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Highest quality & performance

All Fermentas products are
manufactured in class D clean room
facilities, qualified and certified as

per EU directives and ISPE guidelines.
Fermentas quality assurance is carried
out according to IS09001 quality and
ISO14001 environmental management
systems, guaranteeing batch-to-batch
reproducibility. Integration of our clean
room and ISO systems ensures stability
and the absence of contaminants in all
of our products.
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RNA Ladders

RiboRuler™ RNA Ladders (100- 6000 bases)

Volume, o Loading, Range, Numberof Agarose, PAGE,
LB TL i Aeplications /o mmlane bases fragments % %
RiboRuler™ Low Range RNA Ladder SM1831 | 100 (5x20) 1-2
- 50-100 100-1000 7 1.7-25 | 4.0-8.0
RiboRuler™ Low Range RNA Ladder, ready-to-use | SM1833 | 200 (5x40) 2-4
RiboRuler™ High Range RNA Ladder SM1821 | 100 (5x20) 1-2
- - 50-100 200-6000 8 0.8-1.5 -
RiboRuler™ High Range RNA Ladder, ready-to-use | SM1823 | 200 (5x40) 2-4
Supplied with:
2X RNA Loading Dye iml
Related Products Description Features

o TopVision™ Agaroses p.484
e 2X RNA Loading Dye p.443
e 50X TAE Buffer p.430
* 10X TBE Buffer p.430
e Agarase p.354
e T4 Polynucleotide Kinase p.244
o PageSilver™ Silver Staining Kit p.396
e Products for in vitro transcription p.359
o TranscriptAid™ T7 High Yield in vitro

Transcription Kit p.362
e 0.5MEDTA, pH 8.0 p.477
e DEPC-treated Water p.476

RiboRuler™ High Range RNA Ladder,
#SM1821/3

bases ng/2 pl bases
— 6000 120 — 6000
— 4000 120 - 4000
— 3000 120 — 3000
— 2000 120 [~ 2000
1500 120 — 1500
— 1000
— 1000 120
- 500
— 50 120
- 200
— 200 120

1.0% native TopVision™ Agarose (#R0491)

1.0% formaldehyde agarose

2 pl of SM1821/lane,
8 cm length gel,

2 pl of #SM1821/lane,
8 cm length gel,

1XTAE, 5 V/cm 1XMOPS, 5 V/cm

N/
Protocols and Recommendations

» 10.1. General recommendations for

RNA electrophoresis p.445
» 10.2-10.3. Preparation of RNA

ladders/samples for electrophoresis p.445
» 10.4. Preparation of gels for RNA

electrophoresis p.445
» 7.1.3. Radiolabeling of RNA ladders by

T4 PNK p.380
www.fermentas.com

RiboRuler™ RNA ladders are composed of
chromatography-purified single-stranded RNA
transcripts and are free from NTPs and RNA
degradation products.

RiboRuler™ High Range RNA Ladder is a mixture
of 8 single-stranded RNA transcripts of 200 to
6000 b. RiboRuler™ Low Range RNA Ladder is a
mixture of 7 single-stranded RNA transcripts of
100 to 1000 b long. The ladders are available in
1 mM EDTA, pH 6.0 or in a ready-to-use format,
premixed with a loading dye.

RiboRuler™ RNA ladders (except the
ready-to-use versions) can be end-labeled
using T4 Polynucleotide Kinase (#EK0031), and
are ideal for Northern blots.

RiboRuler™ Low Range RNA Ladder,
#SM1831/3

bases ng/2 pl bases
— 1000
— 800
— 600
— 1000 140
— 800 140
— 600 140 — 400
— 400 140
— 300 140 — 300
— 200 140
— 100 140

— 200

2% native TopVision™ Agarose (#R0491)

2 yl of #5M1831/lane,
8 cm length gel,
1XTAE, 5 V/em

— 100

5.0% polyacrylamide-urea

2 pl of #5M1831/lane,
20 cm length gel,
1XTBE, 8 V/em

e Sharp bands of uniform intensity.

e Fasy-to-remember band sizes and quantities.

e |deal for in-gel RNA quantification.

e Convenient — available in both conventional
and ready-to-use formats.

e Supplied with 2X RNA Loading Dye.

e Stable for 6 months at -20°C.

Applications

¢ RNA sizing and quantification on native or
denaturing gels.

e Northern blotting.

Storage Buffer
1 mM EDTA (pH 6.0).

Storage and Loading Buffer

(for ready-to-use ladders)

47.5% formamide, 0.0125% SDS,

0.0125% bromophenol blue, 0.0125% xylene
cyanol FF, 0.0125% ethidium bromide and
0.75 mM EDTA.

2X RNA Loading Dye

95% formamide, 0.025% SDS, 0.025% bro-
mophenol blue, 0.025% xylene cyanol FF,
0.025% ethidium bromide and 0.5 mM EDTA.

Quality Control

Tested in gel electrophoresis.

RNA concentration is determined spectrophoto-
metrically. The absence of ribonucleases is
confirmed by appropriate tests.

Storage
Store at -70°C (or at -20°C for 6 months).

1500 b
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Figure 10.1. Analysis of RiboRuler™ High Range

RNA Ladder (#SM1821), using an Agilent 2100

bioanalyzer.

For patent and license information see p.557
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siRNA Analysis

10. RNA ELECTROPHORESIS

DNA Ladders for Cat. # Concentration, Amount, Applications, Loa(d':‘)g’ Range, Number of Agarose, PAGE, Page
small RNA analysis . pg/ul ug 0.5 pg/lane "?a::e bp fragments % % 9
GeneRuler™ Ultra Low Range SM1211 05 50 50-100 051(1-2)
DNA Ladder SM1212 ' 250 (5x50) | 250-500 )
GeneRuler™ Ultra Low Range e 10-300 11 4550 | 810 | 417
DNA Ladder, ready-to-use SM1213 0.1 50 100 0.5-1(5-10) 55,
0’GeneRuler™ Ultra Low Range
DNA Ladder, ready-to-use SM1223 0.1 50 100 0.5-1 (5-10)
bp Description Application
200 GeneRuler™ Ultra Low Range DNA Ladders are * siRNA analysis.
200 composed of 11 chromatography-purified indi-
150 vidual fragments. The ladders are available in TE
100 buffer or in two ready-to-use formats, premixed
- with different loading dyes.
Due to very small fragments, included in the
50 ladders, they are suitable for siRNA gel analysis.
35
25
20 21 bp siRNA

Figure 10.2. siRNA gel analysis by GeneRuler™ and 0’GeneRuler™

Ultra Low Range DNA ladders.

Electrophoresis conditions: 5% agarose gel, 1X TBE buffer, 7 V/cm, 45 min.

1 — GeneRuler™ Ultra Low Range DNA Ladder.

2 — 21 bp siRNA (0.5 pg), premixed with 6X DNA Loading Dye #R0611).

Reagents for RNA Electrophoresis

2X RNA Loading Dye

#R0641 1ml

Related Products

o TopVision™ Agaroses

© RiboRuler™ RNA Ladders

e 50X TAE Buffer

* 10X TBE Buffer

e Agarase

e Products for in vitro transcription
e DEPC-treated Water

xylene
cyanol FF

bromophenol
blue

Figure 10.3.
Migration of tracking dyes.

p.484
p.442
p.430
p.430
p.354
p.359
p.476

Description

2X RNA Loading Dye is recommended for
preparation of RiboRuler™ RNA ladders and
RNA samples for electrophoresis on agarose

or polyacrylamide gels. It contains the tracking
dyes bromophenol blue and xylene cyanol FF, as
well as the intercalating dye ethidium bromide.
In most denaturing agarose gel systems bromo-
phenol blue migrates slightly faster than human
5S rRNA, whereas xylene cyanol FF migrates
slightly slower than 18S rRNA.

2X RNA Loading Dye contains the denaturing
agent formamide which allows RNA fragments
to separate according to size even during non-
denaturing electrophoresis and stabilizes RNA.

Application
e Preparation of RNA for loading on agarose or
polyacrylamide gels.

Composition of 2X Solution
95% formamide

0.025% SDS

0.025% bromophenol blue
0.025% xylene cyanol FF
0.025% ethidium bromide
0.5 mM EDTA

Quality Control

Tested in RNA sample preparation prior to
agarose gel electrophoresis. The absence of
ribonucleases is confirmed by appropriate tests.

Storage
Store at -20°C (or at 4°C for up to 12 months).

Ny
Protocols and Recommendations

» 10.1. General recommendations for

RNA electrophoresis p.445
» 10.2-10.3. Preparation of RNA

ladders/samples for electrophoresis p.445
» 10.4. Preparation of gels for RNA

electrophoresis. p.445

Bulk quantities and custom formulations available upon request

e
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Electrophoresis Buffers

Buffer Cat.# Size 1X composition Application and features Usage recommendations
e FElectrophoresis of nucleic acids in agarose o Use fresh 1X TAE both for the gel and for the
and polyacrylamide gels. electrophoresis run.

40 mM Tris o Used both as a running buffer and as a gel o To prepare 1X TAE buffer, add 20 ml of 50X TAE
50X TAE Buffer Ba9 |11 20 mM acetic acid preparation buffer. buffer to 980 ml of deionized water and mix well.
(Tris-acetate-EDTA) 1 mM EDTA o Recommended for resolution of RNA and DNA | e TAE buffer has a relatively low buffering capacity,

pH of 50X TAE: 8.4 fragments larger than 1500 b(p), for genomic therefore periodic replacement of the buffer

DNA and for large supercoiled DNA. during prolonged electrophoresis is recom-
o Filtered through a 0.22 ym membrane. mended.
o FElectrophoresis of nucleic acids in agarose and |  Use fresh 1X TBE both for the gel and for the

89 mM Tris polyacrylamide gels. electrophoresis run.

L e Used both as a running buffer and as a gel o To prepare 1X TBE buffer, add 100 ml of 10X TBE
10X TBE Buffer 89 mM boric acid ) O )
(Tris-borate-EDTA) B52 1L > mM EDTA preparation buffer. . buffer to 900 ml of deionized \INatelr and mix well.

oH of 10X TBE: 8.3 ¢ Recommended for electrophoresis of RNA and | ¢ Double-stranded linear nucleic acid molecules

o DNA fragments smaller than 1500 b(p). migrate about 10% slower in TBE buffer than in

e Filtered through a 0.22 pm membrane. TAE buffer.
Related Products Quality Control Storage
o TopVision™ Agaroses p.4g4  The absence of endo-, exodeoxyribonucleases The electrophoresis buffers can be stored
« RiboRuler™ RNA Ladders p.442  and ribonucleases is confirmed by appropriate indefinitely at room temperature. If the buffer
o 2X RNA Loading Dye p.443  Quality tests. is stored at lower temperatures, a precipitate
o Agarase 0.354 may form, which is easily dissolved by gentle
heating.

Agarose

Agarose Cat.# Size Applications Page
R0491 | 100 |® Analytical electrophoresis of nucleic acids.
TopVision™ Agarose ® Preparative electrophoresis. 484

R0492 | 5009 | e Biotting assays.

In-gel enzymatic processing experiments.
Analytical electrophoresis of nucleic acids. 484
Preparative electrophoresis using Agarase (#£00461).

TopVision™ Low Melting Point Agarose R0801 | 25¢

\4
» 10.1. General recommendations for

RNA electrophoresis p.445
» 10.2-10.3. Preparation of RNA

ladders/samples for RNA electrophoresis  p.445
» 10.4. Preparation of gels for RNA

electrophoresis p.445

www.fermentas.com For patent and license information see p.557
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Protocols and Recommendations

10.1. General recommendations
for RNA electrophoresis

e RNA ladders, as well as any RNA, are
extremely sensitive to degradation by ribonu-
cleases. Therefore use only fresh electro-
phoresis buffers and freshly poured gels.

e Use clean electrophoresis chambers. For
RNA gel analysis avoid electrophoresis tanks
used for DNA miniprep analysis since DNA
minipreps may contain RNase A or T1.

e Use the same loading dye solution for sam-
ples and for RNA markers. 2X RNA Loading
Dye is provided with all RiboRuler™ RNA
ladders and 2X RNA Loading Dye is available
separately (#R0641). It contains ethidium
bromide for RNA visualization on denaturing
formaldehyde gels. If RNA is separated on
native agarose gels or on polyacrylamide/
urea gels, additional staining with ethidium
bromide is recommended.

e For native gels, add 0.5 pg/ml of ethidium
bromide to both the agarose gel and running
buffer.

10.2. Preparation of RNA
ladders for electrophoresis

For RiboRuler™ RNA ladders (#SM1831 and

#SM1821):

1. Mix 1 volume of RNA ladder and 1 volume of
the supplied 2X RNA Loading Dye (#R0641).

2. Heat at 70°C for 10 min.

3. Chill onice for 3 min and spin down prior to
loading on a gel.

4. Load 0.5 pl of the prepared ladder for
every mm of gel lane width (4 pl / 8 mm lang).

For RiboRuler™ RNA ladders, ready-to-

use (#SM1833 and #SM1823):

1. Heat RNA ladders at 70°C for 10 min.

2. Chill onice for 3 minutes and spin down
prior to loading on a gel.

3. Load 0.5 pl of the ladder for every mm of
gel lane width (4 pl / 8 mm lane).

Note

Ladders prepared as described above are not suitable for
glyoxal/DMSO agarose gel electrophoresis. To prepare ladders
for glyoxal/DMSO agarose gels, refer to the protocol 10.4.3.

10.3. Preparation of RNA
samples for electrophoresis

1. Mix 1 volume of the 2X RNA Loading
Dye (#R0641) and 1 volume of the RNA
sample.

3. Chill on ice for 3 minutes and spin down
prior to loading on a gel.

Note

RNA samples prepared as described above are not suitable

for glyoxal/DMSO agarose gel electrophoresis. To prepare
RNA samples for glyoxal/DMSO agarose gels, refer to the

7.

Allow the gel to solidify for approximately
30 min before use. Low percentage low
melting point agarose gels can be solidified
at 4°C.

. Immerse the gel into the desired electro-

protocol 10.4.3.

10.4. Preparation of gels for
RNA electrophoresis

10.4.1. Non-denaturing agarose gels

2

3.

Use an Erlenmeyer flask of at least three
times greater volume than that of the solu-
tion to avoid boiling over.

Use the same 1X electrophoresis buffer to
prepare the gel and to run electrophoresis.
Dilute 50X TAE (#B49) or 10X TBE (#B52)
buffers to a 1X concentration immediately
before use.

Use TBE buffer for analysis of RNA bands
smaller than 1500 b. For larger RNA frag-
mentys, use TAE buffer.

. Weigh out the required amount of agarose

(depending on the gel %) into an Erlenmeyer
flask.

Add the appropriate volume of either 1X TBE
or 1X TAE buffer and swirl to mix.

Weigh the flask with the solution.

For high percentage gels (3-5%): add an
excess amount of distilled water to increase the
weight by 10-20%.

4.

5.

Boil the mixture in a microwave oven (at
middle power) until the agarose melts
completely; swirl the flask several times
while boiling. To prepare the highest quality
agarose gels of any percentage, an addi-
tional 3-5 min of boiling after completely
melting the agarose is recommended. A sig-
nificant amount of water evaporates during
this procedure and therefore restoring the
initial weight (in step 5) is required to obtain
the desired percentage gel.

Weigh the flask again and if necessary, add

hot distilled water to restore the initial weight.

For high percentage gels (3-5%): check (by
weighing) that the excess 10-20% of water has
evaporated and, if needed, continue boiling to
remove any excess, or add hot distilled water to
restore the initial weight.

Optional. Add ethidium bromide to a final
concentration of 0.5 pg/ml. Mix well and heat
for 1 minute without boiling.

phoresis buffer.

9. Heat the RNA samples and ladder at 70°C
for 10 min, then chill on ice for 3 min. Load
onto the gel.

10.Perform electrophoresis at 5 V/cm until the
bromophenol blue runs approximately 2/3 of
the way down the gel.

After electrophoresis, the gel can be stained by

immersing it into a 0.5 pg/ml ethidium bromide

solution for 20 min, stained with SYBR® Green |l
or any other RNA staining technique.

Warning. Hot agarose solution should be

handled very carefully.

10.4.2. Denaturing formaldehyde gels
in MOPS buffer

1. Prepare fresh 10X MOPS buffer:
0.4 M MOPS (pH 7.0),
0.1 M sodium acetate,
0.01 M EDTA (pH 8.0).
2. Prepare 1% TopVision™ Agarose (#R0491) gel:
— stir 1g of agarose powder in 72 ml of
deionized water,
— melt the agarose, and then add 10 ml of
10X MOPS buffer and mix,
— cool to 60°C and add 18 ml of fresh
37% formaldehyde (in a fume hood) and
mix thoroughly,
— pour the gel.
3. Place the gel into an electrophoresis appa-
ratus containing 1X MOPS buffer.
4, Heat the RNA samples and ladder at 70°C
for 10 min, and then chill on ice for 3 min.
5. Load onto the gel.
Note
There is no need to stain the gel as the ethidium bromide

present in 2X RNA Loading Dye is sufficient for visualization
under UV light.

10.4.3. Denaturing glyoxal/DMSO gels
in sodium phosphate buffer

1. Prepare a thick 1% TopVision™ Aga-
rose (#R0491) gel in 0.01 M sodium phosphate
buffer, pH 7.0.

2. Place the gel into an electrophoresis
apparatus with 0.01 M sodium phosphate
buffer, pH 7.0.

3. For loading prepare 25 pl aliquots of the

2. Heat at 70°C for 10 min. 6. Cool the solution to 65-70°C. Pour carefully ladder/samples by adding:
into a clean casting tray. Remove bubbles Glyoxal (40% solution) 45
with a pipette tip. DMso 1254
0.1 M sodium phosphate buffer, pH 7.0 254

Bulk quantities and custom formulations available upon request
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4. Mix and add:
RiboRuler™ RNA Ladder or RNA sample 3l
2X RNA Loading Dye 1ul
DEPC-treated Water (#R0603) to 25l

5. Incubate for 1 hour at 50°C and then cool
down to room temperature.

6. Load the samples on a gel.

7. Run electrophoresis at 5 V/cm until the
bromophenol blue runs approximately 2/3 of
the way down the gel.

8. Stain the gel in 0.5 pg/ml ethidium bromide
solution in 0.5 M ammonium acetate for
15-30 min.

9. Wash the gel in fresh 0.5 M ammonium
acetate solution for 15-30 min.

10.4.4. Denaturing polyacrylamide/
urea gels in TBE buffer

Prepare 20 ml of a 5% polyacrylamide gel
containing 7 M urea by adding:

47.5% acrylamide: 2.5% bis-acrylamide oml

solution

10 M urea 14ml
10X TBE Buffer (#B852) 2ml

10% freshly prepared ammonium persulfate 0.2ml
Deionized water 1.8ml

1. Mix and add 10 pl of TEMED. Mix again and
pour the gel carefully avoiding formation of
air bubbles.

2. Insert the comb into the acrylamide and allow
the gel to polymerize for at least 1 hour.

3. Fill the electrophoresis apparatus with
1X TBE buffer.

4. Heat RNA samples and ladder at 70°C for
10 min and chill on ice for 3 min.

5. Load the samples on a gel.

6. Run electrophoresis at 8 V/cm for about
1 hour.

7. Soak the gel for about 15 minutes in 1X TBE
to remove urea prior to staining.

8. Stain the gel in 0.5 pg/ml ethidium bromide
in 1X TBE solution for 15 min.
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Troubleshooting Guide

1

RNA electrophoresis
problem

10. RNA ELECTROPHORESIS =

RNA bands
not visible

p
Smeared RNA
bands

3

4
Atypical

High

5

6
Uneven

7

RNA remains Incorrect
banding pattern background staining of in the gel well quantification
of RNA ladder staining the gel data
1.1 21 3.1 41 5.1 6.1 71
| Insufficient | RNA | Inefficientde- | Excess ethidi- | Impropergel | Poorly formed | Impure RNA
staining degradation by naturation of um bromide/ staining gel wells
nucleases the ladder excess conditions
staining
1.2 22 32 42 5.2 6.2 7.2
| Nostaining |  Improper | Sub-optimal | Insufficient | Incompletely Large quantity Incorrect
ladder storage gel destaining immersed | RNAloadedon | ladder band
or usage preparation gel the gel chosen
13 23 33 6.3 7.3
Insufficient |  Geldepth |  Different |_Contamination |  Different
amount of inhibits RNA loading condi- of the RNA loading condi-
ladder loaded mobility tions for ladder sample tions for ladder
& sample and sample
14 24 34 74
| RNA | _Improper elec- | Improper elec- Improper
degradation trophoresis trophoresis quantification
conditions conditions method
15 25 35 75
| RNA | Excess ladder | Sub-optimal |_Uneven or high
diffusion from loaded ethidium bro- background
the gel mide conc. staining of the
gel
1.6 26 36
RNA | Incompletely | Incompletely
run off immersed immersed
the gel gel gel

Bulk quantities and custom formulations available upon request
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Table 10.1. Troubleshooting guide for RNA electrophoresis.

Problem Possible cause and recommended solution

1. RNA bands are not visible

1.1. Insufficient staining.
Use the 2X RNA Loading Dye for both conventional RiboRuler™ RNA ladder and RNA sample preparation
prior to electrophoresis. This solution includes ethidium bromide at a concentration sufficient to stain RNA
on denaturing formaldehyde agarose gels. Ready-to-use RiboRuler™ RNA ladders are premixed with 2X RNA
Loading Dye.
If RNA fragments are to be separated on native agarose gels, additional staining of the gel with ethidium
bromide (final concentration 0.5 pg/ml) is recommended.
If RNA is separated on a denaturing glyoxal/DMSO agarose gel, stain the gel in ethidium bromide solution
(final concentration 0.5 pg/ml) in 0.5 M ammonium acetate for 15-30 min after electrophoresis. Wash the
gel in a fresh 0.5 M ammonium acetate solution for 15-30 min.
If RNA is separated on a denaturing polyacrylamide gel with urea, soak the gel for about 15 min in 1X TBE to
remove the urea prior to staining. Stain the gel in 0.5 pg/ml ethidium bromide in 1X TBE solution for 15 min.

1.2. No staining.
If you are using a loading dye which does not contain ethidium bromide, add ethidium bromide to both the
agarose gel and electrophoresis buffer at a final concentration of 0.5 pg/ml.
Alternatively, stain the gel after electrophoresis with ethidium bromide (0.5 pg/ml ethidium bromide) for
20 min, or SYBR® Green Il (follow supplier recommendations).

1.3. Insufficient amount of ladder was loaded.
Follow the recommendations for loading described in the certificate of analysis of the RiboRuler™ RNA lad-
ders (0.25 pl per mm gel lane for conventional ladders; 0.5 ul per mm gel lane for ready-to-use ladders).

1.4. RNA degradation.
Minimize exposure to UV light as this may cause RNA degradation/fading.
RNA, including the RiboRuler™ RNA ladders, is extremely sensitive to degradation by ribonucleases.
The use of fresh electrophoresis buffers, freshly poured gels, DEPC-treated solutions and protective gloves is
recommended.

1.5. RNA diffusion from the gel.
Avoid prolonged electrophoresis or excessive staining and destaining procedures as this may cause diffusion
of smaller RNA fragments from the gel.
Avoid long term storage of the gel prior to photo documentation, as this may cause diffusion of RNA frag-
ments and band fading.

1.6. RNA has run off the gel.
Stop electrophoresis after the bromophenol blue passes 2/3 of the length of the gel. In most denaturing
agarose gel systems, bromophenol blue migrates slightly faster than 5S rRNA and xylene cyanol FF migrates
slightly slower than 18S rRNA.
Make sure that the electrophoresis tank is in a completely vertical position.

2. Smeared RNA bands

2.1. RNA degradation by nucleases.
RNA, including the RiboRuler™ RNA ladders, is extremely sensitive to degradation by ribonucleases. The
use of fresh electrophoresis buffers, freshly poured gels, DEPC-treated solutions and protective gloves is
recommended.

2.2. Improper storage or use of RNA ladders.
Store RiboRuler™ RNA ladders at -20°C for 6 months or at -70°C for 24 months. Thaw the ladders on ice.

2.3. Excessive gel depth or sample volume.
Use thin (~0.5 cm) gels and avoid loading of large volumes in the gel lane.

2.4. Improper electrophoresis conditions.
Ensure that there is enough electrophoresis buffer in the electrophoresis apparatus and that the gel is im-
mersed completely.
Do not use an excessively high voltage for electrophoresis. Run agarose gels at 5 V/cm (polyacrylamide/urea
gels at 8 V/cm). To increase the band sharpness, use a lower voltage for several minutes at the beginning of
electrophoresis.
However, very low voltage during the entire run may result in band diffusion.

2.5. Excessive RNA ladder loaded onto the gel.
Follow the recommendations for loading described in the certificate of analysis of the RiboRuler™ RNA lad-
ders (0.25 pl per mm gel lane for conventional ladders; 0.5 pl per mm gel lane for ready-to-use ladders).

2.6. Incompletely immersed gel.
Always ensure that there is enough electrophoresis buffer in the electrophoresis apparatus.

www.fermentas.com

(continued on next page)

For patent and license information see p.557
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Table 10.1. Troubleshooting guide for RNA electrophoresis.

Problem Possible cause and recommended solution

3. Atypical banding pattern

3.1. Inefficient denaturation of the ladder.
All RiboRuler™ RNA ladders should be heated to 70°C for 10 min, chilled on ice for 3 min and briefly centri-
fuged before loading on the gel in order to completely denature the RNA. Sample RNA should be prepared
the same way.

3.2. Sub-optimal gel preparation.
QOlder formaldehyde has an acidic pH which may cause extra RNA bands to form on the gel. Use only fresh
formaldehyde for optimal results.

3.3. Different loading conditions for the sample and the ladder.
Both ladder and sample RNA should be prepared with the same loading dye solution and loaded under the
same conditions.
After electrophoresis of total RNA samples in the presence of ethidium bromide, the 28S and 18S human
rRNA should be clearly visible under UV illumination. Fast-migrating bands composed of 5.8S RNA and 5S
RNA may also be visible depending on the RNA purification procedure. The intensity of the 28S RNA should
be approximately twice the intensity of the 18S RNA.
The 28S human rRNA band migrates at approximately 5000 b and the 18S human rRNA band migrates at
approximately 1900 b.

3.4. Improper electrophoresis conditions.
Excessively long electrophoresis runs may result in migration of small RNA fragments off the gel.
Very short electrophoresis runs may result in incompletely resolved bands.
Run agarose gels at 5 V/cm (polyacrylamide/urea gels at 8 //cm) until the bromophenol blue passes 2/3 of
the gel length.
TAE buffer is recommended for analysis of larger RNA, and TBE buffer is used to resolve RNA fragments
smaller than 1500 b and for denaturing polyacrylamide gel electrophoresis.
The correct gel percentage is important for optimal separation of the ladder RNA.
Optimal conditions for RiboRuler™ High Range RNA Ladder (#SM1821/3):
— native 0.8-1.5% agarose gel with TAE buffer,
— denaturing formaldehyde 0.8-1.5% agarose gel with MOPS buffer,
— denaturing glyoxal/DMSO 0.8-1.5% agarose gel with sodium phosphate buffer.
Optimal conditions for RiboRuler™ Low Range RNA Ladder (#SM1831/3):
— native 1.7-2.5% agarose gel with TBE buffer,
— denaturing formaldehyde 1.7-2.5% agarose gel with MOPS buffer,
— denaturing glyoxal/DMSO 1.7-2.5% agarose gel with sodium phosphate buffer,
— denaturing 4-8% polyacrylamide gel with TBE buffer.

3.5. Sub-optimal ethidium bromide concentration in sample and ladder.
The 2X RNA Loading Dye allows for RNA visualization without additional staining of denaturing agarose gels.
Addition of extra ethidium bromide to the ladder or sample is not recommended and may result in RNA
migration in the direction of the cathode.
If RNA fragments are separated on native agarose gels or on polyacrylamide/urea gels, additional staining
with ethidium bromide after electrophoresis is recommended.

3.6. Incompletely immersed gel.
Always ensure that there is enough electrophoresis buffer in the electrophoresis apparatus.

4. High background staining

4.1. Excessively high ethidium bromide concentration or prolonged staining.
Use ethidium bromide at a final concentration of 0.5 pg/ml.
Avoid prolonged staining of the gels.

4.2. Insufficient gel destaining.
If the gel is extensively stained with ethidium bromide, additional destaining in water is needed to remove
background staining.
Wash glyoxal/DMSO agarose gels after staining in a fresh 0.5 M ammonium acetate solution for 15-30 min.

(continued on next page)

Bulk quantities and custom formulations available upon request

" ¥ ) 5%

o

&
ﬁ{: 6&

B

f
@
®

449



% Fermentas

LIFE SCIENCES

Table 10.1. Troubleshooting guide for RNA electrophoresis.

Problem Possible cause and recommended solution

5.1. Improper gel staining conditions.
Ethidium bromide migrates in the opposite direction of the RNA during electrophoresis. Therefore, if ethidium
bromide is only added to the agarose gel and not to the electrophoresis buffer, it may result in uneven RNA
fragment staining.
When 2X RNA Loading Dye is used for both conventional RiboRuler™ RNA ladders and RNA sample prepara-
tion prior to electrophoresis, additional staining is not required as the loading dye includes sufficient ethidium
5. Uneven staining of the gel bromide to stain RNA on denaturing formaldehyde agarose gels.
For native agarose gels, ethidium bromide (0.5 pg/ml) should be added to both the electrophoresis buffer
and the agarose. This ensures an even distribution of ethidium bromide during electrophoresis so that the
intensity of the bands upon exposure to UV light will be proportional to the quantity of RNA present.

5.2. Incompletely immersed gel.
Always ensure that there is enough electrophoresis buffer in the electrophoresis apparatus or enough of the
staining solution during the staining so that the gel is always immersed completely.

6.1. Poorly formed gel wells.
Remove the gel comb only after complete polymerization of the gel. Pour the buffer onto the gel immediately.
Rinse the wells with electrophoresis buffer to remove urea from denaturing polyacrylamide gels prior to load-
ing the sample.

6. RNA remains in the gel well 6.2. Large quantity of RNA loaded on the gel.
Follow the recommendations for loading described in the certificate of analysis of the RiboRuler™ RNA lad-
ders (0.25 pl per mm gel lane for conventional ladders; 0.5 pl per mm gel lane for ready-to-use ladders).

6.3. Contamination of the RNA sample.
Ensure that your sample RNA solution does not contain any precipitate.

7.1. Impure RNA.
Free NTPs and truncated transcripts remaining in the sample after in vitro transcription can interfere with
spectrophotometrical measurements and lead to inaccurate quantification of sample RNA.
RiboRuler™ RNA ladders are produced from chromatography-purified RNA transcripts and are free of any
NTPs and truncated transcripts. Therefore the gel quantification data is compatible with the spectrophoto-
metrical measurements of RiboRuler™ RNA ladders.

7.2. Incorrect RiboRuler™ band chosen for quantification of the sample.
Always compare the sample band to a ladder band of similar size.

7.3. Different loading conditions for the ladder and samples.
Both sample and ladder RNA should be loaded under the same conditions.
Use the supplied 2X RNA Loading Dye for the sample and ladder.
Load equal volumes of sample RNA and ladder RNA. The required volume of sample RNA can be obtained by
dilution with a mixture (1:1) of DEPC-treated Water (#R0603) and 2X RNA Loading Dye.

7.4. Improper quantification method used.
If possible, quantify by video-densitometry measurements while subtracting the gel background as this
method is more precise than a visual comparison of the bands.

7. Incorrect quantification data
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7.5. Uneven staining of the gel and high background staining can also interfere with gel quantification
results (see Problem 4 and 5 above).
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