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Design details: 

The model is great except it required post-production work as some parts didn’t fit together 

perfectly. More specifically, the cap required some sanding to fit properly, so could do with 

an extra millimetre. Even on the model which was 1/10th of expected size, a small circuit 

board would be able to fit, and likely function well. Small LEDs and output domains could be 

used. For the full electronic design, the full-size version would be needed. 

The design is very innovative and well thought out, especially with regards to the plexiglass 

cabinet. The only obvious improvement of the actual 3D printed case would be the cap 

fitting. It may be possible to size it down slightly as the full-size model may be excessively 

large and thereby make it difficult to transport. For example, we printed the smaller model 

due to not being able to bring the larger model to Boston, and because a larger model takes 

up much more of the 3D printer’s time.  

Print settings: 

The printer has an automatic fan and a heated base. Made from ABS plastic with complete 

solid infill. Layer thickness was 0.14mm but could have a minimum of 0.09mm. Printed with 

minimal support. The print start temp for ABS is 280 degrees Celsius. The extruder block 

temp is 50 degrees Celsius, chamber at 40 degrees Celsius and build platform at 60 degrees 

Celsius. The printer is a Zortrax m200. 

Application from an agronomist: 

His immediate thoughts were that wheat stem rust is not a big issue in the UK, but asked if it 

could be easily adapted and used to detect other fungi. He sent a detailed email about the 

rusts. The core of it is as follows: 



“1: In the UK the HGCA publish a list of varieties and their susceptibility to fungal pathogens 

so that both farmers and agronomists are aware of the potential risks. 

The two main puccinia species in the UK are puccinia striiformis (Yellow Rust) and puccinia 

triticina (Brown Rust). The weather conditions favoured by each are well known and 

consequently I use the varietal tolerance and climatic conditions to assess when a treatment 

is likely to be worthwhile. I also take note of reports from other parts of the country but 

generally fungicides are applied prophylactically particularly where risks are high. Rusts can 

have a severe effect on crop yields so ANY LEVEL, however low should be treated up until 

about 6 weeks before harvest. I am not sure if you are familiar with the life cycle of rusts but 

with Yellow Rust from infection to expressing symptoms can often be as short as 7 days in 

ideal circumstances so there is no time to waste! 

2: Consequently I would probably NOT use such a detection system HOWEVER the various 

testing stations around the UK (and other trials sites) could well do so in order that they 

could issue warnings. In fact I think they probably would welcome having one just as they 

set traps to assess numbers of aphids and other pests. 

3: I am sure trials stations would spend several thousands of pounds on such a product 

possibly up to £10,000. (I doubt any more) 

4: The term "Genetically Modified Bacteria" would scare many people who do not 

understand the science although bacteria of different types are already used in agriculture. 

Consequently I think it would be mainly restricted to research stations and agricultural 

colleges.” 

 

This was in response to my own email to him to answer some questions about it. The 

important bit read: “What they would like to know are things like:  

1. Is the Puccinia graminis testing system needed? (i.e. can you tell its present in 

dangerous levels without needing the test, as that would make it redundant) 

2. Would people working in the agricultural industry use such a device? 
3. How much would people likely spend on such a product? 
4. Would people working in the agricultural industry be happy to use genetically 

modified bacteria on their own property? (still localised to the device, but they'd 
need to be kept somewhere until it was used. This would never be applied directly to 
the field, but rather take field samples of potentially infected sites and put it into the 
device). 

5. Anything else you think may be relevant.” 
 
I also gave him some information about the product and its function so that it was 
completely clear to him. 
 
 
 
 



Ribitol operon testing in Nicotiana benthamiana: 
Protocol: 

1. Ordered the ribitol operon control region as a gBlock with the appropriate 

GoldenGate compatible overhangs, that allow excision and sticky end creation with 

Esp3I, then subsequent BsaI site formation in the level 0 plasmid.  

2. Performed a digest-ligation reaction of 50 cycles between 37 degrees Celsius and 16 

degrees Celsius, each for 5 minutes, with:  

• 1 µl Esp3I 

• 2 µl CutSmart Buffer 

• 1 µl T4 DNA ligase 

• 2 µl T4 ligase buffer 

• 4 µl gBlock DNA 

• 1.5 µl of level 0 acceptor plasmid (pSB1C3) 

• 8.5 µl ddH20 

3. Transformed E. coli (DH5α) with the constructs and grew overnight at 37 degrees 

Celsius on chloramphenicol plates with blue/white selection. 

4. Picked white colonies from the plates and performed colony PCRs to check for the 

correct insert length, using a primer pair that amplifies DNA outside of the insert 

region. 

5. Grew up correct colonies in chloramphenicol broth overnight. 

6. Miniprepped the plasmid DNA from the cultures and measured the DNA 

concentrations. 

7. Set up two level 1 GoldenGate reaction with the level 0 parts of interest, in a 3:1 

insert:acceptor ratio. This used the same volumes and cycle as the level 1 reaction, 

but with BsaI instead of Esp3I, and varying volumes each DNA part (based on 

concentration) and of ddH20 (to make the volume up to 20 µl). These created two 

constructs: 

a. Ribitol control region – GUS – Nopaline synthase terminator 

b. Ribitol control region – mCherry – Nopaline synthase terminator 

8. Transformed E. coli (DH5α) with the constructs and grew overnight at 37 degrees 

Celsius on kanamycin plates with blue/white selection. 

9. Picked white colonies from the plates and performed colony PCRs to check for the 

correct insert length, using a primer pair that amplifies DNA outside of the insert 

region. 

10. Grew up correct colonies in kanamycin broth overnight. 

11. Miniprepped the plasmid DNA from the cultures and measured the DNA 

concentrations. 

12. Transformed agrobacterium with the level 1 DNA constructs and grew at 28 degrees 

Celsius for 48 hours on kanamycin and rifamycin plates. 

13. Picked a colony from each and streaked onto a kanamycin and rifamycin plate. Left 

to grow for 48 hours. 

14. Picked streaked colonies into kanamycin and rifamycin broth and left to grow 

overnight at 28 degrees Celsius. 



15. Activated agrobacterium with 100mM MgCl2/ 100mM MES buffer until the OD600 

reached between 0.3-0.5. Added 1.5 µl of 150µM acetosyringone per ml of 

MgCl2/MES buffer. Left at room temperature for 2 hours and infiltrated into ~50 day 

old Nicotiana benthamiana. 

16. Heat shocked infiltrated plants at 2 days post infiltration (DPI). 

17. Infiltrated 10mM ribitol to leaf 1, 5mM to leaf 2, 1mM to leaf 3, and water to leaf 4. 

Negative control was not infiltrated. 

18. At 4DPI, performed a GUS staining assay over the weekend, and visualised mCherry 

results under the fluorescent microscope. It looks like there is mCherry expression 

only at infiltration sites. This might mean that the Agrobacterium expresses it and 

not the plant, but this is speculation. Still, it is not a result we have seen with our 

other mCherry constructs. 
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