
Abstract
Xylella fastidiosa, the causal agent of Pierce’s disease, is associated with leaf scorch symptoms in
Chitalpa tashkentensis, a common ornamental landscape plant used throughout the Southwestern 
United States. Phylogenetic analysis of multiple loci was used to examine the Xylella fastidiosa
infecting chitalpa strains from New Mexico, Arizona and trees imported into New Mexico nurseries.  
These loci were compared with previously reported X. fastidiosa strains.  Loci analyzed included the 
16S ribosome, 16S-23S ribosomal intergenic spacer region, gyrase-B, simple sequence repeat 
sequences, X. fastidiosa specific sequences, and the virulence associated protein (VapD).  This analysis 
indicates that the X. fastidiosa isolates associated with infected chitalpa trees in the Southwest are a 
highly related group that is distinct from the four previously defined taxons X. fastidiosa subsp. 
fastidiosa (piercei), X. fastidiosa subsp. multiplex, X. fastidiosa subsp. sandyi and X. fastidiosa subsp. 
pauca. We propose classifying this chitalpa infecting group as a new subspecies X. fastidiosa supsp. 
tashke

Introduction
Xylella fastidiosa is a gram negative xylem limited bacterium that causes serious disease problems 

in many diverse species.  Diseases caused by X. fastidiosa include Pierce’s disease in grapes (Davis et 
l 1978) it i t d hl i (CVC) (Ch t l 1993) ff l f h (Li t l 2001)
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Methods and Materials 
Sample Collection. Chitalpa trees exhibiting leaf scorch type symptoms from New Mexico, Arizona, sampled during the summer and 
fall of 2006 and summer of 2007.  Samples from these plants consisted of branches, stems and leaves.  The samples were placed in
individual plastic bags and stored at 4°C. 

Bacterial plating from chitalpa leaf tissue. Leaves were surface sterilized by soaking sequentially in 70% ethanol  and 1.5% sodium 
hypochlorite for two minutes each then rinsed twice with sterile distilled water.  Leaf sections were chopped, placed in an eppendorf tube 
with 600µl of sterile succinate-citrate-phosphate buffer, then ground with a homogenizer.   10 µl of this extract was added to 90 µl of 
sterile succinate-citrate-phosphate buffer,  plated on XfD2 medium,  incubated at 28°C, and monitored for colony development over six 
weeks.     

DNA extraction and PCR. PCR was performed on total DNA extracted from chitalpa tissue, pressure bomb expressed xylem fluid, or 
bacterial cells using the primer sets listed in table 1.  Templates included consisted 1 µl total chitalpa DNA, 1 µl of 1:100 diluted xylem 
fluid, or a small portion of the bacterial colony for whole cell PCR. The components for the PCR reaction included 1X PCR Buffer 
(100mM Tris-HCl, 500mM KCl, pH 8.3), 1.5mM MgCl2, 0.2mM dNTP’s, 0.1 ng of each primer, two units of Taq Polymerase.  Standard 
PCR reactions were cycled as follows:  95°C for 2 minutes, thirty cycles of :  95ºC for 45 seconds, 55ºC for 45 seconds, and 72ºC for 2 
minutes,  followed by 72°C for 5 minutes.  PCR products were resolved on 1% agarose gels and visualized using ethidium bromide 
staining.  

DNA sequencing and sequence analysis.  The PCR products were directly sequenced using Big Dye Terminator version 3.1 kit (ABI, 
Foster City, CA).  Sequencing reactions were purified using Performa DTR gel filtration cartridges (Edge Bio System, Gaithersburg, 

Conclusions
Chitalpa trees in New Mexico, Arizona and imported into NM from nurseries 

in California are infected with X. fastidiosa.

Phylogenetic analysis of ten different loci of the X. fastidiosa isolates from the 
southwest chitalpa samples revealed that these isolates are more genetically 
related to each other than previously described strains of X. fastidiosa.

Analysis of the 16S-23S ribosomal ITS based phylogeny indicates that the 
chitalpa isolates are different from the four established subspecies (pierci, pauca, 
sandyi, and multiplex). The chitalpa isolates are a separate unique subspecies. 

Concatameric analysis supports that the chitalpa NM and AZ strains compose 

al., 1978), citrus variegated chlorosis (CVC) (Chang et. al., 1993), coffee leaf scorch (Li et. al, 2001), 
pecan leaf scorch (Sanderlin and Heyderich-Alger, 2000), phony peach (Wells et. al., 1983), plum leaf 
scald (Raju et. al., 1982), and almond leaf scorch (Almeida and Purcell, 2004).  X. fastidiosa is the 
causative agent of diseases found in landscape plants such as oleander leaf scorch (Purcell et al., 1997), 
mulberry leaf scorch (Hernandez-Martinez et. al., 2006), and oak leaf scorch (Barnard et. al., 1998).  X. 
fastidiosa is transmitted by xylem feeding insect vectors such as sharpshooters, leafhoppers, and 
spittle bugs (Redak et. al., 2004). 

Chitalpa (Chitalpa tashkentensis Elias and Wisura) is an intergenic hybrid between desert willow 
(Chilopsis linearis Cav.) and Catalpa bignonioides Walt. (Olsen and Ranney, 2006) that was developed 
for use as an ornamental landscape plant in arid regions.  X. fastidiosa was detected in chitalpa trees 
that displayed leaf scorch symptoms in southern New Mexico and Arizona.  Chitalpa plants imported 
into New Mexico nurseries from California were also found to X. fastidiosa.  A multilocus
phylogenetic analysis was performed to further characterize these strains of X. fastidiosa. This analysis 
revealed that the X. fastidiosa isolates infecting chitalpa plants in New Mexico, Arizona and imported 
into nurseries from California are highly related to each other and are distinct from the previously 
described fastidiosa subspecies. 

Chitalpa tashkentensis exhibiting leaf scorch symptoms. (A and B) Leaf 
chlorosis and necrosis from symptomatic chitalpa trees.  (C) Flowers of 
the chitalpa tree. (D) Symptomatic chitalpa tree exhibiting branch 
dieback.

Phylogram of concatamerized sequences from eight 
different loci. These concatamers were used to make 
nucleotide alignments and phylogenetic trees using 
Geneious Pro 4.0.4 and Paup 4.0. The maximum likelihood 
tree was bootstrapped 1000 times with consensus 
percentages shown at nodes. The sequences included 
OSSR, ASSR, GSSR, gyraseB, 272-1 (nested), RST, HL, 
and FY0076 sequences that were separated by four N’s to 
keep spatial alignment. Isolates included the NM and AZ 
chitalpa isolates and the four completely sequenced strains 
of X. fastidiosa CVC9a5c (genbank AE003849.1), 
Temecula1 (AE009442.1), Oleander (Ann-1, 
AAM03000039.1), and almond (Dixon,AAAL02000003.1). 
This analysis supports a new subspecies of X. fastidiosa.

Phylogram of VapD amino acid sequences. 
VapD translated sequences from the NM 
and AZ X. fastidiosa isolates were aligned 
with the vapD protein sequences from 
CVC9a5c (genbank NP_061707) and 
Oleander (Ann-1, YP_001209). VapD from 
Heliobacter pylori (NP_207759) and 
Dichelobacter (YP_001209) were included 
with Dichelobacter used as the out-group. 
The Jukes-Cantor neighbor-joining tree 
shown was bootstrapped 1000 times. VapD
found in NM and AZ  X. fastidiosa isolates.  

MD) and run on an ABI3100 automated sequencer (NMSU-LiCor facility).  Sequence and phylogenetic analysis were performed using 
Paup 4.0 and Geneious v 4.0 (Drummond et al., 2007). a new subgroup that is independent from the previously described fastidiosa

subspecies.

Sequences potentially coding for virulence associated protein D are present in 
chitalpa X. fastidiosa strains. 

Based on the differences noted above, we propose that the chitalpa strains are 
a unique subspecies that we propose calling X. fastidiosa subsp. tashke due to its 
discovery in and wide association with Chitalpa tashkentensis.
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Phylogram of the 16S ribosome and ITS region. Included in this 
phylogenetic tree are the isolates from chitalpa obtained from NM, AZ, 
and CA. The sequences for the subgroups pierci, multiplex, and pauca
were taken from Shaad 2004 and the sequences obtained from genbank
are noted with the genbank accession numbers.  The maximum likelihood 
method using Paup 4.0 was utilized to make the tree.  The tree was 
bootstrapped 1000 times and bootstrapping consensus percentages are 
shown on the tree with Xanthomonas as the outgroup. The chitalpa
isolates compose a new and separate subspecies as compared to those 
previously described.
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Table 1. Primers used for this study

Target locus Primer name Primer sequence (5’→3’) Source

16S V6 Forward AACGCGAAGAACCTTAC Zoetendal, E. et. al., 1998
Li and deBoer, 199523 Reverse GTGCCAAGGCATCCACC

16S / ITS /  23S 1493 forward AGTCGTAACAAGGTAGCCGT Li and deBoer, 1995

23 Reverse GTGCCAAGGCATCCACC

Gyrase B Gyr B F AAGCGCCTCCGTGAGTTATC Olsen et. al., 2006

Gyr B R CCTTCACGCATATCATCACC3

ASSR12 ASSR12 F TGCTCATTGTGGCGAAGG Lin et. al., 2005

ASSR12 R CGCAACGTGCATTCATCG

SSR-OSSR9 OSSR9 F TAGGAATCGTGTTCAAACTG Lin et. al., 2005

OSSR9 R TTACTATCGGCAGCAGAC

SSR-GSSR12 GSSR12 F TTACGCTGATTGGCTGCATTG Lin et. al., 2005

GSSR12 R GTCAAACACTGCCTATAGAGCG

FY0076 FY0076 F CGGGTCGTTCCTATCAACTT http://www.cropdisease.ars.usda.
govFY0076 R CCCTTCAACGATTCGGTCTA

HL HL F AAGGCAATAAACGCGCACTA Francis et. al., 2006

HL R GGTTTTGCTGACTGGCAACA

RST Rst31 GCGTTAATTTTCGAAGTGATTCGATT Minisavage et. al., 1994

Rst33 CACCATTCGTATCCCGGTG

VapD VapD F CCATGGATCGCTGCCTAATCG This study

VapD R GGATCCCTAATCATCAGGATTTGG


