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OBJECTIVES: 
 
Objectives 1 and 2: Funded by Viticulture Consortium and AVF 
1.  Understand how Xf moves, and the patterns of its movement, in systemic (grape, blackberry) 

and non-systemic (willow) plant hosts using microscopy. (AHP, PCA) 
2.  Understand how temperature influences the movement and survival of Xf and the incidence                         
        and/or severity of PD. (AHP) 
 
Objective 3: Funded by CDFA and AVF 
     Determine whether vegetation barriers between riparian areas and vineyards and/or 

insecticide-treated “trap crops” at the vineyard edge can reduce the incidence of PD. 
Evaluate the effect of insecticides on vector behavior and transmission of Xf. (AHP, EAW, 
BCK, MAW) 
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Objectives 4 and 5: Funded by Viticulture Consortium 
4.  Develop transformation / transposon mutagenesis systems for Xf using existing or novel 

bacterial transformation vectors.  Use Xf mutants to identify bacterial genes that mediate 
plant pathogenicity, movement, or insect attachment. (BCK) 

5.  Isolate and identify endophytic bacteria that systemically colonize grapevine.  Develop 
methods to genetically transform grape endophytes to express anti-Xf peptides.  (BCK)  

 
Objective 6: Funded by AVF 
6a.  Develop a genetic map to Xf resistance using V. vinifera X (V. rupestris X M. rotundifolia) 

seedling populations and AFLP (amplified fragment length polymorphism) markers, 
identify resistance markers, and identify potential resistance genes. (MAW) 

6b.  Utilize DNA markers for resistance to rapidly introgress Xf resistance into several V. 
vinifera winegrapes and/or utilize genetic engineering procedures (when available) to move 
above identified Xf resistance genes into winegrapes. (MAW) 

 
Objective 7: Shared funding with CDFA and AVF  
7a.  Determine the resistance of 10 grape genotypes to PD after mechanical inoculation and 

natural infection with Xf.  Elucidate the xylem chemistry of these grape genotypes and 
statistically correlate both chemical profiles and specific molecular markers to PD 
resistance. (PCA, MAW) 

7b.  Determine the resistance of common host plants (willow, resistant; blackberry, susceptible) 
to Xf and discern the relationship of specific chemical profiles to resistance.  Utilize these 
techniques to examine resistance mechanisms of resistant seedlings identified in 6a. (PCA, 
AHP) 

7c.  Validate the influence of chemical profiles and specific chemical markers on the growth and 
survival of Xylella fastidiosa by tests in in-vitro culture. (PCA) 

 
Objective 8: Funding by Viticulture Consortium, Tulare/Kern PD Task Force 
       Determine the fate of Xf in weeds, cover crops, and adjacent vegetation common to 

vineyards of California’s San Joaquin Valley. (AHP) 
 
Objective 9: Funded by AVF: 
       Determine the epidemiological role of seasonal fluctuations of Xylella fastidiosa populations 

in riparian host plants of the North Coast. (KB) 
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SUBSECTION 1:  THE BIOLOGY AND ECOLOGY OF PD 
AH PURCELL RESEARCH PROGRESS 2001-02 

 
OBJECTIVES: 
1:  Understand how Xf moves, and the patterns of its movement, in systemic (grape, blackberry) 

and non-systemic (willow) plant hosts using microscopy. (AHP, PCA, BCK) 
 
2.  Understand how temperature influences the movement and survival of Xf and the incidence 

and/or severity of PD. (AHP) 
 
7b.  Determine the resistance of common host plants (willow, resistant; blackberry, susceptible) 

to Xf and discern the relationship of specific chemical profiles to resistance.  Utilize these 
techniques to examine resistance mechanisms of resistant seedlings identified in 6a. (PCA, 
AHP) 

 
8.   Determine the fate of Xf in weeds, cover crops, and adjacent vegetation common to 

vineyards of California’s San Joaquin Valley. (AHP) 
 
OBJECTIVE 1:  Understand how Xf moves, and the patterns of its movement in systemic 

(grape, blackberry) and non-systemic (willow) plant hosts using microscopy. (AHP, PCA) 
 
Research progress (2001-02): 
 
 We concentrated our studies of the patterns of colonization of plants by Xf during the 
past year, on using high magnification scanning electron microscopy (SEM) to document how Xf 
systemically colonizes the xylem of grape and symptomless plant hosts. As reported previously, 
platinum-gold vapor staining of freeze-dried tissues, followed by high magnification SEM 
(HMSEM), allowed us to visualize thread-like attachment structures on Xf cells that we 
tentatively have identified as bacterial fimbriae. The EM lab at Berkeley has had continuing 
problems with the chamber needed to coat (stain) specimens for HMSEM, which postponed and 
then greatly delayed our progress in further studies needed to estimate how common and under 
what conditions these structures occur. For example, we have not seen these fimbriae-like 
structures in Xf cells grown in culture. In addition to fimbriae-like structures, we noted that Xf 
colonization of grape resulted in interconnected networks of amorphous strands to which many 
of the bacteria adhered. We speculate that these structures are what results from freeze-drying 
(critical point fixation) the plant samples to be examined. This aspect of the project is now being 
further explored by a grant begun late last year to Lindow and Purcell at UC Berkeley on 
bacterial attachment. Under the new grant, mutants of Xf are being generated that target 
particular genes, such as those presumed through gene sequence homology to code for fimbrial 
proteins. Progress was made by Helene Feil in the Lindow lab at UC Berkeley to develop GFP-
mutants by developing a method of homologous recombination to target specific genes into Xf. 
This also would enable the systematic production of mutants to explore gene function in Xf. 
 

We still need to further examine the behavior of Xf in symptomless, systemic and non-
systemic hosts. Our results to date indicate that willow is a poor choice of a non-systemic host 
for experimental studies because it is very difficult and time-consuming (and thus also 
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expensive) to find plant cells colonized by Xf. The number of colonized cells in willow was very 
low, even when we examined restricted insect inoculation of leaf veins to a very small region. 
However, our studies revealed that xylem cells in willow that are colonized by Xf are completely 
filled by the bacterium. This answered one question about how Xf colonizes non-systemic host 
plants. Other species of non-systemic host plants should be examined to test the generality of our 
findings, but we intend this final year of funding under the joint project to concentrate on 
systemic hosts such as tobacco. We can easily and reliably infect tobacco, and we so far have 
found no evidence for the occurrence of a visible matrix or network in tobacco that is 
characteristic of systemic populations of Xf in grape. One of our objectives in further examining 
symptomless systemic hosts is to seek further evidence that symptoms may be due to the 
formation of a bacterial matrix with Xf infections rather than the simple plugging of xylem 
vessels with bacterial cells alone. This work also may provide clues to help identify any plant 
signals or processes that might induce or enable matrix formation by Xf cells.  

 
This is the final year that we propose to continue research on this objective. We are now 

writing up results so far for publication. We need to repeat some microscopy examinations to 
document that fimbriae-like structures in Xf are associated with the bacterium's growth within 
grape and are not regularly present in cultured cells or at least some other systemic hosts. No 
flow cell studies of cultured Xf were made this year. these will be pursued under a grant to 
Lindow and Purcell at UC Berkeley to study Xf attachment properties. 
 
 A grant from the Kern-Tulare Pierce's Disease Task Force (November 2000-October 
2001) funded research on the fate of Xf in common weeds and other plants often found in or near 
vineyards. This research will be continued through FY 2001-02 on the Joint grant and College 
funding through the fiscal year ahead. This research should identify additional systemic hosts of 
Xf. 
 
We have already identified some weed species that are systemic and high- or mid- population 
hosts of Xf as indicated by completed greenhouse tests (Table 1), and whose biology is 
appropriate to the temperature being studied. Table 1, a list of vineyard weeds, cover crops and 
adjacent vegetation, was developed with input from farm advisors and the members of the task 
force. Additional information on the frequency and biology of vineyard weeds and cover crops 
came from the U.C. Davis IPM web site (www.ipm.ucdavis.edu) and Cover Cropping in 
Vineyards (Ingels, et al., 1998). 
 
 Our research during 2000 and 2001 showed that seven of 19 species tested were systemic 
and high- or mid-population hosts of Xylella (Table 1). Twelve other species of plants can be 
considered potential hosts, infrequently becoming infected, developing low populations and/or 
showing movement of the bacteria beyond the site of insect feeding. 
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TABLE 1. Priority list of Central Valley weeds and data from 2000-2001 on fate of Xylella 
fastidiosa in weeds. See below table for explanation of column headings. Plants in bold are 
systemic, high-population hosts. 
 
 WEED SPECIES TYPE SS 

PREF. 
DATA % XF POP 

 
SYSTEMIC? 

1 johnsongrass  
- Sorghum halepense 

Per. RH 1/42 
leaves 

2% 3 N 

2 Himalyan blackberry  
- Rubus discolor 

Per. GW 
food 

25/66 
plants 

38 4 n/a 

3 Californian blackberry  
- Rubus ursinus 

Per. GW 
food 

21/21 
plants 

100 > 6 n/a 

4 cheeseweed  
- Malva neglecta 

Bi/SA GW 
food 

7/48 
stems 

15 3 Y? 

5 bermudagrass  
- Cynodon dactylon 

Per. RH 0/59 0 0 N 

6 black nightshade  
- Solanum nigrum 

SA GW 
ovi 

9/15 
stems 

60 6 Y 

7 large crabgrass  
- Digitaria sangiunalis 

Per. GW 
food 

    

8 jojoba  
- Simmondsia chinensis 

Per. GW 
ovi 

1/18 
stems 

6 4 N 

9 field bindweed  
- Convolvulus arvensis 

Per. UN     

10 yellow nutsedge  
- Cyperus esculentus 

Per. UN 4/31 
leaves 

31 5 N 

11 annual sowthistle  
 
- Sonchus oleraceus 

SA GW 
food 

1/9 
petioles 

11 2 N 

12 common sunflower  
- Helianthus annuus 

SA GW 
ovi 

38/51 
stems 

75 6 Y 

13 prickly lettuce 
 - Lactuca serriola 

WA GW 
ovi 

10/51 st 
+ lvs 

20 6 Y 

14 common cocklebur  
- Xanthium strumarium 

SA GW 
food 

29/47 
stems 

62 5 Y 

15 annual bur-sage  
- Ambrosia acanthicarpa 

SA GW 
ovi 

22/30 
stems 

 73 6 Y 

16 yellow foxtail  
- Setaria pumila 

SA RH/G     

17 southwestern cupgrass 
- Erichloa gracilis 

SA GW 
food 

    

18 Palmer amaranth  
- Amaranthus palmeri 

SA UN     

19 whitestem filaree  
- Erodium moschatum 

WA UN 4/15 
petioles 

27 4 Y 

20 wild oat  
- Avena fatua 

WA UN     

21 curly dock 
 - Rumex acetostella 

Bi UN     

22 hairy vetch  WA UN     
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- Vicia villosa 
23  marestail  

- Conyza canadiensis 
SA UN 13/18 

stems 
72 4 Y 

24 prostrate pigweed  
- Amaranthus blitoides 

SA UN     

25 hairy fleabane  
- Conyza bonariensis 

SA UN     

26 common purslane  
- Portulaca oleracea 

SA UN     

27 watergrass  
- Echinochloa crus-galli 

SA RH/G 1/23 
leaves 

4 5 N 

28 silverleaf nightshade  
- Solanum elaeganifolium 

Per. UN     

29 purple nutsedge  
- Cyperus eragrostis 

Per. UN 2/6 
leaves 

33 7 N 

30 blue gum - Eucalyptus 
globulus 

Per. UN 7/43 
stems 

16 6 N 

31 quinoa  
- Chenopodium quinoa 

SA UN 10/50 
stems 

20 3 Y? 

32 common morning glory - 
Ipomoea prpurea 

SA UN 28/30 
stems 

93 4 Y 

33 fava bean  
- Vicia faba 

WA BG 30/35 
stems 

86 6 Y 

34 prostrate spurge  
- Euphorbia maculata 

SA UN     

35 Mexican sprangletop  
- Leptochloa uninervia 

SA UN     

36 feather fingergrass  
- Chloris virgata 

SA UN     

37 Russian thistle  
- Salsola tragus 

SA UN     

38 lemon-scented gum  
- Eucalyptus citriodora 

Per. GW 
ovi 

    

39 telegraph plant  
- Heterotheca grandiflora 

SA UN     

40 sacred datura  
- Datura wrightii 

SA UN 1/13 
stems 

8 6 N 

41 citron  
- Citrillus lanatus 

SA UN     

42 puncturevine 
 - Tribulus terrestris 

SA UN     

43 turkey mullein  
- Eremocarpus setigerus 

SA UN     

44 panicle willowweed 
 - Epilobium brachycarpum 

SA UN     

45 jimsonweed  
- Datura strumarium 

SA UN     

46 black mustard  
- Brassica nigra 

WA UN     

47 California burclover  
- Medicago hispida 

WA UN     
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KEY TO COLUMN HEADINGS 
BIOLOGY: weed biology (Per: perennial, Bi: biennial, SA:summer annual, WA: winter annual) 
SS PREF: sharpshooter vector species associated with plant 
 GW ovi: glassy-winged sharpshooter oviposition host per CDFA website and Dr. Purcell 
10/2000. 
 GW food: glassy-winged sharpshooter food host per CDFA web site and Purcell 10/2000. 
 BG: blue-green sharpshooter host 
 G: green sharpshooter host  
 RH: redheaded sharpshooter host 
 UN: unknown 
DATA: Number of sites where Xf was recovered over total number of sites inoculated. Includes 

both mechanical and insect-inoculated sites. 
%: Percentage of inoculation sites infected with Xylella 
XF POP : Median populations of Xf recovered from infected inoculation sites. In log10 colony-
forming-units per gram of plant tissue 
SYSTEMIC: Indicates the ability of Xylella to move throughout the plant, beyond the 
inoculation site. 
 
 In conjunction with greenhouse studies, we began a study of the effects of field 
temperatures and conditions on the fate of Xf in weeds. Our results are described under 
Objective 2. 
 
OBJECTIVE 2:  Understand how temperature influences the movement and survival of Xf and 
the incidence and/or severity of PD. (AHP) 
 

Our cumulative work during this project on temperature effects on Xf in culture and in 
plants was published in December last year (Feil, H. and Purcell, A. H. 2001. Temperature-
dependent growth and survival of Xylella fastidiosa in vitro and in potted grapevines. Plant 
Disease 85:1230-1234).  
 

Continuing research on temperature effects will be concentrated on how ambient 
temperatures affect the growth and movement of Xf in weeds, for which we have preliminary 
data from ongoing studies this winter. This is described as a new objective (#8) in a new 
proposal submitted for funding for FY 2002-03. Three cool-weather alternate systemic hosts of 
Xf are fava bean, prickly lettuce, and poison hemlock. Summer annuals, which we propose using 
to examine Xf colonization at warm temperatures, are common cocklebur, common sunflower, 
and annual bur-sage. Prickly lettuce can also be used in the tests of high temperatures, since it 
persists in the field throughout the summer. 
 

Results from December 2001 and January 2002 are described in the Table 2 below for 
field studies are currently underway in Bakersfield to examine the effects of winter temperatures 
on Xf and systemic movement in fava bean, prickly lettuce and poison hemlock. Results shown 
are for the first three weeks of growth in the greenhouse at an average temperature of 25˚C (+/- 
5˚C) and field average of 9˚C (range 3 to 13˚C). Xylella was recovered from 40% of plants 
grown in the field (17 of 43 inoculation sites) and 51% of plants grown in the greenhouse (21 of 
41 inoculation sites). However, initial indications are that bacterial populations were lower, and 
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there was less systemic movement of the bacteria for field-grown plants compared to 
greenhouse-grown plants. 

 
Table 2. Comparison of Xf populations in plants grown in field (Bakersfield)  and in greenhouse 
 
PLANT SPECIES  LOCATION WEEK XF 

RECOVERY 
% MEDIAN Xf 

POP 
SYSTEMIC? 

poison hemlock - Conium 
maculatum 

greenhouse 1 4/7 57 log 7 Y 

prickly lettuce - Lactuca serriola greenhouse 1 3/7 43 log 6 N 
fava bean - Vicia faba  greenhouse  1 7/9 78 log 7 Y 

     14/25 56%   
         

poison hemlock - Conium 
maculatum 

field 1 2/7 29 log 5 N 

prickly lettuce - Lactuca serriola field 1 3/7 43 log 5 Y 
fava bean - Vicia faba  field 1 1/5 20 log 2 N 

     5/19 26%   
         

poison hemlock - Conium 
maculatum 

greenhouse 3 3/6 50 log 7 Y 

prickly lettuce - Lactuca serriola greenhouse 3 2/7 29 log 4 N 
fava bean - Vicia faba  greenhouse  3 2/3 67 log 6 N 

     7/16 44%   
         

poison hemlock - Conium 
maculatum 

field 3 5/9 56 log 5 N 

prickly lettuce - Lactuca serriola field 3 7/8 88 log 6 N 
fava bean - Vicia faba  field 3 0/7 0 0 N 

     12/24 50% 
 

  

 
Effects of date of infection on disease persistence through the following winter:  
 

We submitted for publication a manuscript on the effects of date of inoculation of 
grapevines on the development and persistence of Pierce's disease in grapevines, which covered 
4 years of research. Our research on this objective is essentially completed.  
 

Because we had documented in detail the apparently complete recovery as of fall 2000 of 
PD-symptomatic vines (symptoms on multiple canes) that had been inoculated in April 1999 in 
Mendocino Co., we wanted to repeat this experiment at the same locality (Hopland). We also 
inoculated vines in Knight's Valley in Sonoma Co., where PD has been conspicuously absent for 
the past 60 years, despite seemingly ideal conditions for the BGSS vector and alternative hosts of 
Xf near vineyards on the valley floor. We mechanically inoculated cultures of the STL strain of 
Xf. On April 24, 2001 we inoculated 12 vines in Hopland (chardonnay) and 12 in Knights Valley 
(merlot). On May 10 we inoculated an additional 6 vines at each site. We collected samples from 
all 18 inoculated vines on September 12 at each sites.  At the Hopland site, 5 vines were 
positives and 2 of these had symptoms on the inoculated cane as well as on the adjacent cane 
from the same spur. The other 3 had leaf scorch only on the lower leaves of the inoculated cane.  
In Knights Valley, we detected Xf in16 of the 18 inoculated vines; all had symptoms, 8 of these 
with severe symptoms over the entire side of cordon containing the inoculated cane. Color 
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photos of the range of symptoms (as of August 2001) at the Knight's Valley site are shown at 
http://www.CNR.Berkeley.EDU/xylella/variability.html. 
 
Effects of freezing under in vitro conditions:  
 

Our studies of freezing mortality of Xf have also been completed and are being written 
up for publication. This completed our laboratory study of freezing therapy. In brief, our major 
conclusions of last year were (i) that some physiological process in the plant was required for 
freezing to kill Xf in grape and (ii) that there was no apparent trend for below-zero-temperatures 
combinations with time in predictably eradicating Xf from vines. 
 
OBJECTIVE 3.  Determine whether vegetation barriers between riparian areas and vineyards 
and/or insecticide-treated “trap crops” on the ends of vineyard rows can reduce the incidence of 
PD. (AHP, EAW, BCK, MAW) 
 

Our findings that the systemic insecticide imidacloprid (Provado, Bayer Corp.) did not 
rapidly kill adult blue-green sharpshooters (BGSS) or GWSS required a re-evaluation of this 
approach. Instead of Admire, a soil-applied form of imidacloprid, we have applied the Provado 
formulation of imidacloprid for foliar applications at 2-week intervals during April-May. As was 
true of 2000, trap catches of BGSS were low in 2001, but each of 3 replicates of treated and 
control plots at the experimental site were mapped for PD and monitored during the season for 
BGSS. So far the incidence both of BGSS and PD has been very low in these young (third year) 
vines.  
 
*[see Ed Weber for data on BGSS trapping and PD in plots.] 
 
OBJECTIVE 3b. Determine the effects of lethal and sub-lethal doses of insecticides on insect 
transmission of Xylella fastidiosa to plants (AHP). [Objective fully supported by CDFA in joint 
research proposal] 
 
 To better understand the effects of neonicotinoid insecticides such as imidacloprid on vector 
transmission, movement, and feeding, we have begun (funded separately) to better characterize 
GWSS transmission of Xf. This will help to guide or continuing experiments on these effects. 
Additional field experiments are needed to assess the transmission efficiency of GWSS in 
infecting older, woody stems of grape in comparison to green shoots and foliage.  
 
 Electronic monitoring of feeding behavior of GWSS on Admire-treated plants and plants 
treated with Acetamiprid will be done collaboratively with the Walker lab at UC Riverside. Dr. 
Walker was funded for this work at UC Riverside. In preparation, Keiko Okano, a Graduate 
Student Researcher involved in this research attended a short course conducted at the University 
of Missouri on using electronic monitoring for studies of feeding behavior by sucking insects.  
 
 For transmission tests to grape, we used 30 groups of 4 GWSS adults exposed to PD-
symptomatic grape for 4 days, then transferred to grapevines treated with two dosages of 
imidacloprid in the commercial formulation Admire®2F or untreated controls. We recorded 
survival, feeding activity and location on the plant hourly for 6 hours and after 24 hours.  We 
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then transferred surviving insects to new, untreated grape test plants for another 24 hours. 
Admire®2F treatments reduced transmission in two of three experiments. In addition, GWSS 
removed from treated plants continued to transmit at a reduced rate on grape test plants 
(seedlings) for the next 2 days. 
 
 Or initial 3 experiments were to assess the effects of Admire insecticide at dosages that 
produced rates of mortality on grape in greenhouse experiments that were similar to mortality 
rates in the field in grapevines following maximum allowable rates of Admire application. Test 
plants were grape (Vitis vinifera, pinot noir) seedlings in 4inch diameter round plastic pots 
planted in a standardized sandy loam soil mix. Aqueous dilutions of Admire® 2F (Bayer) [active 
ingredient imidacloprid], starting with a "standard dose" of 0.75g Admire 2F/liter water were 
carefully applied in a volume of 20 mL to the soil surface of the pot. A layer of coarse sand was 
applied to the dry soil surface to prevent direct contact between insects on the plant and the 
insecticide. GWSS adults collected from citrus near Bakersfield, CA were confined on PD-
symptomatic grapevines (Xf strain STL). Transmission tests were in plastic cylindrical cages (10 
cm diameter, 26 cm high) with mesh-covered windows. GWSS adults were introduced into the 
cages and recorded the location and survival of each insect on the plant at 1, 2, 3, 4, 5, 6, 9, 12, 
24 hours later.  We also checked whether these insects are feeding or not by observing excretion 
activity. After 24 hours, we removed the cage and insects. At this time the flight tendency of the 
insects were recorded. If we noticed no spontaneous flight upon removal from the cage, the 
insect was gently prodded from the rear. If this did not induce flight, the insect was tossed into 
the air to induce flight.  After 6 or more weeks, we looked for PD symptoms.  We diagnosed test 
plants for Xf by culturing the plant samples on PWG medium. The conditions for the three 
experiments are described below. 
 
Experiment AT1 (7.3.-4.2001) 
Tested 1 week after insecticide treatment 
Doses:  ¼ (0.19g/liter: 0.0038g/pot), 1/16 (0.047g/liter: 0.00094g/pot), control (no insecticide) 
29 plants per treatment: (1/16 and control), 28(1/4); 4 insects per plant: (2 females and 2 males) 
 
AT2  (7.12-13.2001) 
Tested 2 weeks after insecticide treatment 
Doses:  1/4 (0.19g/liter: 0.0038g/pot), 1/16 (0.047g/liter: 0.00094g/pot), control (no insecticide) 
30 plant samples per treatment; 4insects per plant: (2 females and 2 males) 
 
AT3 (7.25-26.2001) 
Tested 4 weeks after insecticide treatment 
Doses:  1/8 (0.094g/liter: 0.0019g/pot), 1/32 (0.023g/liter: 0.00047g/pot), control (no insecticide) 
30 plant samples per treatment; 3 insects per plant: (2 females and 1 male) 
 

The figures below (Figures 1-3) summarize the GWSS mortality and feeding rates and Xf 
transmission rates for experiments AT-1, 2, and 3. Admire® 2F applications at every dose above 
the most dilute affected survival. Admire®2F reduced both visible feeding by GWSS and 
transmission of X. fastidiosa to grape in two of three experiments.  In the 3 separate experiments, 
dosages of Admire applied to the soil of potted grapevines that killed about half of the GWSS 
confined on them after 24 hours (a typical field rate of mortality to this insecticide) reduced 
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feeding by more than 95%.  However, the reduction in transmission of X. fastidiosa was less than 
the reduction in either survival or feeding.  Two- to four-fold smaller dosages of Admire still 
reduced feeding but did not reduce mortality or transmission in the same proportion.  It is not 
clear if the reduction in transmission is caused entirely by mortality or by changes in feeding 
behavior.   
 
 GWSS that had been exposed to Admire®2F transmitted at a reduced rate for at least 2 days 
after removal from treated plants and transfer to untreated plants. Following their removal from 
the first transmission test plant (treated with insecticides), GWSS adults were transferred singly 
to untreated pinot noir seedlings. After 24 hours, the insects were transferred to another set of 
untreated pinot noir seedlings for 24 hours. Following the removal of GWSS, the seedlings were 
checked for egg masses, sprayed with insecticides and placed in the greenhouse for at least 8 
weeks to see if the PD symptom appeared.  The test plants without any clear symptoms were 
diagnosed for Xf by culturing petiole samples on PWG medium. 
 

sample AT1’ control AT1” control AT2’ 1/16 AT2” 1/16 
PD/total 7/29 6/29 0/56 1/63 

 
*The number of sampled plants did not match the number in the procedure due to the lost plants. 
 
*In AT1’ and AT1”, 4 no-insecticide control insects transmitted in both trials. 
 
*reference: results from the initial transmission test (AT1) 

Sample Control 1/16 
PD/total 17/29 3/29 

 
After transfer to untreated plants, the insects from both of the untreated control and 1/16 

plants were feeding (i.e. excrement observed on the cages) but transmitted Xf to plants at a 
reduced rate.  In order to clarify whether this is due to the persistence of imidacloprid effects on 
feeding even after removal from treated plants, future experiments should investigate the 
recovery of feeding amount by the imidacloprid-exposed insects transferred to untreated plants, 
and how long it can persist. Even though Admire®2F treatments did not eliminate or reduce 
transmission to extremely low levels, the combination of its effects in killing GWSS, reducing 
flight and reducing transmission rates should have a synergistic effect that might be effective if 
the number and infectivity rate of incoming GWSS is not above a certain threshold number. 
 
 Most GWSS adults removed from plants treated at the highest dosages were reluctant or 
unable to fly (data not shown). We intend to quantify the frequency and distance flown by 
insects exposed to untreated grape and to grape treated with "sub-lethal" dosages of Admire® 2F 
by observing flights on rotary flight mills after removal from plants. 
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Fig. 1. Experiment AT-1. Effects of Admire 2F on GWSS survival, feeding and transmission of 
Xf.  1/4 = one-fourth standard dose; 1/16 = one-sixteenth std. dose; control = no Admire. 
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Fig. 2. Experiment AT-2. Effects of Admire 2F on GWSS survival, feeding and transmission of 
Xf. 1/4 = one-fourth standard dose; 1/16 = one-sixteenth std. dose; control = no Admire. 

 
 

 
 
 
 
 
 

AT2:  % of insects feeding

0
20
40
60
80

100

1 2 3 4 6 9 12 24
hours after introduction

% control
  1/16
  1/4 

AT2 survival rate

0
0.2
0.4
0.6
0.8

1

1 2 3 4 6 9 12 24
hours after introduction

control
  1/16
  1/4 

AT2 transmission rate

0
0.2
0.4
0.6
0.8

1

control   1/16   1/4 
treatment



  AVF Long Term PD Project - 14 

Fig. 3. Experiment AT-3. Effects of Admire 2F on GWSS survival, feeding and transmission of 
Xf. 1/8 = one-eighth standard dose; 1/32 = one-thirty-secondth std. dose; control = no Admire. 
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TRAP CROPS (Ed Weber) 
 
Two trap crop trials have been established on either side of a large vineyard in Napa.  One trial 
borders the Napa River, the other Milliken Creek.  Vine spacing is 5 by 9 feet.  In each trial, St. 
George rootstock is the trap crop plant and is planted at the ends of adjacent rows to create the 
trap crop treatments.  Each replicate trap crop planting includes the first 6 vines in 12 adjacent 
rows (approximately 30 feet deep by 108 feet wide).  In each trial, there are three replicate trap 
crop planting and three control plantings where Chardonnay or Pinot Noir extends to the end of 
the rows.  
 
The vineyard and trap crops were planted in May 1999.  By October 2000, trap crop vines along 
the Napa River had reached the upper trellis wire and had filled in well.  They were pruned in 
December along with the rest of the vineyard leaving wood on the “fruiting” wire.  On the 
Milliken Creek side, deer did considerable grazing damage throughout 2000 and the vines did 
not develop as well.  In 2001, growth of St. George was vigorous in both plots. 
 
Blue-green sharpshooters (BGSS) were monitored using yellow sticky traps placed at the ends of 
rows.  Two traps are used in each replicate.  Traps were read weekly and changed every two 
weeks.  In 2001, BGSS were detected in all treatments, although counts were low; per-trap catch 
totals ranged from 1-19 BGSS for the entire trapping period March-October.  Spring trap catches 
(March-June) are shown below. 
 
Admire was applied to trap crop vines in November 1999.  At that time, we hoped that Admire 
would be lethal to any adult BGSS feeding upon treated vines.  We now know this is not the 
case.  In 2000, no insecticides were applied.  In 2001, trap crop plantings were treated with 
Provado in April. 
 
Pierce’s disease mapping occurred in both trials in Sept. 2001 extending approximately 40-50 
vines into the vineyard.  Only 9 vines were found showing PD symptoms (see below). 
 
  
  Napa River Trial  Milliken Creek Trial 
Treatment Rep BGGS* PD vines**  BGGS PD vines 
Trap Crop 1 5 0  16 0 
 2 4 0  10 0 
 3 5 1  4 0 
       
Control 1 7 1  18 0 
 2 7 1  8 0 
 3 22 7  7 0 
 
* BGSS spring trap catches: 26 March – 5 June 2001  
** Vines showing PD symptoms 19 Sept. 01 
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Tree Barriers 
 
This project investigates the use of tree barriers to block movement of BGSS from a riparian 
zone into vineyards.  The trial was established in 1997 in a vineyard adjacent to the Napa River 
that has a high incidence of PD.  The trial includes three replications of 4 treatments.  Treatments 
are plantings of 3 tree species (redwood, Monterey pine and Casurina) and an “open” control.   
Each replicate is approximately 150 feet long and the entire trial covers over ¼ mile.  Trees were 
planted 8 feet apart in triple rows running parallel and adjacent to the riparian edge of the Napa 
River.  
  
Bluegreen sharpshooters (BGSS) are monitored with yellow sticky traps.  For each replication, 
three traps are placed at the edge of the riparian zone, and three traps are placed on the other side 
of the planted trees at the edge of the vineyard.  Additional trapping occurred in 2 extra open 
areas within the third replicate that occurred due to power lines.  In all, 82 traps were monitored 
on a weekly basis from April-September.     
 
In 2001, most trees were still relatively small (8-15 feet) and most replications had not filled in to 
where they were creating an effective barrier.  The trapping data reflected this (see below) in that 
no significant reductions in BGSS counts were seen.  As the trees develop, they will likely have 
a greater effect.  To date, the Monterey pines have had the best growth and are filling in better 
than the other species. 
 
    
 Total BGSS Trap Catches* 
 Along Riparian 

zone 
Edge of 
vineyard 

% 
Reduction 

Monterey pine 98 14 85.7 
Redwood 40 5 87.5 
Casurina 40 3 92.5 
Open (no trees) 105 16 84.8 
 
* 5 April – 17 September 2001  
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OBJECTIVE 8. Determine the epidemiological role of seasonal fluctuations of Xylella 
fastidiosa populations in riparian host plants of the North Coast. – Kendra Baumgartner 

 
Cooperators: 
Alexander H. Purcell, Division of Insect Biology, UC Berkeley, Berkeley, CA 
M. Andrew Walker, Dept. of Viticulture and Enology, UC Davis, Davis, CA 
Ed Weber, UC Cooperative Extension, Napa County, CA 
Andrew Johnson, Beringer, St. Helena, CA 
Julie Nord, Nord Coast Vineyard Service, Napa, CA 
 
Summary: 

The objective of this research is to determine how populations of the Pierce’s Disease (PD) 
bacterium, Xylella fastidiosa (Xf), behave in five riparian hosts over time.  A replicated field 
experiment was initiated at three commercial vineyards in Napa County, CA, to measure Xf 
populations in five riparian plant species: Vitis californica (California grape), Rubus ursinus 
(California blackberry), Rubus discolor (Himalayan blackberry), Sambucus mexicana (blue 
elderberry), and Vinca major (periwinkle).  All five species are known hosts of Xf and its vector, 
Graphocephala atropunctata (blue-green sharpshooter, BGSS).  All five species are listed as 
prime candidates for removal in the Information Manual for Riparian Vegetation Management 
for Pierce’s Disease in North Coast California Vineyards.  In June 2001, individuals of the five 
plant species were inoculated with a local strain of Xf by placing a drop of a suspension of 
cultured Xf cells on a stem and piercing the stem with a pin beneath the suspension.  In mid 
summer and early fall, Xf populations were estimated in petioles located immediately distal to 
stem inoculation sites by culturing on selective media.  Populations of Xf reached detectable 
levels in California blackberry, blue elderberry, and California grape by mid summer and 
increased by early fall.  Xf was not detected in periwinkle until early fall, when populations were 
found to be as high as that of California blackberry, blue elderberry, and California grape.  
Increased flight activity of young adult BGSS, which peaks in mid summer and remains high 
through early fall, may contribute to spread of Xf from infected California blackberry, blue 
elderberry, periwinkle, and California grape to adjacent vineyards.  This may not contribute to 
increased disease incidence in adjacent vineyards within the same growing season, since canes 
that become infected late in the growing season are pruned out the following winter.  However, 
adult BGSSs that acquire Xf from California blackberry, blue elderberry, periwinkle, and 
California grape in mid summer/early fall and survive the winter are still capable of spreading Xf 
to vineyards the following spring.  We will continue to collect petioles from inoculated plants 
and monitor Xf populations until spring 2004.  We are especially interested in determining if Xf 
overwinters in Himalayan blackberry, blue elderberry, and California grape (California 
blackberry and periwinkle are known overwintering hosts). Overwintering hosts likely play an 
important role in the epidemiology of PD in providing a source of bacteria for spring infections, 
especially near vineyards where infective adult BGSS do not survive the winter.  Xf was not 
detected in inoculated Himalayan blackberry in mid summer or early fall.  Based on past 
research, we expected to detect Xf in Himalayan blackberry at both times.  Differences in our 
results, with respect to results of past research, may be due to differences in inoculation method, 
Xf strain, and/or environment. 
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Experiments Conducted to Accomplish Objective: 
 
In June 2001, we mechanically inoculated ten individuals of California grape, California 
blackberry, Himalayan blackberry, blue elderberry, and periwinkle at three different Napa 
County vineyards located along the Napa River.  Sites were chosen based on a high incidence of 
PD in adjacent vineyards.  Plants were inoculated with the STL strain of Xf (a strain isolated 
from PD-symptomatic vines near Yountville, CA) by pipetting a drop of a suspension of cultured 
Xf cells on a stem and piercing the stem beneath the suspension with a pin.  As a positive 
control, we used this same inoculation technique and Xf cell suspension to inoculate rooted 
Chardonnay cuttings in the greenhouse in Davis.  To estimate Xf populations in inoculated 
plants, we attempted to culture Xf from petioles collected immediately distal to the stem 
inoculation site by plating a dilution series of homogenized petiole tissue on periwinkle wilt 
media (Hill and Purcell, 1995a).  Our first culture attempt was in mid summer at 41-54 days after 
inoculation (petioles were collected on 24 July, 31 July, or 8 August 2001).  For our second 
culture attempt, we collected the petiole immediately distal to the petiole collected for the first 
culture attempt in early fall at 119-124 days after inoculation (petioles were collected on 9 
October, 11 October, or 15 October 2001). 
 
Summary of Major Research Accomplishments and Results (by Objective): 
Populations of Xf reached detectable levels in California blackberry, blue elderberry, and 
California grape by mid summer and increased by early fall (see Table 1).  Xf was not detected 
in periwinkle until early fall, when populations were found to be as high as that of California 
blackberry, blue elderberry, and California grape (105-106 CFU/g of petiole tissue).  Our 
estimates of Xf populations in California blackberry, blue elderberry, and periwinkle are similar 
to that of past research (Hill & Purcell, 1995, 1997; Purcell & Saunders, 1999). 

 
Xf populations of at least 104-105 CFU/g of plant tissue are required for acquisition by BGSS 
(Hill & Purcell, 1997).  Xf populations we estimated in California blackberry and California 
grape by mid summer and blue elderberry and periwinkle by early fall are sufficient for 
acquisition by BGSS.  Our two culture attempts coincided with the emergence and increased 
flight activity of young adult BGSS, which peaks in mid summer and remains high through early 
fall (Feil et al., 2000).  Assuming BGSS feeds on California blackberry, California grape, blue 
elderberry, and periwinkle in early fall, Xf may be transmitted from infected riparian plants to 
adjacent vineyards before the end of the growing season.  Late season infections of grapevines 
are unlikely to result in chronic disease and infected canes are pruned out during the winter 
(Purcell, 1981).  However, young adult BGSSs that acquire Xf in mid summer to early fall and 
survive the winter are still capable of transmitting Xf the following spring, when grapevines leaf 
out. 
  
Our inoculations resulted in a lower number of infected plants than we expected.  Past research 
(Hill & Purcell, 1995, 1997; Purcell & Saunders, 1999) on populations of Xf in four of the five 
riparian species we inoculated showed higher inoculation success (higher number of plants that 
developed infections out of total plants inoculated).  Differences in inoculation method (insect 
versus mechanical), Xf strain (YVPD versus STL), and/or environment (greenhouse versus field) 
may explain differences in inoculation success. 
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None of the inoculated Himalayan blackberry individuals developed infections.  These results 
are surprising, considering that Himalayan blackberry is a known systemic host of Xf.  Insect 
inoculation of Himalayan blackberry with the YVPD strain of Xf in the greenhouse showed that 
Xf populations can reach 107 CFU/g of plant tissue at 32 days after inoculation (Hill & Purcell, 
1995, 1997).  Again, this difference may be due to our inoculation method, the strain of Xf we 
used, and/or the fact that our experiment was carried out in the field. 

 
We will continue to collect petioles from inoculated plants and monitor Xf populations until 
spring 2004.  We are especially interested in determining if Xf overwinters in Himalayan 
blackberry, blue elderberry, and California grape.  Xf has been shown to overwinter in California 
blackberry and periwinkle (Purcell & Saunders, 1999).  Overwintering hosts of Xf likely play an 
important role in the epidemiology of PD in providing a source of bacteria for spring infections, 
especially near vineyards where infective adult sharpshooters do not survive the winter.  Given 
the possibility that few inoculated plants remain infected after winter 2001, re-inoculation may 
be necessary in spring 2002. 
 
References: 
Feil H, Feil WS, Purcell AH. 2000. Effects of temperature on the flight activity of 

Graphocephala atropunctata (Hemiptera: Cicadellidae). Journal of Economic 
Entomology 93:88-92. 

Hill BL, Purcell AH. 1995. Multiplication and movement of Xylella fastidiosa within grapevine 
and four other plants. Phytopathology 85:1368-1372. 

---. 1997. Populations of Xylella fastidiosa in plants required for transmission by an efficient 
vector. Phytopathology 87:1197-1201. 

Purcell AH. 1981. Vector preference and inoculation efficiency as components of resistance to 
Pierce's disease in European grape cultivars. Phytopathology 71:429-435. 

Purcell AH, Saunders SR. 1999. Fate of Pierce's Disease strains in common riparian plants in 
California. Plant Disease 83:825-830. 

 
Outside Presentations of Research:  none 
 
Research Success Statements: 
Use of riparian vegetation management for controlling Pierce’s Disease in North Coast 
California vineyards may effectively decrease local populations of the pathogen, Xylella 
fastidiosa, and its vector, the blue-green sharpshooter.  This research will improve our 
understanding of the roles riparian plant species have in the spread of Pierce's disease, which will 
allow growers to maximize the efficacy of riparian vegetation management for disease control 
and minimize negative impacts on important riparian habitat for native plants and wildlife. 
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SECTION 2:  BIOLOGICAL, CULTURAL, CHEMICAL MANAGEMENT OF PD 
 
 
OBJECTIVE 2 (BCK- Funded by CDFA): Evaluate plant micronutrients and antibiotics as 
potential bactericides for elimination of Xylella fastidiosa (Xf) in grapevines. 
 
Sub-Objective 2.1:  Determine the efficacy of using micronutrients and antibiotics to cure 
Xf-infection in field-grown grapevines. 
 
Background On Therapeutic Treatments: 
 
 Therapeutic treatments consist of commercially available foliar micronutrients applied at 
four and eight times the recommended rate for correcting a micronutrient deficiency in grape.  
Tetracycline, an antibiotic, was applied at 4 times the foliar concentration used for fireblight 
control.  The methods evaluated for 1999-01 included foliar sprays, plastic “DP” screws 
(developed and provided by Dick Peterson, Napa, CA), a drilling/injection method, which 
utilizes DP screws to seal the ends of a hole drilled through the grapevine, and soil application of 
zinc sulfate.  In 1999 vineyard trials were established at one site in Napa and three sites in 
Temecula.  An additional vineyard trial was established in Napa in 2000.  Details of these 
previous trials can be found in the 2000 progress report.   

Of the previously established therapeutic trials in Temecula, CA, the Merlot and 
Chardonnay trials were lost as a result of flagged vines being pulled by vineyard laborers.  In 
Napa, CA a chardonnay vineyard trial also had treated vines removed.  As a result, in Fall, 2000 
one new therapeutic trial was established in a new 5 year old Merlot vineyard located in Napa 
Valley, two micronutrient/antibiotic therapeutic trials were initiated in Napa, CA in the fall of 
2001.  Results for the therapeutic trials initiated before the 2001 season reflect the efficacy of 
spring pruning in combination with the therapeutic bactericidal treatments. 
   New therapeutic trials established in Napa will test the four most potentially effective 
therapeutic treatments from the 1999-2000 field trials plus one new treatment: phosphorous acid 
(50%).  In order to apply more soluble versions of the most promising treatments, four of the 
micronutrient treatments were reformulated as follows: copper hydroxide (Kocide) was replaced 
with 10% copper sulfate, Zinc 50 was replaced with a 1:1 mixture of Zinc 50 and zinc sulfate, 
and Zn25/Mn25 was replaced with a 1:1 mixture of Zinc 50/zinc sulfate (1:1) and manganese 
carbonate. 
 A high-pressure trunk injection device called the Sidewinder was evaluated in the spring 
of 2001.   A 6-year-old Merlot (previously referred to as 5-year-old Merlot) vineyard in Napa 
that was initially treated therapeutically in Fall, 2000 using the drill/injection method (see 
previous progress report) was retreated in early summer of 2001 using the Sidewinder injector.   
 
Materials and Methods: 
 
Napa Therapeutic Trials 
 In 1999, a 6-year-old (now in 8th yr.) Merlot vineyard was treated with therapeutic 
treatments including foliar sprays, plastic “DP” screws, drilling/ injection method, and soil 
application of zinc sulfate.  Soil treatments were applied in two concentrations, 2lbs per vine and 
4lbs per vine. The DP screw and drilling/injection treatments were applied at one application 
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rate.  Details regarding formulations used in the DP screws and the drill through/DP screw 
combination were presented in the 2000 Progress Report.  First application of treatments was 
applied on September 16th, 1999 followed by a second application on July 19th, 2000.  Vines 
were pruned approximately 6 to 8-in. above graft union on February 28th, 2000.  A second, and 
last, applications of bactericides was made to the pruned vines in June, 2000 , soon after they 
developed new shoot from the pruned vine.  This trial was last evaluated on September 18th, 
2001.  In 2000, a 5-year-old Merlot vineyard (now in 6th year) was treated with only the 
drill/injection and soil applied therapeutic treatments.  Foliar and DP screw treatments were not 
included due to their comparatively poor performance in the 8-year-old Merlot trial established 
in Napa in 1999.  First application of treatments was made on September 28th, 2000 using 
drill/injection followed by a second application on June 20th, 2001 using a high-pressure 
injection device called the Sidewinder.  Vines were pruned back 6 to 8-in. above the graft union 
on February 28th, 2001. 

Two vineyards (Semillon and Merlot var.) in Napa, CA were established to re-evaluate 
the most promising therapeutic treatments that were evaluated previously in the 8-year-old 
Merlot vines.  Prior to applying the treatments, vines were mapped for location and rated 
individually for disease using the 0 (no disease) to 4 (dead) scale described in previous reports.  
New formulations of micronutrients replaced some of the previously effective micronutrients at 
the new sites in Napa.  Replacement treatments were made following the procedure outlined in 
Materials and Methods section of the 2000 progress report.  Phosphorous acid treatment 
contained 50-ml of phosphorous acid (100%) combined with 50-ml of 2% agarose solution.  All 
treatments were applied on November 16th, 2001 using the drill/injection method and sealed with 
nylon DP screws as previously described and used in 1999 and 2000.  Injection treatments were 
prepared in 20-ml syringes and DP screws were used to seal drilled holes in the vine.  All vines 
will be pruned approximately 6-8-in. above the graft union in January 2002 and evaluated to 
determine efficacy of treatments based on disease symptoms.  
 
Results: 
 
 Average disease ratings as well as number of vines that were symptomless and dead for 
therapeutic vineyard trials with reportable data in 2001 are presented in Tables 1.1 through 1.3. 
Napa Therapeutic Trials 
 Eight-Year-Old Merlot (Table 1.1) 
 Comparing treatments in the 8-year-old Merlot vineyard (previously referred to as 6-
year-old Merlot), all foliar treatments produced average disease ratings that were slightly below 
the average for the control (Table 1.1).  Zinc 50 applied at 4X vineyard labeled rate gave the best 
results with an average disease rating of 1.0 compared to the control at 2.18.   

In the same vineyard, copper hydroxide (Kocide) and iron sulfate applied as a DP screw 
treatment performed the best at 1.13 average disease rating.  Manganese carbonate DP screw 
treatment produced a higher average disease rating than the control.   

Of the drill/injection treatments in this Merlot vineyard streptomycin produced an 
exceptionally low rating of 0.5.  The relatively high number of symptomless vines in 
streptomycin treatment further emphasized the efficacy of this antibiotic treatment.  Zinc 50 and 
Zn25/Mn25 (25% Zn + 25% Mn) injections also produced low average ratings of 1.0 compared 
to 2.18 for the control.   
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Comparing the two soil applied treatments, only zinc sulfate at the 4-lb rate produced a 
rating lower than the control at 1.75.  

Six-Year-Old Merlot (Table 1.2) 
Results for the 6-year-old Merlot show the effects of drill/injection treatments one year 

after application and 6 months after severe pruning.  Of the drill/injection treatments applied on 
the 6-year-old Merlot vines in Napa, Zinc 50 and Zn25/Mn25 produced the lowest average 
disease ratings at 0.25 and the highest number of symptomless vines, 9 and 10 respectively 
(Table 1.2).  All treatments received disease ratings that were lower than the control (0.75), 
including the soil-applied zinc sulfate (4lb/plant).  The low levels of disease recorded for this 
trial in 2001 are consistent with disease levels recorded for the 8-year-old Merlot therapeutic trial 
the summer after severe pruning.  More disease development in the control and treated vines is 
necessary before treatment efficacy can be determined.   
 
Summary and Discussion: 
  
 Symptom evaluation data from the 8-year-old Merlot vineyard (Table 1.1) in Napa 
suggests that the most effective mode of treatment delivery is to directly inject the materials in a 
gel-like matrix into the vines cordon.  Foliar treatments must first be taken into the plant to 
become systemic, and the concentration of material that actually makes it into the xylem is going 
to be much lower than the concentration at the plant surface.  D.P. screws place the treatments 
within the xylem, but only a small area of exposure is produced and materials must be taken up 
by xylem passing through the cotton pellet.  Drill/injection seems to result in a more efficient 
uptake, possibly due to the increase in xylem surface area exposure created by drilling 
completely through the vine.  The agarose matrix also creates a continuous bridge for xylem 
passing from below the application site to plant parts above.  The difference in efficacy between 
Streptomycin applied as a DP screw and as a drill/injection further strengthens this argument. 
 Micronutrients (zinc, manganese, and copper) applied as direct injections and at higher 
rates than labeled for micronutrient deficiencies appear to have the potential of creating an 
unfavorable environment for Xf.  This is evident in the 8-year-old Merlot vineyard in Napa where 
these micronutrients produced disease ratings up to 50% lower than ratings recorded for 
untreated controls when applied as a direct injection (Table 1.1). 
 Severe pruning continues to give initial positive growth response in the summer after the 
vine is severely pruned in the preceding winter.  The low disease ratings recorded in the fall 2001 
for 6-year-old Merlot vines in Napa (Table 1.2) pruned in February of that year coincide with 
similar results recorded during the fall of 2000 for 8-year-old vines pruned early in the 2000 
season (see 2000 Progress Report).  Pruning a cordon to within 6 to 8-in. of the graft union 
allows a previously infected vine to send up a new shoot that will be trained into a cordon that is 
free of xylem blockage.  Ideally, this new shoot can then be treated prophylactically to avoid re-
infection. 
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Table 1.1 Results of therapeutic bactericide application two years after initial application 
and one year after last application and severe pruning. 
 

8-year-old Merlot vines – Napa 
I. Foliar Sprays 

Treatment  
Number of 

vines 

Average 
Disease 
Rating 

Number of Vines 
Symptomless 

Number of 
Dead Vines 

Tetracycline 8 2.13 0 1 

Zinc 50 –4X 4 1.00 1 0 

Zinc 50 –8X 4 1.75 1 1 

Zinc amino acid 7 1.43 2 1 

Manganese carbonate–4X 4 1.25 2 1 

Manganese carbonate–8X 4 2.00 1 1 

Zn25/Mn25 –4X 4 1.50 1 1 

Zn25/Mn25 –8X 4 1.75 1 1 

Iron foliar –4X 4 1.25 1 0 

Iron foliar –8X 4 2.00 1 1 

Control 11 2.18 1 2 
 
 
 

8-year-old Merlot vines – Napa 
II. Dick Petersen’s Nylon (DP) Screws 

Treatment  
Number of 

vines 
Average 

Disease Rating 
Number of Vines 

Symptomless 
Number of 
Dead Vines 

Tetracycline  9 1.67 3 2 

Streptomycin  8 1.88 1 2 

Zinc 50  8 1.63 2 2 

Mn carbonate 8 2.25 0 3 

Cu hydroxide/Kocide 8 1.13 3 1 

Fe sulfate 8 1.13 3 1 

Control 11 2.18 1 2 
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III. Drill Through/Injection Sealed with DP Screws 

Treatment Number of 
vines 

Average 
Disease Rating 

Number of Vines 
Symptomless 

Number of 
Dead Vines 

Tetracycline 7 2.57 1 4 

Streptomycin 8 0.50 7 1 

Zinc 50 8 1.00 4 1 

Zn25/Mn25 8 1.00 4 1 

Cu hydroxide/Kocide 9 1.22 3 1 

Fe sulfate 8 1.38 3 1 

Control 11 2.18 1 2 
 

IV. Soil Granules 

Treatment Number of 
vines 

Average 
Disease Rating 

Number of Vines 
Symptomless 

Number of 
Dead Vines 

Zinc sulfate 2lbs 4 2.75 0 2 

Zinc sulfate 4lbs 4 1.75 1 1 

Control 11 2.18 1 2 
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Table 1.2 Results of therapeutic bactericide applications one year after initial application 
and six months after second application.  (Vines severely pruned Feb. of 2001) 

6-year-old Merlot vines- Napa 
I. Application 1. Drill/Injection, Application 2. Sidewinder Injection 

Treatments Number 
of Vines 

Average 
Disease 
Rating 

Number of Vines 
Symptomless 

Number of 
Dead Vines 

Cu hydroxide/Kocide 12 0.67 7 0 

Zn 50  12 0.25 9 0 

Zn25/Mn25 12 0.25 10 0 

Manganese carbonate 12 0.5 7 0 

Streptomycin 12 0.42 8 0 

Tetracycline 12 0.42 8 0 

Control 12 0.75 6 0 
 
 
 

II. Soil Granules 

Treatments Number 
of Vines 

Average 
Disease 
Rating 

Number of Vines 
Symptomless 

Number of 
Dead Vines 

Zinc sulfate soil 12 0.42 8 0 

Control 12 0.75 6 0 
 
 
 
 
Sub-Objective 2.2:  Determine the efficacy of using plant micronutrients prophylactically 
to prevent Xf-infection in established vineyard.  
 
Background: 
 
 Prophylactic trials are located in both northern and southern California.  Of trials 
evaluating all treatments listed in Table 2.1, two are located in Temecula, CA and four are 
located in the Napa Valley.  An additionally vineyard in Temecula has been treated with the 
three systemic acquired resistance (SAR) inducers included in the prophylactic treatments.  Two 
additional trials containing all treatments except the Rezist/Stabilizer are located in the Santa 
Cruz Mountains. 
 
Field trials 
 In regards to previously established prophylactic field plots, all Metasolate Cu-amino 
acid treatments were phased out in 2001 due to the high levels of phytotoxicity they produced in 
previous field seasons.  Messenger was used as the replacement for these treatments if it was not 
already present in the trial.  For the remaining zinc and manganese Metasolate treatments, the 
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rate used for 2001 applications was a 1/30 dilution, replacing the 1/20 used in 1999-2000.  This 
rate change occurred in an attempt to eliminate further phytotoxicity issues associated with each 
amino acid treatment. 
 Prophylactic treatments consist of zinc and manganese foliar sprays applied at four times 
the recommended rate for a micronutrient deficiency in grapevines, zinc and manganese 
Metasolates (amino acid chelates, Albion Laboratory) applied at a 1/20 dillution (1/30 as of 
2001), zinc sulfate applied to the soil at 2 lbs/plant, and three SAR inducing compounds: 
Messenger (Harpin Protein), Actigard (acibenzolar-S-methyl), and Rezist (2% Cu, 2% Mn, 2% 
Zn)/Stabilizer (6% Ca, 0.5% B).  A total of four applications were made to prophylactic plots: 
two spring applications followed by two fall applications.  The first applications made to trials 
initiated in 2000 season were made in the fall.  Two fall applications were made to trials 
established in Temecula and one fall treatment was applied to trials in Napa.  The first spring 
application is made when new growth is approximately 10 to 12-in. in length followed by a 
second application approximately two weeks later when shoots are 16 to 18-in. in length.  Amino 
acid chelates are only applied once during the spring when the second application of treatments 
is made in order to minimize their phytotoxic effects.   
 
Greenhouse trials 

Because of the low disease incidence in the controls of all prophylactic field trials, a new 
method of testing the efficacy of the prophylactic treatments was developed in 2001.  This new 
method involved exposing greenhouse-grown vines toblue green sharpshooter (BGSS) haboring 
Xf bacteria under laboratory conditions (see details below).  This method allows for the 
development of efficient disease inoculation using natural insect vectors but under controlled 
experimental conditions. We anticipate this direct inoculation method will produce data that can 
be used to predict a potential bactericide’s efficacy in the field. 
  
Materials and Methods: 
      
Field Trials  

In the fall of 2000, four prophylactic vineyard trials were established with the help of Ed 
Weber, Farm Advisor for Napa County, in Napa, CA, and two prophylactic trials were initiated 
in Temecula, CA.  The first applications made to the Temecula trials in 2000 occurred on August 
2nd, followed by a second application on November 4th.  In Napa, the first and only application of 
treatments in 2000 occurred on September 11th.  In the spring of 2001, Temecula vineyards were 
treated on April 20th, May 11th, and August 8th.  Napa vineyards received applications on May 8th 
and May 15th.   
 A vineyard trial was established in the spring, 2001 in Temecula on Chardonnay vines to 
evaluate only the SAR inducing treatments used in 1999-2000 studies.  First application of 
treatments occurred on April 20th, 2001 and a second application occurred on May 11th, 2001. 
 Two Pinot Noir vineyard trials were established in the spring 2001 in the Santa Cruz 
Mountains of California to re-evaluate prophylactic chemicals evaluated in 1999-2000.  First 
application of treatments occurred on May 3rd, 2001 and a second spring application was made 
on May 10th.  Vines were rated for disease symptoms in September 2001. 
 All prophylactic field trials were rated for disease based on symptom severity in the fall 
of 2001.  Vines were visually inspected by at least two individuals and a rating of 0(healthy) to 
4(dead) was assigned.  PCR was used to test vines exhibiting vague or unusual symptoms.    
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Inoculation of Greenhouse Vines using Sharpshooters 
In collaboration with Dr. Sandy Purcell at UC Berkeley, greenhouse raised, Cabernet 

Sauvignon seedlings grown in 4-in. pots were naturally inoculated with Xylella fastidiosa using 
blue-green sharpshooters (BGSS) (Graphocephala atropunctata) collected in the field.  Prior to 
their exposure to the experimental vines, the sharpshooters were rendered infectious by feeding 
them on Xf- infected grapevines for 48-hrs.  Liquid formulations of manganese- and zinc-amino 
acid chelates  (Albion Laboratory) were applied to the vines both pre- and post-Xf insect 
inoculation (Table 2.2).  Each treatment was replicated 18 times.  Positive control vines were 
exposed to Xf-infectious BGSS but not treated with micronutrients.   

Vines treated pre-inoculation were sprayed on October 16, 2001, and were exposed to 
infectious blue-green sharpshooters for 48-hrs beginning on October 19th.  Vines treated post-
inoculation and control vines were exposed to the same infectious sharpshooters for the same 
period of time beginning on October 17th.  Sharpshooter inoculations were conducted by Tina 
Wistrom of Dr. Purcell’s laboratory.  While under her care, vines were watered twice with dilute 
Hoagland’s solution.  After inoculation, the vines were sprayed with Orthene insecticide to 
remove any remaining sharpshooters.  Seedlings were repotted into 1-gallon nursery pots and 
arranged by treatments in a greenhouse at the Armstrong Research Center at University of 
California, Davis on October 24th.  Vines are being kept under water-stressed conditions and no 
pruning occurred for 13 weeks to ensure that feeding sites were not removed along with 
infectious bacteria.  Infected vines that are water stressed show PD symptoms more rapidly than 
those that are maintained under a complete watering regime.  Post-inoculated treatments were 
sprayed onto vines October 29th, approximately 12 days after insect exposure.  Vines are 
currently being monitored weekly for leaf symptoms of PD.  As of 1/12/02, two vines that were 
treated with manganese amino acid chelates show leaf margin scorching typical of PD.  
Unfortunately, no symptoms have been observed in non-treated Xf-inoculated plants.  
Immunocapture PCR will be used to screen vines as more begin to show symptoms.  
 
Table 2.1 Trial names as well as location and date of trial initiation. 
 

Trial Name Location Number of 
Treatments Replicates Date 

Initiated 
G-Chardonnay Napa, CA 9 20 Sep-00 
Riesling Napa 9 20 Sep-00 
Merlot Napa 9 20 Sep-00 
M-Chardonnay Napa 9 40 Sep-00 
Chardonnay Temecula, CA 5 20 Apr-01 
Cab Franc Temecula 10 20 Aug-00 
Syrah Temecula 9 20 Aug-00 
B-Pinot Noir Santa Cruz, CA 8 20 Apr-01 
D-Pinot Noir Santa Cruz 8 20 Apr-01 
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Table 2.2.  Details of treatments applied to Cabernet Sauvignon seedlings inoculated by 
infectious blue-green sharpshooters in 2001. 
  Application Date Inoculation Dates 

Treatment Timing Pre- Post- Pre- Post- 

Zinc amino acid 
pre- & post-
inoculation 10/16 10/29 10/19-10/21 10/17-10/19 

Manganese amino acid 
pre- & post-
inoculation 10/16 10/29 10/19-10/21 10/17-10/19 

Control N/A N/A N/A 10/17-10/19 
 
Results: 
 

To minimize possible confusion, the identity and location of all prophylactic vineyard 
trials are listed in Table 2.1.  Three vineyards (shown in Table 2.3 as vineyards A, B, and C) had 
some disease development in the controls, allowing for some preliminary evaluation in 2001.  
The efficacy of the treatments in these vineyards is presented in Table 2.3 as the number of vines 
in each disease category and as the percentage of vines rated as healthy (0 rating), suspected 
disease (1 rating), and diseased (2-4 rating).  Six of the nine prophylactic trials did not develop 
any disease in the controls.  Details of these trials are listed in Table 2.4.  

In the Cab Franc vineyard in Temecula (Table 2.3 A), Zinc 50 –4X had the highest 
percentage of healthy plants at 100% compared to the control at 90%.  The zinc amino acid 
treatment contained the least amount of healthy vines (60%), but had zero established infections.  
The soil-applied zinc sulfate contained the highest percentage of chronically infected vines at 
25% followed by Rezist/Stabilizer at 15%.   
 Of the Temecula Chardonnay (Table 2.3 B) treated with SAR inducers, Actigard at 1X 
usage rate developed the highest percentage of diseased vines (15%).  Rezist/Stabilizer and 
control vines contained 10% established infection.  Actigard at the 2X rate performed the best in 
Chardonnay with 85% healthy vines and 0% disease. 
 In Pinot Noir vines in the Santa Cruz Mountains (Table 2.3 C), only 5% disease occurred 
in the untreated control vines.  Actigard treated vines had the highest number of vines expressing 
disease-like symptoms.  However, disease in this vineyard could not be confirmed with PCR 
testing.  Vines expressing chronic disease symptoms tested negative for Xf by PCR.  The reason 
for this negative result is unknown as other samples tested at the same time were positive or 
negative as expected.  Two treatments, Mn Carbonate and Messenger, performed better than the 
control with 90% healthy and 0% diseased vines.  
 
Summary and Discussion: 
 
 With the low level of disease development that has occurred in the prophylactic vines up 
to this point, it is difficult to assess with any degree of certainty which treatments have the 
potential to protect vines from developing PD.  The SAR inducing chemicals have held up well 
in the vineyards that have had some disease development in the controls within the last year.  
This gives some indication that acquired resistance in grapevines could play an important role in 
avoiding PD development.  Zinc 50 also produced favorable results in 2001, possibly reinforcing 
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the idea that increasing the concentration of metallic ions in the xylem sap can create an 
environment that reduces infection by Xf.   
 Decreasing numbers of healthy vines (no visual symptoms) were seen in some of the 
vines treated with manganese amino acid chelate.  These chelates, known commercially as 
Metasolates, were shown to cause large increases in the concentration of Mn+ ions in the xylem 
sap of Cabernet and Thompson Seedless varieties as soon as 24-hrs after application (see 2000 
Progress Report).  These concentrations were significantly higher than the MIC values recorded 
for reagent grade manganese.  Therefore, it can be assumed that the metallic ions entering the 
xylem sap are still chelated to the amino acids and may not be toxic to Xf in this form.  Tests to 
determine if the chelated metals are toxic to Xf in vitro are now being conducted to determine if 
these treatments have the potential to be effective. 
 
Future Directions: 
 Due to the inconsistencies in results between some PCR analysis and field evaluations of 
vine symptoms, efforts will be made early in 2002 to develop more efficient and accurate PCR 
protocols for testing of field samples.  Also, early detection will be a focus of new projects this 
year.  The ability to detect bacterial populations in plant material before symptoms occur in late 
July would be a very important tool in further evaluating bactericide treatments for use against Xf  
and benefit growers who want to identify and and remove PD vines before they can act as a 
source of inoculum. 
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Tables 2.3 A-C. Results of prophylactic bactericide applications in vineyards exhibiting 
some disease in the control vines.  
 

Table 2.3 A: Temecula, CA - Cab Franc 

  Number of Vines in Each Rating Category  
(8/8/2001)W Percentage Totals 

TreatmentX Product 
Rate 0 1 2 3 4 Healthy   Suspected 

DiseaseY  DiseasedZ 

Control NA 17 1 1 0 0 90 5 5 

Zinc Sulfate 
Soil 2.0 lbs/plant 14 1 5 0 0 70 5 25 

Zinc 50 –4X 8.0 lbs/A 20 0 0 0 0 100 0 0 

Zinc Amino 
Acid 3.3 gal/A 11 8 0 0 0 60 40 0 

Mn Carbonate 
–4X 6.2 pint/A 14 4 2 0 0 70 20 10 

Manganese 
Amino Acid 3.3 gal/A 18 0 1 1 0 90 0 10 

Messenger 0.3 lbs/A 16 2 2 0 0 80 10 10 

Actigard 0.06 lbs/A 15 4 1 0 0 75 20 5 

Actigard –2X 0.12 lbs/A 17 1 2 0 0 85 5 10 

Rezist/   
Stabilizer 2% v/v 14 2 3 0 0 75 10 15 

W- 0 = healthy to 4 = dead vine 
X- All treatments were foliar sprays except ZnSO4 (soil applied) 
Y- Suspected disease = vine receiving a disease rating of 1, which may not overwinter or symptom is not due to Xf-infection 
Z- Disease = vines receiving ratings from 2-3 that are clearly infected with PD 

 
Table 2.3 B: Temecula, CA - Chardonnay 

  Number of Vines in Each Rating Category  
(8/8/2001)W Percentage Totals 

TreatmentX Product 
Rate 0 1 2 3 4 Healthy   Suspected 

DiseaseY DiseasedZ 

Control NA 15 3 1 1 0 75 15 10 

Messenger 0.3 lbs/A 16 3 1 0 0 80 15 5 

Actigard 0.06 lbs/A 16 1 2 1 0 80 5 15 

Actigard –2X 0.12 lbs/A 17 3 0 0 0 85 15 0 

Rezist/   
Stabilizer 2% v/v 14 4 2 0 0 70 20 10 

W,X,Y, and Z as per Table 2.3 A 
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Table 2.3 C: Santa Cruz, CA – B-Pinot Noir 

  Number of Vines in Each Rating Category  
(9/18/2001)W Percentage Totals 

TreatmentX Product 
Rate 0 1 2 3 4 Healthy   Suspected 

DiseaseY  DiseasedZ 

Control NA 19 0 1 0 0 95 0 5 

Zinc Sulfate 
Soil 2.0 lbs/plant 17 2 1 0 0 85 10 5 

Zinc 50 –4X 8.0 lbs/A 17 2 1 0 0 85 10 5 

Zinc Amino 
Acid 3.3 gal/A 18 1 1 0 0 90 5 5 

Mn Carbonate 
–4X 6.2 pint/A 18 2 0 0 0 90 10 0 

Manganese 
Amino Acid 3.3 gal/A 18 0 2 0 0 90 0 10 

Messenger 0.3 lbs/A 18 2 0 0 0 90 10 0 

Actigard 0.06 lbs/A 16 1 3 0 0 80 5 15 

W,X,Y, and Z as per Table 2. 
 
Table 2.4 A-F. Details of prophylactic bactericide trials in vineyards failing to develop 
significant disease in the control vines. 
 

Table 2.4 A: Napa, CA- Merlot 
  Number of Vines in Each Rating Category 

(as of 9/8/2001) W Percentage Totals 

TreatmentX Product 
Rate 0 1 2 3 4 Healthy   Suspected 

DiseaseY  DiseasedZ 

Control NA 19 1 0 0 0 95 5 0 

Zinc Sulfate 
Soil 2.0 lbs/plant 18 2 0 0 0 90 10 0 

Zinc 50 (4X) 8.0 lbs/A 18 2 0 0 0 90 10 0 

Zinc Amino 
Acid 3.3 gal/A 19 1 0 0 0 95 5 0 

Mn Carbonate 
(4X) 6.2 pint/A 18 1 1 0 0 90 5 5 

Manganese 
Amino Acid 3.3 gal/A 17 2 1 0 0 85 10 5 

Messenger 0.3 lbs/A 19 1 0 0 0 95 5 0 

Actigard 0.06 lbs/A 19 1 0 0 0 95 5 0 

Rezist/   
Stabilizer 2% v/v 18 1 1 0 0 90 5 5 

          W,X,Y, and Z as per Table 2.3 A 
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Table 2.4 B: Napa, CA- Riesling 

  Number of Vines in Each Rating Category  
(9/8/2001) W Percentage Totals 

TreatmentX Product 
Rate 0 1 2 3 4 Healthy   Suspected 

DiseaseY DiseasedZ 

Control NA 18 2 0 0 0 90 10 0 

Zinc Sulfate 
Soil 2.0 lbs/plant 19 1 0 0 0 95 5 0 

Zinc 50 (4X) 8.0 lbs/A 17 3 0 0 0 85 15 0 

Zinc Amino 
Acid 3.3 gal/A 13 6 1 0 0 65 30 5 

Mn Carbonate 
(4X) 6.2 pint/A 16 4 0 0 0 80 20 0 

Manganese 
Amino Acid 3.3 gal/A 16 3 1 0 0 80 15 5 

Messenger 0.3 lbs/A 18 2 0 0 0 90 10 0 

Actigard 0.06 lbs/A 16 3 1 0 0 80 15 5 

Rezist/   
Stabilizer 2% v/v 13 7 0 0 0 65 35 0 

          W,X,Y, and Z as per Table 2.3 A 
 

Table 2.4 C: Napa, CA- M-Chardonnay 
  Number of Vines in Each Rating Category  

(9/8/2001) W Percentage Totals 

TreatmentX Product 
Rate 0 1 2 3 4 Healthy   Suspected 

DiseaseY DiseasedZ 

Control NA 40 0 0 0 0 100 0 0 

Zinc Sulfate 
Soil 2.0 lbs/plant 40 0 0 0 0 100 0 0 

Zinc 50 (4X) 8.0 lbs/A 40 0 0 0 0 100 0 0 

Zinc Amino 
Acid 3.3 gal/A 40 0 0 0 0 100 0 0 

Mn Carbonate 
(4X) 6.2 pint/A 40 0 0 0 0 100 0 0 

Manganese 
Amino Acid 3.3 gal/A 39 1 0 0 0 97.5 2.5 0 

Messenger 0.3 lbs/A 39 1 0 0 0 97.5 2.5 0 

Actigard 0.06 lbs/A 40 0 0 0 0 100 0 0 

Rezist/   
Stabilizer 2% v/v 40 0 0 0 0 100 0 0 

          W,X,Y, and Z as per Table 2.3 A 
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Table 2.4 D: Napa, CA- G-Chardonnay 
  Number of Vines in Each Rating Category  

(9/8/2001) W Percentage Totals 

TreatmentX Product 
Rate 0 1 2 3 4 Healthy   Suspected 

DiseaseY  DiseasedZ 

Control NA 20 0 0 0 0 100 0 0 

Zinc Sulfate 
Soil 2.0 lbs/plant 17 3 0 0 0 85 15 0 

Zinc 50 (4X) 8.0 lbs/A 19 0 1 0 0 95 0 5 

Zinc Amino 
Acid 3.3 gal/A 19 1 0 0 0 95 5 0 

Mn Carbonate 
(4X) 6.2 pint/A 19 0 0 0 1 95 0 5 

Manganese 
Amino Acid 3.3 gal/A 20 0 0 0 0 100 0 0 

Messenger 0.3 lbs/A 20 0 0 0 0 100 0 0 

Actigard 0.06 lbs/A 20 0 0 0 0 100 0 0 

Rezist/   
Stabilizer 2% v/v 20 0 0 0 0 100 0 0 

W,X,Y, and Z as per Table 2.3 A 
 

Table 2.4 E: Temecula, CA- Syrah 
  Number of Vines in Each Rating Category  

(8/8/2001) W Percentage Totals 

TreatmentX Product 
Rate 0 1 2 3 4 Healthy   Suspected 

DiseaseY  DiseasedZ 

Control NA 20 0 0 0 0 100 0 0 

Zinc Sulfate 
Soil 2.0 lbs/plant 20 0 0 0 0 100 0 0 

Zinc 50 (4X) 8.0 lbs/A 19 0 1 0 0 95 0 5 

Zinc Amino 
Acid 3.3 gal/A 14 6 0 0 0 70 30 0 

Mn Carbonate 
(4X) 6.2 pint/A 20 0 0 0 0 100 0 0 

Manganese 
Amino Acid 3.3 gal/A 19 1 0 0 0 95 5 0 

Messenger 0.3 lbs/A 19 1 0 0 0 95 5 0 

Actigard 0.06 lbs/A 20 0 0 0 0 100 0 0 

Rezist/   
Stabilizer 2% v/v 19 1 0 0 0 95 5 0 

W,X,Y, and Z as per Table 2.3 A 
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Table 2.4 F: Santa Cruz, CA- D-Pinot Noir 

  Number of Vines in Each Rating Category  
(9/18/2001) W Percentage Totals 

TreatmentX Product 
Rate 0 1 2 3 4 Healthy   Suspected 

DiseaseY DiseasedZ 

Control NA 20 0 0 0 0 100 0 0 

Zinc Sulfate 
Soil 2.0 lbs/plant 20 0 0 0 0 100 0 0 

Zinc 50 (4X) 8.0 lbs/A 20 0 0 0 0 100 0 0 

Zinc Amino 
Acid 3.3 gal/A 16 4 0 0 0 80 20 0 

Mn Carbonate 
(4X) 6.2 pint/A 20 0 0 0 0 100 0 0 

Manganese 
Amino Acid 3.3 gal/A 17 3 0 0 0 85 15 0 

Messenger 0.3 lbs/A 20 0 0 0 0 100 0 0 

Actigard 0.06 lbs/A 20 0 0 0 0 100 0 0 

W,X,Y, and Z as per Table 2.3 A 
 
 
Sub-Objective 3: Determine in vitro growth inhibition of Xf by experimental bactericide 
compounds. 
 
Materials and Methods: 
 
 Three commercial available bactericide products were filter sterilized and added to PD3 
medium (see 2000 progress report).  Serial two-fold dilutions were made with each chemical 
using the molten media and poured into petri dishes.  The range of active ingredient (a.i.) 
concentration used was .03 to 32.0 mg/L for Starner (20% Oxolinic acid), Citrus Eradicator (2% 
Dicecyl dimenthyl ammonium chloride, 1% n-Alkyl dimethyl benzyl ammonium chloride), and 
Earthtec Algicide/Bactericide (Cu++ ions).    

The Fetzer and Traver strains were used in this study.  All bacterial cultures were grown 
in PD3 broth for 10 days on a shaker at 28°C.  Cultures were diluted to A600 nm = 0.25.  This 
inoculum was then diluted to 105 CFU/ml before being applied (10, 10-ul droplets per plate) onto 
the bactericide supplemented plates.  The same procedure was applied to inoculation of control 
plates containing no chemicals.  Duplicate plates of each strain were incubated at 28°C for 10 
days before growth was scored and the MIC determined.   

 
Results: 
 
 MICs that were determined following growth on PD3 medium supplemented with the 
two bactericide compounds are presented in Figure 3.1.  Also presented in the figure are the 
MICs for three compounds previously tested in 2000.  The MIC for Earthtec algicide/bactericide 
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was determined to be an unknown value higher than 35 ug/ml and was therefore left out of the 
chart. 
 The MIC for Starner was four-fold lower for the Fetzer strain compared to the MIC for 
the Traver strain.  Both MICs for Starner were higher than the highest MIC recorded for zinc 
sulfate, tetracycline, and streptomycin.  Citrus eradicator had the lowest MIC value of the two 
compounds at 0.5 for both the Fetzer and the Traver strain.  This value matched the tetracycline 
MIC value recorded for the Traver stain, which was the lowest recorded MIC value of the 2000 
in vitro tested antibiotics.  
 
Figure 3.1.  Minimal inhibitory concentration for bactericide compounds tested in 2000 and 
2001.  
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Sub-Objective 4: Determine whether foliar and/or other treatments of grapevines actually 
result in increased levels of micronutrients in grapevine xylem sap. 
 
Materials and Methods: 
 
 In June 2001, prophylactic micronutrient treatments, both foliar and soil, were applied to 
healthy Cabernet and Thompson Seedless grapevines in Davis, CA.  Each treatment was applied 
to two vines of each variety.  Shoots from foliar treated grapevines and controls were collected at 
24 and 48 hours after treatment as well as 11 and 20 days after treatment.  Samples were 
collected at 180 days for soil applied zinc sulfate to allow sufficient time for zinc ions to be 
absorbed by the roots.  Xylem sap was collected from the sampled canes using a custom made 
pressure bomb (PMS instruments) and frozen at –20 degrees until analyzed for microelement 
concentrations by Dr. Pete Anderson, Quincy, FL.  Analytical test results for the applied metallic 
compounds should be available in February 2002. 
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A small aliquot (1.2-ml) of xylem sap from the zinc, copper, and manganese amino acid 
treated canes collected at 24 and 48-hrs.was passed through a 0.2-um filter and 900-ul of filtered 
xylem was transferred to a 1.5-ml microfuge tube.  The same process was used to collect sap 
aliquots from control vines.  Two tubes were made up for each of the amino acid treatments and 
the controls, creating two replicates.  The Fetzer strain of Xf was grown in liquid PD broth for 10 
days on a shaker at 28°C.  Each culture was diluted to A600 nm = 0.25 (ca. 108 colony forming 
units [CFU] per milliliter).  The culture was then further diluted to 105 CFU and 100-ul aliquots 
of the bacterial suspension were added to each tube containing 900-ul of xylem sap.  The 
inoculated sap samples were then placed on a rocker plate for 1-hr at room temperature.  After 1-
hr, samples from the tubes (5, 50ul droplets) were plated onto PD media plates.  The tubes 
containing the remaining sap were placed back on the rocker for another 3-hrs. making the total 
bacteria exposure time to the xylem sap 4-hrs.  Samples were again plated as described above 
and all plates were placed at 28°C and monitored until colonies appeared.   
 
Results: 
 
 Average CFU counts for each treatment and xylem exposure time combination is shown 
in Tables 4.1 A-D.   
 Copper amino acid treatments inhibited Fetzer strain growth 91% and 37% during a four 
hour exposure to the sap extracted from Cabernet and Thompson seedless vines, respectively, 
24-hrs after application.  Significant growth suppression was also evident for Fetzer bacteria 
exposed to xylem sap from Cabernet vines extracted 48-hrs. after treatment with copper amino 
acid.   
 Significant increases in growth compared to the controls occurred in six of the sap 
exposure scenarios.  Fetzer bacteria exposed for four hours to Cabernet xylem sap 24-hrs after 
treatment with manganese amino acid resulted in a 182% increase in growth compared to the 
control, indicating that the bacteria benefited from the treatment. 
  
Summary and Discussion: 
 

From the preliminary data obtained in this experiment, copper amino acid chelate shows 
the most potential in raising the level of available metallic ions that may negatively affect the 
growth of Xf of all the metal-amino acid chelates that were tested.  This information is 
unfortunate due to the significant level of phytotoxicity that the copper amino acid chelate causes 
when applied as a foliar spray to grapevines.  These results also bring into question the results 
obtained from nutrient analyses of xylem sap collected from Cabernet and Thompson Seedless 
vines treated with zinc, manganese, and copper amino acid chelates that showed that very 
significant increases in the concentration of these metal ions after foliar applications of zinc and 
manganese chelates (see 2000 Progress Report).  Zinc and manganese amino acid treatments, 
although shown to raise microelement levels in grapevine xylem to concentrations that would be  
theoretically inhibitory to Xf, may not produce metallic ion concentrations that are actually toxic 
to Xf en planta. It is possible that the chelated ions are not free to act as bactericides against Xf 
cells in the xylem.  Experiments designed to test bactericidal properties of xylem sap extracted 
from a prophylactically treated vine are now being performed in order to develop a standard  
protocol for screening potential bactericides en planta. 
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The results, being preliminary, can only give some insight into how increased levels of 
micronutrients in the xylem sap can negatively affect the growth of Xf.  Bacteria growing in the 
xylem are exposed to the xylem conditions for the duration of their existence and therefore will 
be subject to a micronutrient increase in the xylem for as long as that increase is present.  
Therefore, in order to obtain a more realistic view of the potential for negatively altering the 
xylem conditions for Xf growth, the duration that the bacteria are exposed to the xylem sap will 
be increased up to 10 days.  Also, the concentration of Xf CFUs added to the xylem sap extracts 
will be increased to allow for higher CFU counts on the plates that will be more accurate than the 
low CFUs used in this initial screening. 

 
Table 4.1 A-D. Average CFUs and percent change in CFUs for Fetzer strain exposed to 
xylem sap from treated grapevines for 1 and 4-hr periods. 
 

Table 4.1 A: One Hour Exposure to Thompson Seedless and                                          
Cabernet Xylem Sap Collected 24-hrs After Application. 

Exposure 
Time  Treatment Variety Sample 

Time     
1 hour 

% CFU Change 
Compared to 

Control 

Control Thompson 24-hr 2.6   
CuAA Thompson 24-hr 2.8 7.7% 
MnAA Thompson 24-hr 2.8 7.7% 
ZnAA Thompson 24-hr 2.0 -23.1% 
Control Cabernet 24-hr 1.8   
CuAA Cabernet 24-hr 2.8 55.6% 
MnAA Cabernet 24-hr 3.0 66.7% 
ZnAA Cabernet 24-hr 2.4 33.3% 

 
 
 

Table 4.1 B: Four Hour Exposure to Thompson Seedless and                                          
Cabernet Xylem Sap Collected 24-hrs After Application. 

Exposure 
Time  Treatment Variety Sample 

Time     
4 hours 

% CFU Change 
Compared to 

Control 

Control Thompson 24-hr 2.7   
CuAA Thompson 24-hr 1.7 -37.0% 
MnAA Thompson 24-hr 2.7 0.0% 
ZnAA Thompson 24-hr 2.2 -18.5% 
Control Cabernet 24-hr 1.1   
CuAA Cabernet 24-hr 0.1 -90.9% 
MnAA Cabernet 24-hr 3.1 181.8% 
ZnAA Cabernet 24-hr 1.4 27.3% 
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Table 4.1 C: One Hour Exposure to Thompson Seedless and                                          
Cabernet Xylem Sap Collected 48-hrs After Application 

Exposure 
Time  Treatment Variety Sample 

Time     
1 hour 

% CFU Change 
Compared to 

Control 

Control Thompson 48-hr 2.8   
CuAA Thompson 48-hr 4.0 42.9% 
MnAA Thompson 48-hr 2.4 -14.3% 
ZnAA Thompson 48-hr 2.6 -7.1% 
Control Cabernet 48-hr 2.4   
CuAA Cabernet 48-hr 1.6 -33.3% 
MnAA Cabernet 48-hr 3.2 33.3% 
ZnAA Cabernet 48-hr 2.9 20.8% 

 
 
 
 
 
 
 

Table 4.1 D: Four Hour Exposure to Thompson Seedless and                                          
Cabernet Xylem Sap Collected 48-hrs After Application 

Exposure 
Time  Treatment Variety Sample 

Time     
4 hours 

% CFU Change 
Compared to 

Control 

Control Thompson 48-hr 2.0   
CuAA Thompson 48-hr 2.2 10.0% 
MnAA Thompson 48-hr 2.3 15.0% 
ZnAA Thompson 48-hr 3.3 65.0% 
Control Cabernet 48-hr 3.0   
CuAA Cabernet 48-hr 2.4 -20.0% 
MnAA Cabernet 48-hr 4.1 36.7% 
ZnAA Cabernet 48-hr 3.1 3.3% 
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Objective 5. (BK, Funded by Viticulture Consortium) Isolate and identify endophytic 
bacteria that systemically colonize grapevine.  Develop methods to genetically transform 
grape endophytes to express anti-Xf peptides. 
 
Sub-Objectives: 
 

A. Determine quantitative and qualitative differences in endophytic populations of 
grapevines between an area known to support natural infections of Pierce’s disease and 
an area where no natural infection of Pierce’s disease has been observed. 

B. Determine whether endophytic populations of grapevines vary quantitatively and 
qualitatively due to environmental (seasonal) changes. 

C.  Compare endophytic populations of healthy grapevines with grapevines infected by Xf. 
D. Compare endophytic populations of escape grapevines (healthy grapevines among many 

infected vines that appear to have “escaped” disease) with that of healthy grapevines. 
E. Identify “true” grapevine endophytes (those capable of systemic movement in 

grapevines) and look for natural antagonists of Xylella fastidiosa. 
F. Identify a peptide antagonistic to Xylella fastidiosa that can be carried by a systemic 

colonizer of grapevine. 
 
Sub-Objectives A-D: 
 Endophytes from both Davis and Napa are being collected using methods that were 
previously described in the 2000 Progress Report.  Approximately 300 more endophytes have 
been collected during 2001. Over 500 endophyte isolates have been collected and frozen at –80C 
to date.  Techniques for processing and identifying endophyte samples were perfected during 
2001.  Universal primers were chosen for amplifying the 16SrRNA gene and restriction enzymes 
were also selected for subsequent amplified ribosomal DNA restriction analysis (ARDRA) to 
determine similarity or differences among endophytes.  This method uses universal primers to 
amplify bacterial rDNA sequences, followed by digestion with frequently cutting restriction 
enzymes.  The resulting fragments will be subjected to computer analysis for comparison.  The 
Gel Compar program will be used to create a database of endophytes collected to avoid 
redundancy in the identification process.  The approximately, 900 bp PCR product of individuals 
with RFLP patterns that are deemed unique by the Gel Compar program will be sequenced and 
the sequences analyzed to determine the identity of the endophytes.  All isolates collected thus 
far will be identified this year, so that the comparison of endophytic populations between Davis 
and Napa, healthy and diseased vines, and seasonal changes of endophytes will be assessed.  
 
Sub-Objective E: 

A sub-set of endophyte isolates was pin-prick inoculated into young Cabernet sauvignon 
shoots to assess potential movement within grapevines.  Twenty microliters of an overnight 
culture of each endophyte was pin-prick inoculated at approximately the 3rd internode of each 
shoot.  After 4 weeks sterilized razor blades were used to divide the inoculated stem section into 
7 parts to include 1) 0.5cm above + 0.5cm below the point of inoculation (PI); 2) a section from 
0.5 cm above PI to 2cm above the PI; 3) a section from 2cm to 4cm above the PI; 4) a section 
from 4cm to 6cm above the PI; 5) a section from 0.5cm to 2cm below the PI; 6) a section from 
2cm to 4cm below the PI and 7) a section from 4cm to 6cm below the PI.  After surface 
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sterilization, each section was aseptically diced into flat pieces to facilitate grinding.  Samples 
were ground in 2ml of sterile 1X PBS using a motorized hand grinder.  The mixture was allowed 
to settle and 100ul of ground plant suspension was plated onto either PD3, 523 or R2A, 
depending on which media the endophyte was originally isolated on.  Plates were incubated at 
28oC for 2 days to speed growth and then incubated at room temperature for an additional 3 days. 
Resulting bacterial colonies were first visually compared to a culture of the original endophyte 
isolate.  Colonies that were suspected to be similar to those of the inoculated endophyte were 
counted and then sub-cultured and subsequently compared with the inoculated strain by RFLP 
analysis of the PCR-amplified16SrRNA gene.  The RFLP pattern of the original inoculated 
isolate was visually compared to the pattern of the re-isolared, suspected endophyte.  

Endophytes isolated from grapevine were also screened for natural antagonism to Xf.  
Seven day old liquid cultures of Xf were adjusted to 107 cfu/ml (OD600=0.025).  Cells were 
resuspended in fresh PD3 medium.  One hundred microliters of bacterial suspension was spread 
plated onto solid PD3 medium.  Cultures were allowed to incubate at 28oC for 4 days.  
Endophyte cultures were grown overnight.  Three 5µl droplets were placed onto the 4 day old Xf 
cultures and allowed to dry.  Cultures were returned to the 28oC incubator for an additional 5 
days.  After 5 days growth of Xf and endophyte were scored.  Endophytes inhibiting the growth 
of Xf within a 1mm-3mm zone were considered weakly antagonistic.  Those inhibiting growth 
more than 3mm were considered antagonistic. 

       
Results 

Raw data from the systemic movement screen are presented in Table 1.  After a 4 week 
incubation period, 6 of the 42 endophytes screened for movement, were not recovered from the 
point of inoculation or any area within 6.5 cm above or below the point of inoculation.  This 
would probably indicate that the inoculation was not successful.  Several endophytes were not 
recovered from the point of inoculation, but were recovered from other areas near the point of 
inoculation that were sampled.  Thirteen of the 42 endophytes were found to have multiplied to 
high titers and were recovered in numbers greater than 1000 colonies per 100 µl of sap.   Since 
0.3g of tissue was ground in 2ml of buffer, bacteria which produced more than 1000 CFU were 
present in at least 7 X 104/gm of tissue.  Any endophyte moving 4 or more cm from the point of 
inoculation was considered a systemic colonizer of grape.  Fifty-seven percent of the endophytes 
in this movement screen were found to be systemic colonizers. 
 Of the endophytes screened for systemic colonization of grapevine, 3 were found to be 
weakly antagonistic, in vitro, inhibiting growth less than 3mm surrounding the inoculation site 
on the plate.  Of those 3 endophytes, 2 (SM100012 and SM10003) were also systemic 
colonizers.  Two endophytes were considered antagonistic to Xf, inhibiting growth more than a 
3mm zone around the point of inoculation.  Endophyte SM10001 was the only endophyte in the 
screen found to systemically colonize grape as well as show some natural antagonism to Xf. 
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Table 1.  Raw data from selected subset of endophytes screened for systemic movement 
 
 

 
 

Endophyte PI 2cm above 4cm above 6cm above 2cm below 4cm below 6cm below
A70035 (47) 31 1 0 0 0 0 0
VF10006 (18) 0 0 0 0 0 0 0
A70028 (48) 0 0 252 172 0 0 0
A.t. 1000+ 1000+ 0 0 405 0 0
A70040 (22) 42 8 14 9 0 0 0
VF100012 (5) 1000+ 120 6 0 46 200 4
VF10007 (7) 1000+ 1 0 0 30 0 3
DS901134 97 0 7 0 0 0 0
A70043 (27) 95 47 1000+ 200 115 120 96
VF10005 (2) 60 0 0 0 0 0 0
N70015 (30) 316 2 0 0 0 0 0
N7002 (46) contaminated 0 1000+ 1000+ 1000+ 0 200
A70033 (21) 100 100 39 2 81 50 53
N7001 (25) 1000+ 0 0 0 0 0 0
VF10009 (15) 0 0 0 0 0 55 0
N7006 (33) 42 19 85 0 0 102 52
VF100010 (20) 0 0 0 0 0 0 0
N70016 (39) 105 0 0 1000+ 0 0 0
A70025 (43) 0 0 0 0 0 0 0
SM10003 (14) 1000+ 300 8 0 1 22 25
SM100011 (9) 1000+ 227 144 65 25 30 130
A70024 (17) 1000+ 18 0 0 42 0 0
A70023 (42) 0 21 20 119 0 0 20
N70010 (41) 0 0 0 0 0 0 0
SM10001 (10) 62 160 22 7 1000+ 1000+ 1000+
SM1007 (31) 0 0 0 0 0 0 0
SM100010 (37) 1000+ 500 120 1000+ 250 400 110
SM10002 (3) 308 0 0 0 0 0 0
SM10009 (12) 1000+ 550 1000+ 1000+ 157 177 22
SM100012 (11) 1000+ 1000+ 1000+ 1000+ 1000+ 1000+ 63
VF100013 (8) 1000+ 225 164 30 1000+ 204 42
VF10001 (13) 1000+ 1000+ 584 0 0 144 0
N70014 (35) covers plate 0 0 0 0 0 0
A70027 (44) 1000+ 214 1000+ 53 500+ 110 4
N70020 (36) 310 0 45 0 0 0 0
A70034 (24) 6 7 4 29 2 0 0
SM10008 (4) 1000+ 500 72 200 500 152 200
N70022 (45) 0 0 0 0 0 0 0
Unknown 7/20/01 63 0 0 0 0 0 0
A70039 (32) 0 0 0 0 0 0 0
SM10001 (10) 1000+ 61 21 6 288 20 3
VF10008 (23) 0 0 0 0 0 0 0

# of colonies similar to original endophyte isolate in 100ul of sap
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Conclusions and future directions 
 We were very pleased that the results of grapevine inoculation showed that many of the 
bacterial isolates could multiply and move in grapevine xylem vessels. Additional endophytes 
collected from field isolations will continue to be screened for systemic movement within 
grapevine as well as natural antagonism to Xf.  In the future, grapevines that were inoculated 
with endophytes that were recovered at least 6cm above or 6 cm below the point of inoculation 
will be re-sampled to find out how far the endophyte actually moved within the 4 week period.  
We find the results of this subset of data promising.   Large scale processing of the more than 
600 endophytes collected over the past three years is currently under way.  We will also be 
screening non-tumorogenic strains of Agrobacterium vitis acquired from Thomas Burr at Cornell 
University, and a Bacillus species obtained from Ken Eastwell at Washington State, Prosser, WA 
for systemic movement in grapevine as well as antagonism to Xf.  
 
Sub-Objective F.   

Because the likelihood of finding a natural antagonist of Xf that also moves systemically 
in grapevine is probably low, we have also used the Ph.D. Phage Display Peptide Library Kit 
to identify peptides potentially antagonistic to Xf.  Phage display technology utilizes filamentous 
phages that have been modified to express a random display of peptides fused to the phage coat 
proteins and displayed on the surface of the phage particle.  Phage particles are exposed to the 
target of interest and binding phage are continually selected for until the remaining phage pool is 
enriched with phage that bind to the target.  Xf-binding phage were confirmed using ELISA 
techniques and an anti-M13 conjugate.  Xf-binding phage were randomly chosen and sequenced 
to determine their amino acid constitution.  Binding phage clones were tested for the ability to 
inhibit the growth of Xf in vitro.  Potent peptide inhibitors of Xf growth will be synthesized via 
solid phase chemistry by California Peptide Synthesis, Napa CA.  Peptide antagonists will be 
examined for phytotoxicity in grape as well as antagonistic activity to systemically colonizing 
grape endophytes.  It is our hope that one of the bacteria found to systemically colonize 
grapevine can be genetically engineered to carry this antimicrobial peptide.  

To determine whether any of the Xf-binding phage were antagonistic to Xf, 7 day old 
liquid cultures of Xf ‘Temecula’ were adjusted to 107 cfu/ml (OD600= 0.025).  One hundred and 
twenty-five microliters (1,250,000 Xf cells) of the bacterial suspension was added to a 
microcentrifuge tube and centrifuged at 10,000rpm for 10 minutes.  The supernatant was 
decanted and the pellet was resuspended in the appropriate volume of phage stock and PD3 
medium to equal 1000, 3000 and 5000 phage plaque forming units per Xf cell.  The tubes were 
then incubated at room temperature with gentle agitation for 3 hours.  After incubation, the tubes 
were centrifuged at 10,000 rpm and the pellet was resuspended in 125 µl of fresh PD3 medium.  
Ten, 10 µl droplets were plated onto solid PD3 medium.  Droplets were allowed to dry overnight 
and the plates were then incubated at 28oC for 12 days.   
 
Results 

Selected Xf- binding phage clones have been identified and binding has been confirmed 
by ELISA.  XF- binding phage clones resulting from the first round of phage display efforts have 
been sequenced and the amino acid residues of the peptides are presented in Table 2.   

After twelve days there was positive growth on all plates at all phage. concentrations.  
There was no inhibition of Xylella due to the presence of the Xf-binding  
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phage.  These results suggest that the selected phage were binding to non-vital target molecules 
on the surface of the Xf bacterium We are now pursuing a different strategy using Xf membrane 
proteins as the target for peptide binding in the hopes that some phage which bind to vital Xf 
membrane proteins and inhibit Xf growth.  

 
Table 2.  Amino acid sequences of binding peptide ligands. 

 
 
 
 
  
 
 
  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Xf Binding Phage Clone Amino Acid Sequence
Xf 1 Pro Ser Asn Asn Gly Leu Ile
Xf 2 Gln Ser Pro Leu His Asn Gly
Xf 3 Pro Leu Asn Pro Thr Asn Trp
Xf 4 Thr Asn Ser Ile Asn Glu Thr
Xf 5 Pro Thr Arg Leu Gln Gly Ser
Xf 6 Ser Arg Met Asn Pro Ser Asp
Xf 7 Tyr His Val Glu Thr Thr His
Xf 8 Thr Gln Gly Ile Phe Asn His
Xf 9 Met Gln Ser Pro Phe Thr Arg
Xf 10 Ser Pro His Thr Arg Glu Gln
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SECTION 3:  TRANSFORMATION AND MOLECULAR ANALYSIS OF XF 
 
Objective4 (BK, funded by Viticulture Consortium) : Develop transformation/transposon 
mutagenesis systems for Xf and use Xf mutants to identify potential pathogenicity, 
movement or insect transmission genes . 

 
Justification and Importance: 

Understanding the complex interactions between the plant, pathogen, and insect vector is 
imperative for the development of effective disease controls. Recently, the complete genome 
sequence of a citrus strain of Xylella. fastidiosa (Xf) was determined (Simpson et al., 2000). 
Analysis of its genome revealed important information on potential plant pathogenicity and 
insect transmission genes. However, more than half (53%) of the identified ORFs in X. fastidiosa 
encode proteins with no assignable function. In addition, some of the putative gene functions 
assigned on the basis of sequence homology with other prokaryotes may be incorrect. In order to 
identify and understand the function of X. fastidiosa genes, it is imperative to develop techniques 
to knock out and complement putative Xf pathogenicity or transmission genes.  

I. Transformation/transposition system 

Materials and Methods 
Because of its successful use in a broad range of bacterial species (Wirth et al, 1989) we initially 
concentrated on electroporation as a method to introduce foreign DNA into Xf cells. The Xf strain 
UCLA, Fetzer (Hendson et al. 2001) and Temecula (Guilhabert et al. 2001) were isolated from 
symptomatic, PD-affected grapevines in Los Angeles, Napa valley and Temecula valley, in 
California. For objectives 1a that is detailed below, the bacterial cells were prepared and 
electroporated as described in Guilhabert et al. 2001, in which we describe for the first time the 
successful mutagenesis of Xf using the transposon, Tn5. For objectives 1b, 1c and 1d, detailed 
below, the bacterial cells were prepared as follows. Temecula strain was grown from a single 
colony in 4 mls of PD3 broth for 7-10 days at 280C. The culture was then transferred to 35 mls of 
PD3 broth, grown for 10-12 days at 280C until the OD600nm reached 0.1, at which time the culture 
was transferred into 250 ml of PD3 broth and grown until OD600nm reached 0.2. The cells were 
then prepared for electroporation as described by Qin and Hartung, 2001. The electroporation 
conditions were the same than the ones described in Guilhabert et al. 2001.  
 

Sub-Objective 4a-Development of a random mutagenesis system for Xf 

Transposable elements have become valuable mutagenic tools for genetic and molecular analysis 
in many different bacteria (Voelker and Dybvig, 1998) with Tn5 being the most widely used 
transposon in Gram-negative bacteria (Bruijn and Lupski, 1984). Goryshin et al. (2000) 
developed the “transposome” system to overcome technical limitations inherent to transposons. 
The transposome is an association between a hyperactive Tn5 transposase protein and a 
linearized Tn5 minitransposon that contains a kanamycin resistance gene from Tn903 (Tn903-
kan-2) flanked at each end by modified 19-bp transposase recognition sequences of Tn5 
(Goryshin and Reznikoff, 1998).  
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Transposition Results 
The suicide vectors and transposome used for this study are described in Table 1. The four 
suicide vectors failed to produce any detectable transposition events. However, electroporation 
of transposomes yielded respectively 6 X 103 and 4 X 103 Tn5 mutants/µg of DNA in Fetzer and 
Temecula Xf strains. Molecular analysis showed that the transposition insertions occurred 
randomly in the Xf genome and were single, independent and stable events (Guilhabert et al. 
2001). We have currently produced approximately 1,000 Tn5 mutants using the transposome 
technology. All of the first 1,000 mutants were still positive for the secretion of 
exopolysaccharide (EPS) when tested on calcafluor plates (Summers et al., 2000). The next 
thousand mutants will be produced using tagged-transposomes (see objective 1b). 
 
 

 
 
 
1b-Development of Signature Tagged Mutagenesis (STM) for Xf 
 
STM permits screening of a pool of up to 6 mutant strains in a single host. Each STM transposon 
carries a unique random sequence tag, allowing mutagenized clones to be distinguished from one 
another based upon detection of these tags by PCR. The mutants with insertions in genes 
necessary for in vivo survival, growth and movement are identified by the absence of their 
signature tags amongst strains recovered from the target host. A similar approach has been used 
successfully in bacterial and fungal animal pathogens (Hensel et al., 1995; Chiang and 
Mekalanos, 1998; Edelstein et al., 1999; Mei et al., 1997; Brown 2000).  

This approach has never been used to identify virulence genes in plant pathogens. We 
anticipate that this technique will most probably not work for virulence factors that act extra-
cellularly since a pool of tagged mutants will be inoculated into a plant and one or more of the 
functional mutants in the pool could complement a mutant defective in the production of extra-
cellular determinants. However, in each study cited above, genes previously shown to affect 
virulence were re-identified, validating the STM methodology. Thus this approach warrants 
investigation with the Xf grapevine system. This approach may be particularly useful for 
identifying multiplication survival or movement mutants that should not be recovered at a 
distance form the site of inoculation. 

We expect that by using this expedite STM screening of approximately 1,000 Xf tagged 
mutants we will obtain a few mutants attenuated in multiplication, survival or movement that can 

Table 1-Suicide plasmids and transposome used in objective 1a

Name Relevant characteristics Source or reference

pSUP102Cm::Tn5 Tn5, TcR Simon et al. 1988
pSUP2021 Tn5, NmR Simon et al. 1983
pBSL181 Tn10, CmR Alexeyev and Shokolenko, 1995
pBSL346 Tn10, TcR Alexeyev and Shokolenko, 1995

Transposome Tn5 with Tn903 kan-2 marker Goryshin et al. 2000
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be identified when pooled together and screened in grapevines. If no multiplication, survival or 
movement mutants are found using the pooled approach, these same 1,000 tagged-mutants will 
be screened individually in individual grapevines using the approach described in objective 2a. 
 
Materials, Methods progress to date 
The transposomes used in our random mutagenesis experiment, were tagged by Dr. Les 
Hoffman, (Epicentre Technologies) according to the procedure described by Lehoux et al. (1999) 
and we have currently done two electroporations with two of the tagged constructs. Each tagged 
transposome will be used to create a library of Xf  (Temecula strain) tagged mutants (6 
electroporations). A set of pooled Xf mutants, containing one representative of each of the 6 
different tags, will be made. PCR experiments will be performed to verify that each tagged 
transposome can be distinguished by PCR when individual Xf tagged mutants are pooled all 
together. Similar experiment was successful with E.coli individually transformed with the same 6 
tagged-transposomes (Les Hoffman, personal communication). Any set of Xf mutants prepared 
with tagged transposome giving weak amplification signals in vitro will not be used in a pool but 
can still be used in individual inoculations.  
 
1c-Development of a transformation system for Xf with plasmid DNA 
 
Numerous researchers have documented that individual strains of a given bacterial species can 
vary tremendously in their ability to be transformed with plasmid vectors (Smith and Sockett, 
1999). The success of our transposition procedure showed that electroporation provides a viable 
and relatively efficient mechanism for introducing DNA into strains of Xf.  In addition, we 
showed that the kanamycin resistance gene from Tn903 (Tn903 kan-2) is expressed in  Xf.  In 
terms of developing a plasmid transformation vector there are several obstacles that must be 
overcome. Perhaps the greatest obstacle is the plasmid DNA does not replicate in Xf. However, 
there have been reports of successful transformation of several Xanthomonas spp., which are 
phylogenetically related to Xf, using broad host range plasmids, such as IncQ or IncW or IncP 
(White and Gonzales, 1991; Defeyter et al., 1990). Also, an indigenous Xf plasmid,pER10, was 
identified, characterized and used as a plasmid vector in the citrus strain of Xf (Qin and Hartung 
2001). So it does not seem that finding a plasmid vector that will replicate autonomously in Xf 
grapevine strains should be impossible. Another potential limitation in finding a suitable plasmid 
vectors is that restriction systems within Xf might cut up the plasmid before it had a chance to 
replicate or be methylated,  and subsequently protected from digestion, by Xf.  The successful 
development of a transposon mutagenesis system suggested that it would be possible to identify 
or create a viable Xf/E. coli plasmid shuttle vector.  
 
Materials, Methods and progress to date 
We cloned three different antibiotic resistance cassettes individually into the two broad host 
range plasmids, pUFR027 and pLAFR3, forming plasmids pXF004 through pXF009 (Table 2). 
The Tn903 kan-2 cassette, which we know is expressed in Xf based on our transposome studies, 
was cloned into the broad host range plasmids pUFR027 and RSF1010 and into the cosmid 
pLAFR3 (Table 2). All the broad host range plasmids, but one, failed to transform the Temecula 
strain of Xf. Electroporation of Xf cells with 1 ug of the plasmid pXF003 (RSF1010 with the 
Tn903 kan-2 cassette, Table 2), produced approximately 200 Xf KanR clones when selected onto 
PD3 plates supplemented with 5 µg/ml of kanamycin. Controls in which no plasmid DNA was 
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added failed to yield any KanR colonies on Kan-selective PD3 agar plates.  The KanR Xf colonies 
were grown in 1 ml of Kan-selective PD3 broth for 7-10 days at 280C and then the solution was 
transferred into 35 ml of selective PD3 broth. After 7-10 days at 280C, plasmid DNA was 
extracted using Qiagen midiprep kit; unfortunately, no plasmid DNA could be visualized when 
on ethidium-stained  agarose gels of electrophoresed Xf plasmid DNA preps (data not shown). 
However, Southern Blot hybridization, using Tn903 DNA as a probe,  of the plasmid DNA 
fraction extracted from Kan-resistant Xf cultures showed the presence of the RSF1010 plasmid 
(Figure 1). This result indicates that the RSF1010 DNA is present in the KanR Xf cells. We also 
performed colony hybridizations on Kan-resistant Xf coloniesand every Xf colony present on the 
PD3 agar plate showed a positive signal when Tn903 kan-2 cassette was used as the 
hybridization probe (Figure 2). Temecula Xf colonies, not subjected to electroporation did not 
show any positive signal (data not shown). Finally, the plasmid DNA extracted from the KanR Xf 
cells was used to transform E.coli cells. After plasmid DNA was extracted from the transformed 
E. coli cells, RSF1010 plasmid DNA was readily visualized on an agarose gel (Figure 3). These 
results show that Xf was indeed transformed stably with RSF1010 however it appears that the 
copy number of the plasmid is low in Xf. Alternatively, we are not efficiently extracting plasmid 
DNA from the transformed Xf cells. Experiments are now under way to optimize plasmid DNA 
extraction from Xf and also to determine the copy number of RSF1010 in Xf.   

We are also evaluating different RSF1010-derivative plasmid vectors as well as other 
IncQ cloning vectors in order to increase our transformation efficiency. Other experiments using 
plasmid DNA extracted from transformed Xf cells to retransform Temecula Xf cells may show 
that RSF1010 plasmid DNA extracted from Xf cells may be more efficient in transforming Xf 
than RSF1010 DNA extracted from E. coli. Hartung’s group showed a 10-fold increase in 
plasmid copy number using plasmid DNA extracted from transformed Xf citrus strains as 
compared to the same plasmid extracted from E. coli.   Other grapevine strains of Xf as well as 
an almond and an oleander Xf strains that we currently have in the laboratory, will be evaluated 
for RSF1010 transformation.  We are also assessing the stability of the RSF1010 construct in Xf 
without Kanamycin selection. The results of these experiments will let us know whether this 
plasmid will be stably maintained in Xf cells that are inoculated into plants, something that will 
be essential for evaluating genes en planta. 
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Figure 1: Lane 1, kb ladder; lane 2, plasmid DNA from untransformed Temecula 
strain; lanes 3-6, plasmid DNA from transformed Temecula strains (lane 3, mixture 
of Xf colonies; lanes 4-6, single Xf  colony ); lane 7, pXF003 (RSF1010/Kan-2) 
vector DNA. 
 

Southern Blot hybridization of plasmid DNA from 

  

 RSF1010 Transformed Xf 

Colony hybridization of Kan R XF 
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Additional Xf plasmid vector development: 

One 1.3 kb size plasmid from UCLA Xf strain was cloned in pUC18 and sequenced. 
Nucleotide and amino acid sequence analysis revealed conserved sequences that are typical of 
initiator (Rep) proteins involved in rolling-circle type DNA replication as well as a putative 
origin of replication (Guilhabert and Kirkpatrick 2000). The Tn903 kan-2 cassette was cloned 
into the multiple cloning site of the pUC18 forming the pUC/UCLA/Kan-2 plasmid (Table 3). 
Electroporations with the plasmids pUC/UCLA/Kan-2 and pER120 (Table 3) failed to give any 
KanR Xf clones when selected on PD3 agar plates supplemented with 5 µg/ml of kanamycin. 
Similar transformation experiments using pER10, which was developed and successfully used to 
transform a citrus strain of Xf, failed to produce antibiotic resistant colonies using a Xf grapevine 
strain (data not shown).  

Figure 3: Lane 1, kb ladder; lanes 2-6, E. coli  plasmid DNA; lane 7, pXF003 
(RSF1010/Kan-2) vector DNA 

Agarose gel electrophoresis of the RSF1010/Kan-2 

plasmid DNA prepared from Xf cells and  isolated from 
E. coli   cells 
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1d-Development of a marker exchange system for Xf  

To test the feasibility of marker exchange mutagenesis for Xf, we used as a target the 
gene   rpfF and a hemagglutinin-like gene. The gene rpfF is required, together with the rpfB 
gene, for the production of a diffusible molecule, termed DSF, that may represent a novel cell 
density-dependent signaling factor in Xanthomonas campestris pv. campestris (Barber et al., 
1997). The hemagglutinin-like genes have not been previously identified in plant pathogens and 
they have high similarity with putative secreted proteins from Neisseria meningitidis (Simpson et 
al., 2000). Their function is unknown but secondary homology with other proteins suggests an 
adhesion role. A draft sequence of the almond leaf scorch Xf strain is now available through the 
Joint Genomics Institut (JGI) of the US Dept. of Energy. The Pierce’s disease strain also causes 
almond leaf scorch. Therefore the genome sequences of the Pierce’s disease and the almond leaf 
scorch strains should be very similar. By searching the almond Xf strain sequence with genes 
identified in the citrus Xf strain sequence, a marker mutagenesis system can be developed for the 
Pierce’s disease strain.  
 
Experimental plans and progress to date 

 Homologs of rpfF gene and hemagglutinin-like (Xf0889; Simpson et al, 2000) gene were 
found in the almond Xf strain sequence and were PCR amplified from the Temecula Xf strain. 
Partial sequencing of one end of the PCR products confirmed their identity. The PCR-amplified 
rpfF and Xf0889 genes were cloned separately in pUC18 and disrupted with the Tn903 Kan-2 
gene forming the pUC/rpfF/Kan-2 vector or the pUC/Xf0889/Kan-2 vector. Replacement of the 
wild-type gene in the genome of the Temecula strain of Xf by the disrupted rpfF gene was 
accomplished by homologous recombination and selection on kanamycin selective medium. 
Double crossing over events were selected by PCR using the oligonucleotide primers used to 
amplify the rpfF gene (Figure 4). Pathogenicity of the disrupted rpfF Xf mutant is currently being 
evaluated in grapevines. It will also be tested for exopolysaccharide synthesis on PD3 medium 
supplemented with calcafluor dye. The pUC/Xf0889/Kan-2 vector is currently being evaluated in 
the Temecula strain of Xf. 

 
 
 
 
 
 
 
 
 

Table 3-Indigenous plasmids used in objective 1c.

Name Relevant characteristics Source or reference

pUC/UCLA/Kan-2 Indigenous replicon, pUC18 replicon, KanR, AmpR, 6.5 kb This study
pER10 Indigenous replicon, AmpR, 5.2 kb Qin and Hartung, 2001
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Sub-Objective II-Testing Xf mutant strains for their ability to multiply, survive, move and 

cause Pierce’s disease in Cabernet Sauvignon grapevines. 

For objectives 2a and 2b, the individual or the pooled mutants were or will be inoculated into 2 
canes of susceptible Cabernet Sauvignon grapevines. A standard pinprick method using 20 ul of 
the adjusted bacterial culture was used to infect grape cuttings (Hill and Purcell, 1995; Purcell 
and Saunders, 1999). The parental wild strain served as a positive control, and a buffer 
inoculation served as a negative control. Any mutants that seem to show altered virulence, 
multiplication, survival or movement will be retested in a similar manner on 6 canes growing on 
3 separate grapevines.  
 

2a-Virulence assay 
Materials, Methods and progress to date 
Cultures of the Tn5 Xf mutants were inoculated into PD3 medium and adjusted to a 
concentration a 107 cells/ml. The vines will be observed for the development of symptoms every 
4 to 6 days for 4-8 weeks. Plants will be maintained for extended periods and observed for 
delayed development of symptoms. The ability of each mutant to achieve systemic populations 

Figure 4: Lane 1, 1 kb ladder; lanes 2 and 8, water; lane 3,Xf Temecula wild type DNA; 
lane 4, pUC/rpfF/Kan-2 vector DNA; lanes 5-7, Xf cells electropotared with 
pUC/rpfF/Kan-2 DNA (lanes 5-6, double crossing over event; lane 7, single crossing 
event ) 

Agarose gel of PCR products using rpfF 
primers 

829 bp 2029 bp 
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on each cane will be monitored and quantified by ELISA. Approximately, one thousand Xf Tn5 
mutants are currently being evaluated in grapevines. 
 

 

2b-Mutiplication, survival or  movement STM assay 

Methods, Materials and Progress to date 
Before inoculations of pooled Xf tagged-mutants, twenty-four individual Xf tagged-

mutants will be assessed for multiplication, survival or movement in individual grapevines. Six 
Xf tagged-mutants that were shown to multiply, survive and move in Cabernet sauvignon will be 
pooled together and inoculated into one grapevine. Following a six week incubation period PCR 
will be used to assess multiplication, survival or movement of each strain in the plant using the 
strain-specific oligonucleotide tag.  
 
Once a virulent/movement mutant is identified, the identity of the knocked out gene will be 
determined by sequencing the Xf DNA flanking the Tn5 transposon. The location of the Tn5 
inserts will be determined by comparing the sequence of regions flanking Tn5 with the genome 
sequence of the grapevine strain of Xf. Complementation of the putative movement mutant will 
be accomplished with the wild type gene cloned into the RSF1010 plasmid vector. In this manner 
we hope to conclusively identify Xf genes that mediate pathogenicity, movement and/or 
multiplication in grapevines.  
 

References 
 
Alexeyev, M. F. and Shokolenko, I. N. 1995. Mini-Tn10 transposon derivatives for insertion 
mutagenesis and gene delivery into the chromosome of Gram-negative bacteria. Gene 160:59-62. 
 
Barber, C. E., Tang, J. L., Feng, J. X., Pan, M. Q., Wilson, T. J. G., Slater, H., Dow, J. M.; Williams, P. 
and Daniels, M. J. 1997.  A novel regulatory system required for pathogenicity of Xanthomonas 
campestris is mediated by a small diffusible signal molecule. Mol.Microbiol. 24: 555-566. 
 
Brown, J. S., Aufauvre-Brown, A., Brown, J., Jennings, J. M., Arst, H. J. R and Holden, D. W. 2000. 
Signature-tagged and directed mutagenesis identify PABA synthetase as essential for Aspergillus 
fumigatus pathogenicity. Mol. Microbiol. 36:1371-80. 
 
Bruijn, F. J. and Lupski, J. R. 1984. The use of transposon Tn5 mutagenesis in the rapid generation of 
correlated physical and genetical maps of DNA segments cloned into multicopy plasmids-a review. Gene 
27: 131-149. 
 
Chiang, S. L. and Mekalanos, J. J. 1998. Use of signature-tagged transposon mutagenesis to identify 
Vibrio cholerae genes critical for colonization. Mol. Microbiol. 27:797-805. 
 
Defeyter, R., Kado, C. I. and Gabriel, D. W. 1990. Small, stable shuttle vectors for use in Xanthomonas. 
Gene 88:65-72. 
 
Ditta, G., Stanfield, S., Corbin, D. and Helinski, D. R. 1980. Broad host range DNA cloning system for 
Gram-negative bacteria: construction of a gene bank of Rhizobium meliloti. Proc. Natl. Acad. Sci. USA 
77:7347-7351. 



  AVF Long Term PD Project - 53 

 
Edelstein, P. H., Edelstein, M. A., Higa, F. and Falkow, S. 1999. Discovery of virulence genes of 
Legionella pneumophila by using signature tagged mutagenesis in a guinea pig pneumonia model. Proc 
Natl Acad Sci U S A. 96:8190-5. 
 
Goryshin, I. Y., Jendrisak, J. J., Hoffman, L. M., Meis, R. M. and Reznikoff, W. S. 2000. Insertional 
transposon mutagenesis by electroporation of released Tn5 transposition complexes. Nat. Biotechnol. 
18:97-100. 
 
Goryshin, I. Y. and Reznikoff, W. S. 1998. Tn5 in vitro transposition. J. Biol. Chem. 273:7367-7374. 

Guilhabert, M. R., Hoffman, L. M., Mills, D. A. and Kirkpatrick, B. C. 2001.Transposon mutagenesis of 
Xylella fastidiosa by electroporation of Tn5 synaptic complexes. Mol. Plant-Microbe Interact. 14:701-
706. 
 
Guilhabert, M. R. and Kirkpatrick, B. C. 2000. American Phytopathological Society. (Annual Meeting of 
the American Phytopathological Society New Orleans, Louisiana, USA August 12-16, 2000).  Sequence 
analysis of three small plasmids from Xylella fastidiosa. Phytopathology 90: S31-S32. 
 
Hendson, M., Purcell, A. H., Chen, D., Smart, C., Guilhabert, M. and Kirkpatrick, B. 2001. Genetic 
diversity of Pierce's disease strains and other pathotypes of Xylella fastidiosa. Appl. Environ. Microbiol. 
67: 895-903. 
 
Hensel, Michael; Shea, Jacqueline E.; Gleeson, Colin; Jones, Michael D.; Dalton, Emma; 
Holden, David W. 1995. Simultaneous identification of bacterial virulence genes by negative 
selection. Science 269: 400-403. 
 
Hill, B. L.; Purcell, A. H. 1995.  Multiplication and movement of Xylella fastidiosa within 
grapevine and four other plants. Phytopathology 85: 1368-1372. 
 
Keen, N. T., Tamaki, S., Kobayashi, D. and Trollinger, D.  1988. Improved broad-host-range plasmids for 
DNA cloning in gram-negative bacteria. Gene 70:191-198 
 
Lehoux, D. E., Sanschagrin, F. and Levesque, R. C. 1999.  Defined oligonucleotide tag pools and 
PCR screening in signature-tagged mutagenesis of essential genes from bacteria. Biotechniques 
26: 473-480. 
 
Leemans, J., Langenakens, J., De Greve, D., Deblaere, R., van Montagu, M. and Schell, J. 1982. 
Broad-host range cloning vectors derived from the W-plasmid Sa. Gene 58:361-364. 
 
Mei, J. M., Nourbakhsh, F., Ford, C. W., and Holden, D. W. 1997. Identification of Staphylococcus 
aureus virulence genes in a murine model of bacteraemia using signature-tagged mutagenesis. Mol. 
Microbiol. 26:399-407. 
 
Purcell, A. H.; Saunders, S. R. 1999.  Fate of Pierce's disease strains of Xylella fastidiosa in 
common riparian plants in California. Plant Disease 83: 825-830. 
 
Qin, X. and Hartung, J. S. 2001. Construction of a shuttle vector and transformation of Xylella fastidiosa 
with plasmid DNA. Curr. Micobiol. 43: 158-162. 



  AVF Long Term PD Project - 54 

 
Scholz, P., Haring, V., Wittman-Liebold B., Ashman, K., Bagdasarian, M. and Scgerzinger, E. 1989. 
Complete nucleotide sequence and gene organization of the broad-host-range plasmid RSF1010. Gene 75, 
271-288. 
 
Simon, R., Priefer, U.and Pulher, A. 1983. A broad host range mobilization system for in vivo genetic 
engineering: transposon mutagenesis in gram negative bacteria. Biotechnology 784-791 
 
Simon, R., Quandt J. and Klipp, W. 1988. New derivatives of transposon Tn5 suitable for mobilization of 
replicons, generation of operon fusions and induction of genes in Gram-negative bacteria. Gene 80:161-
169. 
 
Simpson, A. J. G. et al. 2000. The genome sequence of the plant pathogen Xylella fastidiosa. Nature 406: 
151-157. 
 
Smith, M. C. and Sockett, R. E. 1999. Genetic methods for diverse prokaryotes /, edited by 
Margaret C.M. Smith and R. Elizabeth Sockett. San Diego: Academic Press, c1999. 
 
Staskawicz, B., Dahlbeck, D., Keen, N. and Napoli, C.  1987. Molecular Characterization of 
Cloned Avirulence Genes from Race 0 and Race 1 of Pseudomonas-Syringae Pathovar Glycinea 
J. Bacteriol. 169:5789-5794 
 
Summers, Michael L.; Botero, Lina M.; Busse, Scott C.; McDermott, Timothy R. 2000.  The 
Sinorhizobium meliloti Lon protease is involved in regulating exopolysaccharide synthesis and is 
required for nodulation of alfalfa. Journal of Bacteriology 182: 2551-2558. 
 
Voelker, L. L. and Dybvig, K. 1998. Transposon mutagenesis. Methods Mol. Biol. 104:235-8 
 
 
White, T. J. and Gonzalez, C. F. 1991. Application of electroporation for efficient transformation of 
Xanthomonas campestris pathovar oryzae. Phytopathology, 81:521-524. 
 
Wirth, R., Frieseneger, A. and Fielder, S. F. 1989. Transformation of various species of Gram- 
negative bacteria belonging to 11 genera by electroporation. Mol. Gen. Genetics 216: 175-177 
 
 

 

 

 



  AVF Long Term PD Project - 55 

SECTION 4:  GENETICS OF XF RESISTANCE 

 
OBJECTIVE 6a:  Develop a genetic map to Xf resistance using V. vinifera X (V. rupestris X M. 

rotundifolia) seedling populations and AFLP (amplified fragment length polymorphism) 
markers, identifying resistance markers, and possible identification of resistance genes. 
(MAW) 

OBJECTIVE 6b: Utilize DNA markers for resistance to rapidly introgress Xf resistance into 
several V. vinifera wine grapes and/or utilize genetic engineering procedures (when 
available) to move above identified Xf resistance genes into wine grapes. (MAW)  

OBJECTIVE 6c:  Develop PD resistant table and raisin grapes by crossing currently available 
forms of resistance with large berried and early seedless V. vinifera table and raisin 
grapes. (MAW – funded by CDFA and CTGC/CRMB) 

 
Project Breakdown 
A.  Complete analysis of a series of crosses (Design II mating scheme) allowing the quantitative 

inheritance of Xf resistance to be evaluated. 
B.  Complete a genetic map of a Vitis rupestris x Muscadinia rotundifolia seedling population 

using AFLP (amplified fragment length polymorphism) markers to allow the identification 
of DNA markers to Xf resistance and eventual identification of Xf resistance genes and their 
genetic engineering into vinifera cultivars.   

C.  Utilize genetic markers to Xf resistance to accelerate the introgression of Xf resistance into 
table, raisin and wine grapes.  

D.  Develop DNA markers from resistance sources other than M. rotundifolia for use in breeding 
table, raisin and wine grapes through the development of additional mapping populations 
and the bulk segregant analysis of DNA markers.   

 
Results: 
A. Inheritance studies of Xf resistance in a M. rotundifolia background. 
 
Alan Krivanek, a PhD student, is studying the inheritance of Xf resistance in Muscadinia 
rotundifolia.  He has completed a broad series of crosses among 12 siblings from an F1 
population of Vitis rupestris x M. rotundifolia, with 6 males crossed to each of 6 females.  He 
will test a 4 x 5 mating scheme and evaluate a portion of the seedlings from each of the 20 
possible seedling populations for resistance to Xf by using needle inoculation with the ‘Stags 
Leap’ strain followed by symptom evaluation and ELISA to determine the extent of Xf 
movement.  The results of this research will give estimates for the number of genes involved in 
resistance.  Evaluation of the seedling populations has begun and will be completed over the 
coming year. 
 
From among the individuals within the 8909 population (rupestris ‘A. de Serres’ x rotundifolia 
‘Cowart’) 4 females and 5 males were randomly selected to create a Design II mating design in 
1999, in which the four females were crossed with each of the five male parents.  Seedlings from 
the following crosses were planted in the field in Spring 2001.   
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Females           Males     
890902 890901 
890907 890908 
890915 890919 
890916 890924 

890926 
 

Cuttings from 35 seedlings from each of the 20 crosses have been propagated and 10 replicates 
from each genotype have been potted.  Inoculation of these plants will begin in February 2002.  
It is expected that within this mating design there will be crosses of susceptible x susceptible, 
resistant x susceptible and possibly susceptible x resistant and susceptible x susceptible.  
Information from the screening of these genotypes will be used to calculate the heritability of Xf 
resistance within the population. 
 
The following 25 siblings from the 8909 population are currently under testing to confirm early 
results and to make sure responses with the ‘Stags Leap’ strain are the same as earlier tests.  Four 
replicates of each  genotype were propagated, potted, and inoculated with the ‘Stags Leap’ 
isolate of Xylella (twice to prevent escapes).  Plants will be evaluated for disease symptoms and 
with ELISA 16 weeks post inoculation. 
 
8909-01 8909-07 8909-13 8909-18 8909-23 
8909-02 8909-08 8909-14 8909-19 8909-24 
8909-03 8909-09 8909-15 8909-20 8909-25 
8909-04 8909-11 8909-16 8909-21 8909-26 
8909-05 8909-12 8909-17 8909-22 8909-27 
 
B.  Defining Xf resistance. 
 
We are defining Xf resistance as the ability of a genotype to limit the movement of Xf, 
particularly in a downward direction.  A set of resistant and susceptible individuals to determine 
whether lack of movement is a valid resistance indicator has been tested.  These tests used 
known susceptible, potentially resistant and known resistant genotypes.  The known susceptible 
genotypes were V. rupestris ‘ A. de Serres’ (the female parent of the 89 population), Chardonnay 
and the V. rupestris x M rotundifolia genotype 8909-19.  The potentially resistant genotypes 
were 8909-04 and 8909-11 and the resistant genotypes were 8909-15 and 8909-17.  A time 
course study with 4 replicates of these genotypes was sampled over 4, 8 and 16 weeks using 
greenhouse grown potted vines.  The presence of Xf was determined with optimized ELISA (see 
below) at the point of inoculation (POI), 10 cm above and below, and 20 cm above and below 
the POI.  To allow quantification of the ELISA reading a three-fold dilution of Xf in healthy 
plant sap – 1.8 x106 cfu/ml;  1.8 x 105 cfu/ml and 1.8 x104 cfu/ml was used.  The ELISA reading 
threshold for a positive reaction was 0.100 at 450 OD, which corresponds to about 10,000 
cfu/ml. 
 
After 4 weeks Xf was easily detectable in the three susceptible genotypes.  There was limited 
upward movement at this time, although movement seems greatest in 8909-19.  At 8 weeks after 
inoculation downward movement in the susceptible genotypes was easily detected at 10 cm 
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below the POI, and Xf seemed to move most readily in V. rupestris ‘A. de Serres’.  By 16 weeks 
the differences among resistant and susceptible genotypes are very clear in terms of both 
symptom expression in leaves and unevenly lignified stems and ELISA readings.  All three 
susceptible genotypes had mean ELISA values well above the OD 0.1 or 10,000 cfu/ml threshold 
at positions both above and below the point of inoculation.  We are evaluating resistance after 16 
weeks.  
 
ELISA readings are also tightly linked to the uneven lignification of canes in our test 
populations, but not as tightly linked to leaf symptoms (Figure 1).  This observation is consistent 
with our observations where PD leaf symptoms can be caused by many factors including water, 
nutrient and salt problems in containerized plants.  When histograms of the mapping population 
were plotted against ELISA readings and cane symptoms the results are very similar.  However, 
plots of the cane symptoms were quite different.  
 
 Figure 1.  Comparisons of ELISA readings as colony forming units (cfu) per ml of tissue.  The 
regressions found a closer relationship between cane symptom scores and ELISA than leaf 
symptom scores and ELISA.   
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Figure 2.  Histograms comparing numbers of seedlings in the Xf inoculated 8909-15 x 8909-17 
mapping population by ELISA readings, cane symptoms, and leaf symptoms. 
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C.  Optimizing detection of Xf and characterizing resistance. 
  
We have optimized the sensitivity and reproducibility of ELISA for Xf detection and can now 
reliably detect 10,000 cfu/ml of ground plant sap in 150 samples with duplicate readings, over 
the course of one day and at a cost of $0.28 per sample.  Our definition of resistance depends 
upon a very accurate measure of the extent to which Xf moves in the stem.  We are using various 
PCR techniques (standard, IC-, and quantitative) to best evaluate movement.  These efforts are 
being spearheaded by Nihal Buzkan, (post-doc).  We are working towards a blot hybridization 
technique that will allow sensitive, rapid and inexpensive evaluation of movement in the 
hundreds of seedlings we must process.  Nested IC-PCR techniques are able to detect 10 –20 
cfu/ml of plant sap.  However, the cost is 10X higher than ELISA and the throughput is 10X 
lower.  These studies are reported below and also focus on characterizing the resistance that we 
assume is lack of movement and developing an Xf screen for seedlings and small herbaceous 
cuttings. 
 
Development of an efficient PCR protocol for detection of Xf 
ELISA has been successfully used to detect Xf in screening trials with 10-fold serial dilutions 
down to 10-5.  However, limited sensitivity limits the use of ELISA at detecting Xf because of 
irregular movement and low titers in infected tissue.  PCR experiments conducted here used pure 
bacterial cultures to define the sensitivity of the tested methods.  
 
Material and Methods 
The ‘Stag’s Leap’ Xf strain was used at an adjusted concentration of 107-108 cfu/ml.  Aliquots of 
the standardized bacterial suspensions were used to create 10-fold dilution series in: 
(i) 1X phosphate-buffered saline buffer (1X PBS: 8 g NaCl, 0.2 g KH2PO4, 11.5 g Na2HPO4, 0.2 
g KCl per 1 liter and pH 7.4),  
(ii) healthy grapevine extracts from freshly ground leaves (0.5 g) in 10 vol (w/v) of extraction 
buffer [1X PBS, 2% polyvinylpyrollidone (PVP, w/v) and 0.05% Tween 20]  
(iii) extraction buffer alone;  and  
(iv) water.  
The dilutions ranged from 10-1 to 10-8 and were utilized for PCR experiments.  PCR reactions 
were carried out with each dilution series.  Nested-PCR was done in two round of amplifications, 
first with external oligonucleotides and second with DNA’s from the first round with internal 
nested oligonucleotides.  Immunomagnetic aliquots of 5 µl of individual bacteria samples diluted 
in water, 1X PBS, healthy grapevine extract or extraction buffer were added in 50 µl of final 
PCR mastermix containing 1X thermophilic buffer, 2 mM MgCl2, 200 µM of each dNTP, 120 
nM of each oligonucleotide and 1 U of Taq DNA Polymerase.  This mixture was overlaid with 
mineral oil and tubes were placed in a thermocycler.  The reaction program was prepared 
according to the melting temperatures of Xf-specific oligonucleotides (RST 31/RST 33 for 
standard PCR; 272-1-ext/272-2-ext and 272-1-int/272-2-int for nested PCR combination).  
Samples were kept at 4C until removal from the thermocycler.  All PCR experiments described 
here and in subsequent sections were repeated two or three times.  Aliquots (10 µl) of each 
reaction were fractioned on 1.2% agarose gel in 1X TBE buffer (890 mM tris-base, 890 mM 
boric acid, 25 mM EDTA and pH 8.3).  The gels were run at 5V/cm for 90 min and stained with 
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ethidium bromide (10 mg/ml) for 10 min.  PCR products were visualized on an UV 
transilluminator and photographed using Polaroid 667 film. 
 
Results 
Standard PCR primers were capable of detecting Xf dilutions in water.  The lowest detectable 
bacterial concentration was a five times diluted solution (10-5= 2x103 cfu/ml) of the original 
bacterial suspension.  The bands from first four dilutions were clearly visible on the gel; 
however, the last one was very faint (Figure 3).  When PCR was carried out with Xf dilutions in 
healthy plant sap and 1X PBS, no amplification occurred. 
 
When the same dilutions preparation were used for N-PCR, a low of 200 cfu/ml in water was 
detected, which was 10 times more sensitive compared to standard PCR (Figure 4).  2000 cfu/ml 
was detectable in 1X PBS, and nothing was detected when dilutions were made in plant extract. 

 
Promising results were obtained from the combination of immunomagnetic separation and N-
PCR (Figure 5), the most sensitive method tested for Xf detection in grape so far.  This method 
was 1000 times more sensitive than standard PCR, and 100 times more sensitive than N-PCR.  
The IC-N-PCR method also had two advantages.  This method used the same buffer used with 
ELISA, allowing the same sample to be examined by both methods without further processing.  
And samples can be stored for at least one month at -80C, and used several times without Xf 
degradation.  IC with standard PCR primers for Xf in grape extract was not as sensitive 
compared to the use of nested primers.  The lowest bacterial concentration amplified with IC and 
RST 31 and RST 33 primers was 10-5 dilution (2x102 cfu/ml) (Figure 6).  When Xf was diluted 
in water or extraction buffer, 10-3 cfu/ml were detected; much lower than that carried out with 
plant extract. 
 
Attempts to detect Xf in infected grape tissue using only nested PCR without immunomagnetic 
separation were unsuccessful (data not shown).  However, when infected tissue samples were 
tested with both immunomagnetic separation and nested primers, clear PCR bands of expected 
size were produced (Figure 7).  Four out of 9 infected grape samples were found to be infected 
even though the vines were symptomless.  However when symptoms appeared on these vines 
they all produced positive reactions.  No-PCR signal was detected with any test method when 
uninfected grape samples were tested, and samples from a very wide range of symptomatic grape 
species and cultivars gave positive PCR reactions. 
 
New PCR techniques, Spot- and Nested-PCR, were developed to detect Xf in infected plant 
tissue.  Spot-PCR is based on use of positively charged nylon membrane on which a drop of a 
crude infected grapevine sap is spotted.  A thermal treatment (65oC for 30 min) of spotted sap in 
a buffered solution improved the release of bacterial template by avoiding plant inhibitors.  
Amplification was carried out with both standard- and nested–PCR primers.  Consistent 
amplification was obtained in nested-PCR using leaves, petioles and soft and semi-lignified stem 
tissue.  Results were also confirmed with the same infected tissues in IC-PCR with nested-PCR 
primers (Figure 8).  The technique also allows sampling of suspect plants at a remote location, 
followed by testing at a distant laboratory;  an advantage for certification and quarantine 
programs.  The greatest advantage of S-N-PCR is its efficient and sensitive detection for use in 
breeding programs and field surveys.  Results of this study will soon be published. 
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Figure 3. Agarose gel electrophoresis of the products (733 bp) from standard PCR using RST 31 
and RST 33 primers with 10-fold serially diluted bacterial suspensions in water. Lane 1, 100 bp 
DNA ladder; lane 2- 6, bacterial dilutions from 10-1 to10-5 and lane 7, water control. 
 

 

 

     
Figure 4. Agarose gel electrophoresis of the products from N-PCR with specific external and 
internal primer sets. A band of 500 bp was obtained after second round of amplification of DNAs 
from serially diluted bacterial suspensions in water. Lane 1, 100-bp DNA ladder; lane 2-7, 
bacterial dilutions from 10-1 to 10-6; lane 8, water control. 
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Figure 5. Sensitivity of the combined immunocapture and N-PCR with serially diluted Xylella 
fastidiosa suspension in healthy grapevine extract prepared with PBS/PVP/Tween 20. Agarose 
gel electrophoresis analysis of X. fastidiosa-specific PCR products following immunocapture –
N-PCR. Lane 1, 100-bp DNA ladder; lane 2-8, bacterial dilutions in healthy grape extract from 
10-2 to 10-8; lane 9 is water control, and lane 10 healthy grapevine extract without bacteria. 
 
 

 

Figure 6. Sensitivity of the combined immunocapture and standard-PCR with serially diluted 
Xylella fastidiosa suspension in healthy grapevine extract. Agarose gel electrophoresis analysis 
of X. fastidiosa-specific 733 bp-PCR products following immunocapture and standard-PCR. 
Lane 1, 100-bp DNA ladder; lane 2-9, bacterial dilutions in grapevine extract from 10-1 to 10-8 
and lane 10, grape extract with no-bacteria. 
 

 

 

 

1     2     3     4      5     6     7     8      9    10 

500 bp 

733 bp 
600 bp 

1 2 3 4 5 6 7 8 9 10 11

Deleted:  

Deleted:  

Deleted:  

Deleted:  

Deleted:  

Deleted:  

Deleted:   



  AVF Long Term PD Project - 63 

 

 

.  

Figure 7. Agarose gel electrophoresis analysis Xf-specific N-PCR products with the 
combination of immunomagnetic separation with bacterium inoculated grapevine plants. Lane 1, 
100-bp DNA ladder; lane 2, A6a.p.i. (above point of inoculation:a.p.i.); lane 3, A6b.p.i. (below 
point of inoculation: b.p.i.); lane 4, A7a.p.i.; lane 5, A7b.p.i.; lane 6, A43a.p.i.; lane 7, A43b.p.i.; 
lane 8, A44b.p.i.; lane 9, A44a.p.i.; lane 10, infected Chardonnay; lane 11, infected Merlot; lane 
12, concentrated bacterial suspension in healthy extract and lane 13, healthy control. The arrows 
indicate specifically amplified 500-bp DNA fragment. A6 and 7 are Fairchild; A43 and 44 are 
BD12-49. 
 

     

Figure 8. Agarose gel electrophoresis of Xf-specific PCR products following samples spot 
treatment on nucleic acid membrane and nested PCR from inoculated grapevine samples. Lane 1, 
100-bp DNA ladder; lane 2, healthy grape sample; lane 3, A43a.p.i.; lane 4, A43b.p.i.; lane 5, 
A6a.p.i.; lane 6, A6b.p.i; lane 7, A7a.p.i.; lane 8, A7b.p.i.; lane 9, A44a.p.i; lane 10, A44b.p.i.; 
lane 11, infected Chardonnay (positive control); lane 12, water control. A6 and 7 are Fairchild; 
A43 and 44 are BD12-49. 
 

Effect of tissue lignification and shoot length on successful Xf infection and rapid ELISA 
detection of Xf  
Xf susceptible Chardonnay susceptible was used to examine the effects of stem lignification and 
shoot length on successful inoculation and consequent movement of Xf.  These tests were done 

1    2    3    4     5    6    7    8    9   10   11  12  13 

500 bp 

 1    2     3    4    5    6   7     8    9  10   11  12 
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to see whether it was possible inoculate small young plants in efforts to accelerate the 
greenhouse screening of seedlings 
 
Dormant cuttings were rooted in sawdust at 25C and grown in pots in the greenhouse.  After 
shoots had grown the plants were categorized according to stem lignification in two stem classes: 
semi-lignified and soft tissue;  and three shoot lengths: 10-15 cm, 20-25 cm and 25-30 cm. 
 
The Xf isolate ‘Stag’s Leap’ was adjusted to an OD of 0.25 at A600 , previously reported as 107-
108 cfu/ml (2x108 cfu/ml via dilution plate), and inoculated via pin-prick using a slender needle 
(15 mm in diameter) and 20µl of bacterial suspension.  All plants were inoculated at the 3rd node 
above the point at which the stem attached to the shaft of the dormant cutting.  Water inoculation 
controls were also done.  All plants were grown in the greenhouse.   
 
Samples (0.5 g) were taken at two and three weeks after inoculation above the point of 
inoculation.  They were ground in extraction buffer (1X PBS, 0.02% PVP and 0.05% Tween 20) 
in 1/10 ratio (v/w) and used for ELISA test with bacteria specific rabbit polyclonal antiserum.  
Positive control for the test were prepared from 10-fold (10-2, 0.5 x 10-2, 10-3, 0.5 x 10-3, 10-4, 0.5 
x 10-4) serially diluted Xf in healthy grape extract.  ELISA readings were done in a “Multiskan 
MCC/340” type reader at 450 nm. Microplate analysis was done with Delta Soft3 system. 
 
Results 
The first samples were taken 2 weeks after inoculation at about 3 cm above the POI.  The lowest 
detectable bacterial infection was equivalent to a bacterial dilution of 0.5 x 10-3.  Many of the 
inoculated plants, primarily those with soft not semi-lignified stems had ELISA readings 
equivalent to the inoculation concentration (Figure 9).  This result may have been due to the 
limited time or opportunity for movement beyond the POI since the sample was taken very near 
to this point due to small plant size.  
 
The second sampling was done after 3 weeks post-inoculation and the sample was taken 10 cm 
above the POI.  Fewer plants were infected than found at the first sampling date and the highest 
reading were found from plants with semi-lignified stems (Figure 10).  Three out of 30 plants 
with soft stem tissue and 1 of 25 plants with semi-lignified stems were found to be Xf free 10 cm 
above the POI.  A second group of plants were inoculated but not ELISA samples and PD leaf 
symptoms first appeared 10 weeks after inoculation.  Xf was more easily detected at 10 cm in the 
plants with semi-lignified stems, but semi-lignification was not essential to success of the pin-
prick inoculation system.  Inoculation into soft tissue may limit the rapid upward movement of 
Xf into the stem, but it still effectively infected the plants.   
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Figure 9. ELISA O.D. readings from Xf-inoculated plants with samples taken 2 weeks post-
inoculation.  Samples were taken from 10 cm distance after 1-2 cm above the point of 
inoculation. Samples from 1 to 30 had soft tissue and from 31 to 58 with semi-lignified tissue. 

 
 

Figure 10. ELISA OD readings from Xf-inoculated plants with samples taken after 3 weeks 
post-inoculation.  Samples were taken 10 cm above the point of inoculation.  Samples from 1 to 
30 had soft tissue and from 31 to 55 with semi-lignified tissue. 
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Effect of seedling age on successful inoculation of Xf into a susceptible grapevine 
Seeds of Chardonnay were sprouted and grown in grown in the greenhouse.  Once they had 
grown they were grouped by the number of true leaves:  2-3 leaves, 4 leaves and 5 leaves.  The 
seedlings were inoculated in the same manner as described above at these leaf stages and were 
inoculated twice at a weekly interval.  They were inoculated just above the cotyledons.  Five 
seedlings were inoculated with water with each leaf stage group as a negative control.  This 
experiment is not yet complete.  Half of the seedlings (15) will be processed for ELISA when 
they have grown at least 10 cm, above the POI.  The rest will be left in the greenhouse so that 
symptom expression can be evaluated.  Results from this experiment might allow us to accelerate 
the Xf inoculation of grape seedlings.  
 
These tests are also being conducted on seedlings segregating for resistance to Xf to insure that 
the technique works in different backgrounds.  The tested seedlings are from a cross of 8909-8 
(V. rupestris ‘A. de Serres’ x M. rotundifolia ‘Cowart’) x F2-7 (a female sibling of V. vinifera 
‘Ruby Cabernet’) and some portion of the progeny are expected to be resistant.  These seedlings 
will be tested in the same way and a similar percentage will be grown up until symptoms are 
expressed. 
 
Evaluation of Xf movement in resistant and susceptible genotypes with 
immunofluorescence microscopy  
Dormant cuttings from Chardonnay (susceptible to bacteria) and 8909-08 (Xf resistant) were 
rooted, potted and grown in the greenhouse.  When shoot growth approaches 15 cm, ‘Stag’s 
Leap’ Xf will be pin-prick inoculated at the 2nd or 3rd node above the point at which the stem 
attaches to the shaft of the dormant cuttings.  Water inoculations will be done as controls.  
Petiole, leaf midrib, and soft and semi-lignified stem tissue will be sampled 10 cm above the POI 
and examined with immunofluorescence microscopy at two-week intervals after inoculation.  
These studies will be expanded into a variety of Xf resistant backgrounds to investigate 
resistance based on lack of movement beyond the POI. 
 
 
D.  Developing a genetic map and markers for Xf resistance. 
              
Xf Resistance Mapping              
  9621 Population (890915 Resistant X 890917 Resistant)         
               
One hundred and forty five seedlings from the 9621 mapping population (8909-15 x 8909-17) 
were propagated and potted and are now growing in the greenhouse.  Three to four replicates 
from each genotype were inoculated with the ‘Stags Leap’ isolate of Xf (two times to prevent 
escapes) and randomized into 4 blocks within the greenhouse.  The resistant genotype 
rotundifolia ‘Cowart’ and the susceptible genotype rupestris ‘A de Serres’ were also inoculated 
at the same time.  ‘Stags Leap’ has given strong and consistent PD symptoms and was readily 
available for inoculation.  We have not detected differences in the four Xf strains we have used 
to date.  Plants were evaluated for disease symptoms and ELISA 16 weeks post inoculation.  
Data was evaluated using ANOVA.  Genotypes significantly different from Cowart were scored 
as susceptible.  Genotypes significantly different from ‘A de Serres’ were scored as resistant.  To 
date we have DNA marker data (mostly AFLP and from a related project mapping resistance to 
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Xiphinema index in this population) for 70 of the 145 tested genotypes.  The combined DNA 
marker and resistance data (Table 1) was used to produce a preliminary map of Xf resistance.  Xf 
resistance based on ELISA data 10 cm above the point of inoculation and cane lignification 
scores placed Xf resistance within the middle or lower arm of Linkage Group III based on a 
LOD score of 9 and 4 respectively.  AFLP markers that map to a similar position are mE7/M11-
8a, mE4M11-1a, mE17M19-1 and E03M03-3t (see Figure 11) 
 
Marker data for the remaining 75 genotypes screened for resistance will be generated by the Fall 
of 2002 by running primers specific to linkage group III.  A total of 145 genotypes with marker 
data will yield a mapping resolution of approximately 2 cM.  This resolution will be used to 
confirm the order and distance of markers on linkage group III up to a 2 cM window around the 
primary resistance gene.  Such a resolution will also be useful for placement of tightly linked 
markers identified via Bulk Segregant Analysis. 
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Table 1.  Mapping data from the 9621 population (8909-15 x 8909-17 rupestris x rotundifolia).  ELISA readings
to cfu/ml with Xf concentration standards from each plate and were taken 10 cm above and below the point of in
Cane symptoms were scored on a 1-5 scale.  Leaf burn symptoms are expressed as percentage coverage on the 4 

ELISA Readings as cfu/mL  
of Ground Tissue 10cm Above POI 

ELISA Readings as cfu/mL  
of Ground Tissue  10cm Below POI 

 
Cane Symptoms Score 

Mean %Leaf Burn on 
Above POI 

Sample Mean reps SE Sample Mean reps SE Sample Mean SE reps Sample Mean S
AdeSerres 1,625,527 4 931,895 AdeSerres 1,041,006 4 986,680 AdeSerres 4.8 1.3 4 AdeSerres 100.0 
     Cowart 10,681 4 10,681 Cowart 0 4 0 Cowart 0.3 0.3 4 Cowart 7.5 
Neg.cont.1 0 4 0 Neg.cont.1 0 4 0 Neg.cont.1 0.3 0.3 4 Neg.cont.1 23.8 
Neg.cont.2 0 4 0 Neg.cont.2 0 4 0 Neg.cont.2 0.3 0.3 4 Neg.cont.2 35.0 
Neg.cont.3 0 4 0 Neg.cont.3 0 4 0 Neg.cont.3 0.0 0.0 4 Neg.cont.3 22.5 
Neg.cont.4 0 4 0 Neg.cont.4 0 4 0 Neg.cont.4 0.0 0.0 3 Neg.cont.4 8.3 

9621-002 45,837 4 45,837 9621-002 4,313 4 4,313 9621-002 0.0 0.0 4 9621-002 26.9 
9621-003 882,339 4 330,609 9621-003 336,706 4 186,966 9621-003 2.5 1.3 4 9621-003 80.0 
9621-005 152,941 4 54,714 9621-005 24,502 4 8,639 9621-005 0.5 0.5 4 9621-005 48.1 
9621-008 1,412,498 4 908,764 9621-008 508,905 4 381,754 9621-008 2.3 1.3 4 9621-008 85.0 
9621-010 1,419,763 4 920,001 9621-010 1,131,956 2 1,035,594 9621-010 5.3 0.5 4 9621-010 93.8 
9621-011 0 4 0 9621-011 0 4 0 9621-011 1.0 0.6 4 9621-011 8.1 
9621-015 0 4 0 9621-015 34,270 4 34,270 9621-015 0.0 0.0 4 9621-015 34.4 
9621-016 0 4 0 9621-016 0 4 0 9621-016 0.0 0.0 4 9621-016 75.6 2
9621-017 80,472 4 15,346 9621-017 47,877 4 21,098 9621-017 1.3 0.8 4 9621-017 50.6 
9621-018 6,539 4 6,539 9621-018 0 4 0 9621-018 0.0 0.0 4 9621-018 55.0 
9621-021 0 4 0 9621-021 0 4 0 9621-021 0.3 0.3 4 9621-021 18.1 
9621-023 0 4 0 9621-023 0 4 0 9621-023 0.0 0.0 4 9621-023 28.1 
9621-024 107,520 4 59,254 9621-024 275,877 4 201,128 9621-024 1.8 1.0 4 9621-024 71.3 
9621-025 2,326,128 4 564,986 9621-025 1,546,239 4 598,397 9621-025 4.3 0.6 4 9621-025 86.3 
9621-028 95,040 3 72,326 9621-028 59,068 3 31,766 9621-028 0.3 0.3 3 9621-028 50.8 2
9621-029 0 4 0 9621-029 12,522 4 12,522 9621-029 0.0 0.0 4 9621-029 26.3 
9621-034 2,752,415 4 654,870 9621-034 1,500,880 4 450,365 9621-034 4.3 0.6 4 9621-034 98.1 
9621-035 20,353 4 20,353 9621-035 0 4 0 9621-035 2.3 1.0 4 9621-035 68.8 
9621-036 1,415,965 4 891,437 9621-036 389,854 4 236,088 9621-036 2.3 1.3 4 9621-036 88.8 
9621-037 191,895 4 70,675 9621-037 103,712 4 14,149 9621-037 2.5 0.6 4 9621-037 65.6 
9621-039 2,360,770 3 941,315 9621-039 428,529 3 241,530 9621-039 4.7 0.9 3 9621-039 100.0 
9621-040 21,037 4 21,037 9621-040 0 4 0 9621-040 1.5 0.6 4 9621-040 39.4 
9621-041 100,388 4 15,229 9621-041 27,145 4 14,711 9621-041 0.8 0.5 4 9621-041 75.0 
9621-042 1,777,622 4 812,299 9621-042 219,533 4 95,402 9621-042 3.3 0.8 4 9621-042 100.0 
9621-043 1,117,384 4 673,028 9621-043 839,431 4 461,513 9621-043 1.0 0.7 4 9621-043 63.1 2
9621-045 2,722,800 4 503,261 9621-045 1,869,318 4 224,183 9621-045 5.5 0.5 4 9621-045 100.0 
9621-046 7,619 4 7,619 9621-046 0 4 0 9621-046 0.0 0.0 4 9621-046 29.4 
9621-047 637,094 4 335,444 9621-047 35,958 4 35,958 9621-047 2.3 1.3 4 9621-047 73.8 
9621-048 1,302,888 4 424,125 9621-048 1,138,640 4 463,293 9621-048 1.8 1.0 4 9621-048 86.9 
9621-049 0 4 0 9621-049 0 4 0 9621-049 0.0 0.0 4 9621-049 0.0 
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ELISA Readings as cfu/mL  
of Ground Tissue 10cm Above POI 

ELISA Readings as cfu/mL  
of Ground Tissue  10cm Below POI 

 
Cane Symptoms Score 

Mean %Leaf Burn on 
Above POI 

Sample Mean reps SE Sample Mean reps SE Sample Mean SE reps Sample Mean S
9621-050 0 4 0 9621-050 0 4 0 9621-050 0.0 0.0 4 9621-050 17.5 
9621-052 0 4 0 9621-052 0 4 0 9621-052 2.0 0.8 4 9621-052 24.4 
9621-053 0 4 0 9621-053 0 4 0 9621-053 0.0 0.0 4 9621-053 6.3 
9621-054 125,733 3 91,712 9621-054 17,129 3 17,129 9621-054 2.0 1.2 3 9621-054 72.5 2
9621-055 148,899 4 126,381 9621-055 0 4 0 9621-055 1.0 0.6 4 9621-055 55.0 
9621-057 0 3 0 9621-057 0 3 0 9621-057 0.0 0.0 3 9621-057 4.2 
9621-058 0 4 0 9621-058 0 4 0 9621-058 0.0 0.0 4 9621-058 25.6 
9621-059 1,091,789 3 632,241 9621-059 628,894 3 395,807 9621-059 2.7 0.7 3 9621-059 91.7 
9621-060 150,026 4 77,629 9621-060 25,255 4 18,926 9621-060 1.3 0.9 4 9621-060 88.8 
9621-062 2,850,532 4 888,866 9621-062 560,514 4 368,282 9621-062 4.0 1.4 4 9621-062 90.0 
9621-063 34,665 4 34,665 9621-063 0 4 0 9621-063 0.3 0.3 4 9621-063 37.5 2
9621-064 2,920,354 2 1,079,646 9621-064 788,950 2 561,006 9621-064 6.0 0.0 2 9621-064 100.0 
9621-065 0 4 0 9621-065 0 4 0 9621-065 0.0 0.0 4 9621-065 37.5 
9621-066 426,856 4 374,225 9621-066 0 4 0 9621-066 1.0 0.7 4 9621-066 63.8 
9621-067 0 4 0 9621-067 0 4 0 9621-067 0.5 0.3 4 9621-067 58.1 
9621-068 0 3 0 9621-068 0 3 0 9621-068 0.3 0.3 3 9621-068 54.2 2
9621-070 11,036 4 6,553 9621-070 30,760 4 18,565 9621-070 0.0 0.0 4 9621-070 25.0 
9621-071 0 4 0 9621-071 0 4 0 9621-071 0.0 0.0 4 9621-071 8.8 
9621-072 1,232,439 4 449,669 9621-072 456,646 4 297,104 9621-072 4.3 1.4 4 9621-072 66.3 
9621-075 1,538,975 4 560,453 9621-075 1,468,299 4 499,005 9621-075 2.8 0.9 4 9621-075 73.1 2
9621-076 316,382 4 130,495 9621-076 121,546 4 66,206 9621-076 5.0 0.4 4 9621-076 100.0 
9621-077 1,446,636 4 371,502 9621-077 639,645 4 389,407 9621-077 3.0 1.1 4 9621-077 97.5 
9621-079 1,514,878 4 369,403 9621-079 855,001 4 324,099 9621-079 4.0 0.8 4 9621-079 90.6 
9621-081 341,390 4 124,051 9621-081 49,986 4 29,706 9621-081 2.3 0.3 4 9621-081 93.8 
9621-082 107,035 4 80,968 9621-082 0 4 0 9621-082 1.0 0.7 4 9621-082 57.5 2
9621-086 633,239 4 416,153 9621-086 123,174 4 98,832 9621-086 1.5 1.0 4 9621-086 56.9 2
9621-088 0 2 0 9621-088 0 2 0 9621-088 0.5 0.5 2 9621-088 62.5 3
9621-089 485,593 4 266,964 9621-089 24,494 4 18,499 9621-089 0.3 0.3 3 9621-089 91.7 
9621-090 822,357 4 439,757 9621-090 600,847 4 393,784 9621-090 2.3 0.9 4 9621-090 87.5 
9621-091 79,002 4 28,583 9621-091 27,074 4 27,074 9621-091 2.3 0.8 4 9621-091 64.4 2
9621-092 0 4 0 9621-092 0 4 0 9621-092 0.0 0.0 4 9621-092 56.3 
9621-094 2,772,508 4 711,826 9621-094 1,810,361 4 340,062 9621-094 4.3 0.6 4 9621-094 100.0 
9621-095 9,101 4 9,101 9621-095 0 4 0 9621-095 0.0 0.0 4 9621-095 56.3 2
9621-096 212,853 2 212,853 9621-096 0 2 0 9621-096 0.0 0.0 2 9621-096 50.0 5
9621-098 926,569 4 402,280 9621-098 44,801 4 44,801 9621-098 1.8 1.0 4 9621-098 87.5 
9621-101 21,824 4 12,741 9621-101 4,386 4 4,386 9621-101 0.3 0.3 4 9621-101 51.3 
9621-103 20,262 4 20,262 9621-103 0 4 0 9621-103 0.3 0.3 4 9621-103 51.3 2
9621-104 116,745 3 52,487 9621-104 15,363 3 15,363 9621-104 0.3 0.3 3 9621-104 59.2 
9621-106 0 3 0 9621-106 0 3 0 9621-106 0.3 0.3 3 9621-106 25.0 2
9621-107 276,616 4 202,307 9621-107 31,655 4 23,002 9621-107 0.8 0.8 4 9621-107 52.5 2
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ELISA Readings as cfu/mL  
of Ground Tissue 10cm Above POI 

ELISA Readings as cfu/mL  
of Ground Tissue  10cm Below POI 

 
Cane Symptoms Score 

Mean %Leaf Burn on 
Above POI 

Sample Mean reps SE Sample Mean reps SE Sample Mean SE reps Sample Mean S
9621-108 61,123 4 24,687 9621-108 17,169 4 17,169 9621-108 0.5 0.3 4 9621-108 81.3 
9621-109 595,329 4 497,035 9621-109 75,289 4 67,939 9621-109 2.5 0.3 4 9621-109 88.1 
9621-112 1,226,909 4 646,507 9621-112 1,074,458 4 624,196 9621-112 2.3 1.3 4 9621-112 58.1 2
9621-113 82,172 4 66,136 9621-113 0 4 0 9621-113 2.0 0.9 4 9621-113 100.0 
9621-116 3,052,108 4 947,892 9621-116 1,996,438 4 842,338 9621-116 4.8 0.9 4 9621-116 82.5 
9621-117 40,458 4 40,458 9621-117 0 4 0 9621-117 1.0 1.0 4 9621-117 58.1 2
9621-118 2,794,382 4 627,441 9621-118 1,775,729 4 534,094 9621-118 3.8 1.4 4 9621-118 87.5 
9621-122 1,525,579 4 874,780 9621-122 331,052 4 253,052 9621-122 5.3 0.5 4 9621-122 93.8 
9621-126 1,425,986 4 317,107 9621-126 898,403 4 520,436 9621-126 3.8 1.3 4 9621-126 86.3 
9621-128 0 4 0 9621-128 0 4 0 9621-128 0.5 0.3 4 9621-128 16.3 
9621-129 65,168 4 26,586 9621-129 68,209 3 34,170 9621-129 0.8 0.5 4 9621-129 55.0 2
9621-131 0 4 0 9621-131 0 3 0 9621-131 0.0 0.0 4 9621-131 26.3 
9621-132 17,186 4 10,054 9621-132 6,713 4 6,713 9621-132 0.3 0.3 4 9621-132 38.8 2
9621-136 0 4 0 9621-136 0 4 0 9621-136 0.0 0.0 4 9621-136 19.4 
9621-138 4,428 4 4,428 9621-138 0 3 0 9621-138 0.0 0.0 4 9621-138 36.9 
9621-139 590,869 4 355,203 9621-139 103,036 4 86,355 9621-139 3.0 1.7 4 9621-139 53.8 2
9621-140 1,596,201 4 860,555 9621-140 552,192 4 433,017 9621-140 4.3 1.0 4 9621-140 100.0 
9621-141 595,424 4 309,012 9621-141 85,978 4 32,389 9621-141 2.5 0.9 4 9621-141 62.5 2
9621-143 11,077 4 11,077 9621-143 0 4 0 9621-143 0.0 0.0 4 9621-143 46.9 2
9621-147 0 4 0 9621-147 0 4 0 9621-147 0.0 0.0 4 9621-147 14.4 
9621-151 5,658 4 5,658 9621-151 0 4 0 9621-151 0.0 0.0 4 9621-151 11.9 
9621-152 0 4 0 9621-152 0 4 0 9621-152 0.0 0.0 4 9621-152 12.5 
9621-153 0 4 0 9621-153 0 4 0 9621-153 0.0 0.0 4 9621-153 9.4 
9621-154 0 4 0 9621-154 0 4 0 9621-154 0.0 0.0 4 9621-154 30.6 
9621-155 1,606,680 4 905,217 9621-155 391,426 4 338,114 9621-155 2.8 1.1 4 9621-155 71.9 2
9621-156 0 4 0 9621-156 0 4 0 9621-156 0.0 0.0 4 9621-156 20.6 
9621-158 0 4 0 9621-158 0 4 0 9621-158 0.3 0.3 4 9621-158 31.3 
9621-160 88,513 4 19,276 9621-160 20,981 4 12,684 9621-160 0.0 0.0 4 9621-160 54.4 2
9621-161 0 2 0 9621-161 0 2 0 9621-161 0.0 0.0 2 9621-161 33.8 3
9621-167 2,325,905 4 589,413 9621-167 1,445,485 4 590,251 9621-167 5.3 0.8 4 9621-167 86.3 
9621-172 173,079 4 74,859 9621-172 83,169 4 30,944 9621-172 1.3 0.8 4 9621-172 66.3 2
9621-175 9,707 4 9,707 9621-175 0 4 0 9621-175 0.0 0.0 4 9621-175 15.6 
9621-176 12,996 4 7,503 9621-176 0 4 0 9621-176 1.5 0.3 4 9621-176 52.5 
9621-180 18,022 4 18,022 9621-180 19,914 4 19,914 9621-180 0.0 0.0 4 9621-180 54.4 2
9621-181 14,965 4 14,965 9621-181 52,280 4 46,260 9621-181 0.3 0.3 4 9621-181 34.4 
9621-182 926,215 4 576,855 9621-182 144,821 4 83,631 9621-182 2.8 1.6 4 9621-182 50.6 2
9621-183 0 4 0 9621-183 12,198 4 12,198 9621-183 0.0 0.0 4 9621-183 20.3 
9621-184 217,106 4 217,106 9621-184 20,207 4 20,207 9621-184 0.0 0.0 4 9621-184 13.1 
9621-186 1,080,796 4 454,926 9621-186 1,036,700 4 439,555 9621-186 3.0 1.2 4 9621-186 94.4 
9621-189 676,982 3 550,399 9621-189 22,137 3 22,137 9621-189 2.0 2.0 3 9621-189 94.2 
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ELISA Readings as cfu/mL  
of Ground Tissue 10cm Above POI 

ELISA Readings as cfu/mL  
of Ground Tissue  10cm Below POI 

 
Cane Symptoms Score 

Mean %Leaf Burn on 
Above POI 

Sample Mean reps SE Sample Mean reps SE Sample Mean SE reps Sample Mean S
9621-191 9,690 4 9,690 9621-191 0 4 0 9621-191 0.0 0.0 4 9621-191 19.4 
9621-192 62,791 3 62,791 9621-192 0 3 0 9621-192 1.3 1.3 3 9621-192 66.7 3
9621-194 1,213,443 3 328,038 9621-194 209,705 3 49,183 9621-194 4.7 0.3 3 9621-194 100.0 
9621-197 81,326 4 48,532 9621-197 5,553 4 5,553 9621-197 0.5 0.3 4 9621-197 31.3 
9621-198 0 4 0 9621-198 0 4 0 9621-198 0.0 0.0 4 9621-198 38.8 
9621-201 0 3 0 9621-201 0 3 0 9621-201 0.7 0.7 3 9621-201 55.0 2
9621-204 230,664 4 27,213 9621-204 440,271 4 325,009 9621-204 0.8 0.5 4 9621-204 93.1 
9621-205 779,032 4 506,555 9621-205 175,725 4 103,125 9621-205 2.0 0.9 4 9621-205 65.0 2
9621-206 1,230,878 4 573,289 9621-206 419,075 4 205,423 9621-206 4.0 1.4 4 9621-206 75.0 2
9621-208 59,149 4 44,500 9621-208 6,979 4 6,979 9621-208 1.3 1.3 4 9621-208 78.1 2
9621-209 0 4 0 9621-209 0 4 0 9621-209 0.0 0.0 4 9621-209 35.6 
9621-210 499,481 2 261,832 9621-210 0 2 0 9621-210 1.0 1.0 2 9621-210 62.5 3
9621-211 70,399 2 13,394 9621-211 0 2 0 9621-211 0.5 0.5 2 9621-211 75.0 2
9621-213 0 4 0 9621-213 7,407 4 7,407 9621-213 0.3 0.3 4 9621-213 38.8 2
9621-215 39,760 2 39,760 9621-215 0 2 0 9621-215 0.5 0.5 2 9621-215 43.8 4
9621-219 2,702,457 4 417,245 9621-219 747,970 4 518,985 9621-219 5.3 0.5 4 9621-219 93.1 
9621-220 0 4 0 9621-220 29,413 4 24,445 9621-220 0.0 0.0 4 9621-220 25.0 
9621-222 953,584 4 320,601 9621-222 154,485 4 110,540 9621-222 1.8 0.6 4 9621-222 75.0 
9621-226 11,848 4 11,848 9621-226 0 4 0 9621-226 0.5 0.5 4 9621-226 33.8 
9621-227 377,067 4 77,327 9621-227 250,465 4 97,455 9621-227 2.8 0.9 4 9621-227 93.8 
9621-229 0 2 0 9621-229 0 3 0 9621-229 0.0 0.0 3 9621-229 33.3 3
9621-230 0 4 0 9621-230 0 4 0 9621-230 0.0 0.0 4 9621-230 19.4 
9621-238 1,801,745 4 797,707 9621-238 1,147,504 4 491,427 9621-238 3.0 0.4 4 9621-238 83.8 
9621-239 143,505 4 29,267 9621-239 110,358 4 110,358 9621-239 0.5 0.5 4 9621-239 85.4 
9621-240 1,181,309 4 945,259 9621-240 284,374 4 253,263 9621-240 2.3 1.4 4 9621-240 75.6 2
9621-244 0 4 0 9621-244 0 4 0 9621-244 0.3 0.3 4 9621-244 18.8 
9621-252 20,978 4 12,314 9621-252 36,315 4 36,315 9621-252 0.0 0.0 4 9621-252 70.6 
9621-253 0 4 0 9621-253 0 4 0 9621-253 0.0 0.0 4 9621-253 26.3 
9621-254 36,589 4 36,589 9621-254 10,012 4 10,012 9621-254 0.0 0.0 4 9621-254 6.3 
9621-257 0 4 0 9621-257 0 4 0 9621-257 0.0 0.0 4 9621-257 26.9 
9621-259 86,576 4 40,427 9621-259 75,646 4 48,645 9621-259 1.8 1.0 4 9621-259 50.0 2
9621-264 145,282 3 77,252 9621-264 28,620 3 28,620 9621-264 2.3 1.5 3 9621-264 75.0 2
9621-266 67,296 3 67,296 9621-266 0 3 0 9621-266 0.0 0.0 3 9621-266 40.8 
9621-273 25,950 4 25,950 9621-273 19,703 4 7,205 9621-273 1.0 0.6 4 9621-273 47.5 2
9621-277 3,486,874 4 513,126 9621-277 1,299,366 4 379,436 9621-277 5.3 0.8 4 9621-277 100.0 
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Figure 11.  Linkage group 3 from a genetic map of the 9621 population (8909-15 x 8909-17).  Xf 
resistance based on ELISA readings and based on cane scores map to about the same location in 
the lower third.   
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Bulk Segregant Analysis            
  9621 Population (890915 Resistant X 890917 Resistant)        
 
The following 11 genotypes were selected from the resistance screen data as the most Xf 
susceptible genotypes and from each genotype total genomic DNA has been extracted.  DNA 
from each of the susceptible genotypes has been combined in equal amounts and digested in 
preparation for AFLP marker analysis.  DNA has also been extracted from the two resistant 
parents 890915 and 890917.  
 
140 to 150 primer combinations will be applied to the DNA of the Xf resistant parents in order to 
identify bands that are correspondingly absent in the susceptible bulk.  It is expected that 2-4 
markers flanking the Xf resistance gene within a 2 cM window will be identified. SCAR primers 
will be developed from closely flanking markers.  The SCAR primers will aid in the usability of 
the markers for marker aided selection.  Precise location of the SCAR markers will be confirmed 
by evaluating the markers in the original mapping population of 145 individuals for which Xf 
screen data and marker data exists. 
 
 
Susceptible Bulk  Resistant Parents 

9621-025   890915  
9621-034   890917  
9621-039     
9621-045     
9621-062     
9621-094     
9621-116     
9621-118     
9621-167     
9621-219     
9621-277     

 
 
Xf Resistance Breeding and Marker Confirmation 
0023 Population  (890915 Resistant X B90-116 Susceptible) 

 
145 genotypes from the 0023 population have been propagated and potted in the greenhouse.  
From each genotype 3-4 replicates were inoculated with the ‘Stags Leap’ isolate of Xf (twice to 
prevent escapes) and randomized into 4 blocks within the greenhouse.  Plants will be evaluated 
for disease symptoms and ELISA 16 weeks post inoculation. 
 
Markers shown to be linked to resistance in the mapping and BSA portions of this project will be 
used on the 0023 population.  Correlation of the markers with resistance will be confirmed and 
calculated if different from the original mapping population. 
Resistant genotypes from this population will be crossed to advanced table grape selections in 
order to establish large breeding populations of 1000-2000 individuals on which marker aided 
selection will be used. 
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Shannon Reis, MS student, is also using BSA to find DNA markers linked to PD resistance.  She 
is working with a different rupestris x rotundifolia Xf resistant parent, 8909-08, than those being 
used by Alan Krivanek above and with seedling populations from my PD resistant table and 
raisin grape breeding program.  This project will help confirm that the Xf resistance in these 
rupestris x rotundifolia parents is the same and help confirm that DNA marker systems 
developed within rupestris x rotundifolia will be the same as those when these hybrid selections 
are out crossed to vinifera.   
 
Shannon is working with four populations and has completed inoculating and testing 174  
individuals with Alan Tenscher, assistant breeder.  The females in these crosses are advanced 
large-berried seedless selections from David Ramming’s table grape breeding program.  She is in 
the process of extracting DNA from all and will be applying BSA with Alan Krivanek’s AFLP 
primer sets in the near future.  We hope to have a reliable marker by early summer to help with 
screening our seedling populations.    
 

Population Male Female Total Tested Susceptible Resistant 
501 8909-08 B90-116 45 11 3 
502 8909-08 C63-83 29 3 8 
503 8909-08 C33-30 37 1 5 
504 8909-08 P79-101 63 3 11 

Total   174 18 27 
 
 
DNA Extractions (of resistant and susceptible seedlings)     
     

 Susceptible Susceptible Resistant Resistant 
Population Extracted to be Extracted Extracted to be Extracted 

501 3 8 0 3 
502 2 1 1 7 
503 1 0 1 4 
504 2 1 6 5 

     
 

 
E.  Mechanical transmission of Xf 
Matt Meyer, MS student, and I have been examining the ability of Xf to move via hedging and 
by propagation practices such as bench-grafting and budding.  These studies were stimulated by 
the observation that Xf spreads from infected to healthy plants in the greenhouse when we use 
shears to prune back the relatively succulent growth or test plants.  Uninoculated control plants 
frequently became infected when no insect vectors were present.  We confirmed pruner induced 
Xf movement between infected and healthy plants grown in insect-free cages.  We set up the 
tests discussed below to determine how quickly Xf moves, the incidence of Xf in buds, and 
whether it can be moved via bench-grafting or field budding.    
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Mechanical spread of Xf   
One hundred Chardonnay plants in 10 cm pots and grown in the greenhouse in six rows of 
twenty under drip irrigation/fertigation.  Once the plants were 50 cm tall, the first five plants in 
each row were inoculated with Xf using the pin prick method.  Once a month the plants were cut 
back to 75 cm starting with the infected plants and proceeding toward the healthy ones.  A 
pruning sheer was used to cut the vines and was disinfected between rows.  After nine weeks 
most of the infected plants began to show PD symptoms.  At 16 weeks most of the initially 
healthy plants were exhibiting PD symptoms.  At this point the vines were cut back to about 10 
cm below the initial inoculation point and a stem sample was taken for ELISA.  Surprisingly, 
these were found to be negative, possibly due to a low Xf levels or due to the fact that Xf moves 
downward more slowly than upwards.  The pruned back vines are now beginning to show PD 
symptoms and ELISA samples will be taken in a few weeks.   
 
Field graft (T-budding) transmission of Xf – Cuttings of the rootstocks 101-14 and 110R were 
planted in one gallon pots and allowed to grow during the summer.  In the fall PD infected 
Chardonnay buds were T-budded onto the healthy rootstocks.  The buds were allowed to heal in 
a protected shade house.  After the plants had healed, about half were brought into the 
greenhouse in an attempt to force the buds to push.  The other half spent the winter outside, and 
were recently brought into the greenhouse.  Since cold temperatures are thought to kill Xf or 
somehow limit PD, it was thought that the plants kept outdoors would have reduced incidence of 
PD.  Individual infected Chardonnay buds have also been rooted and grown up to determine the 
incidence of Xf in buds from infected vines.  All vines are currently growing in a greenhouse and 
will be tested for PD using ELISA in about two months.   
 
Bench-graft  transmission of Xf – PD infected Chardonnay canes were taken from a Napa Valley 
vineyard and along with healthy cuttings of 101-14 cuttings were placed in a cold room (at 3C).  
Some of the infected Chardonnay was bench grafted onto 101-14 before it was placed in the cold 
room.  Healthy Chardonnay was also grafted onto 101-14 at this time.  This procedure was 
repeated with infected Chardonnay that had been in the cold room for 2, 6 and 12 weeks.  This 
experiment follows one done last year where the infected Chardonnay was stored for 8 months.  
In that experiment the grafted plants were not infected with PD, most likely due to the effect of 
prolonged low temperature on the survival of Xf.  The second experiment was designed to reflect 
actual storage times for nursery material prior to bench-grafting.  The first three sets of plants 
have been grafted and are growing in the greenhouse.  The plants will be tested for the presence 
of Xf with ELISA 10 weeks after grafting.  
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SECTION 5:  XYLEM FLUID CHEMISTRY MEDIATION OF PD RESISTANCE. 
Note: Funding for these objectives is provided equally by AVF and CDFA 

 
Summary 
 Our primary objective was to establish the effects of xylem chemistry on the 
resistance/susceptibility of Vitis to Pierce’s Disease.  In 2001, we determined seasonal changes in 
the xylem chemistry of a wide variety of Vitis genotypes that expressed differential rates of 
Xylella fastidiosa (Xf) susceptibility.  Chemical differences between Vitis genotypes were 
pronounced, and also changed greatly throughout the year.  Moreover, we established that even 
short-term exposure to xylem fluid caused differential growth habits and colony formation in 
subsequent Xylella growth.  Xf exposed to the xylem fluid from susceptible genotypes of Vitis 
formed significantly larger colonies than bacteria exposed to resistant genotypes.  Large colony 
formation may be critical to expression of Xf virulence, as Xf typically can survive and persist in 
resistant Vitis genotypes; it simply does not form large colonies that adhere to xylem walls and 
eventually occlude xylem vessels. 
 We developed a simplified in vitro diet for Xf that suggests that certain strains of Xf may 
not be as ‘fastidious’ in nutritional requirements as once thought.  Xf developed (and flourished) 
with the only organic sources being a non-amino source of nitrogen and one of each of three 
primary organic compounds found in xylem fluid (1 amino acid, 1 organic acid and 1 
carbohydrate).  Xylella was able to persist with the non-amino nitrogenous compound as the sole 
organic source, but we found each of the main xylem constituents to play a major role in the 
formation of large colonies. 
 We completed an extensive database looking at xylem chemistry throughout the year on a 
large variety of alternative (non-Vitis) host plants and compared these to rates of Xf infection.  
The statistical analysis is now being completed to determine if resistance mechanisms are the 
same for other host species as for Vitis, and to further our knowledge of alternative hosts that 
may be important in the spread of Xf. 
 Lastly, we completed our study on naturally occurring peptides with high antimicrobial 
activity (lytic peptides).  We identified the lytic peptides most lethal to Xf, and also examined 
how stable they will be in xylem fluid.  These compounds may eventually be incorporated in 
control strategies for Xf via genetic engineering or direct application of compounds into the 
xylem fluid.           
 
Research Accomplishments 
 
OBJECTIVE 7a:  Relationship of xylem chemical profiles to Vitis resistance to Xf.  We 
examined ten grape genotypes belonging to 5 Vitis species.  Vines were grown in 12 liter 
containers located in a large leafhopper-proof screen house at the North Florida Research and 
Education Center in Quincy, Florida.   Plants were inoculated May 2000 and June 2001, but 
mechanical inoculation with the UCLA strain of Xf resulted in only 10 to 15% of the plants 
positive for Xf in both years.  The reason for the low success in inoculation is unknown.  Our 
inoculation technique appeared to be fine considering the rapidity by which the droplets were 
taken up by the transpiration stream.  The UCLA strain was subcultured only once and it was 
stored in glycerol at –80° C.  One possibility is that the medium in the containers may be having 
a negative effect on multiplication and spread of Xf in xylem vessels.  Preliminary tests of the 
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inorganic ion composition in the potting media showed ion concentrations to exceed that found 
in Florida soils by up to an order of magnitude. Results from CVC strains of Xylella in Brazil 
have shown high concentrations of inorganic ions to inhibit growth of Xylella.  Alternatively, the 
UCLA strain of Xylella may not have been adequately virulent.  In either case, the inoculation 
experiments were terminated.   We will mechanically inoculate again a third time in 2002 with a 
different strain Xf on additional plants of the same species next May coinciding with the natural 
timing of infection in Florida and California.  Vines will be propogated in mixed potting media 
and in field collected soil to determine effects of micronutrients on Xf susceptibility.  The strain 
will be selected after consultation with S. Purcell, B. Kirkpatrick and A. Walker.   This portion of 
the experiment will be performed at no additional cost to the American Vineyard Foundation. 
         Although the inoculation experiments did not succeed, we made progress in investigating 
chemical properties of xylem fluid for the ten genotypes in question in relation to what is known 
about the range of Xylella resistance/susceptibility for these genotypes.  Xylem fluid was 
collected from vines growing in California.  The concentrations of the primary organic 
compounds in xylem fluid of the 10 grape genotypes that were incorporated in the original AVF 
proposal (V. rotundifolia cvs. Noble and Carlos, V. rupestris cvs. St. George and Constancia, V. 
simpsoni cv. Pixialla, V. champinii cvs. Dogridge and Ramsey, V. vinifera cvs. Exotic, Chenin 
Blanc and Chardonnay) have been analyzed.  Chemical analyses have been performed on xylem 
fluid collected during the growing season (September) and during the dormant season.  In many 
cases we collected xylem fluid from vines that served as the mother vines for the vines that we 
are now propagating in Florida.   Profiles of organic compounds of the 10 genotypes have been 
determined for both the active growing stage and the dormant stage of development.  Profiles are 
presented in Tables 1-5.  The number of replications varied from 1 to 4 (thus statistics are not 
presented). 
      In actively growing shoots (September) total amino acids varied almost 4-fold among grape 
genotypes, with V. champinii cvs. Dogridge and Ramsey occurring in highest concentration.  The 
concentration of glutamine accounted for between 46% (Chardonnay) and 70% (Dogridge) of the 
amino acid profile, and was the predominant amino acid in all genotypes. Many amino acids 
occurred in less than 10 µM concentrations.  The sum of all essential amino acids with the 
exception of arginine accounted for a very low percentage of the profiles (<10%).  Organic acids 
also varied greater than 3-fold with Chardonnay and Dogridge having the highest concentrations 
of total organic acids (>1.8 mM) and Noble having the lowest concentrations (<0.6 mM).  
Tartaric and malic acids were the predominant organic acids in all genotypes although the ratio 
varied radically between genotypes (tartaric: malic 3:1 for Constancia and Ramsey, ca 1:1 in 
Noble, Pixialla, Ramsey and Exotic).  All genotypes had low to moderate concentrations (<300 
µM) of oxalic, citric and succinic acids.  Glucose, fructose and sucrose were the predominant 
carbohydrates found in the xylem fluid of all genotypes and differences were again ca. 4-fold 
with Carlos having the highest concentrations and Chenin Blanc the lowest.  
     Chemical profiles of the ten genotypes varied much more radically during the dormant 
season. For example, amino acid concentrations in the xylem fluid of St. George were over 100 
times higher than concentrations found in Chenin Blanc, Pixialla, Constancia and Dogridge.  
Concentrations of amino acids in 8 of the 10 genotypes were greatly depressed compared to 
September profiles.  Moreover, certain similarities within Vitis that existed in all genotypes 
during the growing season (i.e. the preponderance of glutamine in all profiles) were nonexistent 
during dormancy.  In one genotype (Carlos) glutamine was still the most concentrated amino 
acid, in three others (St. George, Exotic and Noble) glutamic acid predominated and in the 
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remainder of genotypes amino acids that were previously found in low concentrations became 
the most concentrated. 
     Inorganic ions also varied greatly between genotypes (Table 5).  These ions could only be 
quantified during winter as large volumes of xylem fluid are necessary for this type of analysis 
(cut Vitis shoots actively ‘bleed’ during the late stages of dormancy and provide copious amounts 
of fluid).  Some general trends exist between concentrations of the major inorganic ions and 
genotype susceptibility to Xf (Fig. 1), and warrants further investigation.   
     The dilute nature and the high variability of xylem fluid during dormancy led us to view this 
data as potentially important, yet preliminary.  It is clear that the chemical composition of any 
genotype is highly dynamic and will be in flux throughout the year.  It is also clear, however, 
that in general xylem fluid from grapes that are dormant tend to be much more dilute in nutrients, 
and that Xylella must be able to persist on the dilute matrix of compounds to remain virulent 
from growing season to growing season.  Persistence on dilute and unusual nutrient profiles may 
be increasingly important as Pierce’s Disease spreads northward where periods of dormancy are 
prolonged with latitude.  High variability in our preliminary data suggests that xylem fluid for 
each genotype needs to be evaluated repetitively throughout the year; plantings of these 10 
genotypes were established for this purpose.  These chemical measurements will be taken in 
concert with measurements of natural rates of Xylella infection and GWSS preference as part of 
a larger multidisciplinary study (we have already established the hierarchy of GWSS preference 
throughout the season on these genotypes).             
 
OBJECTIVE 7b.  Determination of the Xf resistance mechanism for alternative host plants 
common to riparian habitats in California.   Objective 7b was slated to begin during the 
spring of 2000 (in cooperation with Dr. Alex Purcell); however, due to an inadequate quantity of 
plant material we have instead investigated host plants in Florida (many of which are also 
common to California) that serve as host for the glassy-winged sharpshooter (GWSS).  These 
plants may or may not be hosts of Xf.  We conducted experiments to identify the host range of 
Xf on native and nonnative plant species to identify the relationship of host plant chemistry to 
the presence of Xf.   We used a modified polymerase chain reaction technique (PCR) protocol 
for detection of Xf without extracting the DNA.  The sensitivity for the limits of detection is 
about 1-2 cfu/ml.  Leaf samples with petioles were ground under liquid N2 to a fine powder using 
a mortar and pestle.  The ground tissue was then subjected to cleanup using a DNAeasy plant 
mini kit protocol (Qiagen Inc.).   
            Leaf tissue of 32 host plants was subjected to PCR analysis to test for the natural 
presence of Xf under Florida conditions (5 replications per species), and has previously been 
reported.  Based on PCR analyses of leaf tissue about one half (17 of 32) of the host species were 
Xylella negative. We have determined that analysis of foliar tissue was a more reliable method to 
detect Xf in a number of species compared to using xylem fluid as a substrate.  All the woody 
host species that were 100% Xylella negative were inoculated with the UCLA strain of Xf in the 
fall of 1999.   Of particular interest are the plant species that do not harbor the bacterium, 
including many that support high populations of the vector.  Those plant species with 0% natural 
infection (15 species or cultivars) were mechanically inoculated during the fall 1999 and they 
were tested for the presence of the bacterium four weeks later, and again 11 months later in 
September 2000 in the spring.  We are currently working to decipher any correlations between 
components of plant chemistry and resistance (or susceptibility) to Xf.  Xylem fluid was 
collected at 6-8 week intervals throughout the year from each host plant examined in the study.  



  AVF Long Term PD Project - 79 
We have analyzed the amino acid, organic acid and carbohydrate profiles of all samples and are 
now comparing this extensive database to our established rates of Xf infection (both natural and 
by pin prick inoculation).   Once resistant species are identified they will be incorporated in 
biocontrol applications to possibly reduce disease incidence in grape.   
     We are currently comparing this extensive chemical database (26 compounds for 128 
individual plants sampled at 6 time intervals throughout the year) to natural rates of Xf infection.  
Initial consideration of the data does not show clear trends.  Many species shown to harbor Xf 
had glutamine rich diets (i.e. Vitis, Liquidambar), yet this was not a hard and fast rule.   Citrus 
species had very different chemical profiles yet were prone to Xf infection; crape myrtle species 
had high glutamine concentrations but are resistant to Xf.  One consistency was that for each 
species, xylem chemical profiles varied radically throughout the year with winter profiles being 
the most variable between species.  Some species, such as types of Citrus, were able to maintain 
high concentrations of amino acids during the winter but the xylem composition was radically 
different from actively growing Citrus in the summer.  For many other species, organic 
compounds were much more dilute during the winter or dormancy.  Some species appeared to 
have ‘dry’ xylem columns (including highly resistant species of crape myrtle); xylem fluid could 
not be collected even with extremely high pressures (40 bars);  5-15 bars was sufficient to extract 
xylem fluid from all species during summer months.  Our preliminary statistical analysis shows 
that host species with dilute or inextractable xylem fluid during winter months are significantly 
less likely to harbor Xf.  Our collaborator (AH Purcell) is examining the direct effects of cold 
temperatures on Xylella; our results suggest that cold temperatures may indirectly affect Xf as 
well by modifying and diluting the organic contents of xylem fluid.   
  
OBJECTIVE 7c In vitro culturing of Xf.  Initially we were culturing Pierce’s Disease strains in 
PW + media minus specific amino acids in an effort to identify the essentiality of specific 
compounds for in vitro growth and survival of Xf.   Six months of experimentation was 
expended on subjecting the Xf strain UCLA to Chang and Donaldson’s chemically defined 
media. With culture containing the complete media or a number of medias with a single amino 
acid deleted, under no circumstances was there any growth of PD, whereas the UCLA strain 
grew well on the standard PD and PW+ medias.  Due to low (and variable) rates of Xf growth, 
this procedure proved extremely time consuming and yielded minimal results. 
     In 2001 we switched our protocol by adding two new types of experiments to more efficiently 
address the nutritional requirements of Xf.  In one experiment, we placed Xf (UCLA, Griffin and 
ATCC strains) in xylem fluid of the ten genotypes of Vitis used in Experiment 7a for brief 
periods (1 and 24 hours).  Bacteria were then removed and plated on PW+.  Our results showed 
that even these brief exposures caused significant differences in the subsequent growth of Xf. 
Perhaps even more importantly, our results indicated that the normal technique of counting 
colonies or colony forming units (cfus) was not the best measurement of Xylella success.  
Bacteria exposed to susceptible genotypes of Vitis did not necessarily form more cfus, but they 
did form significantly larger colonies (Fig. 2).  At this time it is not clear if larger colonies result 
merely from accelerated Xf growth, from enhanced adhesion between formerly small colonies, 
or from the production of metabolites (polysaccharides and glycoproteins) that then advance the 
adhesion and colonization of Xf.  Understanding the formation of these large colonies is 
essential; resistant genotypes often support fairly high titres of Xf that do not aggregate, adhere 
and clog xylem vessels.  The massing of Xf noted in our plating experiments may be indicative 
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of the virulence mechanism being active in susceptible genotypes.  In any case, brief exposures 
of Xf to xylem fluids significantly altered subsequent growth patterns of Xf. 
      The second set of experiments were designed to examine nutrient requirements by starting 
with the most simplified nutrient requirements and adding to the mix, rather than starting with a 
defined media such as Chang and Donaldson and deleting nutrients.  Two different approaches 
were adopted in order to develop a defined media for Xylella fastidiosa. The first approach was 
designed to address the question of what would be the best long-term sustaining medium.  In this 
case, a source of organic compounds was combined with macro and micronutrients. The organic 
compounds used were a non-naturally occurring source of organic nitrogen, coupled with one 
source of each of the primary groups of organic compounds found in xylem fluid (one amino 
acid, one organic acid, and one carbohydrate).  Surprisingly, we found this simplified media to 
sustain at least one strain of Xf at least as well as PW+.  The organic source of nitrogen coupled 
solely with the micro- and macro elements resulted in Xf growth; the other organic sources 
appear to play pivotal roles in colony formation (Table 6). 
     The second approach was to determine a minimal media.  For this experiment, all the 
micronutrients were removed and carbon and nitrogen sources kept at minimum essential 
concentrations. This strategy is also successful, yet serial platings must be performed to 
determine how long strains of Xf can continue to grow and persist with limited inorganics 
available. 
      Both sets of experiments suggest that at least some strains of Xf may be fairly robust in terms 
of dietary requirements, and may be very flexible in synthesizing necessary compounds from a 
limited array of nutrients.  This data is somewhat at odds with what is often published 
concerning the ‘fastidious’ nutritional requirements of Xf.  For these reasons, we feel compelled 
to examine several strains of both Pierce’s Disease and non-Pierce’s Disease Xf before releasing 
our results to insure that these data are not misinterpreted.  These experiments are already under 
way and specifics of the diets will be released at the conclusion of the experiments (within 
several months).        
 
OBJECTIVE 7d:  The effect of lytic peptides on Xylella fastidiosa. 
     Our studies on lytic peptides were concluded in 2001 and identified the peptides that may be 
used most efficiently to control Pierce’s Disease based on antimicrobial properties and stability 
in xylem fluid.  This research is in preparation for publication but a synopsis of this line of 
research is as follows: 
      Preliminary work involving the antimicrobial properties of lytic peptides was initiated in 
response to the Pierce’s Disease crisis in southern California.  Lytic peptides have been isolated 
from bacteria, fungi, plants, arthropods and vertebrates.  They appear to be major components of 
the antimicrobial defense system in many species.  The amphipathic structure of lytic peptides 
results in lysis of bacterial cell membranes by forming ion channels in lipid bilayers.  One class 
of lytic peptides are known as the Cecropins which consist of 35-37 amino acid residues derived 
from the Cecropia moth (Hyalophora cecropi).  Cecropins and another class of lytic peptides 
isolated from frog skin secretion (Magainins) do not effect eukaryotic cells but are very effective 
at disrupting membrane function and killing bacteria and protozoan cells.  Many naturally 
occurring lytic peptides have been isolated and many more synthetic peptides have been 
developed.  Lytic peptides, particularly the ones that are naturally occurring, may be viewed with 
more acceptance than classical antibiotics such as tetracycline or streptomycin. 
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         The in vitro activity of cecropin A, cecropin B, magainin I magainin II, lysozyme and 
tetracycline (all obtained from Sigma) was obtained by mixing one of these compounds for 1 hour 
with either 102 103 or 104 cfu/ml (depending upon experiment) obtained by dilution from a stock 
culture of X. fastidiosa (PD strain) in PD media. The treated bacterial suspensions (100 ul) were 
plated on PD medium for 8 to 10 days (depending on growth rate) at 28° C, and colonies per plate 
(100 x 15 mm) were counted.  Our primary objective was to establish the minimum concentration of 
each of these compounds for 100% inhibition (MIC) and 50 % inhibition (LC 50) in in-vitro culture. 
          To test for the stability of lytic peptides cecropin A and cecropin B were incubated in xylem 
fluid obtained from Vitis rotundifolia ‘Noble’.  A stock solution of cecropin was prepared and 
subsequent concentrations were made by dilution. One ul of cecropin was added to 4 ul of xylem 
fluid from V. rotundifolia to create concentrations of cecropin A and B of 2, 10 and 20 µM.   These 
solutions (consisting of cecropin and xylem fluid) were allowed to incubate for 0, 1, 2.5, 5 or 24 
hours.  After that time interval 1 ul of X. fastidiosa (UCLA) strain was added (OD= 0.22, 10-4 
dilution), incubated in the solution for 1 hr and then plated on PW+ medium.  Plates were read 14 
days later. 
       The activity of cecropin A, cecropin B, magainin I, magainin II, lysozyme and tetracycline 
against X. fastidiosa after 1 hour incubation in vitro was determined in 5 separate experiments (Table 
7).  For cecropin A, 3 of 4 experiments revealed a minimum inhibitory concentration (MIC) against 
X. fastidiosa in vitro of 1 µM; in the remaining experiment a MIC was not achieved up to 2 µM .  
The concentration of cecropin A that resulted in a 50% inhibition of X. fastidiosa was somewhere 
between 0.0002 and 0.001µM.  Cecropin B consistently prevented all growth of X. fastidiosa at a 
concentration of 1 µM, and in 3 of 4 experiments 0.1 µM resulted in at least 96 % inhibition.  
Depending upon the experiment, 50% inhibition (LC50) was achieved between 0.001 and 0.0002 
µM. 
      The remaining bacteriacides were far less active against X. fastidiosa (Table 7).  The activity of 
magainin II was greater than that of magainin I, thus in future experiments we focused on Magainin 
II.  Even for magainin II a MIC of 80 µM was only achieved in one experiment; in the remaining 
experiments concentrations resulted in 88 to 99.6 % inhibition.  Indolicidin showed a moderate level 
of toxicity with a MIC of 9.5 µM recorded.  Tetracycline was a relatively ineffective bacteriacide 
with a MIC of 100 µM.  The least effective compound tested was lysozyme; an LC50 was the result 
of concentrations of 100, 200 and 1000 µM.  From these experiments it is clear that MIC for 
cecropins is < 1 µM, magainin > 80 µM, lysosome > 1,000 µM and tetracycline is < 100 µM.  
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       The activity of cecropin A and B against X. fastidiosa as a function of time in xylem fluid of 
Vitis rotundifolia ‘Noble’ was tested.  The activity of cecropin A at 2 µM (whether judged at 9 or 
15 days) was progressively reduced as a function of incubation time in xylem fluid.  The only 
treatment for which 100 % inhibition was retained was the 20 µM when read after 9 days. For all 
other treatments there was a tendency for the antimicrobial activity to decline with time of 
incubation in xylem fluid.  Cecropin B was a more effective antimicrobial agent than cecropin A.  
After nine days of incubation cecropin B at 2 to 20 µM completely inhibited the growth of X. 
fastidiosa.  Only after fifteen days of incubation was there a reduction in activity against X. 
fastidiosa noted (i. e. after the 24 hour treatment with xylem fluid).  At this time cecropin B lost 
all activity against X. fastidiosa while 95 % of the inhibitory activity was retained at 20 µM.   
     Cecropin A or cecropin B are at least as effective in restricting the growth of X. fastidiosa in 
in-vitro culture.  After only 1 hour of incubation cecropin A or cecropin B (concentration 
between 1 and 20 µM) completely inhibited the growth of X. fastidiosa in PD.  Magainin I or 
magainin II was somewhat less effective, although magainin II at 20 µM produced 98% 
inhibition compared to the control.  Lysozyme was far less effective with concentrations of 1mM 
producing 50% inhibition (data not shown). Tetracycline at concentrations of 50 and 100 mg/L 
(112 and 225 µM, respectively) also produced 100% growth inhibition of X. fastidiosa (data not 
shown).  In conclusion the use of lytic peptides (and particularly cecropin A and cecropin B) 
may be an acceptable alternative for managing Pierce’s Disease from both a prophylactic and a 
curative standpoint. 
 
OBJECTIVE 7e. Determination of the concentrations of peroxidase in xylem fluid of ten 
grape genotypes.  These experiments are to be conducted in concert with examination of the 10 
grape genotypes utilized in Objective 7a.  Our objective is to establish baseline levels of 
peroxidase activity in the xylem of the ten genotypes (i.e uninfected plants), and also to establish 
how these levels vary with Xf infection since peroxidases are often induced plant responses; 
increased production will be triggered by injury to plant tissue (mechanical, pathogenic or 
herbivory).  In 2001 we validated the chemical techniques that will be used in this analysis, and 
established the protocol that will be used with the inoculation experiments in Objective 7a that 
will be initiated in the summer of 2002.  
 
Outside Presentation of Research:  Results were reported at the Annual Meeting of CDFA in 
December 2001.  Peter Andersen also presented symposiums concerning his research on Xf at 
Florida State University during the spring of 2001 and at the University of Florida in January 
2001.  A manuscript entitled ‘Phenotypic Plasticity and Behavioral Rigidity of Xylem Feeding 
Leafhoppers’ is currently in review (Oecologia).  Manuscripts summarizing our results on the 
anitmicrobial activities of lytic peptides (Obj. 7d) and our success in developing new Xf media 
(7c) are in preparation.    
 
Research Success Statements: 
 Pierce’s Disease is currently the major threat to Vitis production in California.  Our 
research has documented that variations in xylem fluid chemistry affect the growth habits of 
Xylella colonies, and that high variability in xylem fluid chemistry exists between Vitis 
genotypes and also with time of year.  We have shown that even short-term exposure of Xf to 
xylem constituents alters Xylella growth, and our development of a simplified media for Xf 
culturing now allows us to identify the role of specific xylem constituents in Xylella colony 
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formation.  Understanding of the role of xylem nutrients to Xf growth can be used as a 
management tool, as we have established that cultural conditions can be used to alter xylem 
chemistry.  Xylem composition may also be used for selection criteria in genotype choice.  We 
have also identified and quantified the antimicrobial effects of naturally occurring compounds 
(lytic peptides) that may be incorporated into Xf control strategies.   
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Table 1.  Concentrations (µM) of amino acids during summer.  Cultivars are listed in order of decreasing suscept
fastidiosa (T=trace; less than 1 µM). 
 
 
 Chardonnay Chenin 

Blanc 
Pixialla Constancia Exotic St.George Dogridge Car

GLN 143 132 277 343 210 236 688 28
ASN 2 10 1 6 1 1 19 7
GLU 40 29 35 149 30 18 40 4
ASP 44 21 27 98 19 13 27 3
ARG 50 10 9 78 30 15 20 2
SER 12 15 14 38 8 7 8 1
GLY 6 10 12 11 6 6 10 7
HIS 4 4 6 13 3 6 21 4
THR 8 7 6 27 8 8 15 1
ALA 21 21 7 83 7 6 9 9
PRO 7 4 4 12 3 10 6 7
TYR 10 5 7 17 5 6 10 3
VAL 6 5 6 22 6 7 13 7
MET 3 2 3 6 4 3 5 3
CYS T T T T T T T T
ILE 4 3 5 10 4 6 11 4
LEU 4 3 3 9 2 3 5 3
PHE 7 4 4 7 5 4 9 3
LYS 2 2 2 5 2 1 2 1
TOT 375 286 426 935 354 356 919 46
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Table 2.  Concentrations (µM) of organic acids and sugars during summer.  Cultivars are listed in order of decrea
Xylella fastidiosa. 
 
 
 
 

Chardonnay Chenin 
Blanc 

Pixialla Constancia Exotic St. George Dogridge C

Oxalic 6 2 1 4 6 3 2 

Citric 53 16 21 19 28 16 38 

Tartaric 489 629 138 318 119 150 480 

Malic 251 242 130 123 150 140 255 

Succinic 218 219 7 92 37 66 71 

Total 1017 1107 296 555 338 373 846 

        

Glucose 116 83 96 118 68 63 64 

Fructose 76 39 40 86 56 64 39 

Sucrose 47 15 33 47 56 23 54 

Total 239 136 169 250 181 150 157 
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Table 3.  Concentrations (µM) of amino acids during winter.  Cultivars are listed in order of decreasing susceptib
fastidiosa (T=trace; less than 1 uM). 
 
  

Chardonnay 
 

Chenin 
Blanc 

 
Pixialla 

 
Constancia 

 
Exotic 

 
St.George 

 
Dogridge Car

 
GLN 

 
T 

 
T 

 
T 

 
T 

 
T 

 
1101 

 
T 11

ASN T T T T T T T 3
GLU 49 1 T 2 121 1237 1 4
ASP T 1 1 T 7 35 1 9
ARG T 1 T T 9 12 T 2
SER T T T 1 5 T 1 3
GLY T 1 T 1 20 16 1 2
HIS T T 6 T 2 24 T 2
THR T T T 1 3 18 T 3
ALA 1 2 T 5 69 6 1 3
PRO 1 1 1 T 11 2 T 1
TYR 1 1 2 T 4 11 T 2
VAL 1 1 1 1 27 30 T 1
MET 3 1 2 2 7 16 6 1
CYS 1 1 1 4 1 1 5 2
ILE 1 1 T 1 16 22 T 3
LEU 1 1 1  1         26 3 T 1
PHE 8 1 3 T 8 30 T 6
LYS T T 1 T 11 T T 1
TOT 66 13 20 19 348 2566 16 19
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Table 4.  Concentrations (µM) of organic acids and sugars during winter.  Cultivars are listed in order of decreas
Xylella fastidiosa (T=trace; less than 1 µM). 
 
 
 
 

Chardonnay Chenin 
Blanc 

Pixialla Constancia Exotic St. George Dogridge C

Oxalic 2 2 1 2 4 1 17 

Citric 7 6 23 108 24 75 212 

Tartaric 43 9 63 90 49 56 157 

Malic 32 18 301 47 38 54 361 

Succinic 13 6 18 125 142 23 202 

Total 97 41 406 372 257 209 949 

        

Glucose T T 577 215 T 222 T 

Fructose T T 486 233 T 233 T 

Sucrose T T T T T T T 

Total T T 1063 448 T 455 T 
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Table 5.  Concentrations (µM) of inorganic ions during winter.  Cultivars are listed in order of decreasing suscep
fastidiosa (T=trace). 
 
 
Compound 
 

Chardonnay Chenin      
Blanc 

Pixialla Constancia Exotic St.George Dogridge

NO3 T T T T T T T 

NH4 580 291 6 9 496 5157 7 

P 66 62 2058 212 184 706 52 

K 1274 1409 4068 1095 4020 532 1185 

Ca 716 858 2583 2403 1295 1756 2359 

Mg 1246 1079 1853 903 1989 1135 1238 

Zn 2 2 1 4 3 4 T 

Mn 8 4 33 5 4 11 7 

Cu 1 T T T T T T 

Fe T T T T T 1 T 

B 28 27 49 33 35 28 25 

Na 61 125 55 58 67 45 49 

Cl 256 183 195 120 519 447 75 

Total 4256 4040 10901 4842 8612 9822 4997 
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Table 6.  Colonies and colony size (indicated by PAO) of UCLA strain on PW+ and media composed of only 4
amino nitrogen source and three xylem constituents). 
 

Components 
 

 
Inorganics 

  
NANS 

 
XC1 

 
XC2 

 
XC3 

 
Total 
 

PAO 
 

Growth 
rank 

 
Media         

PW+      1083 12.8 +++++ 
M17      1070 9.5 ++++ 
M32      928 7.9 +++ 
M23      928 7.3 +++ 
M21      1163 5.4 ++ 
M34      1110 1.4 + 
M33      1362 1.2 + 
M25      1210 1.1 + 
M22      976 0.9 + 
M24      284 0.9 + 
XF26      928 0.8 + 

+++++ = excellent growth; ++++ = good growth; +++ = regular growth; ++ = weak growth;  
+ = minimum growth; - = no growth. NANS = non-amine nitrogen source; XC1 = xylem component 1; XC2 = xylem com
component 3; Total = total colonies; PAO = plate area occupied. 
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Table 7.   The percentage inhibition of colony forming units of Xylella fastidiosa in PD media after incubation 
with the compounds at concentrations listed below. 
 
Compound/Concentration (µM)                   % Inhibition (compared to control) 
 
Cecropin A 

 
1 

 
 

 
100 

 
 

 
 

 
2 

 
 

 
100 

 
 

 
 

 
5 

 
 

 
100 

 
 

 
 

 
10 

 
 

 
100 

 
 

 
 

 
20 

 
 

 
100 

 
 

 
Cecropin B 

 
1 

 
 

 
100 

 
 

 
 

 
2 

 
 

 
100 

 
 

 
 

 
5 

 
 

 
100 

 
 

 
 

 
10 

 
 

 
100 

 
 

 
 

 
20 

 
 

 
100 

 
 

 
Magainin I 

 
1 

 
 

 
22 

 
 

 
 

 
2 

 
 

 
19 

 
 

 
 

 
5 

 
 

 
21 

 
 

 
 

 
10 

 
 

 
25 

 
 

 
 

 
20 

 
 

 
51 

 
 

 
Magainin II 

 
1 

 
 

 
49 

 
 

 
 

 
2 

 
 

 
44 

 
 

 
 

 
5 

 
 

 
54 

 
 

 
 

 
10 

 
 

 
86 

 
 

 
 

 
20 

 
 

 
98 

 
 

 
Indolicidin 

 
0.01 

 
 

 
0 

 
 

 
 

 
0.10 

 
 

 
33 

 
 

 
 

 
0.50 

 
 

 
94 
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 1.0  98  
 
 

 
10 

 
 

 
100 

 
 

 
 

 
48 

 
 

 
100 

 
 

 
Lysozyme 

 
3.5 

 
 

 
13 

 
 

 
 

 
35 

 
 

 
33 

 
 

 
 

 
100 

 
 

 
48 

 
 

 
 

 
200 

 
 

 
50 

 
 

 
 

 
1000 

 
 

 
42 

 
 

 
Tetracycline 

 
0.01 

 
 

 
0 

 
 

 
 

 
1 

 
 

 
0 

 
 

 
 

 
2 

 
 

 
15 

 
 

 
 

 
112 

 
 

 
100 

 
 

 
 

 
225 

 
 

 
100 
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              Figure 1.  X ray micoanalysis of lyophilized xylem fluids. 
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Figure 2.  Colony number and size after exposure to xylem fluid from Vitis genotypes  
                 for 1 and 24 hours.   
             
 
 
 
 
 
 
 
 
 
 
 
 
 Table 1. Culture of Xylella fastidiosa from riparian plants in the field following mechanical 
inoculation. 
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Species 

Number 
Inoculated a 

Number 
Infected 

Number 
Not infected 

Number 
Contaminated 

 
CFU/g b 

Incubation 
(days) c 

Himalayan blackberry 29 0 11 18 0 41-54 

Himalayan blackberry 26 0 4 22 0 119-124 

California blackberry 35 2 11 22 log 3-4 41-54 

California blackberry 35 8 5 22 log 4-6 119-124 

Blue elderberry 30 1 11 18 log 2 41-54 

Blue elderberry 18 1 1 16 log 6 119-124 

Periwinkle 31 0 8 23 0 41-54 

Periwinkle 30 1 2 27 log 5 119-124 

California grape 27 2 11 14 log 2-5 41-54 

California grape 25 1 3 21 log 6 119-124 
a Plants were mechanically inoculated with STL strain of X. fastidiosa on 7, 13, and 18 June 2001. 
b Colony forming units per gram of plant tissue (log scale). 
c Number of days between inoculation and two culture attempts.  The first culture attempt was at 41 to 54 days after 
inoculation (24 July to 8 August, 2001).  The second attempt was from the same plants, but from different petioles, 
at 119-124 days after inoculation (9 October to 15 October, 2001). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


