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Appendix D: LED-Based GFP Stereoscope Illuminator 

When it turned out that BC12924 tended to lose its GFP expression unless only 

the brightest worms are propagated each generation, I needed a fluorescence illuminator 

for the dissecting microscope to pick shiny worms. The simple DIY fluorescence 

illuminator I had tried out in 2008, using blue LEDs for an excitation source and 

theatrical gels for highpass emission filters (Chin-Sang 2003), did not have a sufficiently 

high signal-to-noise ratio to reliably visualize neurons or the excretory cell. However, the 

principle was sound and I merely needed to refine the idea with better components.  

Typical blue LEDs emit a fairly narrow spectrum with a peak between 470 and 

490 nm, overlapping the eGFP excitation bandwidths with a maximum of 488 nm. This 

included a noticeable amount of wavelengths over 500 nm. (Royal blue LEDs have less 

of these longer wavelengths, as they peak between 450 and 470 nm. However, this is less 

compatible with the eGFP excitation band; the royal blues may also emit UV or near-UV 

wavelengths that could cause eye damage if not adequately filtered.) The GFP emission 

peak of 508 nm is close enough to the excitation band around 488 nm to present a 

challenge when filtering out the longer wavelengths from the excitation source. Also, 

highpass FITC filters and the yellow Roscogel filter recommended for the low-budget 

illuminator tended to allow a lot of yellow autofluorescence that interfered with viewing 

the excretory canals. Instead of just green GFP in worms on a dark background, the 

background appeared dull cyan with worms visible by reflected light, slight green GFP 

emission, and some yellow autofluorescence. This was sufficient to pick worms with 

major anatomical features labeled, but not neurons or excretory cells. 
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Improvements to the original design were published in the Worm Breeder’s 

Gazette, featuring a 5W Luxeon LED and an off-the-shelf power supply (Chin-Sang and 

Zhong 2009). After adding a set of Chroma bandpass GFP filters and a focusing lens, 

using a plastic conduit fitting as a housing, neuron somatas and the excretory cell were 

visible. Since precise positioning was important, I also borrowed a micromanipulator 

stand to hold the illuminator exactly where needed. The 5W Luxeon had a larger emitter 

area that illuminated a larger area of the surface, rather the same area but higher intensity. 

Two GFP bandpass filters (525/50 nm, 25 mm diameter) were dropped into the 

eyepieces of the dissecting microscope. A high-transmission GFP excitation filter 

(470/40 nm, 25 mm diameter) dropped into the fitting between the LED and the focusing 

lens before the LED/heatsink assembly was taped to the fitting. 

The focusing lens was a 9X eyepiece from an old microscope, with the front 

element reversed. A few layers of electrical tape adapted it for a friction fit in the plastic 

fitting so its position could be adjusted to focus an image on the plate with clearance for 

removing the lid on the dish while picking worms. 

The conduit fitting snapped into a metal hanger (meant for fastening the conduit 

onto a structure) which screwed onto the arm of the micromanipulator. The whole 

assembly was placed in front of the microscope so that the beam made a 45° angle to the 

surface of the agar plate, pointing towards the viewer but down on the plate, and the 

square image of the LED emitter was focused on the surface of the agar.  

Since the light backscattered in the agar, the worms were most visible at the rear 

edge of the square, where the worms on the surface caught the light but less of the agar 
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was illuminated underneath them. Worms that seemed only slightly fluorescent against 

the illuminated background showed up much brighter against the opaque dark worm pick 

when the pick was held in the beam of blue light. Interestingly, worms digging in the agar 

showed their GFP very well, since light was not reflecting from the body surface. 

 

Figure 16. Dissecting microscope outfitted with LED-based fluorescence illuminator 
for viewing GFP in neurons and excretory cell. Neuron processes are not 
typically visible, but somata can be seen even in L1 larvae. Excretory cell 
is visible from L1 onward, though it is most easily seen in L3 larvae 
before the development of oocytes. 




