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Abstract

Total chromosomal DNAs from 2Bradyrhizobiunspp. strains (10 strains isolated frMigna radiataand 10 from

Arachis hypogaesand 18B. japonicurrstrains isolated fronslycine maxwere extracted. These DNAs served as
templates for REP, ERIC and RAPD primers in PCR analyses. The patterns of the resulting PCR products were
analyzed and highly specific for each strain, especially when grouped together with their antibiotic-resistance
profiles. A method for extracting DNA directly from soil was developed. Recovery was approximately 30

DNA g~ soil and the procedure yielded DNA suitable for PCR amplification.

Introduction

Legumes play a major role in sustainable manage-

tion, short primers of arbitrary nucleotide sequences,
RAPD (random amplified polymorphic DNA), have
been used since it is simple to detect polymor-

ment of arid areas. Rhizobia have been extensively phisms that allow rapid identification and isolation of

used in agricultural systems for enhancing the ability
of legumes to fix atmospheric nitrogen (Elkan, 1992).
One of the impediments to greater nitrogen fixation
efficiency is the inability of superior rhizobia used
as inoculants to form the majority of nodules under
field conditions. Competition from indigenous strains
usually limits the performance of the inoculant strains
(Keyser and Cregan, 1987). It is therefore important
to distinguish inoculant strains from other indigenous
rhizobia and to identify the strain responsible for
nodulation.

Many methods to identify rhizobia exist but re-
cently new approaches to evaluate the diversity of indi-

chromosome-specific DNA fragments (e.g. Judd et al.,
1993; Nick and Lindstrom, 1994; Trevors and Elsas,
1989; Versalovic et al., 1991; Williams et al., 1993).

To fingerprint rhizobia using primer-based tech-
nigues, DNA was extracted directly from soil since it
overcomes limitations imposed by conventional meth-
ods such as the need to culture cells (Sayler and
Layton, 1990). We also compared conventional tech-
nigues such as antibiotic-resistance profiles with the
PCR data.

geneous rhizobia using the polymerase chain reactionpaterials and methods

(PCR) have been developed. PCR can be performed

rapidly with strain-, species- or genus-specific primers

that generate fingerprints characteristic of each strain.

DNA primers corresponding to repetitive palindromic

Bacterial strains

(REP), enterobacteria-repetitive intergenic-consensusTwenty Bradyrhizobiunspp. strains isolated froivi-

(ERIC) coupled with PCR can be used to fingerprint
the genomes of rhizobia (De Bruijn, 1993). In addi-
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gna radiata (L.) R. Wilezekand Arachis hypogaea
L. as well as 18B. japonicumstrains isolated from
Glycine maxL.) Merr. are listed in Table 1. TY (Tryp-
tone Yeast-extract: Tryptone 5.0 g, Yeast extract 3.0 g,
and CaCl-2 H,O 0.1 g per deionized waterl) was
used for cultivation (Beringer, 1974).
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Table 1. Bradyrhizobiunspp. andB. japonicumstrains used in this
study

Host plant of origin ~ Strain

Vigna radiata Bradyrhizobiunspp.
TAL 209, USDA 3267, TAL 306, TAL 305,
TAL 301, THA 302, TAL 442, THA 304,
TAL 425 and TAL 441

Arachis hypogaea Bradyrhizobiuspp.
E-7-1, E-17-1, 280 A, NE-36-19, N-22-18,
M-47-12, M-43-10, NE-41-15, M-50-2 and
22-2A

Glycine max B. japonicum
TAL 102 (USDA 110), TAL 432, THA 2,
TAL 379, TAL 944, TAL 212, TAL 211,
USDA 8-T, TAL 220, USDA 94, USDA 35,
USDA 117, TAL 377, THA 7, THA 5 and
TAL 216

Isolation of genomic DNA sterilized using 0.4xm membrane filters. Antibiotics

) ) _were added to molten agar after sterilization.
Bacterial cells were pelleted in 0.1% lauroylsarcosine

in TE buffer by centrifugation at 13,00§for 2 min.
Cells were resuspended in @0 of 25% sucrose in
TE buffer, 700ul of TE buffer and 80ul of 1.0%  Aliquots (1.0 g) of soil were mixed with 2.5 mL of
lauroylsarcosine prior to incubation with 201 of 0.12M phosphate buffer (pH 8.0) on an end-over-end
2.0 mg/ml lysozyme for 30 min at 31C. Cell lysates  shaker for 15 min at room temperature. The slurry
were extracted twice with saturated phenol and once was pelleted by centrifugation at 9,3dor 10 min.
with chloroform: isoamyl alcohol (24:1). The aqueous  The pellet was washed again with the same buffer.
phase was precipitated with two volumes of cold 99% Djsintegration of bacterial cell walls and extraction of
ethanol. DNA pellets were dried under vacuum before humic substances from soil was performed with end-

Direct extraction of DNA from soil

dissolution in TE buffer and stored af €. over-end shaking for 15 min in a final concentration of
. _ ) . 0.2N NaOH and 1.0% Brij 58. After centrifugation (2
Oligonucleotide primers and PCR conditions times at 13,00@ for 20 min), the dark-brown super-

Oligonucleotide PCR primers and their sequences are patant W?}S discarde?. The perI]Iet V\;]as eﬁtrfafcted three
listed in Table 2. 50 ng of template DNA was used times with 2.5 mL of 0.1M phosphate buffer (pH

per reaction. PCR reactions contained 50 pmol each of8'0) followed by centrifugation at 13,0(?gpfor 5min.
two opposing primers, 1.25 Mheach of the four de- Supernatants frpm all thrge extractions were collected
oxynucleoside triphosphate, 2.5 U of Ampli Tag DNA in one tube which contained 15 mg of lysozyme/ml

polymerase (Takara Biomedical, Japan) and distilled and incubated at 37C for 2 h. Subsequently, _Z*QL
water to final volume of 10ul. Each tube was over-  ©f 10% SDS was added followed by incubation at 50

laid with 40l of mineral oil to avoid evaporation. The :C for 1 h. Three cycles of freezing and thawmgﬂo
PCR conditions for the different primers are shown in Cand 7OD_C) were conducted to bregk bacterial cells.
Table 3. After freezing and thawing, the solution was extracted
twice with phenol-chloroform. DNAs from the aque-
ous phase were precipitated with cold isopropanol;
the pellet was washed again with cold 70% ethanol
The antibiotics and the concentration used in this study and dried under vacuum. To further purify DNA ob-
are listed in Table 4. All preparations were filter- tained this way, we used the method for extraction of

Antibiotic resistance
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Table 2. Oligonucleotide sequences of PCR primers

Primer Oligonucleotide sequence

RAPD GGAAGTCGCC-3

g.
REPIR-I 3-CGGICTACIGCGCIIII-B
REP 2-I B-ICGICTTATCIGGCCTAC-3
3 -
g.

CACTTAGGGGTCCTCGAATGTA-5
AAGTAAGTGACTGGGGTGAGCG-3

ERIC IR
ERIC 2

Abbreviations: A, adenine; T, thymine; G, guanine; C, cytosine; |, inosine.

Table 3. The PCR conditions for the different primers

Primer  Danaturation  Annealing Primer extension  No. of cycles
RAPD  94°C,1min 36°C,1min 72°C,2min 45
REP 95°C,6min - - 1
94°C,1min 40°C,1min 65°C, 8 min 30
- - 65°C, 16 min 1
ERIC 95°C,7min - - 1
94°C,1min 52°C,1min 65°C, 8 min 30

- - 65°C, 16 min 1

DNA from Low-Melting-Agarose by QN (N-cetyl-N,  REP, ERIC and RAPD derived PCR patterns, we gen-
N, N-trimethylammonium- bromide) (Langridge etal., erated a combined matrix of the product patterns from
1980). all three primers. The dendrogram generated from the
combined matrix is shown in Figures 2—4.
The 10 testedBradyrhizobiunspp. that were iso-

Results and discussion lated fromV. radiata (Figure 2) can be divided into
two main clusters. Strains TAL 425 and TAL 306

REP, ERIC and RAPD classification of some are genetically more similar than the other strains. As

Bradyrhizobiumspp. andB. japonicum shown by Kuykendall et al. (1988), however, differen-

tiation based on multiple resistance markers provides a

Total genomic DNAs used as DNA templates for PCR rapid and efficient method for distinguishing between
using REP, ERIC and RAPD primers. PCR products strains ofBradyrhizobiumspp. with distinct genetic
were separated on 1.5% agarose gels and stained witrand phenotypic backgrounds. Accordingly we com-
ethidium bromide. To control the reproducibility of the  bined the results of antibiotic resistance profiles with
system, REP, ERIC and RAPD PCRs were repeatedthe dendrogram. The only difference between TAL
three times; the generated patterns were reproducible425 and TAL 306 is the sensitivity to chlorampheni-
(Figure 1). Each strain that had a PCR product of a col. Similar results were also found in the dendrogram
given size was scored positive at that location in the of Bradyrhizobiumspp. isolated fromA. hypogaea
matrix, while strains not having a product of that size (Figure 3); strains E-7-1 and E-17-1 were genotypi-
were scored negative. Data were analyzed using thecally similar but different in erythromycin resistance.
Primer Version 3.1 B programme and used to generate With the 18 strains oB. japonicum the dendrogram
the dendrogram representing the products from eachshowed that strains USDA 117 and THA 5 are geno-
primer. typically similar but had the same antibiotic profiles,

One set of primers detected differences in the suggesting that the data obtained from both genotypic
genome of strains that was not seen when other sets ofand phenotypic analyses are necessary to distinguish
primers were used. To maximize the specificity of the strains of bradyrhizobia.



130

Table 4. Type and concentration of antibiotics used in

the study

Antibiotic Concentration gg/mL)
Carbenicillin (Car) 500
Chloramphenicol (Chl) 500

Erythromycin (Ery) 250

Nalidixic acid (Nal) 50

Streptomycin (Str) 100

Tetracyline (Tet) 100

Trimethoprim (Tmp) 50
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Figure 1. REP-, ERIC- and RAPD-PCR fingerprint patterns of genomic DNA from s@maelyrhizobiumspp. andB. japonicumstrains

isolated fromArachis hypogaea, Vigna radiandGlycine maxLanes: S, 560-bp DNA ladder size standard; 1-4 show the REP PCR pattern

of chromosomal DNA fromBradyrhizobiumspp. (isolated fromVigna radiatg strains TAL 305, THA 301, TAL 209 and USDA 3267,
respectively. Lanes 5-12 show the ERIC patterns of chromosomal DNA Biamyrhizobiumspp. (isolated fronArachis hypogaegstrains

E-7-1, 280 A, E-17-1, NE-36-19, N-22-18, M-47-12, M-43-12 and M-43-10, respectively. Lanes 13—-20 show the RAPD pattern of chromosomal
DNA from B. japonicum(isolated fromGlycine mak strains USDA 8-0, USDA 94, USDA 35, USDA 117, TAL 377, THA 7, THA 5 and TAL

216, respectively.

Direct extraction of DNA from soil and water (103°C from air-dried sample) of 2.2%.

After phenol extraction the DNA solution still con-
In soil microbial ecology, there is a need to develop tained humic substances (brown color), which could
methods to analyze microbial communities. Many mi- not be removed and gave a bright blue-green fluo-
crobes that are part of these communities are hard torescent band under UV. This band migrated ahead
cultivate and therefore difficult to detect or classify. of DNA in electrophoresis gels (data not shown). To
Perhaps primers for REP-, ERIC- and RAPD-PCR avoid the inhibitory effect of humic acids on the activ-
will facilitate analysis, since these methods do not re- ity of Taq polymerase (Picard et al., 1992), the DNA
quire microbial cultivation and yield results with very  was purified by extraction from low-melting-agarose.
small amounts of DNA. Direct extraction of DNA  Approximately 30xg DNA was recovered per g soil.
from soil is widely used for these purposes (e.g. Hilger This represents a recovery of 30-35% assuming a
and Myrold, 1991; Sayler and Layton, 1990; Trevors mean DNA content per bacterial cell of 6 fg (Ingraham
and Elsas, 1989). Thus, sandy-loam was collected et al., 1983), and a DNA content &coli cell of 9 fg
from a cassava field in Nakhon-Ratchasima, Thai- (McCoy and Olson, 1995). This recovery was interme-
land. It had a pH (HO) of 6.3, organic substance = diate between that estimated for direct extraction using
6.1%, nitrogen = 0.42% (Kjel), total carbon = 4.83%,
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STRAIN ANTIBIOTIC RESISTANT PROFILES

Car Chi Ery Nai Str  Tmp Tel

TAL 212 R S S S S R S

uspa3¢ R R S S S R R

TAL 102 R S R S S R S
(UsD 110}

TAL 379 R S S S S R S

UspaA 8-T S S S S R R S

uspa 8-0 R R R S R R R

TAL 944 R R S R S R R

TAL 432 R S S R S R S

USDA 94 S R S S S R S

TAL 211 R S S S S R S

USDA 33 S S S S S R S

TAL 377 R S S S R R S

TAL 220 R R R S R R R

—
e USDA N7 S S S R S R R
—  THAS S S S R S R R
THAT S S S S R R R
THA 2 S S S R S R R
TAL 216 R R S S S R R
L L i [ L i 4 Il L ]
r L | L] 1 L} T L) L) L -
1.0 0.8 0.6 04 0.2 a0

Abbreviation . R-resistant, S-susceptible

GENETIC DISTANCE

Figure 2. Dendrogram oB. japonicumisolated fromGlycine maxand their antibiotic profiles.
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Figure 3. Dendrogram oBradyrhizobiunmspp. isolated fronvigna radiataand their antibiotic profiles.

lysozyme (10%) (Hilger and Myrold, 1991), and the the addition of pure chromosomal DNA correspond-

direct lysis method (22%) (Holben et al., 1992). Hol- ing to >10? cells of Bradyrhizobiumspp. strain TAL

ben et al (1992) and Jacobsen and Rasmussen (1992305, E-7-1 and fronB. japonicumstrain TAL 432

developed procedures to purify microbial DNA from routinely gave PCR-products of the expected size in

soil, which give an average yield of purified DNA of agarose gels. Such bands could not be obtained us-

0.88u9 of sall. ing lower template DNA concentrations. This shows
that our methodology yields purified DNA that can be

Sensitivity of PCR amplification in DNA extracted amplified using PCR.

from soil

When purified DNAs from soil samples were used Acknowledgements

as the DNA template, the PCR products generated
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soil bacteria played a role. Use of autoclaved soil fol-
lowed by the DNA extraction procedure, coupled with

ANTIBIOTIC RESISTANT PROFILES
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Figure 4. Dendrogram oBradyrhizobiumspp. isolated fronfrachis hypogaeand their antibiotic profiles.
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