
PCR
makes lots of copies of DNA! So we 
can detect specific DNA (a PCR test) 
or use the DNA for developing 
biotechnologies 



How is DNA copied in a tube?

Each cycle doubles the 
copies of DNA. PCR can 
"amplify" a single DNA 
template molecule into 
109 copies in under 2 
hours!

We need a machine that 
can heat and cool the 
tubes. This is called a 
thermocycler aka a "PCR 
machine"

95°C – u s in g  
h e a t  t o  b re a k 
a p a r t  t h e  two  

s t r a n d s  o f DNA

55 °C – b in d in g  
th e  "p r im e r s " to  

th e  s p e c ific  
DNA o f in t e r e s t

72°C –DNA 
p o lym e ra s e  fills  
in  th e  g a p s  to  
m a ke  d o u b le  

s t r a n d e d  DNA

95°C – u s in g  
h e a t  t o  b re a k 
a p a r t  t h e  two  

s t r a n d s  o f DNA

WATCH 
A VIDEO
at the DNA 
Learning 

Center
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PCR Maker Hacks!

Loading PCR machine by 26Isabella, CC BY 4.0, via Wikimedia Commons

Pocket PCR
https://gaudi.ch/PocketPCR

3000 
EUR

100 
EUR

(parts only)

MAKE 
YOUR 
OWN!

Open Source 
Design Files

https://commons.wikimedia.org/wiki/File:Loading_PCR_mixture_to_thermocycler_machine.jpg
https://creativecommons.org/licenses/by/4.0


PCR Maker Hacks!

Pocket PCR

https://gaudi.ch/PocketPCR

Control 
Knob

Fan to cool down the tubes 

Milled aluminium block and heater to 
heat the tubes

Display Screen

Low -cost, open source PCR machine 
with space for five tubes (vs 96 tubes 
in the expensive lab version!)

MAKE 
YOUR 
OWN!

Open Source 
Design Files



LAMP
makes lots of copies of DNA, like 
PCR! It is used to detect DNA for 
diagnostic tests



LAMP Maker Hacks 

From Guy Aidelberg and Naiane R. Rios at https://gmodetective.com/

Unlike PCR, the 
temperature of the 
LAMP reaction stays 
the same - we just 
need to heat samples 
at 63 °C for one hou r , 
wh ic h  is  a  lo t  e a s ie r  t o  
d o  ve r y c h e a p ly!



LAMP Maker Hacks!

qByte

MAKE 
YOUR 
OWN!

Open Source 
Design Files

>6000 
EUR

60 
EUR

(parts only)

Low -cost, open source PCR incubator 
with sensors to read fluorescence as 
the LAMP reaction progresses



LAMP Maker Hacks

qByte: Open-source isothermal fluorimeter for democratizing analysis of nucleic acids, proteins and cells
Francisco J. Quero, Guy Aidelberg, Hortense Vielfaure, Yann Huon de Kermadec, Severine Cazaux, Amir Pandi, Ana Pascual-Garrigos, Anibal Arce, Samuel Sakyi, Urs Gaudenz, 
Fernan Federici, Jennifer C. Molloy, Ariel B. Lindner. bioRxiv 2024.11.03.621723; doi: https://doi.org/10.1101/2024.11.03.621723

MAKE 
YOUR 
OWN!

Open Source 
Design Files

(1) Metal 3D printed heat block 

(3) Blue LED 

(4) Orange 
Filter

(5) Photodiode

(2) PCB Heater 



LAMP Maker Hacks 
we can monitor how much DNA is made in real time using fluorescent 
dyes that turn blue light into green light ONLY when they bind to DNA

Blue 
LED

(3) (5)

Photodiode
measures light 
which indicates 
amount of DNA

No DNAIN: Blue OUT: 
Blue

With DNAIN: Blue OUT: Green

How is qByte detecting the green fluorescence?What is happening in the tube?

Orange
Filter
(blocks 

background 
blue light but 

lets green 
through)

(4)



DNA 
Fluorometry
measures fluorescence of DNA -binding dyes 
so we know how much DNA is in a DNA sample



Fluorometer Maker Hacks
we can monitor how much DNA is in a sample using fluorescent dyes 
that turn blue light into green light ONLY when they bind to DNA

Blue 
LED

Photodiode
measures light 
which indicates 
amount of DNA

No DNAIN: Blue OUT: 
Blue

With DNAIN: Blue OUT: Green

How can we detect fluorescence?What is happening in the tube?

Orange
Filter
(blocks 

background 
blue light but 

lets green 
through)



Fluorometer Maker Hacks

IO Rodeo Open 
Colorimeter Plus

MAKE 
YOUR 
OWN!

Open Source 
Design Files

>6000 
EUR

180 
EUR

Low -cost, open source fluorometer with  
interchangeable LEDs and filters for use with 

different DNA dyes and other fluorescent molecules



Fluorometer Maker Hacks
MAKE 
YOUR 
OWN!

Open Source 
Design Files

The differences between 
this Open Colorimete r for 
measuring light absorbance 
and the Open Colorimeter 
Plus for measuring 
fluorescence are:

• Difference sized tubes

• LED and light sensor are 
at right angles in Plus 
model, to reduce 
background blue light

• There is space for a filter 
holder in the Plus model



The OpenFlexure Microscope
MAKE 
YOUR 
OWN!

Open Source 
Design Files

• Motorised , digital, laboratory -grade 

microscope

• Mechanical stage is 3D printed

• Design optimised for plastic (not a 

cheap imitation)

• Anyone can reproduce the design, 

all project information is open

• Focus on medical, research, and 

educational use.

• Low cost ~€200 euro as compared to 

commercial microscope ~€30,000



The OpenFlexure Microscope
MAKE 
YOUR 
OWN!

Open Source 
Design Files

• OpenFlexure 3D printed microscope 

inaction

• Well fitted for protoplast detection
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