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Goals
• Learn some basic techniques 

– (Micro)Pipetting
– Making solutions and dilutions, order of operations
– Using spectrophotometers and running gels

• Disrupt tissue and purify nucleic acids
– Experimental design
– Yields versus representation

• Process nucleic acids to a usable form
– Microarrays
– Sequences
– qPCR
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Student Responsibilities

• At the end: read a protocol describing how 
a sequencing library was created, or set of 
microarrays, be able to describe what 
each step does and if any are missing, 
carry them out yourself and know what QC 
steps should be done, and explain how the 
choices affect the way an analysis should 
be carried out, if any biases were likely 
caused by the methodology. 
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Grades
• Come to class! Prepared! (50%)

– Coordinate with your partner when extra-class attention 
is needed

• Keep a lab notebook – in pen.  (10%)
– I will check it every two weeks and provide criticism.

• Write up experiments – 4 summaries with full 
Introduction, Materials and Methods, Results, 
Discussion, Figures + Tables, References. (20%)

• Project – pick one aspect of library preparation or 
Ion Torrent that needs improvement. (20%)

– Describe in complete detail your idea for improving the 
outcome,  explain how  you would test it  - where the 
samples come from, exact protocols to use etc.
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Ethics

– The Responsible Conduct of Research is an essential 
part of a research scientists job. 

• What does it mean in the context of genomics
• At UNCC: http://research.uncc.edu/compliance-

ethics/research-ethics
– Academic Integrity policies for the University must be 

followed. 
http://library.uncc.edu/display/?dept=instruction&format=op

en&page=920
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• The Molecular Biology Survival Manual –
draft form, mostly describes safe use and 
disposal of materials, how to keep records.
– A working draft is posted, I will update it.

• UNCC BioSafety site
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• Material Safety Data Sheets
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Quick MSDS Labels
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– First 3 weeks: pipetting, 
dilutions, spectrophotometry, 
gels, experimental design

– Next 3 weeks: grind up 
plants, purify DNA and RNA, 
use Bioruptor on gDNA, do 
RT-PCR on RNA,  design and 
use PCR primers for specific 
genes

– Next 4 weeks: purify the 
amplicons, polish the ends, 
quantify and do emulsion 
PCR to make a ‘library’, 
perform and Ion Torrent run

– Next 4 weeks: Analyze data, 
perform Sanger sequencing 
and analyze that, perform 
microarray hybridization and 
analyze that.
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Overview: Biotechnology and 
‘Omics

• Biotechnology: processes in which living organisms 
convert material to goods and services. 
– Understand the processes (R & D) 
– Scale-up (technology transfer)
– Monitoring and QC
– Packaging, marketing, shipping, and sales

• ‘Omics - a way of studying biological systems that 
catalogs the complete ‘parts list’
– genomics (DNA)
– transcriptomics (mRNA)
– proteomics (proteins)
– metabolomics (small molecules)
– glycomics (carbohydrates)
– eco-nomics (oh, wait, that’s taken) …... 
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Origins
• Biotechnology: the 20th century name 

for the selection applied by humans to 
the evolution of organisms
– Material + organism desired 

transformation. 

• Useful organisms were identified by 
accident.
– Offspring were culled.

• Record keeping was needed to 
track recessive traits

• Microorganisms are usually haploid
• Preserving/passaging cultures  

- eye of newt?
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Technology Raiding Disciplines

– Biological Sciences
• Genetics
• Molecular biology
• Biochemistry
• Microbiology, organismal biology

– Engineering
• Systems analysis
• Instrumentation

– Medicine
• Clinical medicine
• Immunology
• Diagnostics

– Computer science
• Information technology, 

– Mathematics
• Modeling, statistics

– Business- related fields (marketing, 
etc).
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Examples of Goals
• Plants: make naturally resistant to 

pathogens; fix nitrogen; include 
important nutrients (Vitamin A)
– The Good: ‘golden rice’
– The Bad: Frankenfood

• Engineer microorganisms to produce 
– Active isomers 
– Enzymes degrading hazardous compounds

• Compared to bulk chemical reactions, 
aim for more efficient and selective 
processes.

http://en.wikipedia.org/wiki/Golden_rice
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Bioinformatics and Genomics in 
Technology

• Take a systems approach (fewer unintended 
consequences)
– Identify component molecules
– Model complex processes and interactions
– Document data handling and analysis for regulatory 

agencies
– Knowledge Discovery: pattern-finding,  new analysis 

and visualization tools
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Issues of current interest
• Biomedical (majority of members) 

regulation
– Stem Cell research
– Reproductive medicine

• Biodefense,forensics, food and water 
monitoring

• Climate change, alternate energy sources
– Cellulosic biofuels

• Bioremediation
Weller UNCC8/23/2011



BIO: Biotechnology Industry Organization 

• Note that this is an 
industry site.

• It has an Ethics 
section, as well as 
new products, 
patents and 
emerging market 
information, 
meetings and job 
ads. 

• http://www.bio.org/
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On-line “Trade Rag” for Genomics
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http://www.genengnews.com/
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Bioinformatics
http://www.bioinformaticsweb.org/
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In the Lab (12:30-4:45)

– Safety walk-around (labcoats, safety glasses, 
fire extinguisher, eyewash, shower)

– Equipment recognition, safety
• Centrifuges, UV light, chemicals, sharps

– Partners and bench space
– The micropipette  and balance
– Lab notebook
– Activities
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Use and Maintenance of 
Micro-pipettes



Introduction
• Automatic pipettes are used to accurately 

transfer small liquid volumes 
• Glass pipettes are not highly accurate for 

volumes less than 1 milliliter (1 ml), but the 
automatic pipettes are both accurate and 
precise 

• These are continuously adjustable digital 
pipettes 

• Each pipette can be set to transfer any 
volume within its own volume range 

• Automatic pipettes are used to accurately 
transfer small liquid volumes 

• Glass pipettes are not highly accurate for 
volumes less than 1 milliliter (1 ml), but the 
automatic pipettes are both accurate and 
precise 

• These are continuously adjustable digital 
pipettes 

• Each pipette can be set to transfer any 
volume within its own volume range 



The Automatic Pipette

• Select the proper automatic pipette to transfer a 
specified volume of sample

• Set a specified volume on the pipette volume 
indicator using the volume adjustment knob

• Read a digital volume setting in both micro liter 
(µl) and milliliter (ml) units

• Demonstrate the correct technique to accurately 
transfer a sample of a stock solution to another 
vessel

• Correctly answer questions based on the 
material for the Automatic Pipette

Make sure you know how to



Parts of the Pipette

Pipette tips



Volume Adjustment Knob:

Digital Volume Indicator:

Pipettors – 3 Volumes:
Step 1:  Set the Volume

Operating the Micropipette



Operating the Micropipette
Read the Volume

How to Read the Volume Indicator:

(a): P-20 Model
6.86 μ l = 0.00686 
or 6.86 x 10-3 ml 

(b): P-200 Model 
132.4 μ l = 0.1324 
or 1.324 x 10-1 ml

(c): P-1000 Model 
262 μ l= 0.262 
or 2.62 x 10-1 ml



Example of tip sizes:

Attaching the 
disposable tip

Operating the Micropipette
Step 2: Attach the Disposable Tip



Operating the Micropipette
Step 3: Depress the 
Plunger to the First 
Stop

Step 5: Draw up the sample

Step 6:  Pause

To aspirate the sample into the 
tip, allow the pushbutton to 
return slowly and smoothly to 
the fully extended UP 
POSITION. 

NEVER LET THE PLUNGER 
SNAP UP! This draws the exact 
calibrated volume into the tip if 
the tip remains below the liquid 
surface during withdrawal. 

Wait a few seconds to ensure that the full volume of sample 
is drawn into the plastic tip. WAIT LONGER FOR LARGER 
VOLUMES. WAIT LONGER FOR MORE VISCOUS ("SYRUP-
LIKE") SUBSTANCES. 

Step 4:  Immerse Tip in Sample



Operating the Micropipette
Step 7:  Withdraw the TipRemove the tip from the sample liquid. No liquid should remain on the OUTSIDE of 
the tip. Wipe away any droplets on the outside of the tip with a lint-free tissue, 
such as KIMWIPES, but only wipe droplets from the side of the tip. NEVER TOUCH 
THE TIP OPENING or you may absorb part of your sample. 

Proper Droplet Removal WRONG Droplet Removal



Operating the Micropipette
Step 8:  Dispense the SampleTo dispense the sample from the pipette: 
a) Touch the tip end to the side wall of the receiving vessel and 
b) Depress the plunger to the FIRST STOP. 
c) Pause for at least one second-- 1-2 seconds for P-1000, 2-3 seconds for P-5000,

or longer for viscous liquids. 
d) Press the plunger to the SECOND STOP (the second point, of greater resistance,

at the bottom of the stroke) to expel any residual liquid in the tip (like "blowing
out" a glass pipette).

(a) Start 
Dispensing

(b) 1st Stop = 
Dispense

(c) 2nd Stop = 
Expel



Operating the Micropipette
Step 9:  Withdraw the Pipette
With the plunger fully depressed, withdraw the pipet from the receiving vessel 
carefully, sliding the tip along the wall of the vessel. Holding the tip against the 
side of vessel is especially important when transferring small volumes of liquid. 

Step 10:  Release the Plunger
Gently allow the plunger to return to the UP position. DO 
NOT allow it to SPRING BACK! 

Step 11:  Discard the Tip
Discard the tip by depressing the tip ejector button, as 
shown below. A fresh tip should be used for each sample 
to prevent sample carryover. 

Press ejector button to discard tip.



Equipment and Supplies
• A set of micropipettes and 

tips
• Several capped sample 

vials 
• Sample solution to practice 

volume transfer 



Step-wise Operation of the 
Automatic Pipette

(1) Set the volume
(2) Attach disposable tip
(3) Depress the plunger to the first stop
(4) Immerse tip in sample
(5) Draw up the sample
(6) Pause
(7) Withdraw the tip
(8) Dispense the sample
(9) Withdraw the pipette

(10) Release plunger
(11) Discard the tip



Accuracy and Precision

• Accuracy means the closeness with which the 
dispensed volume approximates the volume set 
on the pipette

• Accuracy is specified as mean error, the 
average deviation of replicate measurements 
from the expected set volume

• Precision is the "scatter" or reproducibility of 
individual measurements of the same volume

• Precision can also be expressed as standard 
deviation 



Accuracy and Precision 
(Continued)

• Relative accuracies are generally about 
1% or less

• Precision is less than 0.5 % except when 
transferring the smallest recommended 
volume for a given pipette model

• Using the pipettes to transfer volumes 
which are below the recommended range 
will introduce larger errors



Pippetting Guidelines and Precautions
For optimal reproducibility, use the following pipetting

procedures:

(1) Consistent SPEED and SMOOTHNESS when you
press and release the PLUNGER

(2) Consistent pressure on the PLUNGER at the FIRST
STOP

(3) Consistent and sufficient IMMERSION DEPTH

(4) Nearly VERTICAL POSITIONING of pipette

(5) AVOID ALL AIR BUBBLES: Since the plastic pipette 
shaft can be damaged if liquids are drawn beyond the
tip into the shaft

(6) NEVER lay the pipette on its SIDE nor INVERT the   
pipette if liquid is in the tip



Practice with Pipettes
• Practice using the pipette
• Practice setting a few volumes
• Practice reading the digits of set 

volumes
• Practice drawing up and dispensing 

samples
• Get the "feel" of the 1st and 2nd 

stops
• Practice "blowing out" the pipette



Checking the volume

• If you know the density of the liquid you 
are pipetting, and you have a calibrated 
mass balance, you can pipette a specified 
volume into a container and weight it

• Weigh the container first (or tare it)
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Keeping a lab notebook
– Capture the workflow, both intended and real.
– Name and Date on the notebook, waterproof ink for all 

notations.
– Leave room at the beginning for a table of contents
– Experiments are recorded

» The plan with detailed notes (what to prepare ahead)
» What happened – measurements, source of 

reagents, observations, loss of attention, etc.
» Explanations as the process occurs

– Make time at the end of the day to summarize results 
and observations, recommendations for the next lab

– Do not skip pages
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Solutions and Dilutions
– Solutions are of two types

• Molar solutions
• Percents: 1% is 1 part per 100, for example (mass-

volume versus volume-volume)
– Reagents are combinations of stock solutions: 

TE buffer is 10mM Tris-HCL, 1mM EDTA
• Stocks are 1M Tris-HCl, 100mM EDTA

– How much should you make at one time? 
Should you aliquot it? Where should you store 
it?

– Label EVERYTHING!!
8/23/2011 Weller UNCC



Handling solutions
– You are using very small volumes and 

biological materials
• How do you check? 

– Temperature matters
– Shearing matters

• Mix by pipetting
• Mix by vortexing

– Loss of solution to surface tension matters
• Usual to quick-spin in a microfuge (balance!!!)
• How do you check?
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Pipette use pointers
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Solution Delivery
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