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Abstract

Root-lesion nematodes (Pratylenchus spp. are among the most
important nematode pests on grapevine along with root-knot, dagger,
and ring nematodes. In 2019, two samples of both soil and roots
were collected from a vineyard in Delano, Kern County, California
and submitted to the United States Department of Agriculture, ARS,
Mycology and Nematology Genetic Diversity and Biology Laboratory,
Beltsville, MD, for identification purposes. Females and juveniles of
Pratylenchus sp. were recovered from the root and soil samples
using the sugar centrifugal flotation and Baermann funnel extraction
methods. Both morphological observations and molecular analysis
of internal transcribed spacer (ITS), 28S large subunit ribosomal
DNA, and mitochondrial cytochrome oxidase (COIl) sequences
indicated that the specimens recovered from the soil and roots were
Pratylenchus hippeastri. To the best of the authors’ knowledge, this
is the first report of P. hippeastri from California including the first
record of this species on grapevine and the second state record in
North America. Damages caused by nematodes cannot be over-
emphasized, although economic importance of P. hippeastri has
never been established. Hence, there is an urgent need to investigate
the economic impact of this nematode in vineyards in California State
in order to develop sustainable management strategies.
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Grapevine (Vitis vinifera) is one of the most extensive
fruit crops of agricultural system worldwide
(Torregrosa et al., 2015). As per United States
Department of Agriculture, National Agricultural
Statistics Service, the United States grape
production in 2017 was 7,363,260 tons. The highest
acreage planted with grapevine is in California, with
a total of 880,000 acres planted in 2017 and 925,000
in 2018 (USDA, National Agricultural Statistics
Service, 2019). The genus Pratylenchus Filipjev,
1936 contains approximately 100 species (Geraert,
2013; Qing etal.,, 2019), with new species being
described very frequently. Root-lesion nematodes

are among the most prevalent nematodes that can
infect and cause damage to the grapevine roots
(Téliz et al., 2007; Howland et al., 2014). The large
number of species as well as the vast number of
hosts makes this genus very important from an
economic perspective. Pratylenchus hippeastri,
also known as the amaryllis lesion nematode, has
been previously reported only from Florida (Gozel
et al.,, 2007; Deluca et al, 2010), China (Wang
et al.,, 2016) and more recently from South Africa
(Shokoohi, 2019; Knoetze et al.,, 2019). Currently,
the host range of this nematode is narrow, being
reported only on three hosts, amaryllis, bromeliads,
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and apples (Gozel et al., 2007; Deluca et al., 2010;
Wang et al,, 2016; Knoetze et al.,, 2019) and from
the rhizosphere around Cape Willow trees, Salix
mucronata (Shokoohi, 2019). This report represents
the first detection of this species on grapevines in
California, thus representing the second report of
this nematode in North America.

Materials and methods

Two soil samples and grapevine roots were sent to
the Mycology and Nematology Genetic Diversity
and Biology Laboratory, Beltsville, MD in 2019. The
origin of the soil samples was a vineyard from Mosca,
Alamosa County, Co. Nematodes were extracted from
soil using sugar centrifugal flotation and Baermann
funnel methods.

Nematodes were fixed in 3% formaldehyde and
processed to glycerin by the formalin glycerin method
(Golden, 1990; Hooper, 1970). Photomicrographs of
the specimens were made with a Nikon Eclipse Ni
compound microscope using a Nikon DS-Ri2 camera.
Measurements were made with an ocular micrometer
on a Leica WILD MPS48, Leitz DMRB compound
microscope. All measurements are in micrometers
unless otherwise stated.

The molecular identification was performed using
DNA extracted from single nematodes as template
in PCR reactions. The internal transcribed spacer
(ITS) 1 & 2 rDNA region was amplified with primers
TW81 [5-GTTTCCGTAGGTGAACCTGC-3’] and AB28
[5-ATATGCTTAAGTTCAGCGGGT-3'] (Skantar et al,,
2012), producing a PCR amplicon of 964bp. The
PCR product was cleaned with the Monarch DNA
Gel Extraction Kit (NEB, Ipswitch, MA) and then
cloned using the Strataclone PCR Cloning Kit
(Agilent, Santa Clara, CA). Cloned plasmid DNA was
prepared with the Monarch Plasmid Miniprep Kit
(NEB) and sequenced by Genewiz, Inc. Mitochondrial
cytochrome oxidase | (COl) was amplified with JB3
[B-TTTTTTGGGCATCCTGAGGTTTAT-3] and JB5
[5-AGCACCTAAACTTAA  AACATAATGAAAATG-3]
(Derycke et al., 2005) as described in Ozbayrak et al.
(2019). PCR amplicons of 403bp were cleaned and
sequenced directly with the same primers. The 28S
large ribosomal subunit D2-D3 expansion segment
was obtained via amplification with the primers D2A
[5-ACAAGTACCGTGAGGGAAAGTTG-3'] and D3B
[5-TCGGAAGGAACCAGCTACTA-3] (De Ley et al,
2005; Ye et al., 2007), producing sequences of 737 to
761 bp using the same primers. Raw sequence reads
were processed in Sequencher 5.4.6 (Genecodes,
Inc., Ann Arbor, Ml). GenBank accession numbers for
newly obtained sequences were assigned as follows:
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ITS rDNA (MT090056), COI (MT093835-MT093837),
and 28S rDNA (MT090067-MT090067). Selected
sequences from P. hippeastri and other species were
obtained from GenBank.

DNA sequences were analyzed by BlastN to
identify similarity to those in GenBank. Evaluations
of intraspecific and interspecific variation were con-
ducted using sequence alignment algorithms within
Geneious Prime 2020.1.0). Phylogenetic analysis
was conducted by Bayesian Inference (Huelsenbeck
and Ronquist, 2001) via the CIPRES Gateway (Miller
et al., 2010) plug-in in Geneious. For COIl sequence
alignments, the model of nucleotide evolution was
determined with jModelTest 2.1.7 (Darriba et al., 2012)
to be GTR + | + G, according to Akaike Information
Criteria (AIC). Bayesian analysis was run with random
starting trees, four chains for 2x10° generations,
with Markov chains sampled every 500 generations.
Two runs were performed for each analysis. Burn-
in samples were discarded, and convergence was
evaluated, with remaining samples retained for
further analysis. Topologies were used to generate
50% majority rule consensus tree with posterior
probabilities greater than 0.5 shown on appropriate
clades.

Description

Measurements

In females (n=10): body length (mean=436.0um,
range=402.0-476.0um), stylet (15.0, 13.0-15.5), body
width (20.0, 15.0-28.5), head end to posterior end
of esophageal glands (104.0, 98.0-111.0), anal body
width (12.0, 10.5-13.0), tail length (26.0, 21.0-29.0), a
(25.0, 20.0-32.0), b (4.2, 3.6-4.7), ¢ (17.0, 15.0-21.0), ¢’
(2.1, 1.6-2.5) and V (77.0%, 74.0-79.0%). Four lines are
present in the lateral field.

The morphometric details of females were
recorded and compared to closely related species
which were consistent with Pratylenchus hippeastri
(Inserra et al., 2007).

Molecular analysis

Molecular identification of the California population as
P. hippeastri was confirmed by BlastN comparison
of multiple ribosomal and mitochondrial markers
to available GenBank sequences. The 28S rDNA
sequences were >99.8% similar (differing at 0-4 bp) to
several isolates of P. hippeastri, including those from
amaryllis in Florida (DQ498829) and Israel (KJO01715),
apple from South Africa (MK749422) and China
(KR029084), bromeliads (FN994114, FN55480) and
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Figure 1: Phylogenetic relationships of Pratylenchus hippeastri and other selected lesion
nematodes, as inferred from a 402 bp alignment of mitochondrial COI DNA sequences, with
P. zeae as the outgroup. A 50% majority rule consensus tree obtained from Bayesian analysis
was generated using the GTR + | + G model of nucleotide substitution. Branch support values
above 50% are shown on appropriate branches. New sequences are highlighted in bold.



bottlebrush (GU131130) from Florida, and ornamental
trees from Florida (GU131127), Japan (KC796703;
KP161608; KP161609), and South Africa (MH324472).
The ITS rDNA sequence was 99.9% similar to several
P. hippeastri sequences, including populations from
the USA (Florida) (FN5544888), Israel (KJO0O1718),
Japan (KC796701), China (FJ712932), and South
Africa (MH324471). Phylogenetic trees inferred from
alignments of either 28S or ITS rDNA placed the
California  population within the highly supported
monophyletic group of P. hippeastri, nearest to
P. floridensis and P. parafloridensis (not shown),
in agreement with prior studies (Subbotin et al.,
2008; Deluca et al, 2010; Wang et al, 2016;
Shokoohi, 2019). Mitochondrial COI sequences
showed 99% identity to those from China (host not
reported; KY424099) and those isolated from the
rhizosphere soil samples of Cape Willow trees (Salix
mucronata) in the North-West Province, South Africa
(MH324474). These sequences and those of selected
other Pratylenchus species were assembled into
an alignment of 402bp for phylogenetic analysis
by Bayesian Inference (Figure 1). According to
these results, the California population clustered
more closely with the Chinese population (0-4bp
differences) than with the South African population
(11-12bp different). The placement is consistent with
the results of Shokoohi (2019). No COIl sequences
were available for P. floridensis or P. parafloridensis,
so the P. hippeastri group grouped nearest to P. loosi.

Based upon the unambiguous similarity of all
examined DNA markers with those previously
reported for the species by several authors (Gozel
et al., 2007; Subbotin et al., 2008; Deluca et al.,
2010; Wang et al.,, 2016; Knoetze et al., 2019;
Shokoohi, 2019) and the morphological data by
Inserra et al. (2007), we identify this isolate as
Pratylenchus hippeastri (Inserra et al., 2007). To
our knowledge this represents the first report
of the amaryllis lesion nematode (Pratylenchus
hippeastri) in California as well as the first report
on grapevine.
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