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Objectives: 

• Determine quantity & purity of total RNA using a spectrophotometer  
• Determine the quality of total RNA using native agarose gel electrophoresis (no formaldehyde 

required) 

*Gloves required for parts I-II; be mindful of RNases 

Last week we extracted total RNA from developing chicken retinas and corneas. This week we will 
assess the quantity, purity and quality of the total RNA fractions using 2 commonly used techniques for 
RNA analysis, spectrophotometry and native gel electrophoresis. We will also export TopHat RNA-Seq 
alignment data and view the reads as Wiggle Tracks in the UCSC Genome Browser to visualize 
differential gene expression as custom data tracks. Finally, we will learn basic programming commands 
in R and R Studio programming languages widely used for bioinformatics analysis.  

I. Spectrophotometer Analysis of RNA Quantity and Purity 
(*Note: principals of analysis are similar for any spectrophotometer) 
 
Before beginning: keep RNAs on ice; wear gloves for entire procedure; clean benches and supplies 
with RNase Zap 
 
The details of this protocol are specifically for using a Synergy H4 Hybrid plate reader 
spectrophotometer. However, the principal is similar to using a Nanodrop or other comparable 
spectrophotometer. We will calculate the purity and quantity of RNA from a small amount of sample 
preps (~2 uL) by analyzing absorbance of light at A260 and A280. Nucleic acid bases absorb light at 
260 nm due to bond resonance. Aromatic amino acids (AA) absorb light at 280 nm. This gives us an 
indication of any protein contamination in our sample. Pure RNA should have a A260/A280 ratio = 
2.0. Lower ratios are usually due to higher A280 caused by protein contamination. Why is this bad? 
RNases are extremely abundant proteins! Contamination from phenol or chloroform used in non-
column RNA isolation methods can also lower absorbance ratios. 

1.  Turn on the plate reader 1st (switch on front lower left), and let it warm up for at least 5 min (Note: 
this is not usually required for specs but seems to be required for this particular spec) 

2.  Launch the Gen5 software from the desktop 
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3.  From the quick start menu select nucleic acids A260 
4.  Leave default settings for the program you select (will take readings at 260 and 280 nm) 
5.  Assign spots A2 and A3 as blank. Assign the rest of the spots as sample or empty 
6.  Clean and wipe the sample plate and lid with distilled water 
7.  Add 2 uL of blanking buffer to spots A2 and A3 to blank the spec. Note: blank buffer should be 

whatever your sample is dissolved in, for our RNA samples this should be nuclease-free H2O 
8.  Add 2 uL of your sample in order to each of the sample spots. The samples will be read B2, B3, C2, 

C3, etc. Keep samples in order so the sample name can be matched to the spreadsheet later. 
9.  Load plate in correct orientation in the plate reader tray (A1 should be in the back right corner) 
10.  Select Read. A window displaying the temperature will appear. Hit OK and the tray will 

automatically be loaded and read. 
11.  If both blanks match you will see 2 green spots after reading. If you get green spots select 

Approve. If your blanks do not match, open the plate, wipe away your 2 blank samples and reload 
them. Repeat steps 8+9 until you get matching blank reads. 

12.  Selecting Approve will dump all of your spec data into an Excel spreadsheet.  
13.  Go back to the Gen5 software, clean plate with water, and load your additional samples if you have 

any repeating steps 8+9 until all of your samples are read. Note: No need to re blank if using the 
same program 

14.  When finished, hit end of run. This will compile all of your samples into one master spreadsheet.  
15.  Save the spreadsheet to the Common Drive BIO480 folder  
16.  Clean and wipe the sample plate and lid with distilled water 
17.  Open the file in the lab and add the sample names to the spreadsheet and upload the spec 

information into the class GoogleSheet (tinyurl.com/h5dm4k4) 
18.  Label each of your sample tubes with it’s concentration (in ng/µL) 
19.  Use 1 µg of total RNA for agarose gel analysis and store remaining RNA at -80C. 

 
II. Native agarose gel to visually inspect rRNA quality 

In this experiment we will visualize the abundant ribosomal RNAs (rRNA) to assess their quality. We 
will use rRNA quality as a proxy for mRNA quality which is not abundant enough to see on a gel loaded 
with 1 ug total RNA. It is worth noting however that mRNA is more sensitive to degradation than rRNA. 
The most sensitive way to assess total RNA quality is using Bioanalyzer or similar microfluidics 
analysis, however these analyses are much more expensive.  

All reagents and apparatus used for the casting and running the gel must be RNase free. We will use a 
dedicated “RNA only” casting set up and electrophoresis rig. Avoid using rigs that have been previously 
used for plasmid minipreps as these usually highly contaminated with RNases. For assays like northern 
blotting it is critical that RNA is denatured in the gel. This is usually achieved using a formaldehyde 
agarose gel. To simply visually inspect the quality of RNA, a native agarose gel will suffice avoiding the 
use of formaldehyde, which is a potent carcinogen.  

• Cast a 1% agarose gel in 1X TAE or TBE buffer (do not add EtBr or other stain) 
o 180 mL buffer + 1.8 g agarose 
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• Use your spec results to prepare 1 µg of total RNA for each sample to run on the gel 
• Mix RNA with 3 uL of 6X RNA gel loading buffer in a total of 18 uL volume. Bring up to volume 

with nuclease free H2O.  
• Use the class GoogleSheet (tinyurl.com/h5dm4k4) to calculate these values and upload into 

notebook 

Note on GoogleSheet calculations: 

• Divide 1000 ng (1 ug) by the value in the RNA ng/ul column to determine the amount need for 1 
ug in uL 

• Subtract this number from 15 uL to determine the amount of H2O needed in each sample 
• Since the samples will be prepared in a 18 uL final volume, the amount of 6X RNA gel loading 

buffer should be set to 3 uL for all samples: 
o RNA gel loading buffer:  1 mM EDTA (pH 8); 0.25% bromophenol blue; 0.25% xylene 

cyanol; 50% glycerol; 10% ethidium bromide 
 

• Mix each sample separately and load onto the gel 
• Run the gel at 60V for 60 min to separate in 1X TAE 
• Image and annotate the gel using a UV transilluminator (note: sample buffer contains 10% 

ethidium bromide) 
• Put annotated gel into your notebook with some interpretation 

Here are some examples of good and not so good quality RNA: 

 

Intact 28S and 18S rRNA will appear as sharp bands. Contaminating genomic DNA will appear as a 
high molecular weight band or smear. Degraded rRNA will appear as a low molecular weight smear. 
Sharp 28S and 18S bands indicate that our RNA quality is good. Be aware that mRNA (not visible on 
gel) is more sensitive to degradation than rRNA. Once again, the most definitive way to assess total 
RNA quality is using Bioanalyzer or similar microfluidics analysis.  

RNAs that appear to be intact will be used next week for 1st strand cDNA synthesis using Reverse 
Transcriptase and a poly dT primer to create a cDNA library representative of total mRNAs. 


