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Supporting Online Material 

1. Materials and Methods 
 
Foraging assays.  Experiments testing Cuscuta pentagona seedling preferences between 

tomato or wheat plants and C. pentagona seedling response to individual compounds 

were conducted in a greenhouse.  All other experiments were conducted inside reach-in 

growth chambers (25°C, 16L:8D).  Tomato plants (Lycopersicon esculentum ‘Halley 

3155’) were grown in square plastic pots (9 cm tall x 10 cm wide) in a separate, insect-

free growth chamber (25°C, 16L:8D) and used when plants had two expanded leaves (20 

days post-planting).  Seeds of C. pentagona were collected from an infested tomato crop 

in Yolo County, California.  The seeds were soaked in concentrated sulphuric acid for 1 

h, rinsed with distilled water, and placed in a Petri dish on moist filter paper to germinate.   

 
The basal end of newly emerged C. pentagona seedlings that were approximately 2-3 cm 

long were placed in 2 ml glass vials filled with distilled water and covered with 

aluminum foil in which a small hole was created to hold the seedling.  A piece of filter 

paper was inserted into the vial for support so that approximately 1-2 cm of the seedling 

apex was visible.  The top of each vial was inserted into a hole in the center of a round 

piece of cardboard on which was placed a dry 90 mm diameter piece of Whatman® No. 1 

filter paper.  Cuscuta pentagona seedlings were allowed to grow for four days and then 

the positions of the seedlings were traced on the filter paper and the disc half and 

quadrant occupied by the apical end of each seedling was recorded.  A new filter paper 
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disc was used for each seedling.  These data were analyzed using chi-square tests (SAS 

v.8.2). 

 
To determine if C. pentagona seedlings grew toward nearby tomato plants, one 20-day-

old tomato plant was placed so that the disc was at soil level and the tomato leaves were 

positioned at the disc edge (45 mm from the C. pentagona seedling, Fig. 1D).  The filter 

paper disc was supported on a piece of cardboard and did not contact the soil or tomato 

leaves.  Up to four discs were run simultaneously by placing them as above on four sides 

of the tomato plant, but only one tomato plant was assayed at a given time in each growth 

chamber.  Tomato plants were 24-days-old at the end of each trial.  We repeated this 

assay using Impatiens wallerana ‘Dazzler’ (Burpee Co., Warminster, PA) as the host 

plant.  Impatiens spp. are preferred hosts of Cuscuta spp. (S1-S2).  The Impatiens plants 

used were approximately 5 cm tall (typically 40 d after seeding) and had six expanded 

leaves.  

 
To account for potential light cues we enclosed four 20-day-old tomato plants inside a 

17.9 L clear plastic Rubbermaid® container (26.3 cm wide x 27.8 cm tall x 41.6 cm long) 

with a hole cut in one end to allow insertion of the end of a 7.6cm ID black PVC pipe 

with a 90˚ bend.  The length of the PVC pipe from bend to opening was 7 cm.  Four 

artificial 20-day-old tomato plants, made with green felt and chenille sticks, were placed 

in moist soil in a second plastic container.  Cuscuta pentagona seedlings and filter paper 

discs were placed on a square plastic pot (9 cm tall x 10 cm wide) inside an open-

top cardboard box (10cm wide x 25cm tall) with holes cut in two sides to allow insertion 
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of the other ends of the PVC pipes (Fig. 2B).  The positions of the treatments were 

switched for each trial.   

 
Previous studies testing plant response to volatiles have been criticized for using airtight 

chambers that produce elevated volatile concentrations and may influence the 

physiological status of plants (S3-S6).  Our open system was designed to avoid such 

problems.  We used multiple target plants in enclosed chambers (open only to the open-

air chamber enclosing the C. pentagona seedling) to provide sufficient concentrations of 

volatiles because the experimental set-up required placing target plants farther away from 

C. pentagona seedlings (~20 cm) than the range over which seedlings would normally 

forage before exhausting their energy reserves (< 10 cm).  Observed responses of C. 

pentagona seedlings were statistically indistinguishable from those to a single tomato 

plant in a completely open system (Table 1). 

 
The above trials were repeated using rubber septa (Wheaton, Millville, NJ; commonly 

use to release pheromones) treated with volatiles collected in 24-h intervals from four 20-

day-old tomato plants (see below).  A septum with tomato volatiles was placed in one 

container and a second septum treated with only solvent was placed in the other (Fig. 

2C); both septa were replaced every 24 h.  The positions of the container with volatiles 

and the container with solvent were switched between each trial.    

 
To investigate host choice by seedlings of C. pentagona, a tomato plant and a wheat plant 

(‘McNeal’ spring wheat) were seeded 10 cm apart in a plastic pot.  When these plants 

were 20-days-old (tomato had 2 expanded leaves, wheat had 3 leaves), a scarified C. 
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pentagona seedling was planted in the center, 5 cm from each plant, and allowed to grow 

until it attached to a plant.  A small number of seedlings that did not attach to either plant 

were not included in the analysis.  Daily observations revealed that no C. pentagona 

seedlings contacted one host prior to attaching to the other.  To confirm a role for 

volatiles in host choice, C. pentagona seedlings were given a choice between extracted 

tomato and wheat volatiles using the experimental enclosure described above (Fig. 2B).  

Volatiles collected in 24-h intervals from four 20-day-old tomato plants or four 20-day-

old wheat plants were placed on rubber septa.  A septum with tomato volatiles was placed 

in one container and a septum with wheat volatiles was placed in the other.  Both septa 

were replaced every 24 h, and the positions of the boxes were switched between each 

trial.     

 

Trials assaying individual tomato volatiles were conducted on open benches in a 

greenhouse.  Synthetic standards of individual volatiles were placed on rubber septa (100 

µg / septum).  A filter paper disc with C. pentagona seedling (prepared as above) was 

placed near the volatile-treated septum (45 mm from seedling); a septum treated with 

only solvent was used as a control.  Seedlings were allowed to forage for three days and 

the positions of the seedlings were recorded.   

 

Volatile collection and analysis.  Plant volatiles were collected in 24-h intervals by 

pulling 1 l of the air passing over tomato plants or rubber septa (2 l min-1) in a volatile 

collection chamber (S7) through SuperQ® adsorbent (25 mg) filters; the remainder of the 
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air vented out of the bottom of the system.  Traps were rinsed with 150 µl methylene 

chloride into sample vials or into rubber septa for use in foraging assays; 400 ng of n-

octane and nonyl acetate were added to sample vials as internal standards.  Septa were 

stored at -80 C until use.  Samples were analyzed by gas chromatography and mass 

spectrometry, and volatile compounds were identified by comparison of chromatographic 

retention times and mass spectra with those of commercially available standards.  

Quantification was based on peak area (GC/FID) relative to that of internal standards. 

 

To ensure that plant volatiles were not absorbed and re-released by the filter paper discs, 

volatiles were collected from discs exposed to tomato seedlings or to septa containing 

volatiles for 48 hours.  No measurable volatiles were observed in either case. 

 

2. Fig. S1. Cuscuta pentagona seedling growing toward a 20-day-old tomato seedling.  

For this picture, a C. pentagona seed was scarified and planted in soil about 10 cm from 

the tomato seedling.  If the Cuscuta seedling is unable to locate and attach to the tomato 

within a few days it will die. 

 

3. Movie S1.  Time-lapse video of a C. pentagona seedling foraging toward and attaching 

to a 20-day-old tomato plant.  Images were captured every 15 min over a 48 hr period. 
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