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Comparison of Sequences from the Ribosomal DNA

Intergenic Region of Meloidogyne mayaguensis and Other

Major Tropical Root-knot Nematodes

V. C. BLog,' M. S. PairLips,! AND M. FARGETTE>

Abstract: The unusual arrangement of the 58 ribosomal gene within the intergenic sequence (IGS) of
the ribosomal cistron, previously reported for Meloidogyne arenaria, was also found in the ribosomal DNA
of two other economically important species of tropical root-knot nematodes, M. incognita and M.
javanica. This arrangement also was found in M. kapla, which is important in temperate regions, and M.
mayaguensis, a virulent species of concern in West Africa. Amplification of the region between the 5S and
18S genes by PCR yielded products of three different sizes such that M. mayaguensis could be readily
differentiated from the other species in this study. This product can be amplified from single juveniles,
females, or egg masses. The sequences obtained in this region for one line of each of M. incognita, M.
arenaria, and M. javanica were very similar, reflecting the close relationships of these lineages. The M.
mayaguensis sequence for this region had a number of small deletions and insertions of various sizes,
including possible sequence duplications.
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Different regions of the ribosomal cistron
have been used for phylogenetic studies of
relationships in the plant, animal, and bac-
terial kingdoms. Several such studies of
plant-parasitic nematodes have been based
on the internal transcribed spacer (ITS) re-
gion in the ribosomal repeats. Differences in
the ribosomal cistron have been used to
separate species and races of Aphelenchoides
(Ibrahim et al., 1994) Ditylenchus spp. (Ibra-
him et al, 1994; Wendt et al., 1993) and vari-
ous Heterodera and Globodera spp. (Ferris et
al., 1993, 1994, 1995). Considerable intra-
species variation also has been observed in
the Xiphinema americanum group by examin-
ing restriction fragment length polymor-
phism (RFLP) in the polymerase chain re-
action (PCR) products from the rDNA
(Vrain et al., 1992; Vrain, 1993). In contrast,
Xue et al. (1993) reported that no inter- or
intraspecies variation in the ITS1 and ITS2
regions was observed among Meloidogyne in-
cognita (Kofoid and White) Chitwood, M.
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arenaria (Neal) Chitwood, M. javanica
(Treub) Chitwood, and M. hapla Chitwood,
following digestion with restriction enzymes
or when sequences adjacent to the 28S gene
were compared. However, Zijlstra et al.
(1995) have subsequently distinguished iso-
lates of M. hapla and M. chitwoodi from each
other and from M. incognita and M. javanica
using other restriction enzymes.

The intergenic spacer (IGS) region of the
ribosomal repeats has been reported to be
more variable than the ITS region, with little
conservation between distantly related spe-
cies (Gerbi, 1985). Vahidi et al. (1988, 1991)
reported sequences homologous to 55 RNA
in the 1GS region of M. arenaria, an arrange-
ment that had not previously been reported
in other higher eukaryotes, though prokary-
otes and certain ‘‘lower eukaryotes’ (proto-
zoa and fungi) have been found to have
both the 5S and larger ribosomal genes
within a single rDNA repeat. This unusual
occurrence of the 5S gene sequence within
the IGS region raised questions about the
origin of this arrangement of ribosomal
genes and the evolutionary relationship of
M. arenaria to other nematodes. The IGS re-
gion in M. arenaria includes 129 bp repeats
(Vahidi and Honda, 1991) that vary in num-
ber. Interpretation of variability of these re-
peat units is further complicated by the poly-
ploid nature of the Meloidogyne genome and
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the complexity involved in examining the
structure of tandemly repeated genes, possi-
bly distributed over several chromosomes.
In this study reported, the IGS regions be-
tween the 18S and 5S genes of the most eco-
nomically important tropical root-knot
nematodes (M. incognita, M. javanica, and
M. arenaria) were compared with several
populations of M. mayaguensis Rammah and
Hirschmann, 1988, and one of M. hapla by
means of PCR and sequence analysis.

MATERIALS AND METHODS

Nematode populations: Each of the 27 lines
used in this study were established from
* single egg masses (Fargette et al., 1996) and
have been maintained for several years on
susceptible tomato plants (cv. Moneymaker)
in glasshouse cultures. Juveniles were col-
lected as described by Blok et al. (1996).
The lines used in this study are shown in
Table 1 along with their countries of origin.

TapLE 1. Single egg mass lines of Meloidogyne spp.,
their codes, and country of origin.

Species Line Number Country
M. javanica 22 Burkina Faso
23 Burkina Faso
24 Spain
25 Portugal
M. arenaria 10 Ivory Coast
26 Portugal
28 French West Indies
29 French West Indies
31 French West Indies
32 French West Indies
34 French West Indies
M. incognita 9 Ivory Coast
11 USA (Race 3)
12 USA (Race 4)
15 Thailand (Race 1)
16 Senegal
17 Burkina Faso
18 Chad
19 French West Indies
20b Guyana
27 USA
M. mayaguensis 3 Ivory Coast
5 Ivory Coast
7 Ivory Coast
13 Puerto Rico
30 Burkina Faso
M. hapla 33 The Netherlands

Four of these lines were used in the se-
quence analysis of M. incognita (line 19), M.
arenaria (line 26), M. javanica (line 23), and
M. mayaguensis (line 13).

DNA extraction: For population studies,
DNA was extracted from 5-pl packed-cell vol-
ume of juveniles in a 1-ml glass homogenizer
(Burkard Scientific, Ltd.) using the method
of Pastrik et al. (1995) but with the addition
of phenol:chloroform and chloroform ex-
traction steps following the isopropanol pre-
cipitation stage. Suspensions of DNA (2 ng/
pl) were stored at 4 °C and the concentrated
suspensions at -20 °C. DNA was quantified
by fluorometry. Single juveniles, egg masses,
or females were placed in a 1-ml glass ho-
mogenizer in 10 pl HyO and ground for 5
min. The extract was removed into a 0.5-ml
microcentrifuge tube, the homogenizer
washed with 5 pl HyO, and the wash added
to the extract.

PCR reactions: Primers 58 (5'-TTAACTTG-
CCAGATCGGACG-3") and 188 (5'-TCTAA-
TGAGCCGTACGC-3') were designed to am-
plify the intergenic region between the 18S
and 55 genes (Fig. 1) using sequence infor-
mation from Vahidi et al. (1988). Amplifica-
tion reactions using nematode DNA ex-
tracted from juveniles included 10 ng of
DNA in 50 pl of 10 mM Tris-HCl (pH 8.3);
1.5 mM MgCl,; 50 mM KCI; 200 pM each of
dATP, dCTP, dGTP, and dTTP; and 1 unit
of Taq polymerase (Boehringer). Amplifica-
tions with 45 cycles of 94 °C for 30 sec, 53 °C
for 30 sec, and 72 °C for 90 sec were done
with a Perkin-Elmer 480 thermal cycler. The
products from these PCR reactions were
separated by electrophoresis in TRIS-Borate-
EDTA (TBE) buffered 1% agarose gels
(Sambrook et al., 1989) and the products
visualized with UV illumination after ethid-
ium bromide binding to the DNA frag-
ments.

Cloning of PCR products: PCR products
were purified from a piece of agarose ex-
cised from a 1% TBE buffered gel using the

Wizard PCR Prep kit (Promega) and cloned

into the vector pGEM-T (Promega). Two
clones from each species line (M. incognita
line 19 [in19a and b}, M. javanica line 23
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Fic. 1. Diagram of the ribosomal cistron as observed in M. arenaria. *“*” indicates the position of the PCR
primers used to amplify the intervening IGS between the 18S and 5S genes.

[ja23a and b], M. arenarialine 26 [ar26a and
b], and M. mayaguensis line 13 [mal3a and
b]) were sequenced.

DNA purification for sequencing: Double-
stranded DNA was prepared with the Wizard
Midipreps DNA Purification System (Pro-
mega).

Sequencing: Double-stranded DNA was se-
quenced by cycle sequencing (Applied Bio-
systems) both strands. Sequence was deter-
mined from all clones using M13 forward
(5'-GTTTTCCCAGTCACGAC-3') and M13
reverse (5’-AACAGCTATGACCATG-3")
primers. Primers melribl (5'-GCGG-
GAATGGTTTAAAGG-3") and melrib2 (5'-
AATTACCGAGACTGCTGG-3") were used
for internal sequencing of clones in 19a; in
19b, ja23a, ja23b, ar26a, and ar26b, primers
maribl (5'-GCGGAATGGTTTAAGGC-3")
and marib2 (5'-GCGGGTAATTAAGCT-
GTC-3") were used for internal sequencing
of mal3a and mal3b. Sequence information
was assembled using the Staden (1982) pro-
gram package, and further analysis done
with the STADEN, UWGCG, and FASTA
(Devereux et al., 1984) packages available
through Daresbury Laboratory, Warrington,
England WA4 4AD.

REsuLTS

Three size classes of PCR product were
produced from the IGS region between the
185 and 58 genes, as shown in Fig. 2. Ampli-
fication of products from the five species in-
dicated that the 5S gene occurs in the IGS
region of the ribosomal cistron of all these
species, and this was confirmed by sequenc-
ing PCR products from each of these spe-
cies. The products from the five lines of M.
mayaguensis were larger, and those from the

one M. hapla line were smaller, than those
produced from the lines of the other three
species (M. incognita, M. javanica, and M.
arenaria). When PCR was done with dis-
rupted single juveniles, single females, or
single egg masses, products of identical sizes
were produced (results not shown).

The sequences of the PCR products pro-
duced from one line each of M. incognita, M.
Javanica, M. arenaria, and M. mayaguensis are
shown in Figure 3. The 715 bp of sequences
determined for M. incognita, M. javanica,
and M. arenaria were similar and unlike that
of M. mayaguensis, which differs from them
at 116 bases, with five deletions (three of
single and two of two bases) and seven in-
sertions (three of single nucleotide and one
each of 5, 19, and 41 nucleotides). The two
clones from M. mayaguensis were identical as
were the two from M. incognita. The two M.
arenaria clones differed from each other at
base 180 (A/C) and a single nucleotide de-
letion at position 552 (G/-). The M. ja-
vanica clones also differed from each other
atbp 156 (C/A), 444 (C/T), 605 (T/A), 706
(G/A), and by deletion of two nucleotides at
bp 470-471 (TA/—). The two M. incognita
sequences differed from the M. javanica and
M. arenaria sequences by a deletion at base
115 and an A at base 116.

Small stretches of repeated sequences
were found in the insertions in the M. may-
aguensis sequence and in the sequence com-
mon to the other species, i.e., TTTTTT-
GAAGAAT (212-224 of M. mayaguensis and
270-282 of the other three species),
TAAGCT (297-302 of M. mayaguensis se-
quence and from 261-266 in the other three
sequences); within the largest insertion of
the M. mayaguensis sequence, AGCTTTATT
occurs twice (340-348 and 366-374).
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Fi16. 2. PCR products using primers specific for the 18S and 58 genes that amplify the intervening IGS region.

The marker (m) used was lambda DNA HindIlI/EcoRI.

Di1SCUSSION

No obvious size polymorphisms were evi-
dent in the PCR products produced from
the group of five M. mayaguensis lines or
within the second, distinct-size group com-
prising M. arenaria, M. javanica, and M. in-
cognita lines. The three size groups of prod-
ucts were readily differentiated on the 1%
agarose gels; hence, this PCR approach pro-
vides a means of easily differentiating M.
mayaguensis from the other three species of
tropical root-knot nematode, as single juve-
niles, single females, or individual egg
masses successfully generated PCR products.
This approach could be used where the
amount of material is limited and a quick
differentiation of M. mayaguensis from the
other tropical root-knot nematodes species
is required. The PCR product produced
from the M. hapla line was smaller than that
produced from any of the other lines in this
study, but because only one isolate of M.
hapla was used, it is not possible to conclude
whether this is typical of this species. Results

of Zijlstra et al. (1995) have shown that
within the ITS regions of M. kapla there are
differences in the restriction patterns be-
tween individuals, indicating intraspecies
variability. This intraspecific variation has
not been observed with the three species of
tropical root-knot nematodes, M. incognita,
M. javanica, and M. arenaria (Xue et al.,
1993; Zijlstra et al., 1995).

A PCR-based detection method is one of
the preferred techniques for species identi-
fication. When the insert of mal3a was used
as a probe in a dot blot of nematode DNA,
detection sensitivity was insufficient to clearly
distinguish M. mayaguensis from the other
species despite the sequence differences be-
tween species in this region (Blok, unpub-
lished results). Whether better sensitivity
could be achieved with a short probe based
on the unique insert region of the M. may-
aguensis sequence was not explored as the
PCR approach was simple to use and effec-
tive in distinguishing M. mayaguensis from
the other species used in this study. The
amount of nematode DNA used in the dot
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1 50 51 100
arenaria ACGATCGGACG GGATGGCGTG CTTTCAACGC GGTATGGTCG TAATCAATGG GTTGTCAATT TCTTAATATT TAAAACAAAT TTCGCTGAGG
JAVANICA = memeecemme momoo el eemmmien semmsesmne mmemaomes Semooos oomoo--ees Ssscecosen meecnooooo
iNEOGNItA  mmeememmee smmmmoo homeeooee eemencmes cemmcmcmoo oo mmeooooo oaecamsses csem-oee —emoe-oe-
MAYAGUENSLS ---c---wes messscemon seeeeoooo —eebeiaiis wescscnooo smeees C--T ---G-----n ===Crvsrsn ~=-GrAm-rr -==T--A---

101 150 151 200
arenaria GGAAAACTCA AATTGGGCTA ATCTAGARAM TCGTGGAGAG AAATAATAGG
JAVANLICA mmmmmmmmmm mmmeeeemes mmmcccmooo mmmooooooo ——waieases Mmmemesss Sosooooos Meeseonss Sasoooooos ooo-oo-
iNCOGNILA  wmmmmemmcs mmmsBmmmmo smooceec eecmmmmooo coooo-oooo ool emmsmmsoo ooonooooh osemsmes Smsoooooo
mayaguensis ---------- - Go--A---T -T-------- ce--tarmen ammoaoo- o- --C---GAG- «-AC----A- T-A--A---T GT----=--- --- A-T----

201 250
arenaria ATTAAA~~-= ~-----=-=--- -—-=-- ARATT TTTTGAAAAA TTTAAAGTTT
javanica = ceemeemso- m--o--sdas memmcommen Soeo-ooooo oe-eeaoooo
incognita  ---------- someemmenm emmmememes eeeomeoee enmeoenoo-
mayaguensis ------ APAA TTTTTTTGAA GAATT----- ---- A----- Ahw---- c-- ~-A--B---- A-TTTAA-C- ----=T-<AT Tevmmmmmn-= == A---TARG

301 350 351 400
arenaria -~TTTATTTT TTAABACTTT TARAGTTTAT AAAATT---- ----=--=== =cseseswes —omcoocooo —camoan APA
JAVANICA sm-eseeseen mmemmel ool mememcaoo —ooooooo-e semsesoooo mooosooess S sosossssen mmessosoos
IinCognita  ---es--ems smmmomooio meeeeseeec memmmoo-oo —o---eoo-oo meesessos Soososoeso mooooooooo oo
mayaguensis CT--A-- e e AA-- ---T--~-AT- -TT---TTAA GCTTTATTAT CAGATATTTT AAAGCAGCTT TATTCTA--T

401 450 451 S00
arenaria AACAATCCTT TATTGACTCT CGCTGCAAAA TTAATTTGGC TTCTGGCAAT TGTCAGGAAT TTAGCCGATT ATAACTTTTG TGAATTT--- -- ATAATTAT
javanica = cem------- m---semmem comooooooo ooeeecenn oo- B L I
IACOGNILA  mmmm-mmm- mmeeemmee mmmmooooo smmmsnocs Som--oo--e eemommSmos Soosousmes Soosoosooc ensSoSooos moomsaeoe-
mayaguensis T-T------ A AT--TT---C --=veewnTs =-To-o-ooe -CePeBrree  mmmmmmomme ma-o-- AT-G ~-vmmmmmmm —--- AG-GCC GCTG-TAA- -

501 550 551 600
arenaria AATTAATTAT TGACAT-TCT TTTGCAAAGG ATATTTAGTA TGTTATCAGC TGTCATTAAT TTTTAATTTT CGACTTTTAT TTCGGGATTT TGAATTCTAA
javanica = c--------- smeeemoocs mo--eembcms mooooooo-e ssesccones SBmmmmmmm mmmmmmeoe eemoeoo oeoammeess mo—eoo-e-
iNCOGNELA  swe=mrm---= —--emmmmes Soomemiais sesseo--oo —o-essa-ws Sooosoooos scooosoooo SoooosSSos Sososeecse moessoosoo
mayaguensis TG-A---A-- -T-G--A--- --wevwuc--- -A-----A-- -A-A--A-GC = -eomemeo-- o--- TeB-«~ C--GA--AT- --=--A----- —----wano-

601 650 651 700
arenaria AATTATCAAT GTAATCATTA TTAATGACAG CTTAATTACC AGCAGTCTCG GTAATTCAAG CTTTGCTAAA TACCTAARATA AAAGATATCT GGTTGATCCT
javanica B E I L L TR ————-
incognita demaBmmmm- mmemeae-o— Dmoo o —iam mmmmmmmmme mm—masmas mmmmmmomec e emmeommos - sSSSoSSS S-msessmee mms——--—eo
mayaguensis ---------- A--unn- A== m-esessuse cre—e—oo- CommwBA-=G- = memesaalla- =CrmeeC ommmmmmmmss memmmmmmmn —aeceno

701 750 751 789
arenaria GCCTGAACTG ATGTGTTTAT TTCAAAGATT AAGCCATGCA TGTATAAGTT TAATCG-TTT _ATCCAGAAAC CGCGTACGGC TCATTAGAA
javanica =~ we--- Re--= —c-smemme= mmmmmmmmam mmmmm—me m-mm-—---o smmcmooos So-meecmo- Soo---uess soooooooe
incognita @ ----- B-m-e memememmmms ——wmmeme—o - P e I R e
mayaguensis ---------- won---- Lo wmmmmmmmms mmmmmeeme emmo—----- mmeme- To-- vBm-m----- cemmosssss cocaeecon-

Fic. 3. Alignment of sequence obtained from the PCR products produced with the 18S and 5S primers from
one line of each of M. mayaguensis, M. arenaria, M. javanica, and M. incognita. The symbol - indicates identity for
sequence listed below M. arenaria, except for deletions in M. mayaguensis at positions 187, 462, 463, 572, 592, and
593. All deletions between M. incognita, M. arenaria, and M. javanica are indicated in the text. Sequence from the
5S gene is highlighted in bold, and that from the 18S sequence is in bold and underlined.

blot procedure (25 ng) was greater than that
used for PCR (10 ng), and PCR can be per-
formed with single individuals. Use of
probes to detect lower quantities of nema-
tode DNA has been reported by Chacon et
al. (1993). They used a short probe to a
highly repeated sequence that enabled
them to detect 2 ng of M. incognita DNA and
distinguish M. incognita from several other
Meloidogyne spp. The ribosomal primers de-
scribed in this study were routinely more re-
liable in producing an amplification prod-
uct than primers that amplify a region of the
mitochondrial genome (Powers and Harris,
1993) when using single juveniles, females,
or egg masses (Blok, unpublished results).
The presence of the bS gene in the IGS

region of M. arenaria was reported (Vahidi
and Honda, 1991; Vahidi et al., 1991), and
this study has shown that this arrangement is
common to the three tropical root-knot spe-
cies as well as M. mayaguensis and M. hapla.
To determine whether this arrangement of
ribosomal genes is characteristic of all
Meloidogyne spp. and other related species
requires further study. Drouin and Desa
(1995) examined various reports of the 5S
rRNA being linked to tandemly repeated
multigene families and suggested that this
has occurred on a number of occasions dur-
ing evolution through fortuitous recombina-
tion events. An examination of the occur-
rence of the 5S gene in the IGS region in the
phylum Nematoda would be of interest for
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understanding the molecular basis for evo-
lutionary relationships.

Within the rDNA repeats from a wide va-
riety of organisms, the IGS region is the least
conserved. However, in this study little se-
quence variation was found in the region
between the 18S and 55 genes for the group
comprising M. incognita, M. arenaria, or M.
javanica, despite the populations originating
from widely dispersed geographic regions,
including the West Indies, Portugal, and
Burkino Faso, respectively. This raises ques-
tions as to the relationships of these lin-
eages, their dispersal, and when they differ-
entiated.

Assessing the importance of small differ-
ences in sequence between clones of a PCR
product is difficult. Differences in sequence
between clones from a single line either
could reflect genuine sequence variants be-
tween repeats or could be artifacts arising
through the amplification, cloning, and se-
quencing procedure. To establish whether
variability between repeats truly occurs in a
parthenogenetically reproducing line would
require a large number of clones from a par-
ticular line to be sequenced. Given the low
variation in sequence between clones from
some lines, the small number of differences
in sequence between species, and that se-
quence was only obtained from one line of
each of species, ranking the relative similari-
ties of the species with confidence is not pos-
sible, nor is distinguishing the species from
each other based on the sequence from the
IGS region. Regions of the mtDNA have
proved more useful for species identifica-
tion and examination of intraspecific rela-
tionships of tropical Meloidogyne (Harris et
al., 1990; Hugall et al., 1994; Powers and
Sandall, 1988), as have RFLP (Curran et al.,
1986; Fargette et al., 1996; Garate et al,,
1991; Xue et al., 1992), RAPD (Blok et al.,
1996; Cenis, 1993; Guirao et al., 1995), and
other studies using similar techniques
(Baum et al., 1994) that survey the nuclear
genome,

Populations of M. mayaguensis have been
identified in West Africa that are able to
overcome resistance in cultivars as diverse as
tomato cv. Rossol, sweet potato cv. CDH,

and soybean cv. Forrest (Fargette and Bra-
aksma, 1990; Prot, 1984). Consequently, M.
mayaguensis poses a serious agricultural
threat, and monitoring its spread and devel-
oping effective quarantine procedures have
been suggested. For this, reliable differen-
tiation of M. mayaguensis from the other
tropical RKN will be necessary. PCR of the
IGS region offers a simple method for iden-
tification of this species.
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