking into account these results, the sensibility of the

method described in this study is similar to that of

other methods recently described in which broad



Fig. 3. (A) UARR band of Nicotiana chloroplast amplified from leaves (lane 1) and stems (lane 2). (B) Absence of UARR band in DNA of liver

(lane 3) and spleen (lane 4) from healthy mice. (C) UARR band of E. coli mixed with a human blood sample in concentrations of 10, 104 and

105 cells/Al (lanes 5, 6 and 7, respectively). MW: bands correspond to size marker VI from Roche.
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range primers designed based on 16S rRNA sequen-

ces are used (Rantakokko-Jalava et al., 2000; Roth-

man et al., 2002; Harris and Hartley, 2003). Hence,

amplification and sequencing of UARR may be a

suitable procedure to detect and identify bacteria in

tissue samples when only a bacterial species is present

in the sample. As occurs in the abovementioned

methods using broad range primers targeting bacterial

16S rDNA, when more than one species is present, the

PCR product must be cloned in E. coli before its

sequencing. Despite the interest of the results obtained

in this work, a larger number of clinical samples

should be analysed to establish the usefulness and
reliability of this method before to be standardized for

routinary use in clinical services.

According to the results obtained in the present

work, we may point out that: (i) The region named

UARR encompasses the V6, V7 and V8 domains of

SSU of rRNA from prokaryotes and eukaryotes. (ii)

This region can be used for phylogenetic studies of

prokaryotes and eukaryotes together. (iii) The UARR

can be amplified using two primers designed from

regions conserved in all microorganisms (iv) The

band corresponding to UARR has a size of about

495 bp in prokaryotes and 508 bp in eukaryotes and

these bands can be separated in 1% agarose gels. (v)
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The sequencing of this region, using the same pri-

mers employed for its amplification, allows the

differentiation of microorganisms even at species

level. (vi) Although the complete sequencing of small

ribosomal subunit genes (16S and 18S) cannot be

substituted for the sequencing of UARR for descrip-

tion of microbial species, it may be very useful in the

analysis of wide populations of prokaryotic and

eukaryotic isolates. (vii) The UARR region of 16S

rDNA chloroplasts is amplified using the method

described in this study and, therefore, the identifica-

tion of bacteria present in plant tissues requires the

cloning of the PCR product obtained before sequenc-

ing. (viii) The UARR region of 16S rDNA of animal

or human mitochondria is not amplified and therefore

the method described in this study may be useful in

detection and identification of bacterial species pres-

ent in animal and human tissues, once more studies

have been performed.
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