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Abstract
Chinese windmill palms (Trachycarpus fortunei) exhibiting canopy decline symptoms suspected of being associated with a
phytoplasma were observed in a residential landscape in Baton Rouge, Louisiana, USA. Internal stem tissue from diseased palms
was tested for the presence of date palm lethal decline and lethal yellowing-related phytoplasmas. A ‘Candidatus Phytoplasma
palmae’-related subgroup 16SrIV-D phytoplasma was detected by restriction fragment length polymorphism analysis and con-
firmed by sequencing. The subgroup 16SrIV-D phytoplasmas have previously been reported on buccaneer palm, cabbage palm,
Canary Island date palm, edible date palm, green thatch palm, pigmy date palm, queen palm, RioGrande palmetto, and silver date
palm. To the best of our knowledge, this is the first report of a ‘Ca. P. palmae’ -related subgroup 16SrIV-D phytoplasma on
T. fortunei.
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Ornamental palms are an integral part of commercial and
residential landscapes around the tropical and subtropical
world, where they are planted as signature trees in home
gardens, commercial and public parks, and along roadside
medians. During fall of 2017, ten Chinese windmill palms
(Trachycarpus fortunei), approximately 40 years of age,
planted in a residential landscape in Baton Rouge,
Louisiana, United States (30°23′21″N; 91°8′51″W), were
exhibiting symptoms associated with phytoplasma-related
diseases. Symptoms varied from necrosis of the lower

one-third of the canopy (Fig. 1), death of the spear leaf
(Fig. 2), to necrosis of the entire canopy. Samples of in-
ternal plant tissue from three symptomatic Chinese wind-
mill palms were obtained from the lower portions of the
trunks using a cordless electric drill with a 9.5 mm diam-
eter ship auger bit, based on a protocol described by
Harrison et al. (2002). Total genomic DNA was extracted
from three palm shaving sample using a QIAamp DNA
Stool Mini Kit (QIAGEN, Germantown, MD).

Nested PCR targeting the groEL gene was performed on a
C1000 Touch Thermal Cycler (Bio-Rad, Hercules, CA) using
primers TPD-groEL-F1 (5 ′-GATAATGCTGGGAG
ATGGGACTACT-3′) and TPD-groEL-R1 (5′-GAAC
TACAGCGGCTCCTGTTGTAAT-3′) and then TPD-groEL-
F2 (5 μM; 5′-TGGGAGATGGGACTACTACTGCAACT
GTTT-3′) and TPD-groEL-R2 (5 μM; 5′-CAGCGG
CTCCTGTTGTAATTATAACAGAAG-3′), with the follow-
ing parameters: initial denaturation at 94 °C for 2 min follow-
ed by 36 cycles of 1 min at 94 °C, 2 min at 60 °C, 3 min at
72 °C; and a final extension at 72 °C for 10 min (N. A.
Harrison, personal communication; K. Ong, unpublished). A
phytoplasma group 16SrIV positive control (LSU AgCenter
PDC 17374), a reagent blank control, and a water control were
also included. Nested PCR products were visualized by gel
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electrophoresis using a 2% agarose gel (Fig. 3). All three
palm-derived DNA samples (LSU AgCenter PDC 17418,
PDC 17419, and PDC 17420) produced amplicons of approx-
imately 1 kb which were subjected to restriction enzyme

digestion with AluI and HinfI (New England BioLabs,
Ipswitch, MA) restriction enzymes. The restriction fragment
length polymorphism (RFLP) banding pattern was consistent
with phytoplasma subgroup 16SrIV-D control PDC 17204
(Fig. 4). This subgroup is associated with date palm lethal
decline, also known as Texas Phoenix palm decline
(Harrison et al. 2002).

To confirm the identity of the phytoplasma associated
with decline in Chinese windmill palms, ribosomal DNA
from two palm samples (LSU AgCenter PDC 17418 and
PDC 17420) was amplified using primers P1m and LY16-
23Sr in the first PCR step, and primers LY16Sf2 and
LY16-23Sr2 in a nested PCR step (Harrison et al. 2002,
2008). The nested PCR products were visualized on a 2%
agarose gel and products were shipped to Macrogen USA
(Rockville, MD) for enzymatic purification and sequenc-
ing using LY16Sf2 and LY16-23Sr2 primers. Contigs of
forward and reverse sequences were assembled following
alignment in MAFFT (http://mafft.cbrc.jp/alignment/
server/) and observation of chromatograms in Chromas
(http://technelysium.com.au/wp/chromas/). Analysis of
sequences in the Uni ted Sta tes Depar tment of
Agriculture iPhyClassifier tool (https://plantpathology.ba.
ars.usda.gov/cgi-bin/resource/iphyclassifier.cgi; Zhao
et al. 2009) indicated, based on virtual RFLP analysis,
that sequences were members of phytoplasma subgroup
16SrIV-D and, based on sequence comparison, that they
were 99.3% similar to the reference s t ra in for
‘Candidatus Phytoplasma palmae’ (GenBank U18747)
and therefore were ‘Candidatus Phytoplasma palmae’-
related.

GenBank BLAST (https://blast.ncbi.nlm.nih.gov/Blast.
cgi) results revealed that the two sequences were identical
over their 1535 nt lengths to 14 accessions (AF434989,
EU096499, EU241513, EU241518, FJ217386, FJ461252,
HQ613895, JF309072, JF309074, JF309075, KY508691,
MF491868, MF491870, and MF491871), including three
from other palm species in Louisiana. The two sequences
from T. fortunei were submitted to GenBank (accession
n um b e r s MG 2 4 3 7 0 2 a n d MG 2 4 3 7 0 3 ) . T h e
subgroup16SrIV-D phytoplasma has previously been re-
ported on Phoenix canariensis, Phoenix dactylifera,
Phoenix roebelenii, Phoenix sylvestris, Pseudophoenix
sargentii, Sabal mexicana, Sabal palmetto, Syagrus
romanzoffiana, and Thrinax radiata (Harrison et al.
2002, 2008, 2009; Jeyaprakash et al. 2011; Singh 2014;
Vázquez-Euán et al. 2011). To the best of our knowledge,
this is the first report of Ca. P. palmae subgroup 16SrIV-D
on T. fortunei.

Date palm lethal decline (or TPPD) is a deadly dis-
ease of palms. Chemical and cultural management op-
tions to successfully manage the disease are limited.
Knowledge of phytoplamsa susceptible palm species is

Fig. 1 Trachycarpus fortunei palm exhibiting necrosis of the lower one-
third of the canopy, a symptom associated with ‘Candidatus Phytoplasma
palmae’-related subgroup 16SrIV-D phytoplasma infection

Fig. 2 Trachycarpus fortunei palm showing a dead spear leaf, a symptom
associated with ‘Candidatus Phytoplasma palmae’-related subgroup
16SrIV-D phytoplasma infection
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critical in planting more resistant palm species to effec-
tively manage the disease.
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Fig. 3 A 2% agarose gel showing
nested PCR products with groEL
primers from three Trachycarpus
fortunei-derived DNA samples, a
positive control, a water control,
and a reagent blank control. Lane
M: marker; 1: +ve Ctrl subgroup
16SrIV phytoplasma (LSU
AgCenter PDC 17374); 2: water
Ctrl; 3: T. fortunei DNA isolate
PDC 17418; 4: T. fortunei DNA
isolate PDC 17419; 5: T. fortunei
DNA isolate PDC 17420; 6:
reagent blank control

Fig. 4 A 4% agarose gel showing the restriction fragment length
polymorphism banding pattern of DNA from three Trachycarpus
fortunei palms following digestion with restriction enzymes AluI
(Fig. 5A) and HinfI (Fig. 5B). Lane M: marker; 1: +ve Ctrl Candidatus
Phytoplasma palmae subgroup 16SrIV-A (LSUAgCenter PDC 17374; 2:
+ve Ctrl Ca. P. palmae subgroup 16SrIV-D (LSU AgCenter PDC 17204;
3: T. fortunei DNA isolate PDC 17418; 4: T. fortunei DNA isolate
PDC 17419; 5: T. fortunei DNA isolate PDC 17420
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