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The relationships between the phytoplasmas infecting
Zizyphus jujuba and Paulownia coreana were investi-
gated by PCR RFLP. The 165§ rRNA genes of the
phytoplasmas were analyzed and compared with each
other after PCR amplification. The amplified bands
1.4 kb in size were analyzed by both restriction diges-
tion and sequencing after cloning into a plasmid vector.
In some cases, two different kinds of inserts were
observed in the isolates that originated from a single
plant. However, many of them appeared to be the
amplification products of chloroplastic 168 rRNA gene
of host plants, The phytoplasma gene could be differ-
entiated from_ the chloroplastic gene by restriction
digestion of the plasmids carrying the amplification
products. Only the recombinant plasmids carrying

phytqplabma 16S rRNA gene produced a 1.4 kb band .

wheh digested with the enzyme BanIl. Of the 52 re-
combinant plasmids analyzed, 42 appeared to contain
inserts that originated from the chloroplastic 16S
rRNA gene of the host plants. No variation was detect-
ed among 16S rRNA genes of nine phytoplasma
isolates infecting Z. jujuba. However, the phytoplasmas
infecting Z. jujuba were different from that infecting P,
coreana.

Keywords : Paulownia coreana, PCR-RFLP, phytoplasma,
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More than 300 different phytoplasma strains have been
reported in the world since their first discovery by Doi
et al. (1967). In Korea, more than 20 plant diseases are
currently recognized to be caused by phytoplasmas.
Although there have been some indirect evidences that
there may exist many different strains in phytoplasmas
infecting different species, there is no clear picture on the
diversity of phytoplasmas in Korea (Han et al., 1996,
1997). One of the major obstacles to the study of phyto-
plasma has been the lack of any culturing method, since
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the analysis of a certain microbiological species requires
fairly good purity specimens (McCoy et al., 1989). How-
ever, with the aid of molecular techniques, it is now
possible to study phytoplasma to the extent that different
strains can be identified from infected plant tissues (Deng
and Hiruki, 1991; Gundersen et al.,, 1994). PCR has been
used to differentiate strains of pathogenic or symbiotic
microorganisms in the infected plants (Davis et al., 1992;
Donofrio et al., 1992).

In most of the cases, 165 TRINA genes of microorganisms
have been used to probe the differences. The reason may be
that the genes have been fairly well conserved during the
evolution and yet contains enough sequence variation that
enables the identification of even a small difference between
eukaryotes and prokaryotes. Ahrens and Seemiiller (1992)
amplified the 168 rRNA gene of phytoplasma using the
primers specific to prokaryotic 165 rRNA gene sequence.
Analysis of the amplified products by RFLP led them to the
differentiation of four distinct groups of phytoplasmas
infecting different host species. Lee et al. (1993) also took
the same approach to analyze 40 different phytoplasma iso-
lates collected from Asia, Europe, and North America, and
divided them into 9 groups and 14 subgroups. The same
approach was applied in Korea (Han et al., 1996; Han,
1998). Studying with phytoplasma-infected woody species
in Korea, Lee and Yea (1993) reported that three groups
could be identified by RFLP. Han et al. (1997) also reported
that the phytoplasma infecting jujubes and sesame plants
were of different strains.

Zizyphus jujuba and Paulownia coreana are very popular
trees in Korea. Both have been widely planted by farmers
as cash crop trees. However, the plantations of both tree
species have been devastated by phytoplasma infection
throughout the country. For the past 20 years, attempts have
been made to find out the vectors that transmit the disease
and the diversity of the phytoplasmas infecting different
host plants.

In the present study, the diversity of phytoplasmas
infecting Z jujuba was examined and compared with the
phytoplasma isolated from a different host plant, P. core-
and.
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Materials and Methods

Experimental plants. The plants used in the present study were
Zizyphus jujuba and Paulownia coreana showing witches'
brooms. Plant tissues of 40 Z. jujuba and one P, coreana were col-
lected from eight provinces in Korea. These plant tissues were
stored at -70°C until use.

PCR amplification of 165 rRNA gene, DNA extraction and
PCR amplification were done as described by Namba et al.
(1993). The primers for the amplification of 165 rRNA gene of
phytoplasma were SN910601: 5-GTT TGA TCC TGG CTC
AGG ATT-3 and SN910502: 5-AAC CCC GAG AAC GTA
TTC ACC-3".

Restriction mapping and sequencing, The recombinant plas-
mids were analyzed by single or double digestions with eight dif-
ferent enzymes. These are Apal, Pvull, Banll, Sacll, Tagl, Sall/
EcoRl, Sall/Stul, and Sall/Tthll{1. As references, 165 rRNA gene
of the phytoplasma infecting Oenothera hookeri (Lim and Sears,
1989) and that of Nicotiana rabacum chloroplast (GeneBank
Accession No. V00165 J01453) were used. The recombinant
plasmids containing the PCR products were extracted by a com-
mercial plasmid extraction kit (Wizard Miniprep., Promega Co.,
USA). The purified plasmids were used for PCR sequencing with
an automated DNA sequencer (Li-Cor ; Model 4000, USA).

Results and Discussion

PCR amplification and restriction analysis of phyto-
plasma 16S rRNA gene. PCR amplification with the
primer set SN910502 and SN910601 resulted in a 1.4 kb
band in all the plants examined (Fig. 1). The size of the
amplification products was in accordance with previous
reports (Kim, 1992; Namba et al., 1993; Han et al., 1996,
1997). The amplified fragments were cloned into a cloning
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Fig. 1. Agarose gel (1%) electrophoresis of PCR amplified 168
rRNA gene from total DNA samples using the primer set
SN910601 and SNOH)502. The 168 rRNA gene is indicated by an
arrowhead. Lane |: pGEM DNA marker, lanes 2-8: Zizyphus
jujuba, lane 9: Paulownia coreana, lane 10: healthy Ligustrum
obtusifolitim, and lane 11: blank.
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Fig. 2. Identification of the insertion of phytoplasma 168 rRNA
gene in pGEM-T vector with the restriction enzymes Apal and
Jacl. The colonies lacking inserted DNA show a single band
{vector). Those carrying the insert show multiple bands. Lane |:
PGEM DNA marker, lanes 2-14: Zizyphus jujuba isolates.

vector and then analyzed by restriction digestion. With the
availability of Oenothera restriction map (Lim and Sears,
1989), it was possible to determine the orientation of the
inserts in the vector. The Sacll site was especially helpful
since it is well conserved among different taxa (Lim and
Sears, 1989). In this way, it was possible to identify 52
recombinant clones having 5" end of the 168 rRNA gene
near the SP6 promoter in the vector. The restriction diges-
tion of the plasmids with the enzymes EcoRI, Sacll, Tagl,
Stul, and TtAIITI produced an approximate restriction map
for each plasmid. Surprisingly, all the isolales were basi-
cally divided into two groups. Figure 2 shows one of such
patterns when the plasmids were digested with the enzymes
Apal and Sacl. As references, the sequence from 16S rRNA
gene of tobacco chloroplast and that of phytoplasma from
O. hookeri was used. One group of isolates showed the
same pattern that was obtained by the restriction digestion
of chloroplastic gene. The results showed that only 9 out of
52 1solates from Z. jujuba and one from P, coreana turned
out {0 have phytoplasma gene. The remaining isolates
appeared to be chloroplastic genes of the host plants.

Difference of 16S rRNA gene between phytoplasma and
plant chlroplast. Two different types of inserts were
obtained from the isolates of Yangyang 2, Chungju 2, Puyo
2, and Sangju 2. Two primer sets that have been reported 10
be phytoplasma-specific (Ahrens and Seemiiller, 1992;
Namba et al., 1993) were tried. In both cases, the amplifica-
tion of the same bands in both infected and healthy samples
was observed. The sequence comparison revealed that
many of them originated from the chloroplast gene. When
the restriction patterns of PCR products were compared
with those of Oenothera hookeri phytoplasma and tobacco
chloroplast 165 rRNA, a Sacll site appeared to be present
in all the samples at a similar position. In the case of EcoR1
site, the isolates of Z jujuba and P coreana, and P
oenothera hookeri appeared to have the same pattern. On
the other hand, the chloroplast gene showed a different pat-
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tern. Other enzyme sites found only in chloroplastic gene
were Apal and Pyull. The same pattern was observed in
Tagql sites where only chloroplast gene showed a different
restriction profile. The enzyme Banll produced a 1.4 kb
band only in the isolates of Z. jujuba and P. coreana. There
are three Banll sites in the cloning vector. Two of them are
seperated by multiple cloning sites of the plasmid (Promega
Co., USA). Thus, the restriction of the recombinant plas-
mids with the enzyme will produce the whole length of the
inserts. In the case of the phytoplasma isolates, no Banll
site was observed within the amplified fragments. On the
other hand, the 16S rRNA gene of chloreplast did not pro-
duce the same band upon digestion, suggesting that they
contain Banll sites within the fragment. Two other enzyme
sites, Apal and Pvull, appeared to be present only in the
chloroplast gene. T

The sequencing results (GeneBank Accession # 279271
and 279272) were compared with those already published
(Fig. 3). Sequence comparison showed that while the
homology between the 168 rRNA genes of both the phyto-
plasmas infecting Z. jujuba and O. hookeri was 90.2%, the
homology between P. coreana phytoplasma and O. hookeri
was 99.5%. The homology between tobacco chloroplast
and phytoplasma 16S rRNA genes was 73.5%, suggesting
that the chloroplast gene is distantly related to the phyto-
plasma genes. The conserved nature of the 165 rRNA
genes may represent their stability during evolution. How-
ever, this presents a difficulty in differentiating phyto-
plasma genes from those in organelles. Since it is not
possible to culture phytoplasmas in vitro, it is very difficult
to isolate phytoplasma genes. To avoid the contamination
of host plant DNA, it is necessary to design primers that are
specific to phytoplasma DNA.

Alma et al. (1996) detected two strains belonging to dif-
ferent subgroups of phytoplasmas in grapevine. Marcone
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and Ragozzino (1996) speculated that the frequency of real
double infections might be much higher than what had been
reported. Ahrens and Seemiiller (1992) also reported the
same results. However, they were able to differentiate phy-
toplasma DNA from plant DNA by RFLP. On the other
hand, Namba et al. (1993} observed only a 1.4 kb fragment
from the amplification of infected plants, and did not detect
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Fig. 3. Relatedness of phytoplasmas estimated by phytoplasma
165 TRNA sequence of (1) jujube witches' broom, (2) jujube
witches’ broom (Han, 1998), (3) paulownia witches' broom, (4)
paulownia witches' broom (Han, 1998), and (5) Oenothera
hookeri (Lim and Sears, 1989). Cluster analysis was performed
using 1-M scores and UPGMA. M=NAB/(NA+NB), where NAB
is the number of bands matched, and NA and NB are the number
of bands observed in samples A and B, respectively.
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Fig. 4. Restriction profiles of phytoplasma 16S rRNA gene cloned in pGEM-T vector. (A) Digestion with the enzymes Sa/l and Stul, and
(B) with Sall and TrAIlll. All the Zizyphus jujuba isolates lanes 2-10 were identical. However, Panlownia coreana isolate showed a

different pattern at lane 11. Lane 1: pGEM DNA marker.
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any other products with healthy plant samples. However, in
the present study, the fairly large portion of the cases might
be the results of contamination of the DNA from microor-
gamsms mitochondria, or chloroplasts. Thus, cauation
should be taken to select primers to amplify specific
sequence that are ubiquitous to all organisims. The ampli-
fied fragments should also be examined by restriction map-
ping analysis with many different enzymes. The
contradicting results obtained from different laboratories
with the same primer set could be explained in two ways.
First, since the host plant species in the studies were differ-
ent, the annealing site in the 165 rRNA gene may have dif-
ferent sequences. Second, only the phytoplasma gene was
accidentally amplified. However, as shown in the present
study, cloning is an absolute step to detect double infections
or false amplification of the similar sequences since ampli-
fication products may contain different kinds of DNAS:
Difference between phytoplasmas from Z Jjujuba and F
coreana in 168 rRNA gene. Resiriction digestlon patterns
of the 165 TRNA genes of phytoplasma isolated from both
Z. jujuba and P. coreana were compared with four different
enzymes. The pattern was the same when digested with the
enzymes FEcoRI and Tagl (data not shown). However, when
tompared by the digestion with the enzymes TthIll1 and
Sl (Fig. 4), they could be differentiated. In each case, a
unique band was observed only in P. coreana phytoplasia.
The markers that could differentiate the r13hytoplasmas of Z,
Jujuba from those of P, coreana were a 330bp TthIIl! frag-
ment and a 350bp St fragment, respectwe]y
Restriction mapping. The restriction thaps for 165 rRNA
genes were constructed as shown in Figure 5 by the frag-
ment size appearing in the gel. It shows that phytoplasmas
from both Z. Jjujuba and P. coreana have a unique restriction
site for Sacll and EcoR1, and three sites for Tagl. However,
the phytoplasma from P. coreana had a Stul site and TrAllll
that were not present in Z. jujuba phytoplasma. No varia-
tion was observed among phytoplasmas that originated
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Fig. 5. Physical map of phytoplasma 165 rRNA gene obtained by
restriction digestion of the recombinant plasmid pGEM-phyto
clones with the enzymes Tagl, Sacll, EcoRl, Stul, and TthillL
(A) Phytoplasma zizyphi, (B) Phytoplasma paulownia in the
present study, and (C) Phytoplasma venothera hookeri (Lim and
Sears, 198G).

from Z. jujuba found in Korea. However, the sequence of
phytoplasma 165 TRNA gene 1dent1ﬁed in the present study
was found to contain six base dlfference from that reported
by Han (1998) In the case of phytoplasma from P, coreana,

seven bases were different from that reported by Hén
(1998).

In the present study, no variation was observed among the
isolates of Z. jujuba by RFLP. Therefore, it was concluded
that all the phytoplasma isolates from Z. ]ujuba were of the
same strain. However, they were different from the strain
infecting P. coreana. Also, the sedu’ences identified in this
smdy were different from those reported by Han (1998).
Thls suggests that there may exist some minor sequence
vanatxons that cannot be detected by RFLP. This can be
clarified by sequencing more isolates in the future. A draw-
back of the present study was the failure of amplification of
the genes of other strains of phytoplasma infecting other
woody species due to the 11m1ted amounts of USSUES
Another problem in this approach was the use of the 185
rRNA gene sequence. The conserved nature of the gene
could become a disadvantage in the § st y of sequence dif-
ferentjation among closely related species or clones. If the
spacer between ]68 rRNA gene and 23S rRNA gene that
are believed to contain more variation than the 16S rRNA
gene could be amplified, differentiation of strains, if any, of
phytoplasmas infecting Z. jujuba may be possible.
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