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Molecular and Biochemical Diversity Among Isolates of

Radopholus spp. from Different Areas of the World

G. A. Farras,! M. L. Hann,? M. FarGeTTE,’ P. R. BurrOWs,? J. L. Saran'?

Abstract: Eleven isolates of Radopholus similis from various banana-growing areas around the world
and one isolate of R. bridgei from turmeric in Indonesia were compared using DNA and isoenzyme
analysis. The polymerase chain reaction (PCR) was used to amplify a fragment of ribosomal DNA
(rDNA), comprising the two internal transcribed spacers (ITS) and the 5.8S gene. Restriction frag-
ment length polymorphisms (RFLPs) in this tTDNA fragment were used to corpare the 10 isolates.
The analysis of this rDNA region revealed little variation among the isolates tested. However, data
also were obtained by random amplified polymorphic DNA (RAPD) analysis of total DNA, and a
hierarchical cluster analysis of these data arranged the R. similis isolates into two clusters. The first
cluster consisted of isolates from Nigeria, Cameroon, Queensland, and Costa Rica; the second was
comprised of isolates from Guinea, Guadeloupe, the Ivory Coast, Uganda, and Sri Lanka. The
isolate of R. bridgei from turmeric in Indonesia appeared to be more divergent. This grouping was
consistent with that obtained when phosphate glucose isomerase (PGI) isoenzyme patterns were used
to compare the R. similis isolates. The results from both RAPD analysis and PGI isoenzyme studies
indicate that two gene pools might exist within the R. similis isolates studied. No correlation could be
detected between the genomic diversity as determined by RAPD analysis and either geographic
distribution of the isolates or differences in their pathogenicity. The results support the hypothesis
that R. similis isolates have been spread with banana-planting material.

Key words: biochemical systematics, biodiversity, burrowing nematode, isoenzyme, PCR, Radopho-

tus similis, RAPD, rfDNA, RFLP.

Apparent biodiversity exists among iso-
lates of the burrowing nematode, Radopho-
lus similis (Cobb, 1893) Thorne, 1949, from
different geographic origins as revealed by
differences in pathogenicity (7,12,19) and
in vitro reproductive fitness (6). Since the
agricultural problems associated with bur-
rowing nematode infestations are strongly
influenced by the relative pathogenicity
and host range of particular nematode iso-
lates, there is a need to assess the diversity
of R. similis as fully as possible in order to
tacilitate the development of integrated
control schemes.

Electrophoretic analysis of enzymes has
been used for identification and character-
ization of plant-parasitic nematodes (10).
Recently, molecular biological methods,
based on the polymerase chain reaction
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(PCR), also have been applied to the iden-
tification and differentiation of plant-
parasitic nematodes. Approaches such as
the use of random amplified polymorphic
DNA (RAPD) analysis (3,14,15,17,23) and
the specific amplification of fragments of
the ribosomal DNA (rDNA) cistron (4,8,
13,14,22) have been applied successfully to
practical problems in phytonematology.

The aim of this study was to assess the
diversity between 11 isolates of R. similis
and one isolate of R. bridge: using biochem-
ical and molecular methods. An attempt
was made to correlate geographic origin of
the isolates with apparent genomic or bio-
chemical similarity.

MATERIALS AND METHODS

Nematode Cultures: DNA studies involved
10 Radopholus isolates. Nine of these were
originally extracted from roots of banana
plants (Musa AAA) in Uganda (Labbubbo,
Kyadondo), Nigeria (Port Harcourt), the
Ivory Coast (Anguédédou), Cameroon (Is-
land 5, Sanaga River), Guinea (Balikoure),
Costa Rica (Talamanca), Guadeloupe
(Neufchateau), Queensland (Mac Kay
State), and Sri Lanka (Hantane), and have



Diversity of Radopholus spp.: Fallas et al. 423

been identified by morphology as R. similis
(M. R. Siddiqi, pers. comm.). The 10th iso-
late, collected from turmeric (Curcuma ze-
doaria) in East Java, Indonesia, is morpho-
logically different from R. similis and has
recently been described as a new species,
R. bridger (20). All R. similis isolates were
maintained in the laboratory in monoxenic
culture at 27°C (£0.5°C) on carrot discs
(5,16). For extraction, nematodes were
rinsed from culture jar walls aseptically
with sterile distilled water and pelleted by
centrifugation. Nematodes were either
used immediately for DNA extraction or
stored in a minimal volume of sterile dis-
tilled water at —80°C. The isolate of R.
bridge: was cultured on excised maize roots,
and nematodes were recovered as de-
scribed previously (11).

For isoenzyme studies, the R. bridgei iso-
late was not included, and two R. similis
isolates collected from banana roots in
Martinique (Morne Rouge) and Kenya
(Ogembo, Oyugis) were included in addi-
tion to the isolates listed above. Nematodes
were pelleted by centrifugation and stored
in sterile distilled water at —20°C.

DNA extraction: DNA from the 10 nema-
tode isolates was extracted as follows: stan-
dard 3-pl pellets of packed nematodes (ap-
proximately 4,000 juveniles and adults)
were transferred to micro-homogenizer
tubes (BioMedix: 2 West Avenue, Pinner,
‘HA5 5BY, U.K.) and 7 pl of lysis buffer (2)
was added per pellet. The nematodes were
homogenized for 15 seconds followed by
centrifugation at 2,000g for 5 seconds. Su-
pernatants were transferred to sterile 0.5-
ml Eppendorf tubes. For each sample, the
pellet was resuspended in 10 pllysis buffer
and then homogenized and centrifuged as
before. The supernatants and the pellet
were mixed, and the capped tube was
placed in a 95°C heating block for 3 min-
utes. Finally, the samples were centrifuged
for 8 minutes at 14,000g, and 17 pl of su-
pernatant was collected and stored at
—45°C.

Amplification of the 5.8S/ITS region of ribo-
somal DNA and RFLP analysis: The frag-
ment of the ribosomal DNA (rDNA) com-

prising the two internal transcribed spac-
ers (ITS) and the 5.8S gene was amplified
by the polymerase chain reaction (PCR) us-
ing primers based on conserved sequences
in the 18S and 26S rDNA genes of Cae-
norhabditis elegans (9). The primer se-
quences were as in Vrain et al (22):

18S primer-
5" TTGATTACGTCCCTGCCCTTT 3’
26S primer-
3" GGAATCATTGCCGCTCACTTT 5'.

Radopholus DNA (0.2 pl of crude extract-
see above) and Globodera rostochiensis DNA,
which was used as a positive control, were
amplified in 50-pl reaction volumes con-
sisting of 10 mM Tris-HCI, pH 8.8, 50 mM
KCl, 15 mM MgCl,, 0.1% Triton X-100,
200 uM dNTPs, 30 pM each primer, and 2
U Taq DNA Polymerase (Stratagene). Am-
plification conditions were as follows: 1 cy-
cle of 3 minutes at 94°C, 1 minute at 55°C,
1 minute at 72°C; 38 cycles of 1 minute at
94°C, 1 minute at 55°C, 1 minute at 72°C;
finally, 1 cycle of 1 minute at 94°C, 1
minute at 55°C, and 5 minutes at 72°C (13).

Restriction digestions were carried out
on 6 to 10 pl of the PCR reaction mixture
containing the amplified rDNA product
using each of six restriction enzymes: Hha
I, Hpa 11, Rsa I, Hae 111, Taq I, and Alu I
(Gibco Co., BRL). Reaction conditions
were according to supplier’s instructions.
PCR products were resolved by electro-
phoresis through 1% agarose gels in 1X
TBE buffer. DNA was stained with ethid-
ium bromide, visualized on a UV transillu-
minator, and photographed with Polaroid
Type 667 film. A 123 base pair ladder was
used as a size marker.

Random amplified polymorphic DNA analy-
sis. For each isolate, PCR reactions were
always performed in duplicate using two
different volumes (i.e., 0.1 pl and 0.2 pl) of
crude DNA extract. Radopholus total DNA
was amplified in a final volume of 25 pl.
Reactions were prepared on ice and con-
sisted of 10 mM TrisHCI (pH 8.8), 50 mM
KCl, 1.5 mM MgCl,, 0.001% gelatin,
20puM of each dNTP, 1 unit of Tag DNA
Polymerase (Stratagene), and 20-25 pM of
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TaBLe 1. List of oligonucleotides used as prim-
ers in the RAPD analysis.

Primer sequence

(5" to 3) Source-Reference
CAGGCCCTTC OPERON KIT! A code OPA-01
AGTCAGCCAC OPERON KIT A code OPA-03
GAAACGGGTG OPERON KIT A code OPA-07
CAATCGCCGT OPERON KIT A code OPA-11
CTTCACCCGA OPERON KIT E code OPE-(09
ACGGCGTATG OPERON KIT E code OPE-19
AACGGTGACC OPERON KIT E code OPE-20
GTCTCCGCAA OPERON KIT K code OPK-02
GGGACGTTGG OPERON KIT M code OPM-12
GGGTGTGTAG OPERON KIT T code OPT-12

! Operon Instruments Alameda, CA.

primer. Ten different primers were used
(Table 1), some of them having proved to
detect polymorphism in Radopholus spp
(15). Amplification was done in a Hybaid
OmniGene Thermo Cycler. PCR condi-
tions were as follows: 2 minutes at 85°C; 41
cycles of 1 minute at 92°C, 1 minute at
35°C, 1 minute at 72°C, with the final cycle
remaining at 72°C for 7 minutes (11).
RAPD products were resolved by electro-
phoresis through 1.3% agarose (Sea Kem
GTG FMC) gels in 1X TAE buffer. DNA
was stained, visualized, and photographed
as above. A 123 base pair ladder was used
as a size marker.

Genetic data analysis: RAPD bands were
scored for each primer as present (1) or
absent (0), and only DNA bands unambig-
uously present in both duplicates were in-
cluded in the data analysis. Fragments that
appeared to be the same molecular size
were assumed to represent the same ge-
nomic locus due to the mainly intraspecific
nature of the present study. The simple
matching coefficient was used to calculate
a similarity matrix. The matrix was used to
perform hierarchical cluster analysis based
on the unweighted pair-group method us-
ing arithmetic averages (UPGMA) (21).
Cluster analysis on all RAPD data was
done using ‘Genstat’ statistical software
(18).

Isoenzyme analysis: Pellets of 10,000
nematodes (juveniles and adults) were
ground twice for 15 seconds in a micro-

homogenizer tube (BioMedix) containing
40 pl of 1% glycine. Each sample was cen-
trifuged at 2,000g for 5 seconds between
homogenizations. Supernatant was then
centrifuged at 14,000g for 5 minutes and
10-pl samples taken from the top of the
supernatant and placed on the isoelectric
focusing mask. Proteins were separated by
isoelectric focusing in ultrathin layer (0.15
mm thick) polyacrylamide gels, pH 3-10
(Servalyt Precotes, 125 X 125 mm,
SERVA: 7 Carl-Benz Str., D-6900 Heidel-
berg, Denmark) according to manufac-
turer recommendations. Electrofocusing
was carried out at 4°C using a Multiphor I1
apparatus (Pharmacia Biotech, France).
The current was adjusted to deliver an ini-
tial voltage of 200. Running time for gels
was 2 to 3 hours. PGI activity was detected
using the staining procedure described in
Allendorf et al. (1).

REsuLTS

Amplification of the rDNA fragment and
RFLP analysis: The amplification of the 5.8
rDNA gene and flanking ITS spacer re-
gions of each Radopholus isolate yielded
one fragment of approximately 0.92 kilo-
bases (Kb) (Fig. 1A, lanes a—j). The positive
control DNA of Globodera rostochiensis (Fig.
1A, lane k) showed a fragment of approx-
imately 1.23 Kb, and the negative control
(without template DNA; Fig. 1A, lane 1)
gave no amplification products. In gen-
eral, digestions of the 0.92Kb rDNA frag-
ment with each of six restriction enzymes
revealed little variation between the R. si-
milis isolates. Some differences between
isolates were observed with two enzymes:
Alu I and Hae II1. With Alu I additional
restriction fragments of 0.55 Kb and 0.70
Kb were present in the isolates from Costa
Rica and Uganda (Fig. 1D, lanes h and f,
respectively), while after digestion with
Hae III an additional restriction fragment
of 0.65 Kb was present in the isolates from
Guinea and the Ivory Coast (Fig 1E, lanes
b and d). No differences in size and num-
ber of restriction fragments were obtained
with Hha I and Hpa II (data not shown).
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xabcdefghijklix Kb

-1.23
-=0.86

Kb

-0.98
-0.61

The isolate of R. bridgei could be differ-
entiated from the burrowing nematode
isolates using three of the six restriction
enzymes: Rsa I, Taq I, and Alu 1 (Figs. 1B,
1C, and ID; lane i). Digestion of the rDNA
fragment with Rsa I (Fig. 1B) yielded one
additional band of approximately 0.20 Kb,
while Taq I resulted in some additional re-

xabcdefghi jnmx Kb
" -0.98
- [ I T —— —025
xabcdefahiimnx gy
-0.86
=049
=0.25

Fic. 1. A) Amplified region of rDNA comprising
the 5.8S gene and the flanking internal transcribed
spacers from nine isolates of Radopholus similis and
one of R. bridgei (lanes a—j). a: Nigeria, b: Guinea, c:
Guadeloupe, d: the Ivory Coast, e: Cameroon, f:
Uganda, g: Queensland, h: Costa Rica, i: R. bridgei
(Indonesia), and j: Sri Lanka. Lane k: fragment of
Globodera rostochiensis. Lane 1: control without nema-
tode DNA. B) Ras 1. C) Taq 1. D) Alu 1. E) Hae II1
digestion fragments patterns of the rDNA fragment
(lanes a—j: isolates of Radopholus as described above).
Lane m: digestion fragments of lambda Hind III
marker. Lane n: uncut rDNA fragment of Radopho-
lus. Molecular size values given in Kilobases (Kb) were
estimated from 123 ladder molecular size marker
(lanes x).

striction fragments (Fig. 1C). In contrast, a
tragment of 0.25 Kb generated by diges-
tion with Alu I was present only in the R.
similis isolates (Fig. 1D, lanes a—h,j).

RAPD analysis: The RAPD profiles gen-
erated in this study readily allowed the in-
terspecific separation of R. bridgei and R.
similis and intraspecific differentiation of
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all of the R. semilis isolates. Three of the 10
RAPD profiles produced are shown in Fig.
2. Primer OPA-07 (Fig. 2A) yielded five
main bands from DNA of the R. bridge:
isolate (i) that ranged in size from approx-
imately 0.70 Kb to 2.46 Kb. All the isolates
of R. similis (Fig 2A, lanes a—h,j) yielded
two main RAPD fragments, one of 1.0 Kb
and another of 1.40 Kb. However, only the
isolates from Nigeria (a), Cameroon (e),
Queensland (g), and Costa Rica (h) yielded
an additional band of 2.46 Kb that also ap-
peared to be present in R. bridge: (i). Sep-
aration of the same four R. similis isolates
was also possible with primers OPA-20 and
OPT-12 (Figs. 2B and 2C). Here, these iso-
lates (Nigeria, Cameroon, Queensland,
and Costa Rica) were found to have RAPD
bands of 1.30 Kb (Fig. 2B) and 0.98 Kb
(Fig. 2C) not observed in the other isolates.
Primer OPA-20 (Fig. 2B) yielded a band of
1.54 Kb that was present in all the isolates

xabcdefahiix

Kb

~2A46

147
=1.10
-0.86
=0.61

—cessescssensess” e

- — - - -

xa bc de fgh i j

-1.84

=0.98
=0.74

December 1996

except R. bridge: (1). Interestingly, this
primer also generated a fragment of ap-
proximately 2.1 Kb that was found only in
the isolate from Nigeria (Fig. 2B, lane a).
The isolates from Nigeria (a) and
Cameroon (e) revealed two fragments of
1.54 Kb and 2.21 Kb not found in any of
the other isolates. Primer OPT-12 also
generated two fragments, 1.80 Kb and
1.90 Kb, from the Guinea, Guadeloupe,
Ivory Coast, Uganda, and Sri Lanka iso-
lates (Fig. 2C, lanes b—d, f, j, respectively).

The hierarchical cluster analysis carried
out on the RAPD data from this study was
based on a total of 104 scorable RAPD
bands generated by the 10 primers. The
resultant similarity matrix (Fig. 3) was used
to compile a dendrogram (Fig. 4). The
analysis separated the R. similis isolates into
two groups that were 75% similar to each
other. The first group contained the iso-
lates from Nigeria, Cameroon, Queens-

xabcdef gh i )x

Kb

- e @ - - - -
-

- . - -

Fic. 2. Random amplified polymorphic DNA pro-
files (in duplicate) from nine isolates of Radopholus
stmilis and one of R. bridgei. Banding patterns pro-
duced by 10-mer primers: A) OPA-07, B) OPA-20, C)
OPT-12. Key to isolates as in Fig. 1. Molecular size
values given in Kilobases (Kb) were estimated from
123 ladder molecular size marker (lanes x).
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NIG -

GUI 67.3 -

GUA 70.1 97.2 -

IvC 67.3 98.1 953 -

CAM 95.3 70.1 729 70.1

UGA 69.2 963 99.1 944

QUE 84.1 81.3 804 813

COR 88.8 78.5 813 785

R. bridgei  37.4 30.8 31.8 327

SRL 68.2 97.2 944 953
NIG GUI GUA IVC

72.0 -

8.9 794 -

91.6 80.4 953 -

38.3 327 32,7 374 -
71.0 935 822 794 299 -

CAM UGA QUE COR R SRL

bridgei

Fic. 3. Genomic similarity coefficient matrix of nine isolates of Radopholus similis and one of R. bridgei
obtained from presence and absence of a total of 104 RAPD bands generated by the ten 10-met primers used.
Matrix is based on the unweighted pair-group method using arithmetic averages (UPGMA). NIG: Nigeria,
GUI: Guinea, GUA: Guadeloupe, IVC: Ivory Coast, CAM: Cameroon, UGA: Uganda, QUE: Queensland,

COR: Costa Rica, and SRL: Sri Lanka.

land, and Costa Rica (Fig. 4 isolates a, e, g
and h, respectively). The second group
was comprised of the R. similis isolates
from Guinea, Guadeloupe, the Ivory
Coast, Uganda, and Sri Lanka (Fig. 4 iso-
lates b—d, f, and j, respectively). The isolate
of R. bridge: from turmeric in Indonesia
(Fig. 4, isolate i) was only 33% similar to
the R. similis isolates, based on these data.

Isoenzyme analysis: Isoenzyme analysis of
PGI was repeated five times, and patterns
proved to be stable. As shown in Fig. 5, the
R. simulis isolates collected from banana
roots were separated into two distinct
groups with very different PGI profiles.
The first group, in which the PGI pattern
of each member consisted of three bands,
contained the isolates from Sri Lanka,
Guinea, Guadeloupe, the Ivory Coast, and
Uganda (Fig. 5, lanes a, ¢, e, g, and h). The
second group contained the isolates from
Nigeria, Cameroon, Queensland, Costa
Rica, and Martinique (Fig. 5, lanes b, d, f,

p, and m), and here the typical isozyme
pattern consisted of two bands. The
grouping of the isolates on the basis of PGI
was consistent with the two groups differ-
entiated by the RAPD analysis.

DiscussioN

Although the rDNA 5.88/ITS region has
been used successfully to differentiate spe-
cies and isolates of phytonematodes, the
diagnostic value of this DNA fragment
varies greatly with the particular nematode
species being studied. Sequence diversity
in this region, as determined by RFLP
analysis, has been reported among isolates
of Xiphinema americanum (22) and espe-
cially Aphelenchoides sp. (13), while in Het-
erodera glycines this region was found to be
conserved (8). For R, similis, this particular
region of rDNA might be too conserved to
be of diagnostic value without direct DNA
sequence comparison. This result confirms
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isolates

R.
bridgei

GUA

UGA
SRL
GUI
IvC

QUE

COR
NIG

CAM

A i 1 i i i L b
13 1 1 1 1 1 1) 1

100 90 80 70 60 560 40 30
percentage similarity
FiG. 4. Dendrogram showing the relationships be-
tween nine isolates of Radopholus similis and one of R.
bridgei, generated from genomic similarity coeffi-
cients presented in Fig. 3. Godes to isolates as in
Fig. 3.

previous studies carried out by Kaplan
(14).

The level of genomic diversity among
burrowing nematode isolates detected in
this work by RAPD analysis is consistent
with results obtained in recent studies
(11,15). However, RAPD data and PGI
analysis in the present study arranged the
R. similis isolates into two groups, probably
reflecting different gene pools. While Ka-
plan et al. (15) reported the presence of a
RAPD band associated with citrus parasit-
ism in some burrowing nematode popula-
tions from Florida, it is not yet clear if in-
dividual isolates of the groups established
here share common biological or patho-
genic characteristics. Actually, in both
groups some isolates differ in their patho-
genic characteristics. As an example, the
isolates from Uganda and Sri Lanka have
been shown to vary greatly in their repro-
ductive fitness and pathogenicity on ba-
nana (7,12), yet they were arranged in the
same group. In the second group, the iso-

lates from Cameroon and Nigeria are
much more pathogenic on bananas than
the isolates from Queensland or Marti-
nique (7,12).

Based on the cluster analysis, no corre-
lation was found between geographic
proximity of the original isolates and ap-
parent genomic similarity. For example,
African isolates are found in each of the
two groupings as defined by RAPD and
PGI analysis. Similar results have been re-
ported with Heterodera schachtii isolates
analysed by RAPD (3). However, the rela-
tionship between geographic origin and
apparent molecular/biochemical similarity
of the Radopholus isolates could perhaps be
understood in relation to a simultaneous
spread of the nematodes together with ba-
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F1c. 5. Phosphate glucose isomerase patterns of 10
Radopholus similis isolates collected from banana roots.
a; Sri Lanka, b: Nigeria, ¢: Guinea, d: Cameroon, e:
Guadeloupe, f: Queensland, g: the Ivory Coast, h:
Uganda, p: Costa Rica, m: Martinique.
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nana-planting material. It is possible that
R. similis was introduced into the Carib-
bean from West Africa (J. Bridge, pers.
comm.). In our study, isolates from
Cameroon and Nigeria are present in the
same group, and although the isolate from
Martinique was not included in the RAPD
analysis, the PGI patterns of these three
isolates were identical. This indicates
strongly their possible close relatedness. In
addition, based on both RAPD and PGI
analysis, the two isolates from Guinea and
the Ivory Coast appear to be similar. In-
terestingly, banana production in the
Ivory Coast developed mainly in the late
1950s, when growers from Guinea left
their country after independence and set-
tled in the Ivory Coast, introducing their
own planting material into the area. The
similarity between the Guinea and Ivory
Coast isolates is also revealed in the rDNA,
as the enzyme Hae 111 generates an addi-
tional restriction fragment only in these
two isolates (Fig. 1E). In contrast, the his-
tory of banana production in Cameroon,
which has a common border with Nigeria,
is completely separated from Guinea and
the Ivory Coast; this is reflected in the
grouping of the R. similis isolates from
these countries. Detailed studies of the his-
torical spread of banana plants may help
our understanding of the geographic dis-
tribution of R. similis isolates.

The use of molecular and biochemical
tools employed in this study, combined
with host range and pathogenicity assays,
should provide us with information essen-
tial for more successful control of burrow-
ing nematodes.
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