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Biological Analytical Techniques
• Spectrometry


• Photo

• Raman


• Mass

• Chromatography


• HPLC

• Electrophoresis

• Nucleair magnetic resonance

• DNA analytics


• Sequencing

• CHIP

• DNA array


• DNA editing

• Restriction ligation

• Gateway

• Gibson

• CRISPR



Spectrometry
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Snell’s Law



Visible light spectrum

Public Domain



Chromatic aberration
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Grating diffraction
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Diffraction grating principle

Public Domain



Just like a prism
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Industry standard

BME Lab & Science



Inside
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Insert Sample



Dilution series
Ab

so
rb

an
ce



Previous hacks

Instructables

PublicLab http://www.cs.cmu.edu/~zhuxj/astro/html/spectrometer.html



Raman Spectrometry



Border security



• Nobel Prize 1930

• „Raman Scattering”

C.V. Raman

Public Domain



Principle



DIY versions



Chromatography



What’s in here?



Paper

Hazard-JS CC-BY-SA 3.0



Liquid

Public Domain



Gas

Wikibooks



Chromatogram
public domain



HPLC
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HPLC
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Typical HPLC graph



DIY HPLC?



Electrophoresis



How to analyse DNA

CC0 Pixabay



Sushi test



PooPrints



DNA fingerprint

CC - Wikimedia



Barcode

CC Wikimedia



Paul Vanouse



Paul Vanouse



Sequence specific cuts

Fragment 1 Fragment 2

Palindrome
Restrictie site



5 vs 3 accent overlap

cut site



EcoRI en PstI

EcoRI

- Eschericha coli

- 5 prime overlap

PstI

- Providencia stuartii

- 3 prime overlap



DNA restriction enzymes

!

• Protect against viral 
infections

!

• Over 3000 types 
known

CC Dominic Alves



Step 1: samples and enzymes
Get DNA and enzymes

Crime 

Scene

Suspects DNA 

reference1 2 3 4 5

Take the 5 samples

Cut it using a EcoRI/
PstI restriction- 

enzymmix

Incubate 45 minutes at 37 degrees



Step 2: Gel electrophoreses
Mix the samples with loading dye

Load the samples in a 
gel

Apply current

Read the pattern

Identify the killer



DNA is attracted by the 
anode

Buffer

Dye
Agarose gel



Short pieces move faster 
than long pieces

DNA moves



Transillumination

• Fluorescent DNA dye

!

• Sensitive to blue light

• Emits green light

!

• Orange filter blocks blue light



DIY Electrophoresis
http://fablab.waag.org/project/ow-dna-gel-electrophoresis-box



Nuclear Magnetic Resonance



What is this?
Debstart - CC-BY-SA 3.0Simon Eugstar - CC-BY-SA 3.0



NMR Machines
MartinSaunders Public Domain



NMR principles



DIY NMR?
conspiracyoflight.comhttp://www.seas.harvard.edu



DNA analytics



DNA Replication

OpenStax College - CC-BY-SA 3.0



DNA Transcription
Public Domain



Sequencing

Public Domain



Polymerase Chain Reaction

New England Biolabs



Sanger Sequencing - chain termination



454 sequencer



454 Pyrosequencing



Illumina - Solexa



Solexa - Illumina sequencing









IonTorrent sequencing



Nanopore sequencing

Quantum Biosystems



Bioinformatics



DNA editing



Cutting & Pasting



DNA Restriction Ligation



Heat Shock Transformation



GeneGun - Electroporation



Viral Transformation



CRISPR - Cas9

James Atmos - CC-BY-SA 3.0
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