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IDENTIFICATION OF COFFEE ROOT-KNOT NEMATODES BASED ON PERINEAL
PATTERN, SCAR MARKERS AND NUCLEAR RIBOSOMAL DNA SEQUENCES
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Summary. The present study aimed at identifying Meloidogyne species attacking coffee in Nicaragua. Eighteen isolates collected
from coffee plantations across Nicaragua were identified. The study was based on perineal patterns of egg-laying females, SCAR
markers and partial sequences of 18S and 28S nuclear rtDNA. Two Meloidogyne species: M. exigua and M. incognita were identi-
fied and characterized. The combined sequences of 18S and 28S nuclear IDNA showed that both species were comprised of sin-
gle haplotypes. Meloidogyne exigua was widespread and was isolated from all eighteen coffee plantations whereas M. incognita was
identified in only one. Meloidogyne exigua has unique variable sites within the 18S and 28S rDNA regions when compared to sev-
eral Meloidogyne species, including those sharing similar reproductive mechanisms. These variable sites can be used to develop

new species specific SCAR markers for identification of M. exigua.
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Root-knot nematodes (RKN) of the genus Melozdogy-
ne cause major damage to a wide range of crops, includ-
ing coffee (Coffea arabica L.). Seventeen species of
Meloidogyne have been reported to attack coffee and
four of these, M. exigua Goldi, M. incognita (Kofoid et
White) Chitw., M. coffeicola Lordello et Zamith and M.
paranaensis Carneiro, Carneiro, Abrantes, Santos et
Almeida, are regarded as the most common and damag-
ing species (Carneiro and Cofcewicz, 2008). These ne-
matodes can cause retarded plant growth and produc-
tion losses of this crop (Carneiro et al., 1996b; Campos
and Villain, 2005). Six Meloidogyne species have been
identified in coffee in Central America of which M. ex-
tgua is the most widely spread species (Garcia et al.,
2009; Muniz et al., 2009; Barbosa et al., 2010). In this re-
gion, M. exigua has been reported from Costa Rica,
Nicaragua and Honduras, whereas M. arenaria (Neal)
Chitw., M. arabicida Lopez et Salazar and M. hapla
Chitw. have been reported from El Salvador, Costa Rica
and Guatemala, respectively (Hernandez et al., 2004). A
study based on esterase isozymes has shown the pres-
ence of M. incognita in Costa Rica, Guatemala and El
Salvador (Villain ez al., 2007). Meloidogyne enterelobii
Yang et Eisenback (= M. mayaguensis Rammah ez
Hirschmann) has been reported from coffee plantations
in Cuba (Rodriguez et al., 1995; Hernandez et al., 2001).

Meloidogyne exigua and M. incognita are probably the
most damaging species on coffee in Latin America. Yield
losses caused by these RKN have been estimated at up to
10% in Costa Rica (Bertrand ez 4/., 1997) and 45% in
Brazil (Barbosa et al., 2004). The wide range of RKN
species reported from coffee is related to their large di-
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versity in pathogenicity (Hernandez, 1997; Villain e al.,
1999) and research is going on to identify and character-
ize the species in order to allow reliable pest management
strategies and coffee breeding programmes to be de-
signed.

Traditional diagnosis of RKN is primarily based on
morphological features, such as perineal patterns and
morphometric data of females, males and second-stage
juveniles (Jepson, 1987; Carneiro and Cofcewicz, 2008).
However, morphological and morphometric data re-
quire a great deal of work and are often inconclusive as
they often vary considerably within a population and
may not be sufficient to distinguish closely related
Meloidogyne species (Hirschmann, 1986; Zijlstra et al.,
2000; Carneiro and Cofcewicz, 2008). DNA-based root-
knot nematode diagnosis is an attractive solution, as it
does not rely on expressed gene products, is indepen-
dent of environmental influence and the stage of the life
cycle and has a high discriminating power (Ziljstra et al.,
2000). Molecular approaches used to distinguish
Meloidogyne species include RLFP (Hugall ez al., 1994),
RAPD (Blok et al., 1997) and tDNA and mtDNA se-
quences (Blok ez al., 2002).

Molecular markers specific to a single species can be
identified from band profiles generated by PCR tech-
niques, such as RAPD and AFLP (Geleta et al., 2007).
These markers can be isolated and sequenced to design
species-specific primers (Ou et al., 2008), which can
then be used to generate Sequence Characterized Am-
plified Regions (SCAR) markers (Paran and Michel-
more, 1993). For example, the development of SCAR
markers has been achieved for rapid identification of
the soybean cyst nematode Heterodera glycines Ichinoe
(Subbotin et al., 2001) and potato cyst nematodes, Glo-
bodera pallida Stone and G. rostochiensis (Woll.) Skar-
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bilovich (Mulholland ez a/., 1996). SCAR markers have
also been developed for the identification of the three
most common nematodes on coffee, M. incognita, M.
exigua and M. paranaensis (Randig et al., 2002).

Several regions of the nuclear genome, such as 18S
and 28S ribosomal DNA (rDNA), have been used for
phylogenetic analyses and characterization of Meloidog-
yne species. Ribosomal DNA has highly informative re-
gions for diagnostic and phylogenetic studies of plant-
parasitic nematodes (Blok, 2005). The 18S rDNA re-
gion was used for phylogenetic analysis of 12 Meloidogy-
ne species, which revealed three well supported clades
(De Ley et al., 2002). Landa et al. (2008) used DNA se-
quences from the ITS, 18S and 28S rDNA regions to
characterize M. hispanica isolates of different geograph-
ic origin, and could differentiate M. hispanica
Hirschmann from other Meloidogyne species. The 18S
rDNA region was also used in combination with a mtD-
NA region for phylogenetic analysis of these species,
which revealed three major clades (Tigano ez a/., 2005).

In Nicaragua, the presence of RKN in coffee planta-
tions has been reported previously (Sequeira, 1977; Ros-
ales-Mercado and Reyes-Garcia, 1991), although the
species were not identified. The first species report on
RKN from Nicaraguan coffee plantations was by
Hernandez et al. (2004), who reported the presence of
M. exigua in the Carazo province in the South Pacific
region. The identification and characterization of coffee
RKN at the species level is a significant step towards de-
veloping efficient approaches for crop protection. It al-
so helps to assess the species and population diversity of
RKN and their impact on coffee plantations. Hence, the
objective of this study was to identify and characterize
RKN in Nicaraguan coffee plantations using morpho-
logical and molecular markers and DNA sequence data.

MATERIALS AND METHODS

Isolates of Meloidogyne species. Eighteen Meloidogyne
isolates were collected from two coffee growing regions
in Nicaragua (Table I). Fifteen isolates were from the
South Pacific region and three isolates were from the
North Central region. All isolates were collected from
coffee roots and maintained on coffee and tomato
plants (Solanum lycopersicum L..) in a greenhouse with a
mean temperature of 27 °C.

Perineal pattern. The perineal patterns of ten egg-
laying females from each isolate were prepared accord-
ing to Taylor and Netscher (1974) and Hartman and
Sasser (1985). This was followed by analysis of the per-
ineal pattern of the ten specimens. When high levels of
variation were observed, up to twenty perineal patterns
were analyzed.

DNA extraction. DNA was extracted both from single
females and bulk samples of female. Single female DNA

Table I Isolates of Meloidogyne species from eighteen coffee plantations in Nicaragua used in this study and their geographic description.

Meloidogyne species identified based
on SCAR markers

masl*

Position
N11°52" W 86° 08

N11°52"W 86° 10°
N11°52° W 86° 08"
N11°53" W 86° 08"
N11°09" W 86° 10
N11°51"W 86° 07
N12°58 W 85° 49
N12°59" W 85° 48"
N11°52" W 86° 08
N11°52" W 86° 08"
N13°45" W 86° 30"
N11°52"W 86° 09
N11°54"W 86° 07
N11°45"W 86° 31"
N11°52"W 86° 12°
N11°52° W 86° 08"
N11°38 W 86° 11°
N11°51" W 86° 08

Province

Farm

Source of
coffee variety

Caturra

Isolate code

479
606
486
454

-1
-2

M-3

M. exigua
M. exigua
M. exigua
M. exigua
M. exigua
M. exigua
M. exigua
M. exigua
M. exigua
M. exigua
M. exigua
M. exigua
M. exigua
M. exigua
M. exigua and M. incognita

470
470
817
796
565
476
1100
511
479
303

Masatepe
San Marcos
Granada
Masatepe
Jinotepe
Masatepe
Matagalpa
Matagalpa
Masatepe
Masatepe
Dipilto
Carazo
Masatepe
Carazo

La Canavalia
St. Francisca
Concepcion
Sn. Filemén

Sn. Miguel
Sn. Pedro

Aguacatal
Sn. Dionisio
La Escoba
J. Botanico
St. Elisa

P. Guerrero
Sta. Emilia
El Rosal

Catrenic
Caturra
Caturra roja
Caturra
Catimor
Catuaf roja
Caturra
Catuai roja
Pacas
Caturra
Pacas

Pacas
Caturra

-4
5
M-6
-7
-8
-9

M-10
M-11
M-12
M-13
M-14

M. exigua
M. exigua
M. exigua

470
498
460
477

Masatepe
Masatepe

Carazo

St. Francisca

El Danubio
Sn. Rafael

Pacas
Bourbon
Caturra
Pacas

M-15
M-16

M-17
M-18

Masaya

Sn. Enrique

* metres above sea level.



was extracted from each of ten females using Extract-N-
Amp™ Tissue PCR Kits (SIGMA) following the instruc-
tions provided with the kit. For bulk extractions, DNA
was extracted from forty bulked females using a proto-
col originally developed for DNA extraction from in-
sects (Reineke ez al., 1998), with minor modifications.
The samples were transferred to Eppendorf tubes con-
taining 25 pl of extraction buffer [1M Tris (pH 8), 0.5 M
EDTA, 10% SDS and 0.1 ml of 20 mg/ml of Proteinase
K] and frozen in liquid nitrogen for 10 seconds before
being manually ground using a pestle. Then, 75 pl of ex-
traction buffer was added and the samples were com-
pletely homogenized using a pestle connected to cord-
less motor. Once the samples were completely homoge-
nized, 300 pl of extraction buffer and 100 pl of 10%
SDS were added and the samples were incubated at 58
°C for 1 h. After the addition of 140 pl of 5M NaCl and
65 pl of 10% CTAB the samples were incubated at 65 °C
for 10 min. This was followed by the addition of 700 pl
of chloroform-isoamyl alcohol (24:1), incubation on ice
for 30 min and centrifugation at 4 °C for 20 min. The su-
pernatant was transferred to a new Eppendorf tube, 225
pl of 5M NH,Ac was added and the samples were incu-
bated on ice for 30 min before centrifugation at 4 °C for
20 min. For precipitation, 500 pl of cold isoprapanol was
added, followed by centrifugation at 4 °C for 20 min and
washing with 70% ethanol. In all cases, centrifugation
was at 14000 rpm. The pellet was finally dissolved in 30
pl of TE buffer. The quality of the extracted DNA was
analyzed by agarose gel electrophoresis and DNA con-
centration was determined using a Nanodrop® ND-
1000 spectrophotometer (Saveen Werner, Sweden).

Polymerase chain reaction and DNA sequencing. The
18S nuclear rDNA gene fragment was amplified using
the primer-pair MelF and MelR (Tigano et al., 2005;
Table II). The PCR amplification was done in a 20 pl re-
action volume containing 10 ul of Extract-N-Amp PCR
reaction mix (SIGMA), 0.75 pM of each primer and 3
pl of genomic DNA. The amplification temperature
profile was: 7 min initial denaturing at 94 °C and 10 min
final extension at 72 °C with the intervening 35 cycles of
1 min at 94 °C, 1 min primer annealing at 50 °C and 1
min primer extension at 72 °C. The 28S nuclear rDNA
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gene fragment was amplified using primer-pair D34 and
D3B (Chen et al., 2003). PCR amplification was done in
a 20 pl reaction volume containing 10 ul of Extract-N-
Amp PCR reaction mix (SIGMA), 0.4 pM of each
primer and 4 pl of genomic DNA. The amplification
temperature profile was as follows: initial 3 min dena-
turing at 95 °C and final 5 min primer extension at 72
°C with the intervening 40 cycles of 30 sec denaturing at
95 °C, 30 sec primer annealing at 55 °C and 1 min
primer extension at 72 °C.

Partial sequences of the 18S and 28S rDNA were am-
plified and sequenced using DNA extracted from single
females. SCAR marker analyses were performed using
bulk female DNA; when bulk DNA based SCAR mark-
ers revealed the presence of more than one Meloidogyne
species, single female DNA was also used to confirm the
results obtained using bulk DNA.

In the case of SCAR marker analysis, three primer-
pairs specific to M. exigua, M. incognita and M.
paranaensis were used (Randig et al., 2002; Table IT).
PCR amplification was done using DNA from both sin-
gle and bulked female nematodes. For single female
DNA, PCR was done in a 20 pul reaction volume con-
taining 10 pl of Extract-N-Amp PCR reaction mix
(SIGMA), 0.75 uM of each primer and 3 pl of genomic
DNA. For bulk samples, the PCR amplification was
done in a 50 pl reaction volume containing 10x PCR
buffer (Saveen Warner AB), 2 mM MgCl,, 0.1 mM
dNTPs, 1 U of Taqg DNA polymerase, 0.5 ptM of each
primer and 10 ng of genomic DNA. Both groups of
samples were amplified under the following tempera-
ture profile: 5 min at 94 °C, followed by 30 cycles of 30
sec at 94 °C, 45 sec at 64 °C, and 1 min at 70 °C; and fi-
nal extension of 8 min at 70 °C. DNA was amplified us-
ing a Gene AMP PCR system 9700 thermocycler.

All PCR products were electrophoresed at 100 V for
30 min on 1.5% agarose gels that were stained with
ethidium bromide and visualized and photographed un-
der UV light. The PCR products of the 18S and 28S rD-
NA were purified using a QIA quick PCR purification
kit (QTAGEN GmbH, Germany) as recommended by
the manufacturer. Five nanograms of the purified PCR
product were added to a 1.5 ml Eppendorf tube for
each sequencing reaction and the samples were dried

Table II. List of primers used for amplifications of SCAR markers and amplification and sequencing of the partial se-

quences of 18S and 28S rDNA genes in Meloidogyne species.

Primer name Primer sequence (5°—3’)

Target region Target species

Ex-D15-F CAT CCG TGC TGT AGC TGC GAG
Ex-D15-R CTC CGT GGG AAG AAAGACTG
inc-K14-F GGG ATG TGT AAATGCTCC TG
inc-K14-R CCC GCT ACACCCTCA ACTTC
par-CO9-F GCC CGA CTC CAT TTG ACG GA
par-C09-R CCG TCC AGA TCC ATC GAA GTC
MelF TAC GGA CTG AGATAATGG T
MelR GGT TCA AGC CACTGC GA

D3A GAC CCG TCT TGA AAC CAC GA

D3B TCG GAA GGA ACCAGCTACTA

SCAR markers M. exigua

M. incognita

M. paranaensis
18S Meloidogyne spp.
28S Meloidogyne spp.
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overnight. Fifteen pl of Millipore water was added and
the samples were sent to EUROFINS MWG Operon
(Ebersberg, Germany) for sequencing with an ABI
PRISM-3100 genetic analyzer (Applied Biosystems).
Each DNA region was sequenced using both forward
and reverse primers. The partial nucleotide sequences
of the two ribosomal genes from M. exigua and M.
incognita were submitted to the GenBank. The acces-
sion numbers of these sequences are given in Table III.
Additional DNA sequences were retrieved from the Na-
tional Center for Biotechnology Information (NCBI)
database for data analysis in combination with the se-
quences generated in this study.

Sequence alignments and data analyses. Sequences
were edited using BIOEDIT sequence alignment editor
version 7.0.5 (Hall, 2005) and the sequences were visu-
ally inspected using SEQUENCE SCANNER version
1.0 (Applied Biosystems). Sequences were aligned using
CLUSTAL X version 1.81 (Thompson et al., 1997) fol-
lowed by manual adjustment. BIOEDIT was used to
generate a sequence identity matrix between the se-
quences generated in this study and those retrieved
from the GenBank. Maximum parsimony based phylo-
genetic analysis was carried out using PAUP* 4.0 Beta
10 (Swofford, 2000) based on the alighed sequences
from the present study and from the GenBank. Both
strict and bootstrap 50% majority rule consensus trees
were constructed and clade support was estimated using
bootstrap values (1,000 bootstrap replicates with 100
random additions).

RESULTS

Perineal pattern. Although the perineal patterns were
quite variable, detailed observations of 10-20 female ne-
matodes from each isolate indicate that the perineal pat-
terns correspond to M. exigua and M. incognita.
Meloidogyne exigua was observed in all eighteen iso-
lates. Typical characteristics are rounded, slightly plane
low dorsal arcs, thick and well spaced striae, non-per-
ceptible lateral lines normally demarked by either bent
or interrupted striae (Fig. 1a-c). The M. incognita per-
ineal pattern was observed in only one isolate from the
El Danubio farm in the South Pacific region of
Nicaragua. The perineal pattern was roughly oval, dor-
sal striae closely spaced, wavy to zig-zag, forking to
some extent at the lateral lines. The dorsal arch was
generally trapezoid in shape, sometimes with a distinct
tail whorl and numerous transverse striae at the side of
the ventral part (Fig. 1d-f).

SCAR markers. Amplification of DNA from bulk and
single females using the M. exigua primer-pair resulted
in a specific band of expected size, 562 bp in all eigh-
teen isolates (Fig. 2a). There was no amplification with
the M. incognita primer-pair except in isolate M-15 (El
Danubio farm), which yielded a fragment of 399 bp as
expected (Fig. 2b). No amplification was obtained with
the M. paranaensis primer-pair (Fig 2c).

18S and 288 nuclear rDNA sequences. Amplification
of the partial sequence of the 18S nuclear rDNA region

Table III. Sequence identity between sequences generated in this study and sequences retrieved from the GenBank, in

M. exigua and M. incognita.

Country of

Gene Species origin Host Accession number M. exigua® M. incognita®

18S rDNA M. exigua* Nicaragua Coffee HQ709101 0.966
M. exigua UK Coffee AF442200 0.984 0.959
M. exigua® Brazil Coffee AY 942627 0.979 0.983
Mean 0.982 0.969
M. incognita’ Nicaragua Coffee HQ709102 0.966 ID
M. incognita® Brazil Coffee AY942624 0.964 0.997
M. incognita® Netherlands ng EU669939 0.963 0.996
M. incognita® Netherlands ng EU669940 0.960 0.993
M. incognita® Netherlands ng AY284621 0.960 0.992
M. incognita® ng ng AY268120 0.960 0.990
M. incognita® USA Soybean AF535868 0.971 0.985
Mean 0.963 0.992

28S rDNA M. exigua® Nicaragua Coffee HQ709103 - 0.929
M. exigua® Brazil Coffee AF435796 0.995 0.933
M. exigua® Brazil Rubber tree AF435795 0.990 0.938
M. exigua® UK Coffee AF435804 0.990 0.929
Mean 0.992 0.932
M. incognita’ Nicaragua Coffee HQ709104 0.929 -
M. incognita® Korea Ng GQ258784, 6-9 0.929 1.000
M. incognita® USA Ng AY355416 0.929 1.000
M. incognita® USA Ng AY355411,.3 0.929 1.000
M. incognita® USA Soybean AF435794 0.924 0.995
M. incognita® USA Ng AY355414,7 0.924 0.937
M. incognita® USA Ng AY355412 0.905 0.928
Mean 0.926 0.983

Ng = not given; “sequences generated in this study; "sequences retrieved from GenBank
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Fig. 1. Variability of perineal patterns of Meloidogyne exigua (a, b, c) and Meloidogyne
incognita (d, e, f) isolates identified from Nicaraguan coffee plantations. Scale bars: 20 pm.

yielded a fragment of 902 bp in both M. exigua and M.
incognita. A total of 34 DNA sequences (two from each
isolate) were obtained from the seventeen isolates, ex-
cluding isolate M-15. The sequences of all the 34 speci-
mens were identical and correspond to M. exigua. In the
case of the M-15 isolate, PCR products from twelve
specimens were sequenced, of which eight were charac-

teristic for M. exigua and four for M. incognita. The
eight M. exigua sequences were identical to the 34 se-
quences from the other amplified fragments and thus
the 18S rDNA sequences of all specimens identified as
M. exigua through SCAR marker and perineal pattern
analyses were identical. The sequences of the four speci-
mens identified as M. incognita were also identical.

Fig. 2. Gel picture showing the amplification patterns of the 18 Meloidogyne isolates
using primer-pairs specific to (a) M. exigua, (b) M. incognita and (c) M. paranaensis. M-
1 to M-18 corresponds to isolate codes given in Table 1.
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Table IV. Mean sequence identity matrix between sequences from the two Nicaraguan Melozdogyne species (columns)
identified in this study and sequences of the same species and other closely related Meloidogyne species retrieved from

GenBank (rows).

M. exigua from Nicaragua

M. incognita from Nicaragua

Species sequence from

Mean of 18S and

Mean of 18S

GenBank 18S 28s 28 18S 28s and 285
M. exigua 0.982 0.992 0.987 0.969 0.932 0.951
M. oryzae 0.985 - - 0.959 - -
M. graminicola 0.983 0.948 0.966 0.957 0.937 0.947
M. fallax 0.982 0.920 0.951 0.963 0.914 0.939
M. incognita 0.963 0.926 0.945 0.992 0.983 0.988
M. paranaensis 0.966 0.929 0.948 0.993 1.000 0.997
M. javanica 0.963 0.929 0.946 0.995 0.995 0.995
M. hispanica 0.963 0.929 0.946 0.993 0.980 0.987
M. arenaria 0.962 0.918 0.940 0.994 0.982 0.988
M. floridensis 0.964 - - 0.997 - -
M. morocciensis 0.964 - - 0.997 - -
M. ethiopica 0.965 - - 0.996 - -
M. arabicida 0.964 - - 0.993 - -
M. chitwoodi 0.980 0.893 0.937 0.961 0.869 0.915
M. konaensis - 0.929 - - 0.995 -

These M. incognita fragments have a sequence identity
of 96.6% to the sequences from M. exigua (Table I1I).
When we compared the M. exigua sequences ob-
tained in the present study (HQ709101) with M. exigua
sequences retrieved from the GenBank (AF442200 and
AY942627), the mean sequence identity between them
was 98.2% (Tables III and IV), whereas the mean se-
quence identity between our M. exigua (HQ709101)
and M. incognita sequences from the GenBank was
96.3%. On the other hand, the sequence identity be-
tween M. incognita from this study (HQ709102) and M.
incognita from the GenBank was 99.2, whereas our M.

incognita (HQ709102) and M. exigua sequences from
the GenBank had a sequence identity of 96.9% (Table
III). The sequence of our M. incognita (HQ709102) was
most similar to that of M. incognita isolated from coffee
in Brazil (AY942624) with a sequence identity of 99.7%
and least similar to M. incognita isolated from soybean
in USA (AF535868) with a sequence identity of 98.5%.
When the sequences of M. exigua, including the one
from the present study, were compared with 43 se-
quences from thirteen other Meloidogyne species from
the GenBank, it was revealed that M. exzgua has a unique
variable site within 18S rDNA that corresponds to the

M. exigua HQ709101 + HQ709103
TREESTATISTICS M. exigua AF442200 + AF435795
‘T’:e':i:::;’;fi;’;aﬁ"e characters = 43 86 100 M. fallax EU669935 + FN4290172
Consistency index (Cl) =0.77 99 M. chtiwoodi  AY593884 + AF435802
Homoplasyindex = 0.23 P
Retention index(Rl) = 0.80 M. graminicola AFa42196 + AF435793
Rescaled consistencyindex =0.62 M. exigua AY942627 + AF435796
M. incognita  HQ709102 +HQ709104
M.incognita  EU669940 + AY355416
74 79 M. javanica AY268121 + EU47559
M. arenaria AY942623 + EU364889
65 M. paranaensis AY942622 + AF435800
—: M. hispanica  EU443609 + EU443606
M. incognita  AF535868 + AY355413
M. silvestris EU570215 + EU570214
M. hapla AY942628 + AY335816
M. dunensis EF612713 + EF612712

Fig. 3. Strict consensus of 525 trees from the analysis of 18S and 28S rDNA sequences of Meloidogyne species.
Meloidogyne dunensis was used as outgroup. Numbers above the branches are bootstrap values from bootstrap 50%
majority rule consensus tree. The texts to the right of the species names refer to the accession numbers of 18S rDNA

and 28S rDNA in that order.



196™ nucleotide in the HQ709101 sequence (data not
shown). At this position, M. exigua has a T nucleotide in-
stead of A or indel in the other species included in the
analysis. Unlike in M. exigua, there was no such unique
mutation in M. zncognita. The 18S rDNA data showed
that the sequence similarity between M. exigua from the
present study and other M. exigua sequences is of the
same level as the similarity between M. exigua and M.
oryzae Maas, Sanders et Dede/M. graminicola Golden et
Birchfirld/M. fallax Karssen (Table IV). Similarly, the se-
quence similarity between M. incognita from the present
study and other M. incognita sequences is of the same
level or even lower when compared to the sequence simi-
larity between M. incognita and some other Meloidogyne
species, including M. paranaensis and M. javanica
(Treub) Chitw. (Table IV). These can also be observed
from the strict consensus tree constructed from the com-
bined data of the 18S and 28S rDNA genes (Fig. 3).

The amplifications of the 28S rDNA region yielded a
fragment of 342 bp for M. exigua from all eighteen iso-
lates and a fragment of approximately 334 bp for M.
incognita from isolate M-15. Similarly to the sequences
from 18S rDNA, the sequences of all 42 specimens from
the eighteen isolates identified as M. exzgua were identi-
cal. The sequences of the four specimens identified as M.
incognita from isolate M-15 were also identical. These se-
quences have a sequence identity of 92.9% to the M. ex-
Zgua sequences generated in this study (Table III).

When we compared the M. exigua 28S rDNA se-
quence obtained in the present study (HQ709103) with
M. exigua sequences from the GenBank (AF435796,
AF435795 and AF435804), the mean sequence identity
between them was 99.2% (Tables III and IV), which is
significantly higher than the sequence identity between
HQ709103 and sequences from other Meloidogyne
species. The second most similar group of sequences to
HQ709103 was from M. graminicola with a mean se-
quence identity of 94.8%. The mean sequence identity
between HQ709103 and M. incognita sequences re-
trieved from the GenBank was 92.6%. On the other
hand, the mean sequence identity between M. incognita
from this study (HQ709104) and M. incognita se-
quences from the GenBank was 98.3%. However,
HQ709104 had a sequence similarity higher than
98.3% with the GenBank sequences from three other
species (M. paranaensis, M. javanica and M. konaensis
Eisenbach, Bernard ez Schmitt) (Table IV). HQ709104
and sequences of M. exigua from GenBank had a mean
sequence identity of 93.2% (Table III).

Comparison of the M. exigua 28S rDNA sequences
revealed that our sequence (HQ709103) was more simi-
lar to the sequence of an isolate from coffee in Brazil
(AF435796) than to the sequence of isolates from rub-
ber trees in Brazil (AF435795) and coffee in the UK
(AF435804; Table III). The 28S rDNA sequence of M.
incognita from this study (HQ709104) was identical to
the sequences of three accessions from the USA and five
accessions from Korea, but had a sequence identity of
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only 92.8% with another accession from the USA
(AY355412; Table ITI). Similarly, comparison of the 28S
rDNA sequences of M. exigua, including that of the pre-
sent study, with those of the species listed in Table IV
(excluding M. oryzae, M. floridensis Handoo, Nyczepir,
Esmenjaud, van der Beek, Castagnone-Sereno, Carta,
Skantar ez Higgins, M. morocciensis Rammah et
Hirschmann, M. ethiopica Whitehead and M. arabicida)
revealed that M. exigua has three unique variable sites at
positions that correspond to the 26™, 31 and 55% nu-
cleotides of the HQ709103 sequence. These sites are T
vs G/A, T vs C and T vs G/indel, respectively. Unlike in
M. exigua, there was no such unique mutation in M.
incognita. We also made comparisons of sequences
based on the combined sequences of the 18S and 28S
rDNA regions. The sequence identity between M. ex-
zgua from the present study and from the GenBank was
98.7%, which is significantly higher than that between
sequences of M. exigua and other Meloidogyne species.
For M. incognita, the identity between sequences from
this study and from the GenBank was 98.8% (Table IV).

DISCUSSION

The present study used a combination of tools (per-
ineal pattern, SCAR markers and DNA sequence data)
to identify and characterize the RKNs in Nicaraguan
coffee plantations. Although analysis of perineal patterns
of RKN is a difficult task that demands considerable
skills because of significant intra-specific variation, it has
been used as a diagnostic tool to provide support for
species identification (Carneiro et al., 1996a; Herniandez
et al., 2004). In this study, considerable variation in per-
ineal patterns was observed both within and between the
eighteen isolates. However, after analyzing a large num-
ber of egg-laying females from each isolate, as suggested
by Carneiro and Cofcewicz (2008), and comparing with
previously published RKN perineal patterns, it was pos-
sible to group them into two distinct types in which M.
exigua and M. incognita were considered as the most
likely species. Although M. incognita was identified in
only one of the eighteen isolates, its perineal pattern was
more variable than that of M. exigua.

The use of SCAR markers, originally developed by
Randig ez al. (2002) to discriminate the three major
RKN species parasitizing coffee (M. exigua, M. incognita
and M. paranaensis), on both single and bulk nematode
extracts of all eighteen isolates successfully identified
the nematodes as M. exigua and M. incognita. The re-
sults were in complete agreement with the identification
based on perineal patterns. The RKN in coffee planta-
tions are often found as mixed populations of more
than one species in different proportions (Carneiro et
al., 1996a; Campos and Villain, 2005), as exemplified
with isolate M-15 in this study. In this isolate, the fre-
quency of M. exigua was significantly higher than that of
M. incognita. The application of a single nematode
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based SCAR marker analysis on specimens that repre-
sent the perineal pattern variants identified the speci-
mens either as M. exigua or M. incognita and thus sug-
gests the absence of other RKN species in the eighteen
coffee plantations sampled.

The analysis of the partial sequences of 18S and 28S
rDNA genes revealed that both M. exigua and M. incog-
nita from this study comprised single haplotypes regard-
less of the variation in perineal pattern within species.
For 28S rDNA, the M. incognita haplotype from this
study is the same as a haplotype previously reported by
Chen et al. (2003) from the USA and Oh ez a/. (2009)
from Korea (see Table IV). In the case of 18S rDNA,
the haplotypes of both species are different from those
retrieved from the GenBank. The same was observed
for 28S rDNA from M. exigua.

The phylogenetic analysis by De Ley ez al. (2002) on
RKN showed that M. incognita is closely related to M. ja-
vanica and M. arenaria whereas M. exigua is closely relat-
ed to M. graminicola and M. chitwoodi Golden, O’Ban-
non, Santo et Finley, which is in line with the maximum
parsimony based phylogenetic analysis from the com-
bined sequences of 18S and 28S rDNA in the present
study (Fig. 3). Meloidogyne incognita shares obligatory
mitotic parthenogenesis with its closely related species,
M. javanica, M. arenaria and M. paranaensis (Chen et al.,
2003; Oh et al., 2009) whereas M. exigua shares meiotic
parthenogenesis with M. oryzae, M. graminicola and M.
fallax (Tigano et al., 2005). Both sequence identity and
phylogenetic analyses suggest that the use of only 18S
and 28S rDNA genes for species identification based on
sequence identity is not a reliable approach, as it may
lead to misclassification of the species. However, it
seems that the 28S rDNA region can be used to identify
M. exigua, as the 99.2% sequence identity between M.
exigua haplotypes was significantly higher than their se-
quence identity with any other Meloidogyne species,
which was also supported by the results of phylogenetic
analysis. A combination of several fast-evolving nuclear
and mitochondrial DNA regions should be used in order
to resolve the phylogenetic relationship between the
closely related RKN species discussed above.

Meloidogyne exigua has unique variable sites within
both the 18S and 28S rDNA regions when compared to
several other Meloidogyne species, including those shat-
ing a similar reproductive mechanism. These variable
sites can be used to develop new species-specific SCAR
markers for the identification of this species. The sugges-
tion by Page and Holmes (1998) to consider the 18S rD-
NA has been very useful in RKN phylogenetic studies
but there are groups of species that are not well resolved.
The comparison of the levels of sequence identity be-
tween haplotypes in terms of host similarity and geo-
graphic proximity did not show consistent patterns, sug-
gesting that these species are less specialized in host pref-
erence and also may have less geographic differentiation.

Meloidogyne exigua is probably the most widespread
species parasitizing coffee in America causing signifi-

cant yield losses (Garcia et al., 2009; Muniz et al., 2009;
Barbosa et al., 2010). Thus, the presence of this species
in Nicaraguan coffee plantations is not surprising. How-
ever, the fact that M. exigua, unlike M. incognita, is
widely distributed in Nicaragua is important to consid-
er. Many factors, such as soil type, the distribution of
annual rainfall and the presence of other hosts, such as
weeds and shade trees among others, could affect the
distribution of Meloidogyne species in coffee planta-
tions. For example Villain ez a/. (2008) indicated an as-
sociation between soil types and the distribution of
Meloidogyne species in coffee plantations in Central
America. Barbosa et al. (2004) also reported a similar
association for M. paranaensis and M. incognita in
Brazil, which were restricted to certain localities.

Meloidogyne incognita is among the most economi-
cally important nematode pests, causing serious damage
to a variety of crops throughout the world (Oh ez al.,
2009), as it has a wide range of crop and weed hosts
(Trudgill, 1997; Rich et al., 2008). The effect of M.
incognita on coffee plantations was reported to be most
serious in Brazil (Campos and Villain, 2005). This
species seems to be restricted in distribution in
Nicaragua and thus an effective pest management strat-
egy should be applied in order to prevent its spread to
new areas. In areas where it already exists, the use of the
recently identified resistant C. arabica genotype ‘UFV
408-28" (Albuquerque et al., 2010) and/or other resis-
tant genotypes that might exist in the Nicaraguan coffee
gene pool is recommended.

In summary our results demonstrated clearly the
presence of M. exigua and M. incognita in the eighteen
isolates collected from the two coffee growing regions
of Nicaragua. As the levels of damage caused by nema-
todes depend greatly on the nematode species, our find-
ings are of prime importance for the implementation of
appropriate integrated pest management strategies. In
this context the use of resistant coffee genotypes repre-
sents the most promising option for the control of
Meloidogyne species (Noir et al., 2003; Albuquerque et
al., 2010; Villain ez a/., 2010).
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