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ABSTRACT

Habteweld, A., C. Bania, and W. T. Crow. 2021. Morphological and molecular characterization of a
population of Pratylenchus hippeastri (Nematoda-Pratylenchidae) parasitizing muscadine grape in Florida.
Nematropica 51:56-66.

Root-lesion nematodes are among the most prevalent nematodes that can infect and cause damage to
grapevine roots. Females and juveniles of a Pratylenchus sp. were extracted from composite root samples
collected from muscadine grape (Vitis rotundifolia) in a vineyard in central Florida. Morphological
observations and molecular analysis of 28S large subunit ribosomal DNA and mitochondrial cytochrome
oxidase I (COI) sequences of this population indicated that it was a representative of the amaryllis root-
lesion nematode, Pratylenchus hippeastri. To our knowledge, this represents the first report of P. hippeastri
on muscadine grape. Morphological characters of the population from muscadine grape in Florida were
consistent with those in the original description for the species except for slight variation in the ratio b’ [4.5
(3.7-5.9) vs 3.9 (3.6-4.3); mean (range)] and excretory pore distance from anterior end [85.0 (84.7-101.0)
vs 91.0 (85.0-95.0) um)]. The Florida population from muscadine grape had longer body length (588
(478.0-668.0) pm) than that of other populations previously recovered from apple in China (447.8 (400.7-
479.8) um) and European grape (Vitis vinifera) in California (436.0 (402.0-476.0) pm). The occurrence of
P. hippeastri on muscadine grape and other hosts reported outside Florida suggests that this species has a
wide host and geographical range.

Key words: Amaryllis root lesion nematode, COIl mtDNA gene, D2-D3 of 28S rRNA gene, diagnosis,
morphometrics, phylogenetic analysis

RESUMEN

Habteweld, A., C. Bania, y W. T. Crow. 2021. Caracterizacion morfologica y molecular de una poblacion
de Pratylenchus hippeastri (Nematoda-Pratylenchidae) parasitando la vid muscadine en Florida.
Nematropica 51:56-66.

Los nematodos lesionadores de raices se encuentran entre los nematodos mas prevalentes que pueden
infectar y dafiar las raices de la vid. Juveniles y hembras de un Pratylenchus sp. fueron extraidos de muestras
compuestas de raices recolectadas de la vid muscadine (Vitis rotundifolia) en un viiiedo en Florida Central.
Observaciones morfologicas y analisis moleculares del 28S subunidad mayor del ADN ribosomal y
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secuencias del citocromo oxidasa I (COI) de ADN mitocondrial de esta poblacion indicé que fue
representativa del nematodo lesionador del amarilis Pratylenchus hippeastri. A nuestro conocimiento, este
es el primer informe de P. hippeastri en vid muscadine. Caracteres morfoldgicos de la poblacion en vid
muscadine en Florida fue consistente con aquellos en la descripcion original para la especie excepto por
una ligera variacion en el radio b’ [4.5 (3.7-5.9) vs 3.9 (3.6-4.3); promedio (rango)] y la distancia del poro
excretor desde la parte anterior del nematodo [85.0 (84.7-101.0) vs 91.0 (85.0-95.0) um)]. La poblacion del
nematodo en vid muscadine de la Florida present6 una longitud del cuerpo mas larga (588 (478.0-668.0)
um) que aquellas otras poblaciones previamente recuperadas de manzana en China (447.8 (400.7-479.8)
um) y la vid Europea (Vitis vinifera) en California (436.0 (402.0-476.0) um). La ocurrencia de P. hippeastri
en vid muscadine y otros hospederos reportados fuera de Florida sugieren que esta especie posee un amplio
rango de hospederos y geografico.

Palabras clave: El nematodo lesionador del amarilis, gen COI del ADNmt, D2-D3 del gen 28S del ARNT,

diagnostico, morfometria, analisis filogenético

INTRODUCTION

Two species of grape, European bunch grape
(Vitis vinifera L.) and muscadine grape (V.
rotundifolia Michx), are grown in Florida.
However, due to susceptibility of V. vinifera to
Pierce’s disease caused by Xylella fastidiosa,
which is widespread in Florida, only the native and
resistant muscadine grape is commonly cultivated
in the State (Anderson et al., 2003). Plant-parasitic
nematodes are one of the biotic factors damaging
grapevine production in Florida by transmitting
viruses, weakening vines, and debilitating their
root system (Crow and Rich, 2006). Root lesion
nematodes (Pratylenchus spp.) are among the most
prevalent nematodes that can infect and cause
damage to the grape roots (Téliz et al., 2007;
Howland et al., 2014). During a class project in
2020, composite root samples from muscadine
grape were collected in central Florida and found
infected with a root lesion nematode population
resembling  Pratylenchus  hippeastri Inserra,
Troccoli, Gozel, Bernard, Dunn, and Duncan,
2007. This species was originally described from
roots of Hippeastrum sp. (amaryllis) in Florida
(Inserra et al., 2007). The identification of this
nematode is challenging and requires the
morphological examination of many specimens
and corroboration with molecular analyses.

Since there are no records of infections of P.
hippeastri on muscadine grapes, a study was
conducted to: (i) characterize the population of P.
hippeastri recovered from muscadine grape roots
in Florida using morphometrics and molecular
DNA barcoding and (ii) determine the
phylogenetic relationship of this root lesion

nematode population with other related species
based on the D2-D3 expansion segments of 28S
rRNA and partial COl mtDNA gene sequences.

MATERIALS AND METHODS

Nematode population, extraction, and
morphological charatcterization

Muscadine grape root samples from three
vines in the same field were collected from
Clermont, Lake County in Florida, and transported
to UF/IFAS Nematode Assay Laboratory
(Gainesville, FL) for nematode diagnosis in
November 2020. The roots were mixed together to
form a composite root sample and washed with
distilled water to remove soil from the root surface.
Nematodes were extracted from 10 g of moist roots
incubated in a mist chamber for 72 hr (Crow et al.,
2020). In total, 10 females were used for
morphometric characterization. Nematodes were
processed for permanent mounting according to
Habteweld et al. (2019). The specimens were
examined for morphological features and
morphometrics using a camera installed on an
Olympus BH-2 microscope (Olympus, Japan).
Measurements were taken using the ZEN lite
software on ZEISS Axiocam ERc5s digital camera
(Zeiss, Oberkochen, Germany). Morphological and
morphometric characteristics of P. hippeastri were
compared with those of the paratypes in the
original description (Inserra et al., 2007) and other
P. hippeastri populations (De Luca et al., 2010; Gu
et al., 2014; Wang et al., 2016; Shokoohi et al.,
2019; Knoetze et al., 2019; Handoo et al., 2020).
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Molecular characterization and phylogenetic
relationships

Total genomic DNA was extracted following
the proteinase K method as described by Pagan et
al. (2015). A single female was transferred to a
DNA extraction buffer containing 18 ul Tris-
EDTA buffer, 1 pl of 2% triton, and 1 pl of
proteinase K (20 mg/ml). The nematode in the
extraction buffer was frozen and thawed four times
and placed at -20°C overnight. The DNA was
extracted by incubating the tube at 56°C for 1 hr
followed by deactivation at 95°C for 15 min using
T100TM thermocycler (Bio-Rad Laboratories,
Inc., Hercules, CA). DNA amplification was
performed in 25 ul of reaction mix containing 12.5
ul 2x Hot Start Master mix (Genessee Scientific,
San Diago, CA), 0.75 ul forward and reverse
primers, 2 pl sterile nuclease free water (Thermo
Fisher Scientific, Gainesville, FL), and 9 pl
template DNA. D2-D3 expansion segment of the
large subunit (LSU) rDNA was amplified using the
primer sets D2A (5'-
CAAGTACCGTGAGGGAAAGTTG-3') and
D3B  (5-TCGGAAGGAACCAGCTACTA-3")
(De Ley et al., 2005). Mitochondrial cytochrome
oxidase I (COI) was amplified with JB3 (5'-
TTTTTTGGGCATCCTGAGGTTTAT-3")  and
JBS (5'-
AGCACCTAAACTTAAAACATAATGAAAAT
G-3') (Derycke et al., 2005). The thermocycling
reactions for both DNA regions were as follows:
95°C for 15 min, followed by 38 cycles of 94°C for
30 sec, 55°C for 45 sec, and 72°C for 1 min, and a
final extension step of 72°C for 7 min. PCR clean-
up and sequencing were performed by Genewiz
LLC (South Plainfield, NJ).

The COI mtDNA and the 28S rRNA D2-D3
expansion segment genes were sequenced from
two and one individual females, respectively. To
identify the species, raw sequences were checked
and edited manually using Geneious Prime
2020.2.5 (Auckland, New Zealand). Consensus
sequences obtained were compared with those
deposited in the GenBank database using BLAST
engine search for sequence identity. The newly
obtained sequences were submitted to GenBank
database under accession numbers MZ355925 for
D2-D3 of the 28S rRNA gene, and MZ355922 and
MZ355923 for COL To perform the phylogenetic
analysis, D2-D3 LSU and COI sequences obtained
from P. hippeastri identified in the present study

and those retrieved from GenBank databases were
aligned over the same length in MUSCLE using
MEGA v. X (Kumar ef al., 2018) (Figs. 1, 2). The
alignment was analyzed to obtain the base
substitution model for these sequences using
MEGA X (Kumar et al., 2018). For both D2-D3
LSU and COI sequences, the evolutionary history
was inferred by using the maximum likelihood
method and Tamura-Nei model (Tamura and Nei,
1993). Initial tree(s) for the heuristic search were
obtained automatically by applying neighbor-
joining and BioNJ algorithms to a matrix of
pairwise distances estimated using the maximum
composite likelihood (MCL) approach, and then
selecting the topology with superior log-likelihood
value. The phylogram was generated using base
substitution model selected for each alignment and
running maximum likelihood model with 1,000
bootstrap replicates using MEGA X to assess the
degree of support for each branch on the tree
(Landa et al., 2008).

RESULTS

Morphometric characterization

The root lesion nematode population extracted
from muscadine grape roots consisted of females
and juveniles only. No males were found. The
morphometric characters of females were
consistent with those given for the type population
by Inserra et al. (2007) (Table 1).

Molecular characterization and phylogenetic
relationships

The sequencing of the PCR product amplified
using D2A and D3B primers yielded a product of
approximately 768 bp in length. D2-D3 expansion
segment of the 28S rRNA gene from the population
in the present study showed >96% similarity with
P. hippeastri sequences from NCBI GenBank
including those from amaryllis in Florida
(DQ498829), bottlebrush (Callistemon rigidus) in
Florida (GU131130) and Japanese Maple (Acer
palmatum) in Japan (KC796706). The D2-D3
alignment included 34 sequences and had 670
positions in length in the final dataset. Out of the
33 sequences, 16 of them were from P. hippeastri
from GenBank and one sequence was from the
present study (Fig. 1). The D2-D3 of 28S rRNA
gene sequence of P. hippeastri in the present study
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Figure 1. Phylogenetic relationship based on D2-D3 expansion segments of 28S rRNA gene sequences of a P.
hippeastri population from muscadine grape with closely related species within the genus Pratylenchus. The
evolutionary history was inferred by using the maximum likelihood method and Tamura-Nei model (Tamura
and Nei, 1993). The tree with the highest log likelihood (-2642.14) is shown. The percentage of trees in which
the associated taxa clustered together is shown next to the branches. Initial tree(s) for the heuristic search were
obtained automatically by applying Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances
estimated using the maximum composite likelihood (MCL) approach, and then selecting the topology with
superior log likelihood value. This analysis involved 33 nucleotide sequences. There was a total of 670
positions in the final dataset. Evolutionary analyses were conducted in MEGA X (Kumar et al., 2018).
Accession preceded by ¢ is a new sequence.
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Figure 2. Phylogenetic relationship based on COI mtDNA gene sequences of a P. hippeastri population from
muscadine grape with closely related species within the genus Pratylenchus. The evolutionary history was inferred
by using the maximum likelihood method and Tamura-Nei model (Tamura and Nei, 1993). The tree with the
highest log likelihood (-2873.13) is shown. The percentage of trees in which the associated taxa clustered together
is shown next to the branches. Initial tree(s) for the heuristic search were obtained automatically by applying
Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances estimated using the maximum composite
likelihood (MCL) approach, and then selecting the topology with superior log likelihood value. This analysis
involved 36 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. There was a total of
357 positions in the final dataset. Evolutionary analyses were conducted in MEGA X (Kumar et al., 2018).
Accessions preceded by ¢ are new sequences.
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differed by 19-23 nucleotides (2.8-3.4%) from
P.hippeastri  populations  from  GenBank.
Phylogenetic analysis inferred from the D2-D3
region placed P. hippeastri population from the
present study and all P. hippeastri sequences
obtained from GenBank in a highly (87%)
supported clade, which was nearest to that of P.
parafloridensis and P. floridensis (Fig. 1).

The sequencing of the PCR product amplified
with JB3 and JB5 primers yielded a product of
approximately 442 bp in length for COI gene.
Based on BLASTN analysis, the COI gene of the
population showed 98% identity with P. hippeastri
sequences from NCBI GenBank including those
from apple in South Africa (MWO042870),
European bunch grape in California (MT093836)
and population from China (KY424099). The COI
alignment included 36 sequences and had 357
positions in length. Out of the 36 sequences 34
were obtained from GenBank and 2 sequences
were obtained from the present study. COI gene
sequences from the present study differed by 7-8
nucleotides (1.7-2.3%) from P. hippeastri
sequences from GenBank except for a sequence
from South Africa (MWO042870), which differed
by 12 nucleotides (3.1%). No nucleotide
differences were observed between the two COI
gene sequences obtained from the present study.
The phylogenetic analysis of COI sequences from
the present study and those obtained from
GenBank grouped together with maximal support
(100%). In the COIl tree, P. hippeastri clustered in
a clade close to that of P. speijeri (Fig. 2).
Unfortunately, the relationship among the P.
hippeastri population from muscadine grape and P.
hippeastri paratypes, P. parafloridensis and P.
floridensis could not be elucidated with this
analysis because no COI gene sequences for these
three species are available in GenBank. The results
of the two phylogenetic analyses validate those of
the morphological analysis confirming that the
Florida population of the root lesion nematode
from muscadine grape is P. hippeastri. This is a
new host record for this species.

DISCUSSION

In the present study, morphometric and
morphological characters of P. hippeastri from
muscadine grape in Florida were consistent with
the original description except slight variation in b’
[4.5 (3.7-5.9) vs 3.9 (3.6-4.3); mean (range)] and

excretory pore distance from anterior end (85.0
(84.7-101.0) vs 91.0 (85.0-95.0) um) (Inserra et al.,
2007). Body length was greater (588 (478.0-668.0)
um) than that of the populations recovered from
apple in China (447.8 (400.7-479.8) um) (Wang et
al., 2016) and European bunch grapevine in
California (436.0 (402.0-476.0) um) (Handoo et
al., 2020) (Table 1). The population from the
present study also differed in the ratio b’ (4.5 (3.7-
5.9) vs 3.2 (2.8-3.5)), stylet shaft length (6.8 (5.5-
6.6) vs 7.4 (7.1-7.6) um), stylet knob height (2.6
(2.1-3.0) vs 1.8 (1.6-1.9) um) and excretory pore
distance from anterior end (85 (84.7-101.0) vs 79.2
(74.9-83.1) um) from the population recovered
from apple in China (Wang et al., 2016), and in the
last character (85 (84.7-101.0) vs 78.1 (70.9-84.8)
pm) from the population recovered from the
rhizosphere of apple in Japan (Gu ef al., 2014).

Reports  indicated that morphometric
characters within a species may be influenced by
nutrient availability or other environmental
conditions (Castillo and Vovlas, 2007; Janssen et
al., 2017). Female body length of P. coffeae
isolated from citrus was found to be seasonal and
correlated with the starch content in the fibrous
roots of the host (Duncan et al., 1998). This
morphological variability can complicate the
identification of root-lesion nematodes (Castillo
and Vovlas, 2007; Janssen et al., 2017).

Pratylenchus hippeastri was described as a
closely related species of P. scribneri. These
species are morphologically separated by the
configuration of the lip patterns observable using
scanning electron microscopy; lips are fused in P.
hippeastri, but they are divided in P. scribneri.
Minor differences, however, separate these two
species under light microscopy (Inserra et al.,
2007). Pratylenchus hippeastri differed from P.
scribneri Steiner, 1943 by a longer tail length (36.6
(30.8-43.1) vs 26.7 (21.5-29.6) um), slightly longer
stylet (15.5 (15.0-16.0) vs 14.6 (14.0-15.5) pm),
and shape of tail terminus (often bluntly pointed
and smooth vs the consistently hemispherical and
smooth tail terminus) (Inserra et al., 2007).
Interspecific overlap in these characters between P.
hippeastri and P. scribneri has been observed more
frequently in P. hippeastri populations that have
been reported in many geographical areas after the
original description.

De Luca et al. (2010) considered P.
hippeastri, P. floridensis, and P. parafloridensis
isolated from Florida as the ‘hippeastri’ species
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complex. Pratylenchus floridensis and P.
parafloridensis differ from P. hippeastri in
spermatheca and tail end morphology. The
spermatheca in P. hippeastri is considered as non-
functional while functional in P. floridensis and P.
parafloridensis. Tail end morphology is almost
indented in P. hippeastri, but almost smooth in P.
floridensis and P. parafloridensis (De Luca et al.,
2010). However, it is difficult to reliably separate
P. hippeastri from closely related species based
only on morphology, therefore, molecular
characters become more relevant for differentiating
these species.

The D2-D3 expansion segment of 28S rRNA
and COI mtDNA genes of the population in the
present study showed >96% and >98% identities
with P. hippeastri sequences from NCBI GenBank
for D2D3 and COI genes, respectively. The
intraspecific variability of the D2-D3 segment of
the 28S rRNA in the present study and sequences
from GenBank was relatively high (2.8-3.4%). In
contrast, this intraspecific variability was small
(1.7-2.3%) for COI mtDNA gene. Phylogenetic
trees inferred from alignments of D2-D3 and COI
genes placed the Florida population from grapevine
within the monophyletic group of P. hippeastri.
The phylogenetic tree generated from the D2-D3
region also placed the P. hippeastri population
nearest to P. parafloridensis and P. floridensis in
agreement with prior studies (De Luca et al., 2010;
Wang et al., 2016; Handoo et al., 2020). The
pairwise genetic distance of these three species
revealed that P. hippeastri from the present study
has 0.035 and 0.04 difference with P.
parafloridensis and P. floridensis, respectively,
while 0.12 between P. scribneri. However, the
phylogenetic tree generated from COI gene placed
the Florida population nearest to P. speijeri as there
are no COI sequences for P. hippeastri paratypes,
P. parafloridensis and P. floridensis in GenBank.

Based on morphometric characters and
molecular analyses, we identified the population
from muscadine grape in Florida as P. hippeastri.
To our knowledge, this finding represents the first
report of the amaryllis lesion nematode on
muscadine grape (V. rotundifolia) in Florida and
the second detection of this nematode on the genus
Vitis in North America. Although the known host
range for P. hippeastri in Florida, is narrow and
includes amaryllis (Inserra et al., 2007),
bromeliads, bottlebrush (Callistemon rigidus) (De
Luca et al, 2010), St. Augustingrass

(Stenotaphrum secondatum) and bermudagrass
(Cynodon dactylon) (William Crow, personal
commuincation), the recovery of P. hippeastri
from muscadine grape and other hosts outside
Florida (Chen et al., 2014; Gu et al. 2014; Wang et
al. 2016; Shokoohi et al. 2019; Snoetze et al. 2019;
Handoo et al., 2020) suggests that its host range is
much wider than previously reported. However, the
economic impact of P. hippeastri’s infection on
muscadine grape in Florida remains undetermined.
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