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ABSTRACT

A polymerase chain reaction (PCR) method with high sensitivity and specificity has been developed
with a pair of oligonucleotide primers designed and synthesized according to the DNA sequence specific to
paulownia witches’ broom mycoplasmalike organism (PWB-MLO). Under optimum conditions. 1. e.
2. 5mM of Mg?*, 3.0 units of Taq DNA polymerase in a 1001 PCR reaction mixture and annealing at
55°C. a unique 377-bp DNA fragment was amplified after 30 cycles from all field-grown, MLO-infected
paulownia tissues with or without PWB symptom. No amplified DNA was detected under the same
conditions in the samples from healthy paulowina, healthy and MLO-infected jujube and rhododendron
plants. With the established PCR system. the PWB-MLO DNA from approximately 2pg of crude DNA
from diseased paulownia petiole tissues could be detected. This method is suitable for practical diagnosis

and customs quarantine.
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diagnosis.

Mycoplasma-like organisms (MLQOs) have been demonstrated to be responsible for several
hundred plant diseases worldwide (McCoy R E. Caudwell A, Chang C J. et al., 1989). However.
MLOs have not been cultured in vitro. and the classification of these organisms has not been
determined yet. In recent years, some progress has been made in the detection and identification using
serological nad nucleic acid hybridization methods (Lin C P. Chen T A, 1985: Lin CP, Chen T A,
1986: Sinha R C., Benhamou N, 1983; Sinha R C, Chiykowski L N. 1986; Kirkpatrick B C,
Stenger DC, Morris T J. et al.. 1987). Recent studies suggest the utility of PCR as a diagnostic tool
for MLO diseases (Deng S J, Hiruki C, 1990; Ahrens U. Seemii ller E. 1992: Davis R E, Lee I-M,
1993; Schaff D A. Lee I-M. Davis R E. 1990). and it has been proved to be a sensitive and specific
method.

In China, paulownia is a fast-growing tree that can provid good timber and keep better ecological
environment. Unfortunately. witches’ broom (WB), a disease associated with MLO. has become a
limiting factor in all important paulownia planting areas of China. It was estimated that PWB only had
caused ¥ 43. 02 million losses nationwide according to the statistics in 1989 (Jiang Jianping, 1990). In
woody plants, the distribution of MLO is highly irregular, rapid. sensitive, and practical PWB-MLO

55«


http://www.cqvip.com

.00 0 http://www.c

ip.com|

diagnosis methods are necessary to detect and control diseased plants. Here, we developed a DNA in
vitro amplification method, PCR, to sensitively detect the PWB-MLO. Futhermore, the relationship
between PWB-MLO and other two MLOs was also discussed.

MATERIALS AND METHODS

1 Plant materials

Field-grown paulownia tissues with or without typical witches’ broom and phyllody were collected
at Xiachongshan, Wuhan, during May. 1993. 2-year old paulownia seedlings without WB-symptom
were from our laboratory greenhouse. Paulownia seedlings of tissue culture were kindly provided by
Chen Weilun, Institute of Botany, Academia Sinica. MLO infected jujube leaves and rhododendron
plants were collected at Jinan, Shandong. and Lushan, Jiangxi, respectively. Healthy rhododendron
and jujube were from Moshan, Wuhan and Suizhou, Hubei, respectively and used as controls.
2 DNA extractions

.According to Lin Mulan, et al. (1994), about 1. 0g of plant tissue (leaves, petioles or stems)
was ground using a mortar and pestle in 2. 0ml of STE buffer (100mM sodium chloride, 100mM
Tris-Cl, 10mM EDTA, pH8.0, 2.0% SDS, and 0.5% 2-mercaptoethanol). When the tissue was
grpund to fine particles, the sample was extracted once with an equai volume of phenol/chloroform/
isoamyl alcohol mixture (25:24:1). After centrifugation, nucleic acids were precipitated by adding
two-thrids volume of isopropanol to the aqueous phase. The pellet was washed with 709 ethanol, air
dried at 37°C, and dissolved in 300ul of distilled water. DNA concentration was determined at OD,,
after digesting with 40pg/ml of RNaseA at 37°C for 30min and extracting with chloroform/isoamyl
alcohol, ethanol precipitating, and washing the pellet with ethanol. The obtained results were verified
by comparing the DNA preparation with a diluted series of standard A DNA by electrophoresis. DNA
extracted from healthy plants by the same extraction procedure was used as the experimental control.

5'—AATTCTTATC AAATTAAAAT CTTTGTATAA GTGGTTAATT AATTGAGTGT
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PrimerA—
CGTGATTAGT TAAAACCCAT TTAACICCTIC] MTAAATGAGIC] MGIGTTTTAAA
GATTCAAACA AATCTTTTTG GTTTGTTTGA TTAAAAGGGG ATGCATTATA
GCTGTTAAAA GTTTGAGTAT CTGAATCATA AGGAGGATCA CAAAACAATA
AATCATTAAT TTGTGTTTGA GCAACTATTG TTGCGTAATC TTGGTTTTGG
ATTTTAATTT CATTCTTTTT TAAGAATAAT GTGATATTTT TAAGATTAGA
TTCGTTAATG ATAGTTGATA AACAAACATC ATTTTTTCCA TTAAACGGAG
AGTTAAATTG ATTTTTAGAA TTAACACGAT AAAGACCATC AAAACAAGTT

TTATTAAGAA AAAAAAAGCG

3" - ICICITTIAITIAIAIT

<PrimerB

TITIGICITITICITI- 15

AGCAGCTTTT GGAATATTAT CCAACGAAGA
GGTTTTTGGG CCGCGCAATT GATAAT-—3
Fig.1 Partial sequence of PWB-MLO DNA fragment in the clone pA4. Primer positions for PCR are indicated
in boxed. (A4+T) % in primerA and primerB are 55% and 65%, respectively.
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3 DNA in vitro amplification

A pair of PCR primer was designed and synthesized according to the sequence specific to PWB-
MLO DNA (Fig.1) (Zhang Chunli, et al., 1993). The DNA extracts prepared as above were used
as PCR templates. The amplification was carried out in a 50ul of PCR reaction mixture containing 5l
of test DNA extracrts, 1.0uM each of primer, 200uM of four dNTPs, Taq DNA polymerase buffer
and 1. 5mM of Mg?>*. Taq DNA polymerase, 4 XdNTPs, Taq DNA polymerase buffer and MgCl,
were all from Sypc. China.
4 Gel electrophoresis

When the amplification was finished, 10pl of the product were eléctrophoresised in 2.0%

horizontal agarose gels and visualized by staining with ethidium bromide and U. V. illumination.

RESULTS

1 Optimization of PCR

To determine the optimum conditions for the PCR, the annealling temperature (Tem.) and the
concentrations of Mg?* and Taq DNA polymerase were selected as the controlling factors.

The 50ul reaction mixture was first denatured at 94 C for 5min, and then added 2. 0 units of Taq
DNA polymerase. The mixture was overlaid with 50ul of mineral oil and subjected to 30 cycles under
the following incubations: 45s of denaturation at 94°C, 55s of annealing at different temperatures
(55°C. 50°C, 40°C) respectively and 60s of elongation at 72°C. In the last cycle, the extension step
was 5min at 72°C. The results were illustrated as in Fig. 2A, a unique 377-bp fragment was amplified
from crude DNA of PWB-MLO infected paulownia at all the annealing temperatures tested, but no
DNA was amplified from healthy samples under the same conditions. Although the PCR can be
undertaken at the anneling of 40°C~55'C, 55°C was chosen as the optimum annealing temperature,
because higher annealling temperature can be used to further improve the specificity of the PCR
primer and shorten the time for PCR cycles.

PCRs were then undertaken at the concentrations of Mg?t from 0. OmM ~ 3. 0mM and with
other conditions above unchanged. The results were shown on Fig. 2B. The optimum concentration of
Mg?* was 2. 5mM.

Under the optimum concentration of M'gz+ and annealing temperature, different quantity of Taq
DNA polymerase was added to a 100pl reaction mixture and subjected to amplification. Fig. 2C
showed that the maximum amount of amplified DNA was obtained with the concentration of Taq
DNA polymerase at 3. 0 units/100p] reaction mixture.

2 Detection sensitivity by PCR

The crude DNA preparation from MLO infected paulownia petioles was diluted and subjected to
35 PCR cycles. 20pl of product was electrophoresised. An amplified MLO DNA band can be clearly
observed under U. V. light until a dilution of 107° (Fig. 3). Because the approximate DNA
concentration of the undiluted extracts used for amplification was 0. 4ug/ul, the DNA content in the
final dilution was 2pg.

3 Detection of MLO in plants by PCR
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Using the established PCR system, many samples were detected (Fig. 4 and Fig. 5). Specific
DNA fragments weré also ampllified in some of the crude DNA samples extracted from paulownia
without PWB-symptom, which indicated that these paulownia trees were infected by MLO, but the
symptoms had not been developed yet. The weak band in the agarose gel suggested that the
concentration of MLO in these plants was very low.

In our previous studies, we have found that the PWB-MLO DNA has high homology with that
of jujube witches’ broom JWB) MLO and rhododendron witches’ broom (RWB) MLO, which was
determined by nucleic acid hybridization using pA4 as DNA probe -(unpublished results) . However,
data from Fig. 4 showed that the PCR system using the synthesized primer pair specifically amplified
PWB-MLO DNA in vitro, but no amplified DNA fragment was obtained when using JWB-and RWB-
MLO DNA as templates.

DISCUSSION

It has been proved that lower MLO concentration is found in woody plants than in herbaceous
plants, and is unevenly distributed (Hiruki, 1988), which needs very sensitive method to be
detected. Without enrichment of MLO, the PCR system we established can easily detect PWB-MLO
in field-growing trees in the dilution of 1075, that is 2pg of DNA as templates. The sensitivity is
lower than that Chen, et al., (1993) reported in the detection of GY-MLO in infected periwinkle,
but higher than that Ahrens et al., (1992) reproted, which needed a enrichment procedure in
diagnosis of ACLR-MLO in diseased perwinkle by PCR. The reason can be attributed to the higher
MLO titers in herbaceous periwinkle and the different concentrations of different MLO in the same
host plant. Another reason is that the methods for DNA extraction also have great effects on the
detection sensitivity by PCR. Our results showed that the sensitivity using PCR was about 500 times
as sensitive as that using DNA dot hybridization in the detection of PWB-MLO in paulownia (Lin, et
al., 1994).

It was reported where the paulownia was severely affected by witches’ broom, the jujube tree was
also usually affected by witches’ broom diseases (Jin, 1980). The results obtained by DNA dot
hybridization with JWB-and RWB-MLO using pA4 (a clone from PWB-NLQO) as probes also show
that PWB-MLO has close relationship with JWB- and RWB-MLO (unpublished data). Are they the
same MLO that infected different plants? By PCR system using DNA regions from pA4 as primer
pair, however, no DNA fragment was amplified from JWB- and RWB—MLO DNA, which implies
that the three kinds of NLOs are closely related, but not identical. This result provides useful data for
the classification of MLOs.

From the beginning of DNA preparation to the obtaining of detection results, about 6 hours are
needed for 24 samples by using PCR. Much less time is consumed using this method than that using
dot hybridization which needs about 2 days or more. The PCR detection system is especially practical

and necessary in the quality control in the production of MLO-free paulownia cultures.

¢« 58 ¢


http://www.cqvip.com

P 000 http://www.cqv

REFERENCES

Ahrens U, ller E Seemii, 1992. Detection of DNA of plant pathogenic mycoplasmallike organisms by a polymerase
chain reaction that amplifies a sequence of the 16STRNA gene. Phytopathology. 82:828~832

Bertaccini A, R E Dabis, I-M Lee, et al., 1990. Detection of chrysanthemum yellows mycoplasma-like organism by
dot hybridization and southern blot analysis. Plant Dis. 74:40~43 )

Cheng KH, GuoJ R, WuX Y, et al., 1993. Comparison of monoclonal antibodies, DNA probes, and PCR for
detection of the grapevine yellows disease agent. Phytopathology. 83:915~922

Davis R E, I-M Lee. S M Douglas, et al.. 1988. Cloned nucleic acid hybridization probes in detection and
classification of mycoplasma-like organisms (MLOs). Acta Hortic. 234:115~122

Davis R E. I-M Lee. S M Douglas, et al., 1990. Molecular cloning and detection of chromosomal and
extrachromosmal DNA of the mycoplasma-liike organism associated with little leaf disease in periwinkle
(Catharanthus roseus) . Phytopathology. 80:789~793

Davis R E. I-M Lee. 1993. Cluster-specific polymerase chain reaction amplification of 16SrDNA sequences for
detection and identification of mycoplasma-like organism by polymerase chain reaction. Phytopathology. 83:1008
~1011

Deng S J. C Hiruki, 1990. Enhanced detection of a plant pathogenic mycoplasma-like organism by polymerase China
reaction. Proc. Jan Acad. 66B:140~144

Hiruki C, 1988. Tree mycoplasmas and mycoplasma diseases. Edmonton. Alberta: University of Alberta Press.

Jiang Jianping, 1990. Paulownia cultivation. Beijing: Chinese Forestry Press. 197 (in Chinese)

Jin Kaixuan, 1980. Study of witches’ broom on paulownia. Acta Phytophyolacica Sinica. 7:177~182 (in Chinese)

Kirkpatrick B C, D C Stenger. T J Morris, et al., 1987. Cloning and detection of DNA from a nonculturable plant
pathogeinc mycoplasmalike organism. Science. 238:197~ 200

Lin CP. Chen T A, 1985. Monoclonal antibodies against the aster yellows agent. Science. 227:1233~1235

Lin CP, Chen T A. 1986. Comparison of monoclonal antibodies and polyclonal antibodies in detection of the aster
yellows mycolpasma-like organism. Phytopathology. 76:45~50

Lin Mulan, Zhang Chunli. Yang Jihong, et al.. 1994. Detection of mycoplasma-like organism in paulownia by
nucleic acid hybridization technique. Chinese Science Bulletin. 39:376~379 (in Chinese)

McCoy R E. A Caudwell , C J Chan. et al., 1989. Plant diseases associated with mycoplama-like organisms. In:
Whitcomb R F, Tully J G, (eds.), The mycoplasmas. vol. 5. Spiroplasmas, Acholeplasmas, and M ycoplasmas
of plants and Arthropods., New York: Academic Press, 545~ 640

Schaff D A, I-M Lee. R E Davis. 1990. Sensitive detection of mycoplasmalike organisms (MLOs) by polymerase
chain reaction (PCR) (Abstr.). Phytopathology. 80:959

Sinha R C, N Benhamou, 1983. Detection of of mycoplasmalike organisms antigens from aster yellows-diseased plants
by two serological procedures. Phytopathology. 73:1199~1202

Sinha R C., L N Chiykowski. 1986. Detection of mycoplasma-like arganisms in leafhopper vectors of aster yellows and
peach-X disease by immunosorbent electron microscopy. Can. J. Plant Pathol. 8:387~393

Zhang Chunli. Lin Mulan, Hu Qinxue, et al.. 1993. Molecular colning and sequence analysis of the paulownia

witches’ broom mycoplasma-like organism. Chinese Science Bulletin. 38:2112 (in Chinese)

e 59 .

p.com|



http://www.cqvip.com

.0 0 0 http://www.cqvip.com|

Explanation of plates (Cover Page 3)

Upper (Fig. 2) Optimization of PCR in the detection of PWB-MLO DNA. Annealing Tem. (Fig. 2A)., and the
concentrations of Mg®* (Fig. 2B) and Taq polymerase (Fig. 2C) were selected as the control
factors. Nucleic acids extracted from healthy (H) and MLO-diseased' (D) paulownia plants were
used as templates.

Middle left (Fig. 3) 2.0Y% agarose gel electrophoresis of PCR products obtained after 35 cycles from 10-fold dilution

series of crude DNA extracted from PWB-diseased paulownia petioles.

Middle right (Fig. 40 Specificity of primers for detecting PWB-MLO by PCR. Crude DNA extracted from healthy

(H) and MLO-infected (D) following plants were used as templates: paulownia (P), jujube
() and rhododendron (R). M. pGEM-3Zf (4-) /Hae ¥ marker.
Lower (Fig.5) Partial results of detection of PWB-MLO in paulownia plants by PCR. Crude DNA extracted from
field-grown paulownia plants with or without WB symptom (1~ 10, 14). paulownia seedlings in
green house (11~13) and paulownia tissue cultures (15~ 21) were used as PCR templates. M.
pGEM-3Zf (4) /Hae I marker.
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