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About NBI
OLIGO Primer Analysis Software
General Information

N .B1 (Nalional Biosciences, Inc.)
provides hoth biotechriology software
and research services for the
biotech/bioscience industry.

Software
N131 develops, distributes, and supports
severa] premier software packages for
both the Mac and PC platforins. Our
product line includes programs for
PCR9 analysis, genetic pedigree
drasving and analysis, human genome
mapping, multiple sequence alignment,
DNA and protein sequence analysis,
inotif searching, and molecular
modeling.

Many of our software products are
developed internally, and we also carry a
wide range of products from other
developers.

All of NBI's software customers receive
technical support from our scientific
staff via our toll-free number or E-mail.

NBI offers multi-user and network
ficenses, in addition to DOSO,
W11,JDOWS' and MACO systems. We
also have a discount policy for non-
profit organizations.

N131 markets directty and through a
number of North American and
international sales organizations,
including representafives in Canada,
Norway, Sweden, Italy, Brazil,
Australia, Japan, Taiwan, Israel, and
Korea. N131 is headquartered in
Plymouth, Minnesota.

Services
N131 has a fufi-service custom
laboratory. We provide custom DNA
and RNA synthesis services,
phosphorothioates, oligo design
services, custom DNA sequencing, gene
synthesis, eloning, and library
sereening/construction services. We
also provide specialty services and work
individually with customers requiring
these for their particular research
projects.

Our staff includes synthesis chemists,
molecular biologists, and geneticists.

Our custom synthesis services are
recognized internationally. We have the
most complete quality control system
anywhere for synthesis services. With
each synthesis service order, N131
returns, via our FA XBA CK system, an
order confirmation verifying the
sequence and other particulars, plus an
on-line analysis report assuring that
there are no potential design problems
with the order.

We are the only synthesis service
provider with on-line analysis, wherein
customers may redesign their orders, if
needed, prior to synthesis. Our on-line
analysis . system'is based on NBI's own
OLIGO Primer Analysís Software.
With the order, NBI includes a
comprehensive synthesis report
providing a broad range of scientific ano
QC data on each oligonucleofide.

OLIGO is a registered trademark of Wojciech Rychlik.
Windows is a tiadernark of Microsott Corporation. DOS is a
registered tradernark of IBM. Mac Is a registered tradernark
01 Apple Computer, Inc. The PCR process Is covered by US
patents owned by Hoffman-LaRocho, Inc.

	

PCR,	OLIGO is a multi-functional program that searches for and

	

Sequencíng,	selecis oligonucleotides from a sequence file for polymerase

	

and	chain reaction (PCR), sequencing, site-directed rnutagenesis,

	

Hybrídization	gene synthesis, and various hybridization applications. lt

	

Applications	calculates hybridization temperature and secondary structure
of oligonucleotides based on nearest-neighbor thermo-
dynamic values.

	

Essential	There are tliree essential qualities to optimal PCR prirners,
Qualitíes for, sequencing primers, and hybridization probes. Tiley should

	

Optimal	be highly specific for the intended target sequence and not

	

Prímers &	hybridize to other regions within (he template. Because

	

Probes	sequencing conditions are typically not very stringent alid (be
fórmation of primer-template duplexes with imperfect
homology is significant, specific primers are essential.
PCR or sequencing results are generally poor because of
high background if there is a base-pairing between the primer
Y terminus and sites other than the intended target in the
template.

Another important requisite of primers is that they do not
fórm dimers and hairpins during reactions. Oligonucleotides
that: fórm dimers or hairpins function poorly in site-directed
mutagenesis and in sequencing reactions, especially if double
stranded DNA is used. Dimer and/or hairpin-forming
primers are particularly troublesome when Ytermini are tied
up; ibis can cause internal primer extension, which
eliminates the primer from the reaction and may contribute
to false prirning.

Finally, primers and probes should form stable duplexes
with a template under the appropriate conditions. GC-rich
regions are more stable than AT-rich regions, and the duplex
stability depends upon the sequence order. Consequently,
ibis affects the otitcome of PCR or sequencing reactions, and
also site-directed nautagenesis.	 1

]'he OLIGO prograirí is designed specifically lo search for
and ¡¡si the position, sequence, and other data ofall
oligonucleotides (or primer pairs) that optimally ineet these
major requirements, plus severa] other criteria outlined in
this guide.



About the OLIGO Program

	

Technical	The following are the OLIGO 5.0 systeni tequirernents and

	

Specs	technicaispecifications:

Minimum	Suggested
Computer:	386/16 Mhz	486/33 Mhz or

higher
Operating	WINDOWS 3.1	WINDOWS 3.1
System 

*	
or higher

Memory:	4 MB of RAM	8 MB of RAM
or higher

Monitor:	VGA	 SVGA
or higher

	

Prograín
	Program Size:	 1 MB

	

Information
	Number of Disks:	 2 HD Disks

Acceptable Sequence File Text, EMBI- GenBank,
1 Formats:	 GCG, Entrez

	

Program	The OLIGO program is the premier package lor searcning,

	

Features	selecting, and analyzing oligonucleotides. In this demo, you
can review the following features and capabilities:

Oligonucleotide Databases
PRIMEFORM Oligonucleotide Ordering Software
Hybridization Time Calculations
Concentrations Calculations
Oplirnal I.CR Primer Selection
Restriction Sites and Palindromes Searches
Template Secondary Structure Searches
Cross-compatible Multiplex Primer Searches
Amino Acid Back Transialion
Sequencing Editing Capabilities
Priming Efficiency Calculations

	

Program	In order to provide you with the best understanding of (he

	

Features	power of OLIGO, we have made this demo interactive —

	

Disabled in	you can try out most features, but with saniple data only.

	

This Demo	The following options are disabled or modified in this demo:

The File — Open option is disabied. The demo
automatically loads the DNA sequence CBP.SEQ as a
sample file.
Keyboard entry in the "EdiC Window is randomized.
The File — Open Database feature is disabled. Review
the database capabilities using File — New Database.
PRIMEFORM is fully functional, but is only an N131
ordering form.
The oligonucleotide database Effit feature is disabled.
Context-sensitive he1p is not included in Ihe denio due
to space limitations.

Getting Started With the OLIGO Derno Disk
Loadíng the You need to load the OLIGO demo disk to your hard drive

	

Demo Disk to	and must be familiar with Windows to use the program. To

	

Your Hard
	

load the program to your hard dri ve:

	

Drive	1 . Start Microsoft Windows.
2. Insert the OLIGO Demo Disk in your floppy drive,

usually drive A.
3. From the Program Manager application, select the File

menu and choose Run.
4. Enter a:\setup. A progress bar indicating that the setup

is initializing appears.
5. You must enter a path or accept the default on the

" Insta¡ lation " screen. Click "OK."
6. Click "OK" on the 1ristallation Cornplete" screen.
7. Once the installation is complete, the OLIGO ¡con

appears. Double click on this to cafl up the OLIGO
demo program.

8. Click "OK" on the "Welcome" screen.

	

The Maín	The main screen of OLIGO appears just after you click "OK"

	

Screen	on the "Weicome" screen. This main screen consists of (wo
windows: the "Melting Temperature" window and the
1nterna¡ Stability" window.

	

The Melting	The Melting Temperature window displays a segilient of theTemperature active DNA/RNA sequence file and a Tu, plot of the

	

Window	oligonueleotides with a default lengih of 21 nt within the
seginent. The length ofthe segment displayed will vary,
depending upon the monitor resolution. Each point on the
Tm plot represents the melting temperature ofa 2 1 -nier
oligonucleotide, called the Current Oligo, the oligo-
nucleotide sequence currently available for analysis. To view
a Tm plot of the entire file, select the "zoorn ouC feature
froni the Tru Window ¡con.

The Tm (or AG) of any oligonucleotide on the plot is read
on the y-axis by using the cross-hairs cursor.

The horizontal line bisecting the Tm plot represents the
average Tru (or AG) of al¡ the 2 l-mer oligonucleotides in the
sequence file. Below the Tru plot is the nucleotide sequence
(both strands) in lower case letters. Corresponding anlino
acids appear in color below the lower primer.

	

The Interna¡	The 1nternal Stability" window appears below the "Melting
Stabífity TemperaturC window. This window displays an

	

Window	oligo'nucleotide interna] stability (AG) plot that can be used
with high confidence to prediet the specificity of the
displayetí oligonucleotides intended for PCR or sequencing
reactions.



Working with the OLIGO Demo
Demo Disk The OLIGO derno program shows OLIGOS power lo search,

	

Features	select, and analyze: oligonueleotides for the most cornmon
laboratory applications using the C13P.SEQ file, the sample
DNA sequence file available in the derno version.

There are severa¡ examples of OLIGO féatures following the
search selection criteria table in this guide lo he1p you learil
how OLIGO can herp in your research.

	

OLIGO Icons	The Upper and Lower (red and bluc) icons save the
UPPER	Current Oligo as the Upper Primer (+ strand) or Lower
LOWER	Primer (- strand), respectívely. The length ofthe current

oligo is displayed in the title bar (default = 21 rit).

	

n-o>	This ¡con calls up a dialog box permitting the
niovernent of the current oligo lo a specified base
position on the sequence file.

This ¡con centers the Current Oligo in the window.

This moves the Current Oligo lo the beginning of the
sequence file.

This ¡con moves the Current Oligo lo the end of the
sequence file.

The horizontal scroll bar represents the entire length of
the sequence file. Clicking and dragging the seroll bar
box along the seroll bar moves the Current Oligo lo an
approximate position on the sequence file. Clicking lo
the left or right of the scroll bar box moves the Current
Oligo one window length toward either end of the
sequence file.

	

Using Reset &	As you use the OLIGO demo, note that you can "wipe the

	

VerífYin9	slate clean" of data positions by using Reset from the File

	

Parameters	menu and selecting "Data." If you want lo duplicate the
exact resuits of the examples in this guide, however, select
Reset and "Original Defaults" and Reset "Data" lo make sure
that no program parameters and other settings have changed,
and lo erase previous data. "Original Defaults" resets afl
non-search parameters. "Data" resets data, including Upper
and Lower Priniers.

	

Closing	When you have completed a search, close the windows by

	

Windows &	selecting Close from the system-nienu box. This is the

	

Exítíng	sinall horizontal box lo the far left of the window titie bar.

To exit OLIGO, select Exil from the File nienu, or press
<AJt><F4>.

Definitions Used in OLIGO

	

Current Ofigo	The Current Oligo is the oligonucleotide displayed in upper
case letters and underlined in the main window. It includes
both the + and - strands and is updated with each position
change on the active sequence. The Current Oligo can be
saved as an Upper or Lower Primer andíor analyzed using most
options from the Analyze nienu.

	

Free Energy	AG stands for free energy, and is a measurement of nucleic
acid duplex stability. A DNA duplex is stable when its AG
value is negative. The AG depends on salt concentration,
teniperature, and other factors.

	

Internal	Interna] stability refers lo the stability of sub-sequences within

	

Stability	an oligonucleotide, specifically lo 5 base segments
(pentamers). The stability of these interna] pentarners is
expressed in kcal/mol (AG values).

Lower Primerl The Lower Primer is a negative sirand oligo that has been

	

Upper Primer	selected for analysis, generally as a PCR or sequencing primer.
It can be manually selected by you or automatically selected
by OLIGO, as in a search for PCR primer pairs. The Upper
Primer functions the same, but is a positive strand primer.

n OD260 This is the amount of nucleic acid that would give absorption
equal lo ti if dissolved in a 1 nil buffer (pH 7.0) and measured
in a cuvette with a path length of 1 cm. Approximately 30
OD260 = 1 ing of single stranded DNA.

	

Priming	The priming efficieney nuniher is a formulation unique lo the

	

Efficiency	OLIGO program that quantifies the likelillood that a given
oligonucleotide will prime at a given site on the template.
The priming efficieney calculation is derived froni an
algorithm that considers duplexes and mismatches and their
distance from the Y-end.

	

Td — Fílter	Td is the temperature at which 50% of the nucteic acid probe

	

Dissocíation	retained on a hybridization filter after five minutes of

	

Temperature	incubation using 1 M salt and 100 pM of oligos (calculated by
nearest neighbor method). 'Fd = Tm -7.6'

	

TM	Tm is the temperature al which 50% of nucleic acid molecules
are in duplex (and 50% denatured). For the default Tm
calculations, 1 M salt (Na+ or K+, neutral pH) and 0.6 pM
nucleic acid concentrations are used in the OLIGO program lo
provide Tru values based on the nearest neighbor methods that
are in line with, but four times more accurate, (han the
"2xAT+4xGC" method.

Mo
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OLIGO Examples
Following are severa¡ step-by-step exaniples that will
introduce you to some of OLIGOS most powerful features.
As you go through the examples, select Reset from the File
menu and choose "Original Defaults" and "Data" to set the
program back to the original parameters and settings before
each example.

Example 1: Moving Across The Sequence
There are three ways to select a Current Oligo position in
the prograni. Each niethod is described here.

Alethod 1 — Scroffing and Clicking
1 . Move the scroll bar on the bottoni of either window to

position the graph in the desired location.
-2. Using the mouse, position the cross-hair tool on the

position you want and click.
3. OLIGO shifts the grapli on both \vindows and updates

the information.

Method 2 — Choosing from the Menu
1 . Pufl down the Selecí menu from (¡le main menu bar.
2. Choose the New Current Oligo Posilion function from

the Select menu, or press <FIO>.
3. Enter the desired position number in the dialog box.
4. OLIGO shifts the grapli on both windows and updates

the inforination.

Method 3 — Using the Icons
1 . Click on úle far left ¡con (circie willi eross-hairs) al the

bottoi-n of either window.
2. Enter the desired position number in the dialog box.
3. OLIGO shifts the graph on both windows and updates

the information.

Example 2: A Quick PCR Primers Search
This example takes you through a quick search for a pair of
optinlal PCR priniers. To run this search:

1 . Chose the Primers and Probes option from the Search
nienu, or press <F3>.

2. Check that the "Compatible Pairs" button under TCR
Primers" in the dialog box is checked.

3. Click on the "Search Ranges" button and set the search
range to 800-1000 for the positive strand and 1400-1600

for the negative strand. Click "OK."
4. Click "OK" to start the search.
5. When the search is complete, check on the "Search

Status" window to make sure that: the final search
stringency is acceptable. OLIGO automaúcally reduces
search stringency if it does not find any compatible
pairs.

6. Click on the Trirner Pairs" button at the bottoni of the
window.

7. There are several sort options on the "Primer Pairs"
window. For this example, click on the circie above
Troduct Length" to sort by product length.

S. Click on any primer pair to view the "PCR" data for the
selected pair.

9. Choose Selecied Primers froin the Windon , menu to
view the primer sequence and oillei data.

Example 3: A Detafied PCR Primers Search
This exarríple takes you through a comprebensive search for
ja pair of optimal PCR primers that amplUy a product of
approximately 500 bases and include the nucleotide
subsequence between positions 600 and 800. This search
takes about 45 seconds on a 486/5OMhz coniputer. To run
this search:

1 . Choose Resei froni the File ínenu and select "Data" to
reset the parameters.

2. Choose the Search — Priniers and Probes options from
the Search menu on the main rnenu bar, or press <F3>.

3. Click on the button next lo "Compatible Pairs," if ¡t
ísn't marked already.

4. Make sure that the boxes for "GC Clamp" and
'Tliminate False Priming" are checked.

5. Click the "Continue False Priming Search in Other
Files" box to call up the 'Talse Priming Search in
Ottier Files" window.

6. Double-click on the 'T"reqseq" directory and tilen on the
"Humanfr.seq" file. Then click the "Add" button to add
this file to be checked for false priming. Any oligo on
the active sequence will be eliminated if ¡t contains
reiterative human sequence on the T-end.

7. Click "Done."
8. Click the Search Ranges button.



OLIGO 5.0 Oligonucleotide Search Selection Criteria

Performance Problem	Application	Design Remedy	 Selection Feature

Background due lo false prirning 
in 

genornic or	I"CR, Sequencing	Select oligonucleotides with lligh	-^'Stabilit), ffindow — Deteri-nine stability (AG) of the Y

otiler DNA samples with much unknown	 specificitY.	 ends of oligonucleolides, select only (hose with low or

sequeríce.	 nioderate stability.

Multiple PCIR product bands due lo talse priuning KR, Cyc1c	Select oilly oligimucleotides that will False Priming Check — Determine the propensily of false

\vithin and near the inlended a niMlification region. Sequencing	not false prime 
r, 
ithin and near Ihe	prirning Lising stability (AG) calculations; select oligos willi

I'CR poduct kj,:,tlie sequence-file.	no strong prirning affinity lo any region on the active

sequence file.

Background due lo fa¡se priming and rmich of the Sequencin g, PCR	Select oligonticleofldes which will no[ False Prúning Check Against Oflier Sequence Files

saniple is known but scattered over many	 false prime on known sequence	Check for false prirning sites in al¡ the sequence files

sequence files.	 outside the active sequence file.	selected by the user.

I-ligh hackground due lo false prirning in	PCR, Sequencing	Select oligonucleolides which will nol False Púming Check Againsi Reperiflue Sequence

repetitive sequence fliles,such as Al-U.	 fialse prime in repetitive sequence	Database File — Check for false priming sites 
in 

repetitive

files.	 es selected by the user.

Very low efficieney POZ orsequencing reactions PIER, Sequencin g	Select oligonucleotides with low	Duplex Foi7nation Check — Check the Yends of afl oligos,

because of Y dirnerizing and hairpinning of	 dinier or hairpin formation potential at using stability algorithnis, eliminating those with dinier or

oligonucleotide prirners.	 their Yend.	 hairpin po ential.

Reduced efficiency PCR or sequencin g reactions	PCR, Sequencing	Select oligonueleotides with high or	GC Clamp — Determine stability (AG) of the 5'end and
due lo low general stability.	 inoderately high stability along their	cenler segments of oligonucleotides; select only those with

lengths, except for the Y end.	hi^h or moderately high stabilíty.

Very low efficiency PCR reactions because of Y	PCR	Select cross-compatible upper and	Cross-cotiipatibility- Check — Check the Y ends of lower

dirnerizing hetween the upper (upstrearn) and	 lower primers (primers with low Y	priniers against the Y ends of upper primers, using stability

lower (downstreani) primers.	 dirner forming potential between	algorithms, eliminating those pairings with dirner potentíal.

them).

Backgrou .nd due lo false priming of the higher T I,, PCR	Match the Tn I s ofthe upper and lower T111 Matching — Add nucleotides lo (he Yend of the lower

prirner 
in 

a PCR reaclion.	 prinier.	 Tn, prinjer untíl its T i n inosl elosely rnatches (he higher Tni

primer.

Reduced efficiency dije lo Tills which are too low Sequencing, PCR,	Select oligonucleotides with optimal	Tm Window — Select only ofigonueleotides with Tnis

or- too high for the appl ication.
	Hybridizations	

11 
M S.	 within upper and lower Tm thresholds.

Ghost bands due lo unisaligninent of priniers or	Sequencing, PCR,	Select oligonueleotides that cannot	Honiooligonier and Sequence Repeat Checks — Select

probes on the teniplate.	 Hybridizations	misalign the template.	only ofigonucleotides which do not contain strings of the

lF	
1 sarne nucleoúde or sequence repeats.

Examples are continued on the following pages.



Set the ranges for a fui¡ search:
a. Enter 350 to 600 for the positive strand primer

search range and 800 to 1000 for the negative strand
primer search range.

b. Enter 400 to 600 for the PCR product length.
e. Click "OK."

10. Click on the Paranieters button.
11. Check that the Search Stringenc) , ís set to "high."
12. Make sure that Adjust Length to Match Tms is marked.
13. Click "OK" to exit the Tarameters" window.
14. Click "OK" to start the search.

The "Search Status" progress window appears, and the
message "Done" appears when the search is complete.

15. Click on the "Primer Pairs" button.
16. Click on the cirele above the "Sort by Product Length"

column.
17. Use the scroll bar and/or arrows to fínd the desired

product len o th closest to 500 (#8 is exact1y 500 nt).
18. Click on #8 to select this pair and engage the "PCR

Data" window.
19. Froni the Window menu, choose Selected Primers to

review primer data for synthesis.
20. Review search results in the Trimers and Probes Search

Data" window from (he Search rnenu.

Example 4: Nested Primer Pairs
The OLIGO program permits autornatic selection of two or
more sets of cross-compatible (nested) primer pairs. Nested
Primer selection requires a PCR primer search fírst (about 45
seconds on a 486/50 Mhz computer). To select a set of two
primer pairs:
1 . Choose Reset from the File menu and select "Data" to

reset the pararneters.
2. Choose the Search for Primers and Probes option from

the Search menu, or press <F3>.
3. Make sure that all subscarch boxes are checked except

"Continue False Prirning Search in Other Files."
4. Activate the Pritner Pairs function by clicking on the

circle next to "Compatible Pairs."
5. Click on the "Search Ranges" bution.
6. Enter -18 to 150 for Tositive Strand Primer Search

Range." Select 500 to 600 for "Negative Strand Primer
Search Range." Enter 150 to 1868 fOr 'TCR Product
Length." Click "OK."

7. Click on the 'Tararneters" button on the "Search
Parameters" dialog box and choose ' , 'Moderate" for the
"Search Stríngency."

Check to be sure the "Inverse PCR" box is not checked
and that the "Match Tn1's" box is checked. Click "OK"
to retum to the "Search for Primers and Probes" dialog
box.
Click "OK" to start the search — 638 pairs will be
accepted.

10. Click on the "Primer Pairs" button.
li. Choose Multiplexing from the Analyze menu.
12. Choose Zoom In from the control menu box (upper left

comer of the window titie bar) several times.
13 Select your outer pair of primers first by clicking

direaly on the square representing the primers. Select
positions -9 and 593 for the fírst primer pair. The
position numbers appear along the bottom of the screen.

14 Select the desired nested pair, positions 14 and 565.
Note that this nested primer set is selected as ciose to
the outside pair as possible without any primer overtap.

15 To move these primers to the database:
a. Select Neiv Database from the File nienu, or press

<Alt><N>.
b. Click on the "Multiplexed Primers" button from

the Import Functions menu at the bottom of the
database screen. This will load the nested primers
to the database.

16. You may want to examine database features in Example
11 at this point. To do this:
a. Select Analyze — Tín Graph so you will be able to

pick Upper and Lower Primers.
b. Skip Step 2 in Example 11. You do not need to

select File — Nen, Database.

	

False Príming	Example 5: Single (Current) Ofigo Analysis

	

Analysis	The Analyze funetions determine the teclinical and physical
characteristics of a selected oligonucleoúde or sequence.

In this demo, the Analyze function allows you to calculate:
Duplex Formation
Hairpin Formation
False Priming Sites

To check the potential false priming sites of a single oligo
on its template:
1 . Choose Resei from the File menu and select "Data" to

reset the Upper and Lower primers. Do not accept
changes.

2. Verify that the oligo length is correct on the "Melting
Temperature" window title bar. If it is not, change the
length in the Change menu.



3. Select a current oligo of interest froni the "Melting,
Temperature" window.

4. Select Upper Primer from the Select menu to select
this "Current Oligo" as the upper primer. (Or, elick on
the "UppeC button at the left side of theTm window, or
press <Ctrl><U>.)

5. From the Analyze menu, choose the Fal..se Priming
Sites function and Upper Primer option.

The Upper Primer False Príming Sites information
window appears. (Duplex and hairpin formations.are
performed in a similar manner as false prirning
analysis.)

PCRILCR	In adátion to single oligonucleotide analysis, OLIGO
Analyses	provides analysis functions for primer pairs, primer

conipatibility, PCR, and LCR. Primer pairs, primer
compatibility, and PCR analyses are inactive until a search
is completed.

Example 6: Creating a Restriction Site Map and
Fragment Table for a DNA Temp(ate
1 . With CBP.SEQ loaded, select the Search For

Restriction Sites option from the Search menu to cal¡
up the "Search for Restriction Sites" window.

2. Click the "Entire" button to generate restriction data for
the entire CBP file.

3. Click on the 1,ineaC button to, get fragnient sizes
appropriate for a non-circular DNA sample.

4. Click hoth the "Map" and '7able" boxes to display
search resuits in both fórmat.s.

5. Click "OK" to cal¡ up the "Select Enzyme File"
window.

6. Click one of the three restriction enzyn1e files — non-
degenerate 5/5+ cutters and 6/6+ cutters, plus the New
England Biolabs Enymze list (Rebase.enz).

7. Click "OK" to start the search.

Example 7: Hybridization Time
Hybridization times can be calculated froni the Analyze
menu. To check an oligo's hybridization tirne:
1 . Choose Hy,bridization Time froni the Analyze menu.
2. For each of the following items — Oligo Length,

Concentration nM, and Concentration nglím1 — click
in the box and adjust the data to, meet your conditions.

3. Press <Enter> to view new hybridization time
calculations.

Example 8: Using the Concentrations Window
This example answers the question: "How many m1_ of
buffer is required to produce a 10 jtM solution with 2 OD
units of the positive strand 21 -mer (Current Oligo) at
position 400?"
1 . With an oligonucleotide length of 2 1, move the Current

Oligo to position 400 using the Nen, Currepa Oligo
Position option from the Selecí menu, or press <FIO>

2. Select Concentrations from the Analyze menu.
3. Click the "Constant Concentrations" button to fix

concentration while varying other parameters.
4. Click the "Cur-rent + Oligo" button.
5. Enter 2 in the [013260] field and 10 in the liM field of

the dialog box.
6. Click in any other field of the dialog box, or press

<Enter> to reveal the answer (1.0 18 mL).

Example 9: LCR
The LCR function designs tour oligos optimized for LCR to,
detect the presence or absence of a specific mutation. To
select LCR primers designed to test for the presence of a
mutation at position 50:
1 . Choose Reset from the File menu and select "Data" to

reset the Upper and Lower primers.
2. Click on the far left ¡con (cirele with cross-hairs) at the

bottom of the "Melting Temperature" window.
3. Enter 50 for the base number in the dialog box.
4. Choose LCR under the Analyze menu, or press

<Ctrl><R>. (You can scroll through the sequence in
this window using the rnouse.)

5. Click on the "SelecC button. The original and conimon
oligos for both + and - strands appear.

6. Click on one or more of the remaining three circles to
select the appropriate mutation. OLIGO displays the
mutated oligo and the Tm recommended for the reaction.

Example 10: Reverse Transiation
To use the reverse transiation funetion (for short peptides):
1 . Choose Upper Primer from the Edit ínenu.
2. Click on the protein sequence entry box just below the

red border (the DNA box) to enable amino acid sequence
entry.

3. Press severa] keys on the keyboard at random to enter a
short amino acíd sequence.



Note

The keyboard input is scranibled in the derno version. You

can delete direct1y in the sequence by highlighting parts of it

and using the edit buttons. The yellow arrow just beneath

the tifle bar is tlie "Undo" button,

4. Click orí any residue in the sequence lo view the hurnan

codon percentages for that residue.

5. To check codon usage in anottier organism, choose

Codopi Table from the Change nienu.

6. Select a new organism by clicking on its corresponding

fíle llame. Click "OK."

7. To reverse transiate the peptide using the codon table

from this organism, choose Entire Sequence frorín lile

Reverse 7t-atislation menu.

8. Choose the appropriate option froin lile AccepílQuit

nienu. Most commonly, you will Accept and Quit, and

analyze the new primer using the furictions from the

A pialyze menu. However, you are limited lo 100

nueleoticies.

Example 11: Creating, Loading, and Using the

Oligonucleotide Database and PRIMEFORM

The OLIGO program and the PRIMEFORM Oligonucleotide

Ordering Software give yotí the ability lo save your oligo

sequences lo a peririarient database and send them lo a

synthesis ordering forin. To review these features:

1 . Froni the Select nienu or using the "Upper" or "Lower"

icons, choose an Upper and Lower primer, if not already

selected. (Move the Current Oligo downstream from the

Upper Primer lo select a Lower Pririler.)

2. Froin the File inenu, choose New Dafabase, or press

<Alt><N>.

3. Once the database is loaded, under Import Funclions,

click on "Upper Primer" and then 1-ower Prinner,"

adding these priniers lo the database as records.

Your primers have lo he wilbin previously establislied search

ranges for the Prirning Efficiency feature lo work.

4. Examine the Triming Efficiency" feature by clicking

on the "All" button under the "CurrenC option and tlien

the TU bulton.

This checks al¡ the records (oligos) in the database against

lile active sequence file for priming eflicieney. Two

nunibers are calculated — the priming efficiency of the most

stable site on the active sequence file is lisled first, followed

by the highest theoretical PC (perfect hornology

llybridization). In this example, (he numbers will inatch if

the database oligos are froni lile active sequence file and

witilin the set search ranges.

This feature may make it possible lo reuse previously

synthesized oligos on a new teniplate. In order lo llave a

reasonable chance of fínding an oligo with a high enough PE

(250+) lo prime effectively on an average 2kb teniplate,

however, a 500+ record database of previously synthesized

oligos lo run against the template is recoilimended.

To send database prirners lo PRIMEFORM

Oligonucleotide Ordering Software, click on the

oligonucleotide record lo export and then on the

"Select/Deselect" button froni the EYj)or-1 Functions

nienu. Do the same for additional primers. Notice that

a dot appears 
in 

the fírst column, under 
lile 

"0." This

indicates that the record was sent lo the order form.

Click on "Order Form" lo call up PRIMEFORM and an

order form containing the selected oligonucleotide

sequences.
From the Edit menu, select A(-coiítzlitig Inforniation.

Enter the information for your accounting department by

clicking in the fields. To move from fíeld lo fíeld, press

<Tab> or use the niouse. When you are finished, click

"OK" to returri lo lile jilain menu.

From the Edit nienu, select Shippitig Information.

Enter the inforrnation by clicking in the fíeleis. To

move froni field lo fíeld, press <Tab>. When you are

finished, click OK lo returri lo the main menu.

Fronn the Edit nienu, click on Spilhesis Specificatioris

lo select the specific service, grade, scale/quantity asid

turnaround for your order.

To view your order form on screen, select File — Prinf

Preview.

You are unable lo edit the header and footer infortilation

(Edit — Ot-dei- lptj'(^ritiatioti) 
in 

this derno version.

If you would like lo use a standalone copy of PRIMEFORM

lo order oligouncleotide synthesis services froni NBI, please:

Fax:	800/369-5118 or 612/550-9625

E-mail: nbi@biotechnet.com

Plione: 8001747-4362 or 6121550-2012

9.

lo.

li.

12.

Note

PRIMEFORM
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Technical Support & Ordering Information
For tecímical support on any N131 product, please contact us
via E-mail, fax, or phone.

E-mail:	nbi@biotechnet.com

Fax:	800/369-5118
612/550-9625

Phone:	800/747-4362
612/550-2012

To order OLIGO, please reference the N131 catalog number.

2005 OLIGO ver 5.0 for Windows
2017 OLIGO 5.0 Windows Upgrade
2007 OLIGO ver 5.0 for Mac-
2011	OLIGO 4.0 with Mae 5.0 Upgrade-
2003 OLIGO ver 4.0 for Mac
2001 OLIGO ver 4.0 for DOS
2019 OLIGO 5.0 Mac Upgrade

- Available 1995.

For network and multi-user pricing, please consult your
sales representative.

Non-profit NB1 offers discounts on the OLIGO program to educational.

	

Discounts	and non-profit institutions, such as university, goverríment,
some hospital, and research institutions.

Special With the purchase of any software product from NBI,
Custom DNA customers receive a credit toward custom DNA synthesis

	

offer	services from NBI's research services lab. Credits vary from
$ 100 to $500, depending on the software purchased.

	

In Europe &	NBI has distributors to serve our European and Pacific Rún

	

Japan	customers. To order and obtain technical support in these
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Europe
MedProbe
Phone:	47222001 37
Fax:	47222001 89
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Protocol Addendum

In this addendum we provide updated information
on RNA isolation and an updated protocol for
cDNA synthesis.

Notes and precautions:

> We recommend that you read through each
protocol carefully before starting.

> VY'hen working with, RNA and cDNA, aIways
wear gloves to protect your samples from
degradation by nucleases.

> To reduce the risk of DNA contamination of PCR
products please read the DNA contamination
section in Chapter 3.

> AIways wear gloves when handling radioactive
materials and dispose of radioactive waste
properly.

RT-PCR
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Reverse transcription of RNA fóllowed by the Poly-
merase Chain Reaction (RT-PCR) is an extremely
sensitive method to detect and quanti.fy specific
mRNAs. The purpose *of this booklet is to provide
an overview of the RT-PCR technique and its
applications, supplemented with original data. We
hope this will provide a basis for further investiga-
tion into specific areas of interest to the reader.

Copyright @ 1991 by CLONTECH Laboratories, Inc.
All rights reserved. Printed in the U.S.A.
First Edition

e j Printed on recycJed paper.

1OUZ.I, Printed with soy-based inks to reduce environmental impact.



Amount Final Cone.
1 pl	LO PM

1.0 ,m1 PI

0.5 niM

2. Add the ffillowing components:

Reagent
20 jiM oligo(dT)-18
prínier
or
20 pM random
hexamer primers

5X reaction mix	4p]
(Final coneentration:

50 mM Tris-HCI,
pl1 8.3, 75 mM KG
arid 3 InM MgC12)

dNTP mix,
10 niM each

Reconibinant RNase 0.5 pil	I U/"]

inhibitor, 50U/pl

RNA Isolation

CLONTECH now has available the Micro-Scale

Total RNA Separator Kit (#1(1044-1), designed

especially for RNA isolation for RT-PC11.The,
Miem-Scale Total RNA Separator Kit allows ¡sola-
tion ofintact total RNA froni very small ainotints of

cell or tissue saniples- 15 mg oftissue or 1 x Iffi

celis can be used as starting material. The Miero-

Scale Kit also comes with poly¡nosinic acid f'oi- use

as a carrier nueleic acid so that RNA can be isolated

froni even smaller amounts of tissue or cells. The

use ofa carrier nucleic acid facilitates RNA han-

dling and iniproves y¡elds when working with very

sinali samples. The use of both tRNA and poly-

inosinic acid has been documented, but we have

liad the inost, success with poly¡nosinic acid.

cDNA Synthesis

We typically synthesize cDNA from a maxiniuni of

1 jig oftotal RNA in a total volunie of 20 pil.

M-MI,V reverse
transcriptase,
200 U/pl

Total Volume

1 Pl	1.0 U/PI

20 yd

0

1. To 0.2-1 pig ofRNA, add DEPC-treated water to

givea volume ofl2.5 pl. Incubate at 70-80'C for

:3 iiiinutes. Spin briefly and place on ice.

Note: An optional step is to quantitate Ilie
y¡elds of'cDNA synthesis by monitoring incor-

poration of' 321P-dNTIP byTCA precipitaticin. To

do so add 5-1.0 pCi of' 321P-dNTIP (e.g., dCTP) to

the reactiori. Adjust water in Step 1, so that the

total volume is 20 pl. Remove a I-jil aliquot
prior to aciding enzyme for the "minus enzynie"

TCA precipitable cpm value. Then remove

another 1 pil for deteri-nination of total
32P-dNTP; dilute into 100 Vi] of water and count

1 jil of the dilution.

(M-MI,V: recoinhinant Moloney-Murine
Leukeinia Virus reverse transcriptase)

3. Incubate at 42'C for 1 hour. To quantitate

y¡elds by incorporation Of 32P-dNTP, remove

1 pl lo¡- the "plus enzyme" TCA precipitable

cpni value.

4. Terminate reaction by incubation at 94'C for

2 minutes. Spin for 1 ininute in a niicro-

centrifuge at VC.

5. Dilute the cDNA synthesis reaction 5-fold by	1
adding 80 pl DEPC-treated wit!(^r. Vortex and
spin again. The dilution will allow more
aceurate pipetting ofthe cDNA.

(JIU,

6. Yoti will use 5-10 pl of the diluted cDNA-in

each 50-pl PCIR reaction. The remaining cID?

can be stored at -70'C for several months o¡ a^t

--20''C Por up to 1, week.

iii t leo
-CION or

11
	

Protocol Addendum
	

RT-PCR
	

a



lable of Colitelil-,

Introduction and Overview ..................................... 3

1	Tileoretical and Practica¡ Aspects of PCR .............. 5
>	The Exponejiticil Notur-e oí PCR ................................... 5
>	The Eff Í c¡eiicy oí Amplification .................................... 6

TI>	Tlie Plteau Efíect ....................................................... 8
t.	aurilltiíylng the PCR Pr-ocluct ...................................... 9

2	Quantitative PCR without the

Use of Interna¡ Standards ..................................... 12
> Deferminiiig Relative Difíerences iii No

beKveen Two or Mor-e Somples ................................. 14
Tili-ation Arialysis .................................................. 14
Kinetic Analysis .................................................... 14

Using Lmear Regiession Atiolysis to

Determirie the Alsolule Volue o( No .... . .... . . ........ 16

3	Quantitative PCR Usin Interna¡ Standards ...... 17

> ArTiplificatlori oí afi Silogenous

Sequerice os avi Iffiernal Storicluid ............................. 17
V- Amplificatiori oí cm Exo9ejious

Sequeilce os on Iritei i icil Siotidord ..........................

4	Competitive PCR .............................................. ....... 26
>	Hornologous Competitoi- Fi-agmevits .......................... 30
>	Heterologous Competitor F-vogments ......................... 31
>	CLONTECH's PCR MIMIC Strategy ............................ 32

Bockground ......................................................... 32
Geiier-cit'oti oí PCR MIMICs ................ ....... .......... 32
volldation oí lhe PCR MIMIC Strofegy .................... 34
A Proctical AI)I)Iiccitioii oí P( --R tAlMICs ^ ................. 40
Use oí RNA MIMICs ...... ................ ..................... 42

5	Suinmary of Guantitative RT-PCR Methods ....... 44

> Coidusions .................................. ................... ...... 46

References ...................................................... ........ A7

CLONTECH Related Products ................................. 54

(BKZ3003)



Introduction
and Overview
Amplification of individual RNA molecules can be
achieved by a method that combines reverse tran-
scription and the polymerase chain reaction (PCR).
Called RT-PCR here (1, 2), this niethod has also heen
termed RNA-PCR (3), RNA phenotyping (4), and
message amplifícation phenotyping (5). RT-PCR has
been shown to be tbousands of times more sensitive
tban the traditional RNA blot techniques (6-7). This
exquisite sensitivity gives RT-I'CR the ability to
detect extremely rare mRNAs, mRNAs in small
numbers of cells or in small amounts oftissue, and
inRNAs expressed in mixed-cell populations.

While RT-I"CR is an extremely sensitive rnethod of
mRNA analysis, obtaming quantitative infórmation
with this tecl-mique can be difficult. This is due pri-
marily to the fact that there are two sequential enzy-
matic steps involved: the synthesis of DNA from the
RNA template and the polymerase chain reaction. In
practice, the exponential nature of the polymerase
chain reaction and the practical aspects of perform-
ing PCR pose the most serious obstacles to obtaining
quantitative information. With some adaptations,
llowever, RT-P(R can yield aecurate quantitative
resuits.

This bookiet describes a number of metbods that
have been developed for using IIT-PCR to determine
the relative leve] of abundance of a particular
mRNA, changes in the abundance of an mRNA over
time or after induction, and the actual number of -
mRNA molecules in the sample. We will discuss the

QUANTITATIVE RT-PCR
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theory and applications ofeach method, and the
acivantages and limitations associated with them.
We will then exparid on one rnethod Uquantitative

j PCR in particular, namely competitive PCR. We
have found this method, using non-homologous
interna] standards (PCR MIMICs), tú be both simple
and useful.

We have tried tú present a thorough discussion of
the topic. However, due tú the vast amount of avail-
able information about PCR and the rapid develop-
ment of new methocis, we may have inadvertently
omitted some published information.

Theoretical and
	

u
Practica¡ Aspects of PCR

	
A

The Exponential Nature of PCR
By definition, the PCR process is a chain reaction.
The products from one eyele of amplification serve
as substrates for the next. Therefore, the amount
of product increases exponentially and not línearly,
as in most enzymatic processes. Under ideal or theo-
retical conditions, the amount of product doubles
during each eyele of the PCR reaction aecording tú
Equation 1. This relationship is plotted in Figure lA.

Equation 1: N = NO211

where:
N = The number of amplified molecules
No = The initial number of molecules
n = The number of amplification cycles

0

n (cycIes)	 No (molecules)

i
	

Figure 1. Characteristics of PCR amplification in un ideal
case. Pone¡ A: kinefics oí amplification. Panel B: PCR product y¡eld as
a function oí inifial amount oí target.
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Equation 1 indicates a linear relationship between
the number of amplified target molecules and the
initial number of target molecules. This relationship
is shown in Figure 1B.

The Efficiency of Amplification

Amplification efficieney, that is, the fraction of the
template replicated during each reaction cycle, is a
crucial factor for any reliable method of quantitative
PCR. Experimentally, the efliciency of amplification
(E) is less than perfect, and the PCR process is thus
described by Equation 2.

Equation 2: N = N o U+E)n

where:
E = The amplification eflicieney

Because of the exponential nature of PCR, a very
small change in amplification efficieney, E, can yield
dramatic differences in the amount of product, N,
even if the initial number of target molecules, N.,
is the same. For example: if E = 0.85 and n = 30, then
N = N(, (l+ 0.85)31 and N = 10.4 x 107 No. In other
words, PCR would produce a 10 . 4 x 10 1–fold increase
in the amount of target molecules. However, if E is
reduced to O.S, the target would only be amplified
4.6 x 107 times by I`CR. Thus, a change in amplifica-
tion ellicieney of only 0.05 would produce a greater
than two-fold change in the amount of reaction prod-
uct. This difibrence becomes even greater as the
number of eyeles increases.

Several experimental factors may affect the efficieney
of amplification, including:

nielting point ofthe target sequence, and reduce the
processivity of the polymerase. The length of the tar-
get sequence being amplified can affect E for another
reason: even with an ideal template, no polymerase
exhibits 100% processivity under ¡ti vitro conditions.
Because of the limited processivity of Taq DNA poly-
merase in vitro, target sequences longer than 3 kb
are extremely difficult to amplify. More importantly,
there is also some controversy about whether differ-
ences in target sequence lengths significantly alter
the efficieney of amplification when the sequences
are under 1 kb. In two cases, a weak inverse correla-
tion was observed (8, 9). In another case, there was
no observed difference in E (10). Impurities in the
sample can affect amplification efficieney in many
ways. For example, they can degrade or inhibit the
polymerase, cause conformational changes in the
target DNA, or compete for primer binding sites—to
name j ust a few of the possibilities.

There may be additional, as yet unknown, often sub-
tle, factors that affect E. This is illustrated by the
fact that the amount of product amplified from the
same target sequence after the same number of
cyeles and under identical experimenta] conditions
often differs from one PCR reaction to another. This
was seen even when using a master mix of reaction
components (11, 12). Unfortunately, such tube-to-
tube variation in amplification efficieney can be both
significant and unpredictable. Theoretically, the efli-
ciency of amplification, E, ranges from 0 tol.
Experimentally, the value of E has been found to
range from 0.46 to 0.99 for different genes (7, 10, 13).
The value of E also varied, from 0.8 to 0.99, when
the same gene was amplified in independent tubes
under identical conditions (14).

> The sequence being amplified
> The sequence of the primers
> Thelengtliofthesequencebeingamplified
> Impurities in the sample

The first three of these factors are important
because they aflect secondary structure formation
and the G/C content ofthe target sequence—botb of
which may interfere with primer binding, affect the

1 A Theoretical and Practica¡ Aspects oí PCR	 QUANTITATIVE RT-PCR
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, The Plateau Effect

Experinientally, the amount of product generated
during PCIZ also deviates froin tlie theoretical case.
The amotint of PCR product-, produced during Llie
polynierase chain reaction initially increases expo-
nentially, bul, then the rate of production slows and
finally levels off, as shown in Figures 2A and 2B.
Figure 2A is a graph of the number of amplified
target molecules (N) plotted as a function of PCR
eyeles (n), and Figure 2B is a graph of the number of
amplified target molecules (N) plotted as a function
of the initial number of target molecules (NO). The
leveling off of the rate of amplification is often
referred to as the plateau effect.

A.

0
E

z

No

n (CYCICS)	 No (molecules)

Figure 2. Characteristics of PCR amplification in a typical

case. Panel A: kinefics oí amplilication. Panel B: PCR product y¡eld as

a function oí initial amount oí target.

i The following factors may aecount for the observed

1 plateau effect:

> The product aecumulates to a concentration at
which reassociation competes with primer
annealing and extension (15).

> The molar ratio of polymerase to template falis
below a critica] value.

> Inhibitors of polymerase activity, such as
pyrophosphates, may aceumulate.

> One or more of the components necessary for the
reaction become limiting.

1 A Theoretical and Practical Aspects oí PCR

The number of cycles needed to reach the plateau
phase varies, depending on the sequence—and the
original amount—oftarget mRNA. This variability
makes ¡t difficult to predict precisely the time course
of ¡,he reaction or the amount of » product synthesized
before plateau pliase is reached. The uncertainties
inherent in the plateau effect, as well as the expo-
nential nature of PCIZ, contribute to the difficulty of
performing quantitative PCR because they obscure
the linear relationship between No and N depicted in
Equations 1 and 2. Methods that employ RT-PCR to
obtain quantitative information must take these fac-
tors into account.

Quant¡fy¡nq the PCR Product

The goal of quantitative PCR is to deduce, froni the
final amount of PCR product, either the initial num-
ber oftarget molecules (NO ) or the relative starting
levels of target molecules among several samples.
Thus, the first step in this process is to measure the
amount of PCR product present.

Several methods are comnionlly used to quantify
PCR products. The most straightfórward approach is
to measure the incorporation of labeled nueleotides
or priniers into PCR products resolved by gel elec-
trophoresis. Although direct, the use of labeled
nueleotides in PCR can be problematic. High levels
of unincorporated, labeled nucleotides in the PCR
product mixtures result from the relatively high
(^^100 ^ concentrations of nucleotides required for
PCR. Consequently, trace amounts of unincorporat-
ed label often remain in the electrophoretic gel as
the product bands migrate, resulting in a "trail" of
label througbout the lane. Even a relatively sinall
amount of "trailing" can make it difficult to measure
the amount of incorporated label. For this reason,
many researchers prefer to use labeled PCR primers
rather than labeled nucleotides.

Other strategies for quantifying PCR produets are
based on hybridization. The most comnion of these
methods is to probe a Southern blot of the PCR prod-
ucts using a radioactively labeled probe designed to

QUANTITATIVE RT-PCR



hybridizc to specific, amplified sequences. To quanti-
tate the aniount of probe hybridized, the blot can
cither be exposed to x-ray film and the resulting
autoradiogram densitometrically scaríned, or the
PCR product band can be excised from the blot and
its radioactivity measured in a scintillation counter.
Because the nucleic acid probes only hybridize to the
corresponding amplified DNA sequences, this
method offers the advantage of detecting only the
correct PCR product. Nonspecific produets do not
produce a signal.

Alternative hOridization methods that avoid
Southern blotting have also been utilized (12, 16,
17). Jalava el al. (16) described an approach based
on the capture and hybridization of biotinylated PCR
produets on streptavidin-coated mierotiter plates.
The biotin group is added to the PCR product during
amplification through the use of a biotinylated
primer. Biotinylated products are subsequently cap-
tured on streptavidin-coated plates, and a radioac-
tively labeled nueleic acid probe, designed to
hybridize to the biotinylated strand, is then used to
measure the arnount of captured product. Jalava el
al. used relatively long, nick-translated DNA frag-
ments (0.35 kb and 0.42 kb) as the radioactive
hybridization probes; however, the results of their
experiments suggest that it might also be possible
to use short, nonisotopically labeled synthetic DNA
probes, in con.junetion with an appropriate detection
systern.

Another hybridization method that avoids Southern
blotting is solution hybridization between a radioac-
tively labeled probe and denatured PCR products.
The bybridized probes are resolved by gel elec-
trophoresis and subsequently quantitated by seintil-
lation counting (12). Fluorescent labeis also can be
used instead ofradioactivity. In this case, a fluores-
cently labeled interna] primer is annealed to one
strand of the PCR product and extended using Taq
DNA polymerase. Run-off extension products are
electrophoresed in an automated DNA sequencer
that quantitatively detects the incorporated fluores-
cent label (17).

Severa¡ additional methods exist for quantifying
I"CR products. They include measurement of the
EtBr luminescence emanating from PCR produets
resolved by gel electrophoresis (18), use of high per-
formance liquid chromatography (19), and assays
based on in vitro transcription with radioactively
labeled ribonucleotide substrates(20). For in vitro
transcription, a transcriptional promoter is incorpo-
rated into one of the PCR primers. Following ampli-
fication, the PCR product is transcribed in vitro
using radioactively labeled ribonueleotides. During
transcription, the radioactive signal is amplified 100-
to 200-fold, making this a very sensitive detection
method. However, the additional enzymatic reaction
required for in vitro transcription makes this one of
the more laborious detection methods and may also
increase the risk of experimenta] error.

a
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For convenience, Equations 2 and 3 may also be
written as:

0	 Equation 2. 1: A = Ao (1 + E)n

Equation 3. 1: Log A = 1 Log (1 + Efl - n + Log Ao

0

' Quantitative PCR without theu
A	Use of Interna¡ Standards
Most commonly, researchers use internal standards
to control variations in amplification efficiency and
to determine absolute values of mRNA (discussed in
the next section). However, it is possible to perform
quantitative PCR wíthout the use of internal stan-
dards if two conditions are met. First, tube-to-tube
variation in the actual value of E must be minimal
so that a constant value can be assumed for E in
all related PCR reactions. Second, all data must be
obtained before the reactions begin to reach the
plateau phase. The methods descríbed in this section
employ mathematical models based on Equations 2
and 3 to determine relative changes in mRNA leveis.
At the end of this section is a discussion of the use of
linear reg-ression analysis (also based on these equa-
tions) to estimate absolute numbers of mRNA target
molecules per unit of starting RNA without using
internal controls.

Equation 2: N = No (1 + E)n

Equation 3: Log N = [Log (1 + E)] - n + Log No

where:
N= The number of amplified molecules
No= The initial number of molecules
n= The number of amplification eyeles
E= The amplirication efficieney

where:
A = The amount of amplified product (in cpm or

OD260 units)
AO = The starting amount of total RNA (pg) or

cDNA (ng). Note: the target sequences usu-
ally comprise only a small fraction of the
total.

lf the two condítions stated ahove are in effect
(¡.e., E is constant and reactions are not reaching the
plateau phase), Equation 3.1 indicates that there is a
linear relationship between the logarithm of the
startíng amount of target mRNA (or cDNA) (includ-
ed in AO) and the logarithm of the amount of amplifi-
cation product generated (A). This relationship is
illustrated in the graph of Figure 3. A linear rela-
tionship between Log A and Log A. has also been
shown to exist empirically for values of A ranging
over 2-3 orders of magnitude (21-23). In one case,
this relationship was even found to hold for values
of A differing by four orders of magnitude (18).

Lo9 AO (pq or ng)

Figure 3. Linear relationship between #he Lag of the
amount of PCR product and the Lag of the initial amount
of sample RNA (p9) or cDNA (ng), in an ideal case.
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Determining Relafive Differences in No
between TWo or More Samples

Two Uórnis ofexperimental analysis, titration and
kineties, can be used to estimate the relative ¡n¡úa]
amounts of target iríRNA or cDNA in two saniples-
when the amplification efficiencies are the same for
the two samples and the data are collected befiore the
^(^actioiis begin to reach the plateau phase.

Titration Analysis

A titration analysis is performed by making a dilu-
tion series, or titration, of RNA or cDNA, ainplif^iiig
by PCR, and quantilVing the signals produced
(defíned as A). Figure 4A shows idealized data col-
lected from this type of experiment, graphed as Log A
as a fúnction of` Log AO . Because of the linear rela-
tionship between Log Ao and Log A, and because the
amount oftarget mRNA or cDNA is a constant pro-
portion ofthe total starting material (A,,) flor each of
the various dilutions of a given sample, the relative
difference in No is proportional to the difference
betwerí the slopes ofthe two curves. Thus, a value of
Log AO is chosen on the X (horizonal) axis of the
grapli and the corresponding values of Log A are then
extrapolated for both curves, as shown in Figure 4A.
The diflbrence between the two values of Log A deter-
rnined in this ruanner from the graph is equivalent to
the relative difference in NO for the two samples.
Singer-Sam et al. (23) used this methad to determine
the relative changes in niRNA leveis for several pl-tos-
phoglycerate kinases and phosphoribosyl-transferas-
es during rnouse spermatogenesis.

Kinefic Analysis

A more commonly used alternative to titration
atinlysis is coniparative kinetic analysis. To perffirm

a kinetic artalysis, values of A are determined ffir a

number of consecutive arríplifícation eyeles (n) f*or

two samples. Figure 413 shows idealized data frorrí

an experiment ofthis typc, plotted as Log A vs. ti.

The curves are consistent with Equation 3. To deter-

rnirte the relative diflerence 
in 
No between the t,wo

samples, a value of n is chosen at a point where the
two curves are parallel (suggesting equal values for
E), and the value of Log A is extrapolated from this
value ofrí for cach curve. At this point, the difference
between the two values for Log A is directly propor-
tional to the difference of Log AO between the two
samples. Moreover, the difference of Log AO between
the two samples is equal to the difference of Log No
between the two samples. Hence, this method can
be used to determine the difference in the initial
number of target molecules, but not the actual num-
ber of starting target molecules.

Equation 3: Log N = 1 Log (1 + Efl - n + Log No

Comparative kinetic analyses have been used to
aecurately detect 2-fold (24) to 10-fold (26) changes
in mRNA levels. For example, Solomon et al. (24)
used this approach to examine differences in the lev-
els ofalpolipoprotein mRNA in normal and athero-
selerotic blood vessels. Dallman et al. (25) used a
similar strategy to examine the influence of tissue
transplantation on cytokine mRNA levels.

A.

0

b
E

Log AO (p9)	 n (cycles)

Figure 4. Two metbods for determining relative differ-

ences in the initial amount of farget in two somples.

Panel A: titration method. Panel B: kinefic method.
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Using Linear Regression Analysis to
Determine the Absolute Value of No
Equation 3 describes a linear relationship in the
ffirinat, y = nix + l), whose slope (m) has the value
OfLog (1 + E) and whose y-intercept (b) is NO. This
allows estimation of the value of N o graphically.
When the value of E is known, the value of N o can
be determined from a linear regression analysis of
the plotted data. Experimentally, a kinetic study is
perfórmed in which a constant amount of starting
cDNA is arríplified by PCR. During consecutive
eyeles, the number of product molecules, N, is deter-
mined. In this method it is necessary to calculate N,
and not simply A. With the data graphed as Log N
vs. n, E can be calculated from the logarithm of the
slope, and No can'be derived from the y-intercept
(Figure 5).

Figure S. Determination of inifial amount of target (N.)
and efficiency of amplification (E) using linear regres-
sion. Note that the siope = Log (1 + E) and the y-intercept = No.

This method was recently used by Wiesner (14) to
estimate the number of (x- and O-rnyosin heavy-
chain mRNA molecules per unit of total RNA
extracted from rat ventricle tissue. The authors also
were able to calculate the number of mRNA mole-
cules per cell, taking into aecount the yield of'RNA
and the number of rnyocytes per gram of tissue.

Quantitative PCR Usin	
-C

9	u
Interna¡ Standards	 A

Thus far, we have discussed a variety of methods for
using quantitative PCR to determine relative initial
levels of target mRNAs, and one method for estimat-
ing the absolute starting number of target molecules.
However, in al] of these methods, undefined varia-
tions in amplirícation efficíency (E) complicate the
interpretation of results. In an attempt to correct for
tube-to-tube variations in amplification efficiency,
most investigators use internal amplification stan-
dards. Two types of interna¡ standards can be used:
an endogenous sequence or gene transcript that is
normally present in the sample, or an exogenous
fragment ac1ded to the amplifícation reaction.

Amplification of an Endo enops
Sequence as an Interna¡ Cridard
An endogenous sequence, known to be present at
constant levels througbout a series of saniples to be
compared, can he used as an internal standard in
quantitative PCR reactions. Endogenous mRNA
standards, typically for bousekeeping genes or genes
that are structurally or functionally related to the
target mIZNA (31), have been used to determine
relative levels Uspecific mRNAs (20, 26-28).
Furthermore, endogenous single-copy gene sequences
have been used as interna] standards to determine
relative gene copy numbers (12, 29, 30). Finally, we
know of at least one case where ribosomal RNA was
used as an endogenous internal standard fbr quanti-
tation of mRNAs (32).
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In this approach, the endogenous standard sequence
is amplified using a second pair ofgene-specific
primers, either ¡ti two separate PCR reactions, or in
the same reaction as the Larget sequence. ]'he ratios
of the anlount of'PCR products generated by target

and endogenotis standard sequences in the different
samples are then determined and compared. As with
the methods described previously, the data from this
type of experiment must be obtained beflore the
amplification reactions reach the plateau pliase. The
data can be collected either from a titration of the
sequences to be amplified, or by kinetic analysis, to
ensure that signals are derived only froni the expo-

nential pliase of the amplifícation.

The relative initial amounts of a target sequence and
the endogenous standard G.e., the ratio N0,1 No s ) can

be determined from Equation 4 (derived froni
Equafion 2). (The subscripts "t" and "s" refer to the
target and standard sequences, respectively.) Values
for the efficieney of amplification (E) for the target

and standard may be calculated from the slope of a

graph of Log N as a function of eyele number (n).
(See section on linear regression analysis, pg. 14).

Note that when the amplification efficiencies of the
two reactions—target and standard—are identical,

¡.e., E, = E,, the analysis is greatly simplified (10).

Equation 4:

NI), / N(,, = N, (1 + E^,)	N, ^(1 + Et)

where:
Not = The initial number of target molecules

NOS = 
The initial nuniber of standard rnolecules

N = The number of amplified target molecules,

N = The number of amplified standard molec'uless
E = Aniplification efficieney of the targett
E ^,. = Aniplification efficieney of the standard

n = The number ofamplifícation cycles

However, even without a full mathematical analy-

sis—and even in cases where E does not equal E,—

it has been shown empirically títat endogenous
mRNAs can be used to normalize target mIZNA lev-

els between samples to he compared. Thus, instead

of determirting the ratio ofthe intial absolute

amounts of target and standard using linear regres-
sion, the relative amounts of PCR produets generat-
ed bY the target and standard templates in difibrent
samples is simply compared. Although it has not
been shown theoretically, Horikoshi et al. (20) sug-
gested that if the interna] standard mRNA is
expressed at the same level in two samples, the
ratio of PCR products generated from the target and
standard should indicate the relative leve¡ of expres-
sion ofthe target mRNA in those samples.
Furthermore, it may be true that if the target and
standard are amplified in the same tube, tube-to-
tube variations in amplification efficieney (due, for
example, to pipetting error, sample impurities, or
partially degraded RNA) may be minirnized as weil.

This type of approach has been experimentally vali-
dated by performing PCR on mixtures of DNA. For

example, Horikoshi et al. (20) mixed specific ratios of

DNA preparations firom two cell lines, one with a
documented 18-fold amplificatiort of the dihydrofó-
late reductase (DHFR) gene and the other carrying
the gene as a single copy. In this case, two indepei i -
dent PCR amplifications were performed on each
sample using DHFR and P-actin primers, respec'^\,i-^-

ly, 
in separate reactions; the P-actin sequence servi-d

as a single-copy standard. Ampliried products were
obtained under conditions in which the amount of
product was still increasing linearly with increasing
amounts ofstarting sample (A0 ). The ratio ol'DHFR
to P-actin PCR products obtained froin the mixtures

differed by only -30171, from the predicted theoretical

values.

In the experiment described above, the amplification
of standard and target sequences was conducted in
separate PCR reactions. llowever, a close correlation
between predicted and observed target levels was
similarly found by Neubauer et al. (29), who per-
Pormed both amplifications in a single PCR reaction
in a metbod they referred to as differential PCR. In
this case, the authors were investigating the loss of
the P-interfi^^ron gene in chronic rnyelogeneous
leuken—tia; the target was the [S-interferon gene and
the standard was the -y-interferon gene. They were
able to detect changes as small as 2:1 and 3:2 in the
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ratio of the two genes using this method.
Coarríplification also was used by Chamberlain el, al.
(30) to examine exon deletions in the Duchenne mus-
cular dystrophy locus. In an approach they cal led
multiplex DNA amplification, they simultaneously
amplified (in one tube) six exons, each with a differ-
ent set of primers. In another example, Kellogg el al.
(12) corrected f'ot- the efliects of variable amplification
Cfficiency of an HIV-1 DNA template in severa] sam-
ples by using a single-copy gene from the HLA locus
as a reference standard.

Many examples of the use of endogenous rnRNA
standards to determine relative levels of specif ic
mRNAs (in the same tissue) can be found-in the
literature. The fírst group to use this approach was
Chelly el al. (10), in a study of dystrophin gene
expression in different muscle tissues..Chelly el al.
used aldolase A mRNA as the internal standard, and
they performed the mathematical analysis, including
calculation of amplification efficiencies, described at
the beginning of this section. Noonan el al. (26) stud-
ied the relative expression of the multiple drug resis-
tance gene (mdr-D in tumor celis by normalizing
PCR data to 02-Microglobulin mRNA. Horikoshi
el al. (20) investigated expression of thyrnidylate
synthase mRNA in tumor samples using both 02-
microglobulin and O-actin mRNA as endogenous
standards. Murphy el al. (27) utilized both target
titration and kinetic strategies to examine nidr-1
mRNA leveis in tumor cells. Finally, Kinoshita el al.
(28) examined levels of T-cell leukernia virus type 1
by performing a detailed kinetic PCR analysis that
used O-actin mRNA as the endogenous standard.

Perhaps the greatest advantage of using the expres-
sion of an endogenous sequence as an interna] stan-
dard is that the relerence mRNA and the Larget
rriRNA are usually processed together for the entire
duration ofthe experiment—from RNA extraction
through PCR amplification. This tends to minimize
differences in RNA yield between samples—an
important advantage, particularly for analysis of
small tissue samples where the quantities of RNA
are too small to measure by UV spectropliot.Ometry.
In addition, if the entire population of mRNA is con-

verted to cDNA by the use of oligo(dT) primers or
random hexamers, the overall efficieney of cDNA
synthesis also is sornewliat normalized.

Notwitlistanding the advantages to this approach,
several complications may aríse when amplification
ofendogenous mRNAs is used for semi-quantitative
analysis. For this method to be reliable, the level of
expression of the reference standard must be the
same in each sample to be compared and must not
change as a result of the experimenta] treatment.
Unfortunately, few if any genes are expressed in a
strictly constitutive manner. This is even the case for
many housekeeping genes, including O-actin (33, 34).
Therefóre, the level of the mRNA used as the
endogenous standard must be examined very care-
fully to ensure its constancy among all of the experi-
mental conditions studied.

Another challenge ofthis approach is to obtain va]-
ues of A, and A. before the amplification reactions
reach the plateau phase, especially when the relative
levels of expression of the standard and target
sequences differ greatly. For example, if O-actin
niRNA is used as the interna] standard, it may be
present at a much higher leve] than the target tran-
seript, and amplification of the control may approach
plateau pliase weil in advance of that of the target
seqmence. Indeed, Murphy el al. (27) found that the
interna] standard mRNA, for P2-M'croglobulin,
entered the plateau phase before the target, nidr-1
mRNA, was even detectable. One clever solution to
this problem involves simply waiting until later
stages of the amplification before adding the primers
for the endogenous standard (28). Otber researchers
used gene-specific primers to synthesize cDNA from
the control and target mRNAs in separate tubes and
then mixed ditutions of the control and target cDNAs
befóre performing multiplex PCR (32).

Interfierence is a frequently observed problem when
more than one set of primers is used in the same
PCR reaction. For example, when Murphy el al. (27)
added both 0 -microglobulin and mdr-1 primers to
the sanle Pe4 reaction, they observed a premature
attenuation of the exponential phase of both PCR
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aniplifications. At CLONTEC11 we have observed
similar results; the amount ofproduct generated
(from either the target, the standard, or botfi) ¡S
often dramatically reduced wben both sequences are
amplified in a single reaction. In fact, primer pairs
that function truly independenfly seeni to be the
exception rather than the 1111e.

Amplification of an Exoqenous
Sequence as an InternarStandard

Exogenous sequences can also be used as internal
PCR standards. In this approach, an exogenous
nIRNA or DNA standard is added to the target sam-
ple and amplified simultaneously with the target
transcript in a single PCR reaction mixture. The
exogenous standard can be either a synthetic RNA
added to the reverse transcription reaction or a
DNA, not normally in the target sample, that is
added directly to the PCR reaction.

The theory bebind use of exogenously added gene
sequences as interna] standards is similar to that
described above for endogenous reference sequences.
With both types ofinternal controls, the amount oí'
amplified standard can be quantified after the exper-
iment, and the change in the amount of standard is
proportional to the change in the amount of target.
I-lowever, there is a signiricant advantage in using
an exogenously added sequence as the internal con-
trol; namely, the initial amount of standard used in
the PCR reaction is precisely known. This makes it
possible to calculate the absolute leve] of target
mRNA or cDNA present in the original sample.

A common metbod of obtaining quantitative results
from PCR with an exogenous standard involves gen-
erating a standard curve from tile data collected.
This method was first described by Wang et al. (7),

who quantified changes in the levels of severa]
cytokine mRNAs in stimulated macrophage cells
using a synthetic internal RNA standard. In this
approach, the RNA standard shares primer binding
sites with the target RNA, but posseses a different
11stuffér" sequence and an oligo(dT) tail. A known

amount ofthe RNA standard is mixed with a known
quantity ofRNA sample (ineasured in microgranis,
for instance) and reverse transcribed. A series of
PCR reactions is then set up with dilutions ofthe
cDNA. Because the titration is performed on a
define(¡ mixture ofthe target and standard niRNAs,
and because the mixtures are not titrated against
one another, this is not a competitive reaction (com-
petitive PCR is discussed later). This strateg.y simply
allows the generation of two titration curves: one for
the standard RNA and one for the target RNA.

Experilmllelnitlai. cuNe

0
E

A

-49	 z
_T Z^Standord cu~ j?

Log A t or A. (cpm)

Figure 6. Use of a standard Curve l derived from an
exogenous1y added interna¡ standard, to quantitate ¡ni-	1

tia¡ amount of target.

Following PCR, the amounts of PCR produets
obtained from the standard (A,) and target (A,)
sequences are determined, and two curves are plot-
ted, as illustrated in Figure 6. The RNA standard

curve is generated by plotting the logarithm of the
starting number of RNA standard molecules (Log

NO ,, ) on the right vertical axis as a function of the
logarithin of the amount of amplified standard prod-

uct (Log A,,). The target RNA curve is generated by

plotting the logarithrñ of the initial amount of RNA
sample (Log Ao t ) on the left vertical axis as a func-
tion of the logarithm of the amount of target ampli-
fication produets (Log A t ). To determine the number
of target mRNA molecules per unit of total RNA, a
value of A O , is chosen in the region where the curves
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are parallel (e.g., where values for E are identical). A
line is drawn from that point (labeled A in Figure 6)
down to the internal standard curve (point 13), and
from point B, a line is drawn across to the right ver-
tical axis (point C). The value at this point is taken
as the starting nuniber of target molecules, No, in
each mierógram oftotal RNA. Ifthe amount oftotal
RNA per cell is known, the actual number of target
mIZNAs per cell can also be calculated. In the study
by Wang el -al. (7), changes in mRNA leveis of Mold
or less were reproducibly discernible. Also, the
results correlated weil with data obtained from a
Northerrí blot analysis. A similarly close correlation
between this method of quantitative PCR and
Northerrí blot analysis was found by Prendergast
el al. (35).

A critically important requirement of this type of
experiment is that the value of E be the same for

i both the target and standard mRNAs. This can be
aecomplished by designing the standard to contain
the same primer binding sequences as the corre-
sponding target niRNA. In many cases this is suffi-
cient to make E ,, equal to E t , Additional require-
ments for using exogenous standards are that the
PCR products be of similar size and under 1 kb. At
CLONTECI] we have observed, as did Wang 

el 
al.

(7), that the primer sequences have the greatest
effect on amplifícation efficieney when the sizes of
the amplified sequences are similar. Wang el 

al.
showed that the amplifícation efficiency of an RNÁ
standard was the same as that of its corresponding
target even tbough the sequence between the
shared primer- binding sites was completely difler-
ent. Ofcourse it is important that no regions of
signiricant secondary structure differ between the
target and standard RNA sequences. Differences in
efficiency still may exist, so this parameter should
aIways he examined before drawing firm conclu-
sions from each study.

To calculate the absolute initial number of target,
molecules (A 0t.), the 'Mitial number of standard rnole-
cules (Ao,) inust be known, and a method to differen-
tiate between the number of amplified standard and
target molecules (A ., and A t, respectively) must be
available. The most common tecl-mique used to dis-
tinguish between A. and A is to make their sizes
sufficiently different such lat they can he resolved
by polyacrylamide. or agarose gel electrophoresis.
Probe hybridization also can be used if the sequence
between the two primer binding sites differs. In
some cases, different restriction sites within the
sequences between the primer binding sites can be
used to differentiate target from standard—simply
by digestion with an appropriate restriction endonu-
clease prior to gel electrophoresis.

Since the study by Wang el 
al. was publisbed, several

reports have described the construction of exogenous
RNA and DNA interna] standards that differ from
target sequences only by the presence or absence of
small introns or restriction sites (36-38). In these
cases, there is litúe doubt that the amplification
efficiencies of the standard and target sequences will
be the same.
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NO,, = The initial number of standard molecules

N t = The number ofamplified target molecules

N, = The number of amplified standard
niolecules

A t = The amount, of amplified target (¡ti cprii or

OD260 units)
A, = The amount ofamplified standard (in cpni

or OD260 units)

-C

u

A	Competitive PCR

Competitive PCR also uses an extigenous template
as an interna] standard. However, the amplification
takes place in a truly competitive fashion because
the standard and target sequences actually compete
for the same primers and, therefore, for amplifica-
tion. In competitive PCR, a dilution seHes is made of
either the target sequence or the standard sequence,
and a constant amount of the other component is
added to each of the reactions. Quantirication is per-
formed after competitive amplification of the entire

i series of reactions and is achieved by distinguishing

the two PCR products from, each tube by differences

in size, hyhridization properties, or restriction
enzyme sites. An important advantage of competi-
tive PCR is that, because the ratio of target to stan-
dard remains constant during the amplification, it is
not necessary to obtain data before the reaction
reaches the plateau phase.

In competitive PCR, the competitor fragment (usual-

¡y DNA) takes the place of the standard described in
the experiments discussed in the previous sections.
We will continue to call it the standard, and use the
symboi's'to designate it in equations. When the
amplification efficiencies of the target and standard
nioleculesare the same, Equation 4 can be simplified

1 to Equation 5.

Equaflon 5: NO,/ No, = Nt / N, = At /A,

Thus, fbr any value of n, the initial ratio of target
to standard is equal to the ratio of their amplification
products (¡.e., Nt/N., or At/A s ). This has been demon-
strated both theoretically (39) and empirically (40).

Therefóre, if the standard and target sequences
ampli^v with the same efficiency, the absolute initial

amount oftarget cDNA (and in tut—n target niRNA),

can be determined by allowing known amounts of

standard (DNA) molecules to compete with the target
for primer binding during amplification.

In the competitive PCR method illustrated in

Figure 7, a dilution series of the DNA standard

(ref'erred to in the figure as the "MIMIC"") is made,
and these dilutions are added to a series of'PCR
reactions containing a constant amount Usample
cDNA. Following PCR, the amplification products
are analyzed by gel el ectroph ores¡ s, and the amount

of products generated by the standard (A ,,) and the

target (A t ) are determined Por each individual reac-
tion. The logarithro of the ratio of A t/A, is graphed

as a futiction of the logarithin of the initial molar
amount of the standard (No,) (Figure 8). The initial

amount of target cDNA (No,) in the reaction is

extrapolated froni the graph, assuming that No t is

equal to the amount of the standard (No 8 ) added, in

the reaction that produces an equimolar ratio of the
two types of products G.e., where the Log of At/A.
Log of 1/1 = 0). Note that if there is a difference in

tbe size of the standard and the target sequence,

No t does not precisely equal Nos (because longer

sequences incorporate more label than shorter
ones). Thus, a corresponding correction must be
made in the calculation of NO,

where:
Not = The initial number of target motecules	

*The use of PCR MIMICs is discussed on page 32.
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Sample 1 Sample 2 Sample 3

4.0

3.0

2.0

1.0

Add dilutions oí	 gel electroplioresis
PCR MIMIC

PCI	la,, el

RNA — cDNA —1,_.PCR	MIMI C

Men molar ratio is 1: 1, torgel = MIMIC

Figure 7. Schernatic diagram of competitive PCR utilizing

a competitor DNA fragment (PCR MIMIC), differing in

size from the target sequence. A dilution series oí the competi-

tor is acided lo a constant amount oí cDNA. Following amplificalion,

somples oí the PCR products are resolved by gel electropkoresis, and

the yields oí amplified competitor and target products are quantified.

The relative amounts 
oí 

target product and MIMIC product in each

somple are compared. The initial amounts 
oí 

target and competitor are

assumed lo be equal in those reactions where the molar ratio 
oí 

target

and competitor products are judged lo be equal (after correction for

size differences). Because the amount oí competitor acidecl lo ecick

PCR reaction is known, the obsolute initial amount 
oí 

targel can be

determined. lf the competitor is a synthetic RNA, a dilution series oí

the competitor is acided to a constant amount oí sample RNA belore

the reverse transcription step.

Lag NO, (molecules)

Figure 8. Analysis of the resuits of a competitive PCR

experiment, such as that illustrated in Figure 7. The log oí

the ratio oí cimplified target to competitor products is graphed as a

function oí the log oí the known amount oí competitor acided to the

PCI? reaction. Note that when the molar ratio 

oí 
torget and competitor

is equal lo 1, the Log oí thal ratio is equal lo 0.

In general, wben determining absolute initial
amovints, of niRNAs by competitive PCR using stan-
dard DNA fragments, one must take into aecount
the fact that the efficieney of reverse transcription
is less than 100%. The efficiency of eDNA synthesis
using oligo(dT) as a primer flor cDNA synthesis has
been reported to be 40-50% (40, 41). Thus, calcula-
tions such as those described above indicate the
minimum number of mRNA molecules present in a

given sample.

Add constant amount

oí MIMIC

^'Yl Target
RNA Sonipie 1 — cDNA 1	PCR

MIMIC

Torget
RNA Sample 2 — cDNA 2 . 

Í 
PCR	

MIMIC

5

RNA Somple 3 — cDNA 3 — PCR	
Torget

MIMIC

Figure 9. Semi -quantitutive competitive PCR using a PCR

MIMIC. A constant amount oí competitor (PCR MIMIC) is acided to

PCR reactions contoining the experimenta¡ cDNA samples. The ratio oí

amplified target lo competitor PCIR products is then defermined for

each sample. Differences in the ralios indicate the relative differences

in mRNA leveis between the samples.

As shown by Price et al. (42), it is not necessary to
conduct a full dilution series of the competitor to
determine relative changes in mRNA levels. Price

et al. added a constant amount of competitor to PCR
reactions containing the cDNA samples, as illustrat-

ed in Figure 9. They then estimated the relative
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HE

abundance ofthe target niRNA aniong the saniples

by comparing the ratio of the amount ofaniplified
target to aniplified standard in each sample. The
increase or decrease in this ratio from sample to
sample direcUy reflected the initial relative abvin-
dance of the target mRNA within each sample. This
semi -quantitative approach is more convenient than
using dilutions of the standard, especiálly when
studying multiple samples.

^ Homologous Competitor Fragments

Becker-André and Haffibrock (37) and Gilliand et al.

(38) were the first to describe competitive PCR

using 
1 
homologous competitor fragments. Gilliand

et al. used two types of internal standard: a genomic
fragment corresponding to the target mRNA
sequence but containing a small intron (thus yield-
ing a PCR proauct slight1y larger than the target

i MRNA); and a cDNA which was modified to contain

a unique restriction site. 
In the latter case, PCR

products were digested with the appropriate restric-
tion enzyme befóre electrophoresis to differentiate
between target and competitor produets. To gener-
ate their internal standard, Becker-André and
I-lalilbrock used an in vitro transcribed mRNA
designed to be identical to the target mRNA
sequence except for the addition of a unique restric-

ytion site. The added different amounts ofthe com
petitor RNA into reverse transcription reactions
containing a constant amount of target RNA.

Although it may be relatively easy to perform
restriction endonuclease digestions to differentiate
between target and competitor products, construc-
tion of such competitor fragments is often not a
trivial matter. Unless there is a known small intron
in the target gene, the construction of homologous
competitors can require time-consuming site-direct-
ed mutagenesis and multiple cloning steps.
However, recently severa] clever methods that use
simple PCR amplification with composite primers
(43-45) have been developed to generate homologous

DNA standards. These methods can be extended to
yield homologous competitor RNAs as weIl.

4 A Competitive PCR

One potential problem with the use of competitor
fragnients that are homologous to the target is that
during later stages of'PCR, when the concentratio ' n
of products is higli, heteroduplexes can form between
the standard and target sequences. This can compli-
cate quantification of the PCR products derived
specifically from the target or the standard, particu-
larly when restriction enzyme digestion is required
to distinguish between them. Therefóre, heterolo-
gous DNA standards may be preferable (discussed in
the next section).

While heteroduplex formation often interferes
with obtaining aceurate quantitative results from
competitive PCR, in a novel approach described by
Henco and Heibey (46) it is the heteroduplexes that
are actually quantified. A known quantity of an
interna¡ standard, which is identical to the target
except for a single nueleotide, is added to a dilution
series of the target sample. Following PCR, a trace
amount of radioactively labeled standard is added
to the PCR products. The mixture is denatured and
allowed to re-anneal; the labeled standard anneals
to both target and standard sequences as a tracer.
The homoduplexes and heteroduplexes are then
resolved by temperature-gradient gel electrophoresis,
and the amount of material in the heteroduplex
(reflecting the amount of amplified target) is
qnantified.

Heterologous Competitor Fragments

DNA fraf,"ents that share the same primer template
sequence but contain a completely different interven-
ing sequence can also be used for competitive PCR.
Oberla (47) prepared fragments for competitive
analysis by amplifying genomie DNA fragments from
another species with a low annealing stringency.
Siebert and Larrick (48) ligated the primer template
sequences to a nonhomologous DNA fragment to gen-

crate DNA standards (competitor fragments). More
simply, the competitive DNA standard can be

obtained by amplification of a beterologous DNA
fragment using composite primers. We used this last
approach to construct competitive fragments (called

PCR MIMICs—) at CLONTECH.
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CLONTECHs PCR MIMIC Strategy for
i Competitive PCR

Background
Initially, we explored the possibility of using an
endogenous niRNA as an interna¡ standard Lo
obtain quantitative data in experiments using our

1 cytokine RT-PCR primers. We tried many different
primer sequences, designed Lo amplify different
endogenous mRNAs, but we repeated1y observed
that almost every primer pair interfered with ampli-
fication of either the target or the standard (or both)
when used in the same PCR reaction. We then
examined the use of an exogenous standard having
the same primer binding sequences as the target.
We generated the standard by ligating the target
primer sequences Lo a 600-bp heterologous DNA
fragment of the vira] oncogene v-erb13 containing
difIbrent restriction sites on either end. The stan-
dard amplified very efficiently and with similar
kinefics Lo the target even though the sequences
between their respective primer binding sites were
completely different. Furthermore, we found that
these exogenous sequences worked very well as
internal standards in competitive PCR experiments
(48). We refer Lo these heterologous standards as
PCR MIMICs because they "mimic", or closely ¡mi-
Late, the primer binding and amplification charac-
teristics of the target. We have since found an even
simpler method for generating heterologous compet-
ffive PCR standards ofvirtually any desired size.

Generation of PCR MIMIG

PCR MIMICs are generated by two successive PCR
amplifications as shown in Figure 10. In the fírst
PCR reaction, a heterologous DNA fragment is
amplified using two coniposite primers. One compos-
¡te primer contains the upstream primer for the tar-
get sequence linked Lo a 20-mer that anneals Lo one
strand of the heterologous DNA fragment. The other
composite primer contains the downstream primer
for the target sequence linked Lo a 20-mer that

anneals Lo the opposite strand of the heterologous

4 A Competitive PCR

DNA fragnient. The two composite primers are used
Lo amplify a sjuall fragment ofthe heterologous
DNA. During ampiffication, the target-specific
primer sequences are incorporated into the PCR
product. This PCR product is diluted and used Lo
perffirm a second PCR amplification with primers for
the target gene only. In this way the entire target
primer sequences are incorporated onto, the ends of
the heterologous DNA fragment.

composite primers + beterologous DNA
fragmeni

1 ' PCR ^itli
composite primers

----------

2' PCR ^ith

gene-specific primers	gene-specilic primers only

Centrifugation through

1	spin column

Pure PCR MIMIC

(^ith gene-specific primer binding sequences)

Calculate molar quantity

Figure 10. Flow chart illustrating the generation of com-
petitive PCR MIMICs. Note that the composite primers are com-

posed of two sections; the T portion anneals to the heterologous DNA

fragment and the 5' porlion anneals to the specilfic target gene.
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The 1-'CR product, tíle newly generated PCIZ Mímic,

is purified by passage through a spin column tbat

removes PCR reaction components and priniers.

The quantity ol'P(,R MIMIC obtained is then deter-

mined eittier by measuring the absorbance at 26.0

nirí or by running an aliquot of*the PCIZ MIMIC on

a gel and comparing the intensity ofthe band to a

dilution series of DNA inarkers containing known

quantities of'DNA. The mass quantity is then con-

verted to molar quantity using the approximation

that 1 nanogram of a 300-1)p DNA fra 
11 
ment is equal

to 5 x lW attomoles (1 attomole = 10- 
8 nioles).

A typical yield of PCR MIMIC, approximately 200
nanograms, is enough to perform hundreds ofeorn-
petitive PCR experiments. Therefóre, in practice a
single determination of MIMIC yield can be used f'or

al] experiments. In this way inaceuracies ín yield

determination will not affect the determination of
relative changes in mIZNA levels (from a series of

samples) by competitive PCR.

PCR MIMICs are designed so that the size of the
PCR product generated from them is either slightly
larger or slight1y smaller than the PCR product gen-
erated from the target sequence. MIMICs of different

sizes can be made simply by designing the composite
primers so they anneal to different regions on the

1 lieterologous DNA fragment.

i
Validation of the PCR MIMIC Strategy

The theory. behind the use of PCR MIMICS (¡.e.,
heterologous conipetitor fragments) in quantitative

PCR has been discussed (pp. 24-27). There it was

reasoned that if the competitor fragment and the
target sequence amplify with the same efficiency,
for any value of n, the initial ratio of target to

standard (¡.e., No t/NO.,.) is equal to tlie ratio of

their amplification products (A t /A ',). Because PCR
MIMICs share the same primer binding sequences
as their corresponding target fragments, they are
expected to bave similar ampliFication efiriciencies

(ref. 7 and discussion on pg. 22). However, because
tlie amplified target and MIMIC sequences flanked

4 A Competitive PCR

by the primer binding sites are different, it was
important to verify that target/MIMIC pairs can
aniplif^ their respective sequences with similar
efliciencies. To do this, we compared the amplifica-
tion kinetics of severa] target/MIMIC pairs for a
number of human gene transcripts, inciuding those
for the ubiquitously expressed housekeeping genes,
glyceraldehyde 3-phosphate dehydrogenase (G3PDH)
and O-actin, as well as for the cytokines IL-10, IL-4,

and IFNy.

The results of the comparative kinetic analyses of

the amplifícation of the G3PDH MIMIC and target

are shown in Figure 11. In this study, approximate-

ly equal molar quantities of a G3PDH target cDNA

and the G3PDH MIMIC were added to a single PCR

reací ¡-j , along with a small amount of (02P-dCTP.
Aliquots were removed after each cycle for a total of
seven eyeles, starting when PCR products were first
visualized on an agarose gel. The agarose/EtBr gel

profile of the samples is shown in Figure 11A. The

bands corresponding to the target and MIMIC were
then excised from the gel and the amount of
radioactivity measured in a seintillation counter.
The logarithm of the amount of aniplified target

(Log A,) and of amplilied MIMIC (Log A '; ) were

graphed as a function of cyele number (n) (Figure

1 1B). The linear portion of the two curves had very
sirnilar siopes, indicating that the G3PDH target and
MIMIC had very similar amplification efficiencies.

Similar results were obtained in the comparative
kinetic studies of the other MIMIC/target pairs
mentioned above (data not shown). In all cases, the
target sequence and its corresponding MIMIC
amplified with similar efficiencies, even tbough they
possess different sequences between their respective
primer binding sites. These findings are consistent
with previous studies that have shown that the
sequence of the primers has the greatest effect on

aniplification efficiency (7).
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i Figure 11. Kinetics of amplification of the G3PDH target
cDNA and the G3PDH PCR MIMIC. 0. 1 attomole (each) oí the

1 G3PDH larget and MIMIC were added to a PCR reaction together , with
(y32P-dcTp . Panel A: Aher 24 amplification cycles, and ofter eack oí six
adclitional cycles, a small portion 

oí 
the reaction was removed and die

products resolved on a 1.8% agarose/EtBr gel. Panel B: Following gel
electroplioresis, the bands corresponding-to the target (1. 1 kb) and MIMIC
(0,65 kb) were excised from the gel and the amount oí radioactivily in
each band determined by scintillation counting. The log oí die amouni oí
PCR product (cpm) was graphed os a hinction 

oí 
cycle, number.

4 A Competitive PCIR

An example of a conipetitive PCR experinient using
PCIZ MIMICs is shown in Figure 12. Ten-foid seria¡
dilul,ioiisoftheG3PDIIMIMICwei-ecoamplified
with a constant amount of a cloned G^14 cDNA
fragment. Again the reactions contained a small
arnount of (0 2P-dCM After amplification, a portion
of each sample was resolved by gel electrophoresis
(Figure 12A). The bands corresponding to the target
and MIMIC amplification products were excised and
the amount of radioactivity present in each of the
excised bands determined by scintillation counting.
The logat-ithm of the ratio of target to MIMIC ampli-
fication products (¡.e., Log [A t/AJ) was grapl-ted as a
function of the logarithm of the amount of MIMIC
DNA at:lded G.e., Log N O.,) (Figure 12B). After correc-
tion for the size difference between the MIMIC and
the target PCR produets, the equivalence point was
deduced to be at 0.075 attomoles. This value was in
very elose agreenient with the amount of target
cDNA atIded to the PCR reaction (0.1 attomoles).

Next we examined the ability ofeompetitive PCR to
aceurately measure a relatively small change in the
level of a specific mRNA. For this purpose we.pre-
pared a PCR MIMIC for human IL-1p. To imitate a
4-fold induction of IL-10 mRNA, we synthesized
cDNA froni both 0.5 pg and 2 pg of total RNA.
Competitive PCR was then performed with seria]
dilutions of the IL-10 MIMIC, and samples of the
PCR produets were electrophoresed on agarose/EtBr
gels (Figure 13A). The sizes of the target and MIMIC
PCR products were 0.80 and 0.65 kb, respectively.
The bands corresponding to the IL-10 target and
IL- 1 P MIMIC produets were excised from the gel,
and the amount of radioactivity measured by seintil-
latíon counting. The logarithm of the ratio of IL-1p
target to IL-lp MIMIC amplification produets (¡.e.,
Log ¡A t /A ., 1) was graphed as a function of the loga-
rithin of the initial molar amount of 11-10 MIMIC
(Le., Log No,) (Figure 13B).
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Figure 12. Validation of competitive PCIR analysis using
known quantities of a cioned gene fragment. 0. 1 ottomole oí

G3PDH cDNA was acIded lo a PCR reaction contoining 10-fold seria¡

dilutions oí a G3PDH MIMIC. (132P-dCTP was included in the reaction to

allow quantitation oí the PCR producis. After 30 amplification cycles,

small portions oí the products were resolved on a 1.8% agarose/EtBr

gel. Pone¡ A. lones 2-7: 10 1 , 100, 10 1, lo 2^ lo 3^ and 10- ' attornoles

oí G3PDH MIMIC, respectively, Lones 1 & 8: «] 741Hae 111 DNA size
rnarkers. The posilions oí the 1. 1 -kb G3PDH target and the 0.65-k6

G3PDH MIMIC PCR products ore indicated. Panel B. Following elec-

trophoresis, the bands correspondiriq to the target and MIMIC (shown in

Panel A) were excised fronn the gel und the amount oí radioactivity

determined by scintillation counting. The relative amounts oí larget and

MIMIC products were calculated after correcting for the difference in size

between them. The Log oí the ratios 
oí 

torget products lo MIMIC prod-

ucis were graphed as a function oí the initial amount oí MIMIC cidded to

the PCR reactions.
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3.6	4^O	4 4	4^8	5^2

Log No , (molecules)

Figure 13. Validation of competitive PCR analysis as a
method to determine relative leveis of mRNA in two

somples. Panel A. Lanes 1-6 and Lanes 7-12: PCR products generat-

ed using cDNA templates revei se transcribed from 0.5 pq and 2 pq oí

human total RNA, respectively. The PCR reactions were carried out

using 11- 1 í^-specific primers, in the presence oí 2-fold serial dilutions oí 	Í

[he 11-111 PCR MIMIC, starting with 20 x 
lo 2 attomoles oí MIMIC (in

lunes 1 & 7). '2P-cICTP was included lor labeling the products. Aber

30 amplification cycles, the PCR products were resolved on a 1.6%

agarose/EtBr gel. Panel B. The amount 
oí 

radioaclivity present in each

oí the bands correWnding to the 11- 113 target and MIMIC was defer-	1

mined by scintillation counting and thef~ amounts oí torget and

MIMIC products were calculated. Tkq, ,L>q oí the ratios oí the two types

oí products were grophed as a function oí the inifial amount oí MIMIC

acIdecí to the PCR reactions. The lines were drown fronn a linear regres-

sion analysis o( the dato points (excluding the volues obtoined using the

highest amounts oí MIMIC).
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The initial arnount ofIL-113 target eDNA present in
each reaction was extrapolated from the point, on
each curve where the amount of amplified target
equals the anlount ofamplified MIMIC (¡.e., Log oí'
LI=0).The values obtained from the 0.5 pg and.2

1 pg RNA plots were 4.75 x 103 and 22.9 x IW rnole-
cules, respectively, indicating a 4.8-fbld difference
ni the initial amount oftarget. This experiment,
was repeated three times with similar resuits. The
change in IL-IP mRNA determined from all four
experiments ranged from 3.3- to 5.0-fold, with an
average of4.3-fold—very close to the predicted
value of 4.0-f'old. Thus, competitve PCR using PCR
MIMICs can be used to aceurately quantitate at
least a 4-fbld difference in target mRNA levels
between different samples.

A Practical Application of PCR MIMIG
As a practica] application of this method, competitive
RT-PCR was used to study the induction of include
maerophage-type nitric oxide synthase G-NOS)
mRNA by lipopolysaecharide (LPS) in a mouse
macrophage cell line. An ¡-NOS primer set and PCR
MIMIC were designed to generate PCR products of
550 bp and 300 bp, for target and MIMIC sequences,
respectively. Figure 14 illustrates a MIMIC competi-
tion experiment with cDNA prepared from
macrophage cells before and after a 6-hr LPS treat-
ment. Equal portions of cDNA were arriplified in the
presence of 4-1i)ld serial dilutions of the PCR MIMIC.
The products were then resolved on an agarose/EtBr
gel (Figure 14A). In this experiment, the data were
quantified by computer imaging of the polaroid film
and then plotted (Figure 14B).

The values estimated froin the graph flor the initial
amount oí* target cDNA in the two samples were 60
and 1,030 cDNA niolecules, respectively—a change
of 18-fold upon LPS induction. (A correction was
made for the difference in size between the MIMIC
and target PCR products.) In agreement with these
results, ¡t has recently been demonstrated by
Northern blot analysis that ¡-NOS mRNA is induced
at least M-fold fóllowing treatment of macropliage
cells with LPS (49).
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Figure 14. Competitive RT-F`CR analysis of inducible
macrophage-t~ (MOS) NOS mRNA induction. Total RNA
was isolaled from mouse RAW 264.7 (¡-NOS) rnocrophage celis before
and affier a 6-hr stimulation with 10 pg/rni IPS. 2 pq oí RNA was used
lo synthesize cDNA with an oligo(dT) prinner. 5% portions oí cDNA were
amplified with primers specific for mouse ¡-NOS in the presence oí 4-fold
serial dilutions oí the NOS PCR MIMIC, starting with 10 ottomoles (Lanes
2 & 7). Pone¡ A: Following 34 cydes oí amplification, 20% portions oí
the PCIR products were resolved on a 1.8% agarose/EtBr gel. Lones, 1 &
12: OX 1 741Hae 111 DNA size markers. Panel B: The relative intensities oí
the bands corresponding lo ¡he torget and MIMIC PCR products were
quantitoted by computer imaging 

oí 
the polaroid photo oí the gel (irom

Pone¡ A). The relalive amounts oí torgel and MIMIC products were calcu-
¡oled after correcting for the difference in size between them. The Log oí
¡he ralio oí the amount oí target lo MIMIC PCR producis was graphed as
a function oí the log 

oí 
the amount oí MIMIC adided lo the reaction.
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We perfitrmed a study of the time course ofinduction
of¡-NOS niRNA 

in US-stimulated mouse
macropliage celis, using semi-quantitative conipeti-
tive RT-MI. 

In this study, ¡t would have been labor-
intensive to perfórm a MIMIC titration for each of

the ten time noints, so instead we included equal
amounts ofthe ¡-NOS MIMIC in each PCR reaction
(Figure 15A). 

In 
this way it was still possible to cor-

rect for amplification efficieney in each reaction and
calculate relative changes in mRNA levels. A maxi-
mum induction of about 26-fold was observed four
hours after LPS treatment (Figure 15B). This was
followed by a decrease in ¡-NOS mRNA leveis.

Use of RNA MIMICs

The method for generating conipetitive PCR MIMICs
can be extended to enable generation of heterologous
RNA MIMICs to explicitly control for the cDNA syn-
thesis step. To generate an RNA MIMIC, an RNA
polymerase pronloter and poly A" tail can be incorpo-
rated into the PCR product using composite primers
designed for that purpose. In vitro transcription of
the PCR product generates synthetic RNAs that con-
tain the target primer sequences and a poly Al tail.
RNA samples can then be titrated with the RNA
MIMIC during reverse transcription. Transcriptional
promoters have been successfully incorporated into
PCR products via primer sequences (20), and recent-
]y, competitive RNA fragments have been generated
by this method (50).

0 1 2 3 4 5 6	12	24

hours ofter oedilion 
al 

LPS

Figure ¡S. Use of competitive RT-PCR in a semi-quantitative

study of the time course of induction of inducible
macrophage-type NOS. Mouse RAW 264.7 macrophage cells

were treated with IPS (10 pq/m0, and total RNA was isolated flom

cell samples at various times during the treatment. 2 pq 
oí 

RNA from

each sample was used to synthesize cDNA with an oligo(dT) primer.

5% portions 
oí 

the cDNA were amplified with primers specific for

mouse ¡-NOS in the presence oí a constant amount oí NOS MIMIC
(10 3 ahomoles). Panel A: Following 31 cycles oí amplificalion, 20%

portions oí the PCR products were resolved on a 1.8% agarose/EtBr

gel. Panel B: The relative amounts oí target and MIMIC PCIR products

were calculated os described in Figure 14. The ratios oí the amount oí

torget to MIMIC PCIR products in each sample were graphed os a

lunction 
oí 

time ofter adidition oí IPS.
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Surnmary of Quantitativeu
A	PCR Methods

PCR is an exponential reaction in which small varia-
tions in amplification efficieney can yield large
changes in the amount of products. In addition, later
cycles of PCR exhibit the plateau effect, in which the
rate of amplifícation slows and eventually levels off.
These characteristics of PCR can make it difficult to
obtain quantitative data. However, if specific condi-
tions and proper controls are used, quantitative infor-
mation about mIZNA levels can be obtained. Of the
various quantitative RT-PCR tecl -miques currently in
use, competitive PCR is often the method of choice.
Competitive PCR is aceurate enough to discern differ-
ences in mRNA levels as small as 2- to 3-fold or small-
er. This is comparable to the aceuracy of quantitative
methods that use either endogenous or exogenous
internal standards in noncompetitive experiments.

Some investigators have observed that carefúl kinetic
analyses can be used to determine initial concentra-
tions of mRNAs by linear regression analysis without
internal controls. At least one group, Singer-Sam
et al. (23), obtained satisfactory results without
using either interna] controls or kinetic analysis.
Nonetheless, many have found it necessary to
include interna] controis to address the problem of
tube-to-tube variation in amplirication eflicieney.
Interna] controis can be endogenous mRNA or
exogenous mRNA added to the cDNA synthesis
reaction. In addition, exogenous standards can be
designed with the same or difibrent primer anneal-
ing sequences as their target molecules. Fach Lype
of internal control has advantages and limitations.

Oiie clear advantage ofusing endogenous interna]
niRNA controls is tliát the y¡eld ofRNA and the elfi-
ciency ofthe reverse transcription can vary to sonle
extent without loss ofaccuraey. I-lowever, prelimi-
nary studies must be perfórmed to ensure that the
endogenous control i-nRNA does not change during
the experiment. This must be tested because many
genes, including many housekeeping genes whose
expression may seem unrelated to the experimenta]
^oiiditions, are transcriptionally regulated by many
different agents. In addition, the data must be col-
lected before the amplification reaction reaches the
plateau phase. This can be difficult if the endoge-
nous control gene is expressed at a different level
than the target gene or if their relative amplification

efficiencies differ greatly.

Exogenous internal standards that share the same
primer annealing sequences with the target allow
calculation of the absolute amount oftarget mRNA,
as determined by Wang et al. (7). A similar method,
termed competitive PCR, circurnvents many of the
disadvantages of the other quantitative metbods.
Competitive PCR can be used to measure relative
changes in mRNA levels as well, for example, in
gene regulation studies. However, two conditions
must be met to use competitive PCR. One, the molar
quantity of the competitor RNA or DNA must be
known. (Usually this is not a problem because ¡t can
be measured by UV spectrophotometry.) Two, the
amplification efficiency of the competitor and target
must be identical. This is often true because the
standard and target possess the same primer bind-
ing sequences. If the standard is a DNA fragment,
the efríciency of the reverse transcription also must
be considered.

Perhaps the most important advantage of competi-
tive PCR is that useful data can be obtained during
the entire course of amplification—even after the
reaction has reached the plateau pliase. This is not
the case for methods using interna] standards with-
out competition between the standard and target
molecules. Recently, however, Pannetier et al. (19)

cautioned that competitive PCR may not provide
aecurate resuits when the sequences of the target
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and standard molecules are complete¡y diffierent
(except for the primer sequences) and when the data
are collected we]] after the plateau phase ofthe reac-
tion. As stated previously, an examination ofamplifi-
cation efficiency is warranted.

We have discussed advantages and limitations of
using homologous and heterologous competitor DNA
fragnients as internal standards for quantitative
PCR. In summary, homologous competitor fragments
have the same amplification efficiency as their corre-
sponding target but can form beteroduplexes which
can complicate the measurement of PCR products.
Heterologous competitor fragments, on the other
hand, cannot form heteroduplexes, but their amplifi-
cation efficiencies must be shown to be equal (or very
similar to) that of the target. PCR MIMICs, devel-
oped at CLONTECH, are nonhomologous competitor
fragments that share identical primer binding
sequences with their respective targets. We have
shown that PCR MIMICs can be amplified with the
same efficiency as their corresponding target, thus
making competitive PCR using PCR MIMICs a use-
ful and simple method of mRNA quantification.

Conclusions
As we have shown, it is possible to obtain quantita-
tíve information about specific mRNA levels using
RT-PCR. The ability to obtain aceurate measure-
ments of gene expression in small amounts of tissue
or in mixed cell populations will considerably expand
future applications of PCR, both in research labora-
tories as well as in clinical settings. For example, we
can expect quantitative PCR to be used increasingly
in gene expression studies aimed at understanding
the hasic mechanisms controlling differentiation,
development, immunity, and tumorigenesis. In a
clinical application, competitive PCR has already
been used to quantitate HIV transcripts in patient
samples (51). In the future, quantitative RT-PCR
can be expected to aid the diagnosis and monitoring
of many human diseases.

References
1. Larrick, J. W. (1992) Message amplification

phenotyping. Trends Biotechnol. 10: 146-152.

2. Chelly, J., Kaplan, J. C., Gautron, S. and Kahn,
A. (1988) Transcription of the dystrophin gene in
human muscle and non-muscle tissues. Nature
333:858-860.

3. Kawasaki, E. S. (199 1) PCR Protocols: A Guide
to Methods and Applications (eds. Innis, M. A.,
Gelfand, D. H., Sninsky, J.J., and White, T. J.)
(Academic Press, San Diego, California).

4. Rappolee, D. A., Mark, D., Banda, M. J. and
Werb, Z. (1991) Wourid macrophages express
TGF-(x and other growth factors in vivo: Analysis
by mRNA phenotyping. Science 241:708-712.

5. Brenner, C. A., Tam, A.W., Nelson, P.A.,
Engleman, E.G., Suzuki, N., Fry, K.E. and
Larrick, J.W. (1989) Message amplification
phenotyping (MA-PPing): A technique to simul-
tancously measure multiple mRNAs from small
numbers of cells. BioTechniques 7:1096-1103.

6. Byrne, B. C., Li, J. J., Sninsky, J. and Poiesz,
B. J. (1988) Detection of HIV-1 RNA sequences
by in vitro DNA amplification. Nucleic Acids Res.
16:4165-41.70.

m	 5 A Summury	 QUANTITATIVE RT-PCR
	 47



E=

7. Wang, A. M., Doyle, M. V. and Mark, D. F.
(1.989) Quantitation of mRNA by the polymerase
chnin reaction. Proc. Nal.l. Acad. Se¡. USíA

i	86:9717-9721.

8. Coker 111, G. T., Studeiska, D., Harmon, S.,
Burke, W. and O'Malley, K. L. (1990) Analysis of
kvrosine hydroxylase and insulin transcripts in
human neuroendocrine tissues. Mol. Brain Res.
8:93-98.

9. Golde, T. E., Estus, S., Uslak, M., Younkin, L. H.
and Younkin, S. G. (1990) Expression of O-amy-
loid protein precursor mRNAs: Recognition of a
novel alternatively spliced form and quantitation
in Alzheimer's disease using PCR. Neuron
4:253-267.

10. Chelly, J., Kaplan, J. C., Maire, P., Gautron, S.
and Kahn, A. (1988) Transcription of the dys-
trophin gene in human muscle and non~muscle
tissues. Nature 333:858-860.

j 11. Gilliland, G., Perrin, S., Blanchard, K. and
Bunn, H. F. (1990) Analysis of cytokine mRNA
and DNA: Detection and quantitation by compet-
itive polymerase chain reaction. Proc. Nall.

1	Acad. Se¡. USA 87:2725-2729.

12. Kellogg, D. E., Sninsky, J. J. and Kwok, S. (1990)
Quantitation of HIV-1 proviral DNA relative to
cellular DNA by the polymerase chain reaction.
Anal. Biochein. 189:202-208.

13. Choi, Y—Kotzin, B., Herron, L., Callahan, J.,
Marrack, P. and Kappler, J. (1989) Interaction of
Staph,ylococcus aureus toxin "super antigens"
with human T celis. Proc. Natl. Acad. Sci. USA
86:8941-8945.

14. Wiesner, R. J. (1992) Direct quantification of
picomolar concentrations of mRNAs by mathe-
matical analysis of a reverse transcription/expo-
nential polymerase chain reaction assay. Nucleic
Acids Res. 20:5863-5864.

15. Erlich, H. A., Gelfand, D. and Sninsky, J. J. 1
(1991) Recent advances in the polymerase chain i
reaction. Science 252:1643-1651.

16. Jalava, T., Lehtovaara, P., Kallio, A., Ranki,
M. and Sisderlund H. (1993) Quantification of
Hepatitis B virus DNA by competitive amplifica- 1
tion and hybridization on mieropiates.	1
Biol'cchiiiques 15:134-137.	 1

17. Pannetier, C., Delassus, S., Darche, S., Saucier,
C. and Kouri1sky, P, (1993) Quantitative titra-
tion of nucteic acids by enzymatic amplification
reactions run to saturation. Nucleic Acids Res.
21:577-583.

18. Nakayama, H., Yokoi, H. and Fujita, J. (1992)
Quantification of mRNA by non-radioactive RT-
PCR and CCI) imaging system. Nucleic Acids
Res. 20:4939.

19. Katz, E. D. and Dong, M. W. (1990) Rapid
analysis and purification of polymerase chain
reaction products by high-performance liquid
chroniatography. BioTechniques 8:546-554.

20. Horikoshi, T., Daneríberg, K. D., Stad1bauer, T.
H. W., Volkenandt, M., Shea, L. C. C., Aigner,
K., Gustavsson, B., Leichman, L, Frósing, R.,
Ray, M., Gibson, N. W., Spears, C. P. and
Danenberg, P. V. (1992) Quantitation of
thy¡nidylate synthase, dihydrofólate reductase,
and DT-diaphoroase gene expression in human
tumors using the polymerase chain reaction.
Cancer Res. 52:108-116.

21. Abbott, M. A., Poiesz, B.J., Byrne, B.C., Kwok,
S., Sninsky, J.J. and Ehrlich, G.D. (1988)
Enzymatic gene amplification: Qualitative and
quantitative methods for detecting proviral DNA
amplified in vitro. J. Infect. Dis. 158:1158-1169.

22. Rappolee, D. A., Mark, D., Banda, M. J. and
Werb, Z. (1988) Wound macrophages express
TGF-(x and other growth factors in vivo: Analysis
by mRNA phenotyping. Science 241:708-712.

48
	

References	 QUANTITATIVE RT-PCR
	

49



15. Erlicli, H. A., Gelfand, D. and Sninsky, J. J.
(1991) Recent acIvances in the polymerase chain
reaction. Science 252:1643-1651.

7. Wang, A. M., Doyle, M. V. and Mark, D. F.
(1989) Quantitation of mRNA by the polymerase
chain reaction. Proe. Natl. Acad. Se¡. USA
86:9717-9721.

8. Coker III, G. T., Studelska, D., Harmon, S.,
Burke, W. and O'Malley, K. L. (1990) Analysis of
tyrosine hydroxylase and insulin transcripts in
human neuroendocrine tissues. Mol. Brain, Res.
8:93-98.

9. Golde, T. E., Estus, S., Uslak, M., Younkin, L. H.
and Younkin, S. G. (1990) Expression of P-amy-
loid protein precursor mRNAs: Recognition of a
novel alternatively spliced form and quantitation
in Alzheimer's disease using PCR. Neuron
4:253-267.

10. Chelly, J., Kaplan, J. C., Maire, P., Cautron, S.
and Kahn, A. (1,988) Transcription of the dys-
tropliin gene in human muscle and non-muscle
tissues. Nature 333:858-860.

11. Gilliland, G., Perrin, S., Blanchard, K. and
Bunn, H. F. (1990) Analysis of cytokine mRNA
and DNA: Detection and quantitation by compet-
itive polymerase chain reaction. Proe. Natl.
Acad. Se¡. USA 87:2725-2729.

12. Kellogg, D. E., Sninsky,J. J. and Kwok, S. (1990)
Quantitation of HIV-1 proviral DNA relative to
cellular DNA by the polymerase chain reaction.
Anal. Biocheni. 189:202-208.

13. Choi, Y., Kotzin, B., Herron, L., Callaban, J.,
Marrack, P. and Kappler, J. (1989) Interaction of
Staphylococeus aureus toxin "super.antígens"
with human T cells. Proc. Natl. Acad. Se¡. USA
86:8941-8945.

14. Wiesner, R. J. (1992) Direct quantification of
picomolar concentrations of mRNAs by mathe-
matical analysis of a reverse transcription/expo-
nential polymerase chain reaction assay. Nucleic
Acids Res. 20:5863-5864.

16. Jalava, T., Lehtovaara, P., Kallio, A., Ranki,
M. and Sóderlund H. (1993) Quantification of
llepatitis B virus DNA by competitive amplifica-
tion and hybridization on micropiates.
BioTecímiques 15:134-137.

17. Pannetier, C., Delassus, S., Darche, S., Saucier,
C. and Kourfisky, P. (1993) Quantitative titra-
tion of nueleic acids by enzymatic amplification
reactions run to saturation. Nucleic Acids Res.
21:577-583.

18. Nakayama, H., Yokoi, H. and Fujita, J. (1992)
Quantification of tuRNA by non-radioactive RT-
PCR and CCD imaging systeni. Nuelcie Acids
Res. 20:4939.

19. Katz, E. D. and Dong, M. W. (1990) Rapid
analysis and purification of polymerase chain
reaction products by high-performance liquid
chrornatography. BioTechniques 8:546-554.

20. Horikoshi,T., Danenberg, K. D., Stad1bauer, T.
H. W,, Volkenandt, M., Shea, L. C. C., Aigner,
K., Gustavsson, B., Leichman, L., Frósing, R.,
Ray, M., Gibson, N. W., Spears, C. P. and
Danenberg, P. V. (1992) Quantitation of
thyrnidylate synthase, dihydrofolate reductase,
and DT-diaphoroase gene expression in human
turnors using the polymerase chain reaction.
Cancer Res. 52:108-116.

21. Abbott, M. A., Poiesz, B.J., Byrne, B.C., Kwok,
S., Sninsky, J.J. and Ehrlich, G.D. (1988)
Enzymatic gene amplification: Qualitative and
quantitative metbods for detecting proviral DNA
ainplified in vitro. J. Infect. Dis. 158:1158-1169.

22. Rappolee, D. A., Mark, D., Banda, M. J. and
Werb, Z. (1988) Wound macrophages express
TGF-(x and other growth factors in vivo: Analysis
by niRNA phenotyping. Science 241:708-712.

48	 References	 QUANTITATIVE RT-PCR	 49



23. Singer-Sam, J., Robinson, M. 0., Bellve, A. R.,
Simon, M. 1. and Riggs, A. D. (1990)
Measurement by quantitative PCR of changes in
HPRT, PGK-1, PGK-2, APRT, MTase, and Zfy
gene transcripts dwing mí ouse spermatogenesis.
Nucleic Acids Res. 18:1255-1259.

24. Salomon, R. N., Underwood, R., Doyle, M. V.,
Wang, A. and Libby, P. (1992) Increased
apolipoprotein E and c-fms gene expression
without elevated interleukin 1 or 6 mRNA leveis
indicates selective activation of macrophage
functions in advanced human atheroma. Proc.
Natl. Acad. Sci. USA 89:2814-2818.

25. Dallman,, M. J., Montgomery, R. A., Larsen, C.
P., Wanders, A. and Wells, A. F. (1991) Cytokine
gene expression: Analysis using northern. blot-
ting, polymerase chain reaction and in situ
hybridization. Immunol. Reviews 119:163-179.

26. Noonan, K. E., Beck, C., HoIzmayer, T. A., Chin,
J. E. Wunder, J. S., Andrulis, 1. L., Gazdar, A. F.,
Willman, C. L., Griffith, B., Von Hoff, D. D. and
Roninson, 1. B. (1990) Quantitative analysis of
MDR1 (multidrug resistance) gene expression in
human tumors by polymerase chain reaction.
Proc. Natl. Acad. Sci. USA 87:7160-7164.

27. Murphy, L. D., Herzog, C. E., Rudick, J. B.,Fojo,
A. T. and Bates, S. E. (1990) Use of the poly-
merase chain reaction in the quantitation
of mdr-1 gene expression. Biochemistry
29:10351-10356.

28. ffinoshita, T., Imamura, J., Nagaj, H. and
Shimotohno, K. (1992) Quantification of gene
expression over a wide range by the polymerase
chain reaction. Anal. Biochem. 206:231-235.

29. Neubauer, A., Neubauer, B. and Liu, E. (1991)
Polymerase chain reaction based assay to detect
allelic loss in human DNA: Loss of P-interferon
gene in chronic myelogeneous leukemia. Nucleic
A(!ids Res. 18:993-998.

30. Chamberlain, J. S., Gibbs, R. A., Ranier, J. E.,
Nguyen, P. N. and Caskey, C. T. (1988) Deletion
sereening of the Duchenne muscular dystrophy
locus via multiplex DNA amplifications. Nucleic
Acids Res. 16:11141-11156.

31. Sivitz, W. 1. and Lee, E. C. (1991) Assessment
of glucose transporter gene expression using the
polymerase chain reaction. Endocrinol.
128:2387-2394.

32. Khan, L, Tabb, T., Garfíeld, R. E. and Grover, A.
K. (1992) Polymerase chain reaction assay of
mRNA using 28S rRNA as internal standard.
Neuroscience Letters 136:T18.

33. Siebert, P. and Fukuda, M. (1984) Induction of
cytoskeletal vimentin and actin gene expression
by a tumor-promoting phorbol ester in human
leukemic cell line. J. Biol. Chem. 260:3868-3874.

34. Elder, P., French, C., Subramaniam, M.,
Schmidt, L. and Getz, M. (1988) Evidence that
the funefional. P-actin gene is single copy in most
mice and is associated with 5'sequences capable
of conferring serum- and cycloheximide-depen-
dent regulation. Mol. *Cell. Biol. 8:480-485.

35. Prendergast, J. A., Helgason, C. D. and
Bleackley, R. C. (1992) Quantitative polymerase
chain reaction analysis of cytotoxic cell pro-
teinase gene transcripts in T cells. J. Biol. Chem.
267:5090-5095.

36. Ballagi-Pordány, A. and Funa, K. (1991)
Quantitative determination of mRNA pheno-
types by the polymerase chain reaction. Anal.
Biochem. 196:89-94.

37. Beeker-André, M. and Hahlbrock, K. (1989)
Absolute mRNA quantification using the poly-
merase chain reaction (PCR). A novel approach
by a PCR aided transcript titration assay
(PATIT). Nucleic Acids Res. 17:9437-9446.

50	 References	 QUANTITATIVE RT-PCR	 si



38. Gilliland, G., Perrin, S., Blancliard, K. and
Bunn, 11. F. (.1990) Analysis ofcytokine nilINA
and DNA: Detection and quantitation by conipet-
itive polymerase chain reaction. Proe. Nafl.
Acad. Sci. USA. 87:2725-2729.

39. Nedelman, J., Heagerty, P. and Lawrence, F.
(1992) Quantitative PCR with interna] controls.
CABIOS 8:65-70.

40. Bottaboula, M., Legoux, P., Pességué, B.,
Delpech, B., Dumont, X., Piechaczyk, M.,
Casellas, P. and Shire, D. (1992) Standardization
of mRNA titration using a polymerase chain
reaction method involving co-amplification with
a multispecific interna¡ control. J. Biol. Chem.
267:21830-21838.

41. Berger, S.L., Wallace, D.M., Puskas, R.S. and
Eschenfeldt, V.H. (1983) Reverse transcriptase
and its associated ribonuclease H: Interplay of
two enzymes activity controls the y¡eld of single-
stranded complementary deoxyribonucleic acid.
Biochenústry 22:2365-2372.

42. Price, T., Aitken, J. and Simpson, E. R. (1992)
Relative expression ofaromatase cytochrome
P450 in human fetal tissues as determined
by competitive polymerase chain reaction ampli-
fication. J. of Clin. Endocrin. & Metabolism.
74:879-883.

43. Diviacco, S., Norio, P., Sentilin, L, Menzo, S.,
Clementi, M., Biamonti, G., Riva, S., Falaschi, A.
and Giaeca, M. (1992) A novel procedure
for quantitative polymerase chain reaction by
coamplification of competitive templates.
Gene 122:313-320.

44. Celi, F., Zenilirían, M. and Shuídiner, A. (1993)
A rapid and versatile method to synthesize
interna¡ standards for competitive PCR. Nucleic
Acids Res. 21:1047

45. Vanden Heuval, J., Tyson, F. and Bell, D. (1993)
Construction of recombinant RNA templates for
use as internal standards in quantitative
RT-IPCR. BioTechniques 14:395-398.

46. Henco, K., and Heibey, M. (1990) Quantitative
PCR: The determination of template copy num-
bers by temperature gradient gel electrophoresis
(TGGE). Nucleic Acids Res. 18:6733-6734.

47. Uberla, K., Platzer, C., Diamantstein, T. and
Blankenstein, T. (1991) Generation of competitor
DNA fragments for quantitative PCR. PCR
Methods and Applications 1: 136-139.

48. Siebert, P. D. and Larrick, J. W. (1993) PCR
MIMICs: Competitive DNA fragments for use
as internal standards in quantitative PCR.
BioTéchniques 14:244-249.

49. Lorsvach, R., Murphy, W., Lowenstein, C.,
Snyder, S. and Russel, S. (1993) Expression
of the nitric oxide synthase gene in mouse
macrophages activated for tumor cell killing.
J. Biol. Chein. 268:1908-1913.

50. Henvel, J.P.V., Tyson, F.L., and Befi, D.A. (1993)
Construction of recombinant RNA templates
for use as internal standards in quantitative
RT-PCR. BioTechniques 14:395-398.

51. Pannetier, C., Delassus, S., Darche, S., Sancier,
C. and Kourilsky, P. (1993) Quantitative titra-
tion of nucleic acids by enzymatic amplification
reactions run to saturation. Nucleic Acids Res.
21:577-583.

52. Piatak, M., Luk, K-C., Williams, B. and LiEson,
J. (1,993) Quantitative competitive polymerase
chain reaction for aecurate quantitation of HIV
DNA and RNA species. BioTechniques 14:70-80.

52
	 References	 QUANTITATIVE RT-PCR

	 53



CLONTECH Related Products
	 Notes

RNA
Micro-Scale Total RNA Separator Kit
Total RNA Separator Kit

eDNA
Ist-STRAND` cDNA Synthesis Kit
Recombinant RNase Inhibitor

PCR Amplification/Quatitation
RT-I"CR Amplirner Sets
PCR MIMICs"'
PCR MIMIC` Construction Kit
HIV-PCR MIMIC

Quantitation System (SK38/39)
'HIV-PCR MIMIC

Quantitation System (SK462/431)

Detection
5'End DNA Labeling Kit
Biotin-ON Phosplioramidite
Cytokine Oligonueleotide Probes

Cat. #

K1044-1
K1042-1

K1402-1
8450-1

many
many

K1700-1

KI 755-1

KI 756-1

K1026-2
5191-1
many

1`0ther CLONTECH PCR-Related Produets
QUICK-Clone l"cDNA	 many
5'-AmpliFINI)ER"' RACE Kit	 KISOO-1
1-RACE-Ready` cDNA	 many
T-Cell Receptor

VuTyping Amplimer K-it	 K1751-1
T-Cell Receptor

V131»ing Amplimer Kit	 K1752-1
PCR-Direct` Cloning System	 K1900-1

For information on these or other products please
see the CLONTECH Product Catalog, or corítact
CLONTECI^l or your nearest distributor.

CLONTEC11 Laboratories, inc.
4030 Fabian Way
Palo Alto, CA 94303-4607
Phone: (800) 662-2566 or (415) 424-8222
Fax:	(800) 424-1350 or (415) 424-1064

Afl produets are sold fi)r research purposes only.

CLONTECH Related Products



Erratum & Additional References

1. Genomic DNA contamination

a.On page 14 an error was made in describing

the RNA teniplate-specific PCR (RS-1-TID

niethod publislied by ShuIdirter el al. (20). ft

does not involve RNase treatment ofthe

RNA, but instead uses a special coniposite

downstreani primer which contains two sec-

tions: a T segment linked to a tagging

sequence that becomes incorporated ¡rito the

cDNA strand during reverse transcription.

The tagging sequence is not incorporated into

contaminating gertornic DNA that may be

present. The tagging sequence is subsequent-

¡y used ¡ti the PCR amplification.

A detailed description of RS-PCR is provided

by Shulcliner, A. R., Tanner, K., Moore, C. A.,

& Rotli, J. (1991) RNA Template-Specific

PCR: An Improved Method that Dramatically

Reduces False Positives in RT-PCR.

Bio7(>( ,I?Pi.iqiíes 11:760-763.

b. An aciditional reference pertaining to DNA

contarnination involves the use of RNase-free

DNA treatment ofRNA before reverse tran-

scription: Grillo, M. & Margolis, F. L. (1990)

Use ofReverse Transcriptase Polyn-terase

Chain Reaction to Monitor Expression of

Intronless Genes. BioTechniques 9:262-268.

2. Incorrect Reference

Refierence 7 on page 33 is cited as describing the

use of pre-amplifícation heating to increase yield

and specificity. The correct reference number , is

15.
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Introduction	 _c
uand Overview	 A

Control of gene transcription, the process in which a
gene's DNA sequence serves as a template for
iríRNA synthesis, plays a critica] role in the inulti-
step process that regulates gene expression. Gene
transcription levels within a cell change in response
to a wide variety of signals that oceur during cell de-
velopment, differentiation and normal physiological
function. Changes in transcription levels also oceur
¡ti response to disease and other fáctors. In turn,
these changes in transcription levels cause varia-
tions in the steady-state levels of individual
niRNAs. Thus, analysis of mIZNA levels ofa gene is
vital in a broad range of research areas.

Traditionally, levels of individual mRNAs have been
analyzed by procedures such as Northem blots,
RNA dot/siot blots, nuclease protection and ¡n situ
hybridization. Application of the polymerase chain
reaction (PCR) technique provides another method
of mIZNA analysis. This PCR-based method has
been variously termed RNA-PCR (1), RT-PCR (2),
RNA phenotyping (3), and Message Amplification
Phenotyping (MAPPing) (4). We will use the term
RT-I >CR throughout this discussion.

The RT-PCR method has become increasingly popu-
lar for analysis of gene transcripts, primarily be-
cause ¡t is highly sensitive and rapid. A flow chart
illustratirig the RT-PCR process is shown in
Figure 1. RNA is Fírst isolated from tissues or cells

RT-PCR



and then use(¡ as a template fior reverse transcrip-
tion Lo complimentary DNA (cDNA). The eDNA in
turri is used as the template for PCR, using primers
designed Lo amplify a selectea cDNA region. Follow-
ing PCR, the product is typically analyzed by agar-
ose gel electrophoresis. The ampliried cDNA is iden-
tified by the size of the PCR product (its "pfieno-
type"), which is predicted from knowledge of the
cDNA nueleotide sequence. The PCR product can be
lurther validated by restriction digestion, hyhridíza-
tion or nucleotide sequencing.

The extent of expression of the genes under study
can be rough1y estimated by knowing the amount of
RNA used ffir the synthesis of cDNA, the amount of
cDNA used fhr PCR, and the number of PCR cycles
needed Lo generate a visible band on an agarose gel.
More precise quantitation of individual mRNA lev-
els can be achieved by carefut consideration of am-
plification efficiencies and y¡elds.

We will begin our discussion in Chapter 2 by re-
viewing the steps involved in RT-PCR, including
RNA isolation, cDNA synthesis, and PCR amplifica-
tion. In Chapter 3, we cover several applications of
RT-PCR, including the generation of cDNA probes
for Northern gel analysis, detection of alternate
splicing of gene transcripts and mRNA quantitation
metbods. Selected protocols are provided in Chap-
ter 5. This discussion is by no means intended Lo be
complete, and readers are directed Lo an excellent
review on the biochemistry of PCR by W. Bloch (5).

Cas or tissue

RNA
i '01afiw

reverse
transcriplion	

nucicotide sequenle

cDN
	 pri.er

desi9n

primers
PCR

rEtBr gel electrophoresis

validation oí
PCR products

quantita tion
(optional)

Figure 1. Schematic diagram of the RT-PCR method.
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fer kits for RNA isolation, including CLONUCIUs
Magna Poly AAA'RNA Isolation K^t.

When isolating RNA from small amounts oftissue
or cells, a carrier nueleic acid such as tRNA (4) or

Q- 
poly¡nosinic acid (9) shotild he added at the begin-
ning ofthe extraction to facilitate handling of the
RNA and to improve yíelds. To ensure optimal RT-
PCR, all RNA preparations should be examined by

denaturing agarose gel electrophoresis. lf the RNA

is intact, ¡t will exhibit clear 28s and l8s rRNA

RT-PCR Method	bands, with the 28s band about twice as intense as
the 18s band.

isolation

methods

41

RNA ¡solation

The use ofhigb-quality RNA is critica] for the suc-
cess of RT-PCIZ analysis. The RNA must not be de-

graded by ribonucleases, as determined by the ¡n-
tactness ofribosomal (i-RNA) bands, and contami-
nating genomic DNA must be removed. The most
common and consistently successfúl methods for iso-
lating pure, intact total RNA are modifications of
the original guanidinium thiocyanate method oí'

Chirgwin, el al. (6).

In one such method, tissues or cells are disrupted in

high concentrations of guanidiníum thiocyanate to
rapid1y inactivate ribonueleases. The resulting ¡y-
sate is layered over a CsCI cushion and spun in an
ultracentrifuge. The RNA forms a pellet at the bot-
tom of the tube, while protein and DNA remain in

or above the CsC] cushion.

Another modified guanidinium thioeyanate method,
that does not require an ultracentrifuge, involves co-
extraction with phenol at reduced pH to remove pro-

tein and DNA (7). This is often the method ofehoice
when multiple RNA extractions are performed.
Botfi ofthese niethods are rapid, efficient, and work
weil for iríany tissues and cell types. The molecular

cioning manual by Sambrook, et al. (8) also contains
usefúl infórifiation on how to isolate and bandle
RNA properly. Additionally, several companies of-

Isolated RNA can be stored conveniently as an etha-
nol precipitate at -20'C, or in aqueous solution at

-70T or below for up to one year without appre-
ciable deterioration. Repeated freeze and thaw
cyeles should be avoided. Poly A' RNA isolated froni

total RNA by oligo(dT) cellulose chromatography (8)

can also be used for RT-PCR, although this further
pur ification step is not necessary.

cDNA Synthesis

Reverse transcription
The cDNA template for RT-PCIR is synthesized from

RNA by reverse transcription. We have successfúlly
used bofil avian rnyoblastosis virus (AMV) and
Moloney murine leukemia virus (MMLV) reverse
transcriptases with comparable results. It is impor-
tant to include human placental ribonuelease inhibi-
tor in the cDNA synthesis reaction to obtain maxi-

mum y¡elds.

lt has heen shown that an intact mRNA template
remaining after cDNA synthesis can interfere with

R'F-PCR by competing with the cDNA as the PC11
template (10). In most cases, the intrinsic RNase H
activity of ANIV and MNILV reverse transcriptase is
suflicient to degrade most of the remaining mRNA
template; however, treatment of the cDNA with
RNase H may be needed when using a reverse tran-
scriptase lacking RNase H activity.

RNA

handling

RT
enzymes

RNase
inhibitors
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cDNA priming
Tliere are tliree ways to prirne t,be mRNA for eDNA

S.Yntliesis (Figure 2). In the first, a 3'(antisense)
gene-specific primer is annealed to the mIZNA and
extended with reverse transcriptase (Figure 2A).

Tbis generates a cDNA terriplate for the 5'(sense)
primer, allowing TICR amplification to oceur. When

priming cDNA with a gene-specific primer, a num-
ber ofexperimental parameters may need to be opti-
inized, including primer concentration and anneal-

ing temperature (1).

In the second and third methods, the entire popula-
tion oí* mIZNA molecules is first converted into
cDNA by priming with either oligo(dT) (Figure 2B)
or random hexamers (Figure 2C). Two gene-specific

PCR primers are then. added for amplification. We
have had the most success with the latter two meth-
ods, which is consistent with their prevalence in the

literature.

.RNA	 AAAA
~A

.RNA	 AAAA

D A	 TTTT

mRNA	 AAAA

cDNA

Figure 2. Three methods of rriming cDNA. A-'G,neje,i,nc

melhod. An anlisense gene-speci ic oligonudeotide is nne lo t ie

r-nRNA and extended with reverse Iranscriptase. B: Oligo(dT) method.

Oligo(dT) oligonucleotides (with leng1hs between 12-1 8 nucleotides) are

annealed lo ¡he Poly A'tail oí mRNA, and theentire population oí mRNA

molecules used as a template for cDNA synthesis. C: Random priming

method. Short oligonudeotides (typica 1 hexamers) having aN possible

nudeotidesoteach pos . ~ - -	Y, andom1y lo the RNA molecules

and used lo prime cDNA synthesis.

In our RT~MI experiments we, typically start with
oligo(dD priming, whicli we bave f6und on average
to yield fewer PCR side produets tban random prim-

ing (see Chapter 3). There may be situations, bow-

ever, wben gene-specific or random priming of

cDNA may be beneficial. For instance, tlie reverse
transcriptase may fail to fully transcribe an mIZNA

template if the 5' primer is located greater than

about M from the Poly A* tail or if secondary

structures exist tliat impede the processivity of tlie

reverse transcriptase.

Several commercial kits are available for synthesiz-

ing cDNA, including CLONTECH's Ut-STRAND

cDNA Synthesis Kit, specifically designed for RT-

PCR.

cDNA synthesis efficiency
In R'r-PCIZ experiments using oligo(dT) or random

primers ¡t is advisable to test the reverse tran-
seriptase reaction components and protocol by deter-

mining tlie efficiency of cDNA synthesis. Tbis is

easily aecomplished by monitoring the incorporation
of:12P_ labeled dNTPs into TCA-precipitable mate-
rial (protocol given in Cliapter 5). Calculation of

cDNA yields is also advisable il` several different
RNA preparations will be used to compare expres-
sion of mRNAs, since the same amount of cDNA

template can then be used in each PCR tube. Typi-

cal cDNA synthesis yields using MMLV reverse
transcriptase and a formula for calculating the effi-

cieney of cDNA synthesis are given in Table 1- on the

fifflowing page.

Severa] cDNA synthesis reaction mixes bave been
designed for compatibility with the PCR reaction

mix (3). This allows cDNA synthesis and PCR am-
plification to be earried out in the sarne tube. We
prefier, however, to synthesize cDNA in one 20-30 pl

reaction (protocol given in Chapter 5) and then use

a 2-3 pl aliquot of the cDNA in each PCR amplifica-

tion tube. In this way, variability in the cDNA syn-

thesis within each PCR reaction tube is avoided.

ofigo(dT) and

random

priming

single-tube
RT-PCR
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Table 1. Tpical ss-cDNA syntliesis yields using MMLV-reverse

transcriptose and various nielliods oí cDNA pi iming.

ng cDNA = fraction oí total "P-dNTP — nmoleseoch] [4:dNTNs] [j33l^O

incorporaled into TCA pre- [dNTP in the]	Lmo elr^

pitated cprn determined	reaclion

a small aliquot.

*average moleculor -eigkt dNTP

NOTE: lt is important to assay TCA-precipitable cprn in an aliquot before

and after addifion oí the reverse transcriptase and subtract the volues to

correct for non-specific TCA precipitation oí the labeled dNTP.

Use of Poly A-, RNA
We have also examined the use of Poly Al RNA as a

template for cDNA- As a result of the enrichment
f'or mRNA, a much smaller volume of the reverse
transcription reaction is necessary. In one case,
only VIII, ofthe cDNA synthesized from 1 jig of Poly

Al RNA was necessary to achieve results compa-
rable to those in Figure 6. The use of total RNA,
however, can be advantageous when comparing

cDNA derived from severa¡ RNA preparations, since
one less step (with its potential variability) is neces-
sary to obtain the cDNA template.

PCR Amplification

PCR primer desi9n
We will confine our discussion of primer desigii to
perf'ect sequence primers, those that exactly match
the cDNA template. The location of`the primer teili-
plate within the cDNA sequence is iniportant for
severa¡ reasons. First, it defines the length oí* ¡,he

PC11product. W(i typícal ¡y choose primer teni pl ate

locations that yeild produets between 400 - 2,000 bp
in length. Produets smaller than 400 bp require
special agarose gel ffirmulations for good resolution

and inay be obscured by primers and primer arti-

facts. Products larger than 2,000 bp are less effi-
ciently amplified, due to limitations in enzyme
processivity. For example, Taq DNA polymerase is

not very processive (5) and the enzyme tends to fall
oíTthe template during long extensions.

Second, when the cDNA has been primed with
oligo(dT), the primer location defines the distance
that the cDNA must be extended from the 3'end of
the inRNA to provide the 5' primer template. Be-
cause reverse transcriptase has difficulty transcrib-
ing long templates, we recommend choosing 5'

prirner regions not further than 2-3 Kb from the W

end of the mRNA.

Tbird, primer locations can be designed to distin-
guish between PCR products derived from cDNA
and products derived froin contaminating genomic

DNA. We usually try to choose primer sequences
that are located on separate exons, so that PCR
products derived from genomic DNA will be greater

in lengtli.

Finally, it has been shown that secondary struc-
tures in mRNA can impede reverse transcription
and, therefore, RT-PCR. Thus, avoid designing
primers that span a reg —ion of the mRNA where
stable steni structures (above 14K cal/mol) can
form. An RNA folding algorithin has been de-
scribed for use in RT-PCR by Pallansch (11) to aid

in deterinining such regions.

Typically, PCR primers should be between 22 and

30 nucleotides long and have an A/T content about

equal to the G/C content, so that the optimal an-
nealing temperature of both primers is similar.
Avoid using primer sequences that can form stable
inter- or intra-strand base pairing. It is particularly
iniportant that the Xends of the primers not be
coniplementary to each other, since much of the

primer

location

primer

sequence

lo
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reaction
components

thermal
cyding
parameters

prirners woLild be, sequestered as primer dimers (1,
1.2). In addition, primer sequences must not have
sufficient homology with other gene transcripts
such that more than one PCIZ product can be gener-
ated.

Severa] computer software programs have been de-
veloped Lo facilitate primer design (1.3) and some
ate available commercially, including
CLONTECII'sll>rimerl)etective" m . Evenwitli
these guidelines, the construction of successfLil PC11
primers is empirical, and more than one primer set
may need Lo be tested before a good combination is
I'ound. Failure of the primer(s) Lo work correctly is
indicated by no bands on the agarose gel (rio prod-
uct being made) or multiple bands when only one is
expected (tion-specific amplification).

PCR parameters
Basic PCR components inciude reaction buffer,
dNTPs, primers, cDNA template and a tfiernio-
stable DNA polymerase. The composition ofthe
buffer (e.g., 1317, BSA, MgCI,,, gelatin) and the con-
centration of the dNTPs will vary, depending on the
type of enzyme used and, Lo some extent, the cDNA
template and primers. We typically use reaction
components recommended for the recombinant
AmpliTaq@ DNA polymerase (Perkin Elmer-Cetus).
A MgC] 2 concentration of 1.5 mM is usually satis-
factory for most PCR, although some titration is oc-
casionally necessary. Working portions of the reac-
tion components are stored at -20 0C and should be
discarded after thawing about 10 times.

Thermal eyeling parameters (¡.e., times and tem-
perattires for denattiration, annealing aríd exten-
sion) may vary depending on the type of
theri-nocyeler used. Typically, denaturation is per-
formed at 94'C fbr one minute or less, and the poly-
rnerase extension step is perfórmed at 72'C for two
minutes or less. Perhaps the most critica] eyele pa-
rameter is the primer annealing temperature. Two
excellent discussions of primer length and anneal-
ing temperature are provided in references 12 and
14. lt has recently been shown that prebeating Che

PC11 reaction tubes befóre addition of Taq poly-
merase can substantially improve the yicid and
specificity ofthe PCR product (15).

In order Lo examine multiple gene transcript.s simul-
taneously (in tlie same thermocyeler) by IZT-PCR,
eyele parameters need Lo be standardized Lo achieve
ade(jijate amplification of al] cDNAs. As noted in
Cljapter 3, coniparisons between expression of dif-
ferent transcripts are valid only if the efficieney of
the PC11 reaction does not plateau. The number of
PCIZ cycles, therefóre, should be kept Lo a minirnum.

The ability of PCR Lo amplil`y DNA sequences by
over six orders of magnitude can pose a serious
problem when nucleic acid contamination oceurs,
whether from externa¡ sources such as pipette tips,
hands or reagents, or from interna] sources such as
genomic DNA.

In RTAICR, both nueleic acid and ribonuelease con-
taminal ' ion must be controlled. As a general rule,
gloves sbould always be worn and changed fre-
quently, and semi-sterile tecImique should be
adopted. Water used in RNA extraction solutions
and in reverse transcriptase reactions should be
treated with diethylpyrocarbonate. Water used for
PCR aniplification should be filter-sterilized, as
recirculating water in standard autoclaves can be
contaminated with nucleic acids. Many of these
precautions are cornmon practice to avoid ribonuele-
ase contanlination when handling RNA.

Carry-over of PCR products from previous amplifí-
cations must also be minimized. lt is a good habit Lo
bardie pre- and post,-PCR solutions with separate,
dedicated pipettors. Special aerosol-free pipet tips
are now available from several manufacturers.
Menever possible, perform pre- and post-PCR pro-
cedures in separate laboratory areas.

Several chemical means Lo eliminate the problem of
PCR product carry-over have been devised. In one
(16), dUTP is substituted for dTTP in ,the fírst am-
plificationexperiment. In subsequentexperiments,

nudeic acid
contamination

PCR product
carry-over
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Figure 3. Intron-differential RT-PCR. A: Schernofic diagram oí the

method. lf the PCR primers are constructed based on exon sequences

separcited by one or more introns, RT-PCR products will be obtoined with
introns spliced out. These PCR products will thus be smaller Ikon PCR

^

rc>ducts derived from genomic DNA. B: Comparison oí PCR-amplified

uman TNF-13 from cDNA (Lane 2) and genomic DNA (Lone 3). Lane 1

contoins OXI 74IHae 111 digests as size markers. PCR primers for human

TNF-P, which span 2 introns, can distinquish largergenomic contaminants
from smalier cDNA products hoving no intronic sequences.

Even under carefully optimized conditions, PCIZ of-

ten results in the generation of non-specific prod-
ucts. This is also true for RT-PCR. Non-specific
products may result front amplification of alter-
natively spliced transcripts or from non-specific
primer annealing. Several chemicals, when in-
cluded ¡ti the PCR tube, have been found to increase

-specificity

enhancement

reactio¡i mixtures are treated with uracil N-

glycosylase, which cleaves the dU'I'P-coiit,,iiiiii)g
micleotides carried over from the previous experi-
nient and tlierehy prevents their use as PC11 tem-
plates. Physical treatment, such as ultraviolet light
irradiation, has also been described to decmitami-
nate reagents for PCR (17), although this rnethod is

only efficierit fin- large PCR targets.

genomic DNA Anotiter potential problem during RT-PCR is

contamination genomic DNA contamination in the RNA prepara-
tion. This is particularly relevant when the target
mRNA is expressed at low levels, thus requiring
large numbers ofamplification cycles. While addi-
tional purification steps to completely eliminate
genomic DNA may be inipractical, there are means
to differentiate between ainplified cDNA and

genomic DNA produets. The easiest way is to . de-

sign the primers such that they span one or more in-
trons within the gene. Thus, PCR produets gener-
ated from contaminating genomic DNA will he

larger than products from cDNA, as shown ¡ti Fig-

ure 3. This metbod, termed "intron-differential RT-
PCR" (18), can be extended to include digestion at a
unique restriction site in the exon that can accentu-
ate difierences in gel mobility of PCR products de-
rived from cDNA vs. genomic DNA.

Another method to eliminate genomie DNA con-

tamination is to use a specially designed 3'primer
that contains sequences complementary to the last
segment ofTuntranslated mRNA sequence biclud-
ing part of the Poly A' tail (19). In this way, only

cDNA derived from Poly Al RNA can serve as a pro-
ductive template for PCR. However, this method
may prove to be problematic due to the high degree

of hetereogeneity fotind in the 3'-untranslated re-
gions of mIZNAs.

In yet another method, refiérred to as IINA tem-
plate-specific PCR (RS-PCR) (20), a sample of the
RNA to be used ('o¡- RT-PC11 is digested with RNase.

PCIZ products derived from the treated RNA are

artályzed by gel electrophoresis; any hands gener-

ated will indicate that genomic DNA is present.

A.

cDNA PCR N.&cl	Genomic DNA PCR Produd

bp	1	2	3

1353
1078
872

603

310
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specificity by reducing rion-specific prirner anneal-
ing, These include dimethylsulfóxide (I)MSO) (21),
tetramethylamnionium elitoride (TMAC') (22), and
flormamide (23). DMSO has found application in
nueleic acid sequencing ofdouble-stranded tem-
plates by reducing the rate of re-annealing ofthe
DNA strands. The latter two cheinicals have been
widely used to increase specificity of nueleic acid by-
bridization and reduce dependence of hybridization
on GIC contént.

Table 2 on the fóllowing page. lf'tbe reaction buffer
must be clianged for compatibility with the restric-
tion enzyme, passage of the PCR produets through a
spin chroniatography column provides suflicient pu-
rification.

A.
INf

PI. 11

Verification of mRNA Phenotype
Beffire any conclusions can be drawn froni RT-PCR
experiments based solely on the generation of a PCR
product ofpredicted size, the identity of the PCR
product must be verified by a second method. This
is typically achieved either by partial (or complete)
nucleotide sequencirig, restriction mapping, or se-
quence-specific probe hyhridization.

Nudeofide sequencing
Obtaining a nueleotide sequence is the inost con-
vincing verification method, although ¡t is techiii-
cally the most demanding and time consuming. The
PCR product can be cloned and sequenced by stan-
dard methods, or single-stranded produets can be
obtained by asyn -imetric PCR (24), strand separation
techniques (25), or nuclease digestion (26). There
are also methods available to directly sequence
dotible-stranded PCR products (27, 28).

Restriction mapping
Restriction mapping is often the most convenient
verification niethod, aecomplislied simply by noting
the, presence oí* one or inore cliaracteristic restric-
tion sites situated between the primer teniplates.
We usually choose an enzyme that cleaves the
cDNA fragment only once or twice and y¡elds frag-
ments that can be resolved from each otfier on an
agarose gel. An example ofa restriction analysis of
an amplified cDNA segment is shown in Figure 4.
We have heen able to cut unpurified PCRaniplified
cDNAs with nurnerous restriction enzyrri(!s, listud in

r>_	
N

. M

F-	 -	
_*i

Figure 4. Validation of cytokine MAPPing products by
restriction di	fl	A: Schemafic diagrani showing the locations oían3es ion.	

-aPCR primers restriction sites. B: Two human cytokine cDNAs, TNF
(Lone 2) and IL-15 (Lane 4), were amplified by RT-PCR using CLONTECH's
Cy1okineMAPPing l " Amplimers, and digestedwith Pvull (Lane 3) and Nele
1 llane 5), respectively, for 1 kr at 37' >C. PCR products and digests were
elecirophoresed on 2% agarose in TBE. Lone 1 contoins OX1 74IHae 111

digests as size markers. The fragments generated exaelly matched those

p
,ce.dtic.ted fiom knowiedge oí the restriction map oí ilie cDNA and the

. ions oí the primer templates. No purification or exchange 
oí 

buff ers
was ¡)e¡ lormed.

B.
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C. 1 2 3 4	5

Table 2. Examples oí restriction enzyrnes successíully usecl to digest PCR

products wilbout post-PCR purification.

A.	b	1 2 3 4 5
t,

1353
1078
872
603

310

B. 1 2 3 4	5

Sequence-specific hybridization
Verification of'RT-PCR products can also be

achieved by successfúl hybridization ofa synthetic

oligonueleotide probe that recognizes a unique se-

quence situated between the PCR primer teniplates.

We typically use antisense, synthetic oligonueleotide

probes 30 nucteotides in lenk-th to allow for strin-

gent hybridization and washing conditions. Hybi-id-

ization and analysis can be completed in under 24

Itours. Protocúls are provided in Chapter 5 and ex-

amples of several representative hyItridizations are

shown in Figure 5.

Althougb verification by probe hybridization re-

quires synthesis of a third oligonueleotide and a hy-

bridization step, the resulting data can be obtained

in the form of an autoradiogram, whicli can be used

to quantitate tlie amount of PCR product by densito-

metry and also to differentiate between specific and

mm-specific PCR products. Further, syntlietic oligo-

nucleotide probes with stringent hybridization and

washing conditions can be used to differentiate he-

tween related gene transcripts, even if their PCR

products are similar ¡ti size.

D. 1 2 3 4	5
	

E. 1 2 3 4	5

J

Figure S. Verification of RT-PCR producits by probe

hybridization. A: EtBr-agurose gel o¡ cytokine PCR proclucts.

Lane 1: OX 1 74/Haelil markers. lunes 2-5: PCR products generoted

using CIONTECH's Cytokine MAPPing- Amplimers for 11-1[3,

NF-a IFN-V and 11-2 Receptor, respectively. S-E: PCI? produets

from Á. were blotted to a nylon membrane und sequentially

E

robedwithcorrespondingCytokineProbes. Inthisway,thesame

lot con be usecí toveri¡y several PCR products by stripping the blot

betweeneochprobing.Eachprobewasend-labeiedwitk^"P-ATP

and T4 Polynucleotide kinase (using CLONTECH's 5'-End DNA

Labeling Kit). Euch film exposurewas less ¡han ]5minutesatroom
temperature, and the Mm wos hybriclized and washecl under

identical conditions.
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The exquisite sensitivity of RT-PCR is illustrated in

Figure 6A, where the predicted 1"CR product of 800

bp was clearly visible after 35 cyeles of amplification

using cDNA synthesized from as little as 8 ng of to-

tal RNA using oligo(dT). We also were able to visu-

Q-	
alize amplified IL-1.0 cDNA from as littie as 60 pg of

total RNA using oligo(dT) as a primer whert 45

eyeles of PCR were performed. In this RNA titra-

tion experiment, only 10% of the cDNA synthesized

Applications	 was used in the amplification. This suggests that

u	 cDNA derived from as litúe as 6 picograms of total

AL	 of RT-PCR	RNA-the amount of RNA in a single human cell (1)-

would be sufficient to detect IL-1P transcripts in hu-

man lung.

sensitivity of
RT-PCR.

Detedion of Gene Transcriptá; from
Smali Amounts of RNA

Common, traditional metbods for detection and
analysis of gene transcripts, such as Northern blots

and RNA dot/siot blots, require amounts oftotal

RNA in excess of severa] micrograms, even when ex-

amining gene transcripts expressed at high levels.

Typically, RNA analyzed by these methods must be

further enriched for mRNA by oligo(dT) cellulose

chromatography. RT-PCR not only provides a more

sensitive method requiring smaller amounts of

RNA, but ¡ti some cases is the only method that can

be used.

For example, the dystropl —tin gene, defective in pa-

tients with muscular dystrophy, is expressed at very

low levels (representing only 0.01 - 0.001% of total

muscle mRNA), making it difficult to study by con-

ventional methods. RT-PCR was successfúlly used

by Chelly, et, al. (3) to study leveis of this mIINA in

clinical samples. The poorly expressed multidrug

resistance gene rrtdr-1 has also been studied by RT-

PCR, whereas conventional methods were unsuc-

cessfúl at finding transcripts (29, 30). In some ex-

perimenta¡ models, genes may be expressed at mod-

erate to high levels, but only in tissues of minute

size, such as early mouse embryos. Here agaín, RT-

PCR has proven to be a valuable tool (31).

Figure ó., Sensitivity of RT-PCR 

* 

Startin9with 1 pq oí total RNAfrom

human lung, a 5-fold step dilution series was made while maintaining an

equal RNA concentration by adding yeast tRNA. cDNA was prepared

using ^either oligoldT) (A) or randotn hexamers (B) and a 10% portion of

eack dilution amplified by PCR. 11- 113, expressed at moderote leveis in lung,
wasusedasthetargetmRNA. 1 O%oíeach productwas resolved on a 1.6%

EtBr agarose gel. A: Amplification oí cDNA prepared using o igo(dT).
Lanes 1 & 8: OX 1 74/Hae 111 size markers; Lanes 2-6: 11- 10 cDNA products
from 1 pg, 0.2 jig, 40 ng, 8 ng and 1.6 ng total	A, laRmpAlViiíie:d^for 35N

- 1 P cDNA products from 60 pq total RNA, am 1 fiedcydes. Lane 7: 11	 f
lor 45 cycles. B: Amplification ol` cDNA pr r using ran lom
hexamers. Lanes 1 & 7: OX 1 741Hoe 111 size mar ers; Lanes 2-6: l.-] 0

cDNA products from 1 pg, 0.2 p9, 40 ng, 8 ng and 1.6 ng total RNA,

alliplified for 35 cycles.
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ofigo(dT) vs.
random
primin-9

Amplification ofil-115 fron —t randonlly primed CDNA
is shown in Figure 613. Both methods ofeDNA
priming gave comparable results at 35 eyeles, with
oligoidD priming being slight1y inore efficienf, (ap-
proximately 5-f'old) than randorri prin —ting. 1 lowever,
when more than 35 cycles were performed, nort-spe-
cific PCIZ products were also obtained (data not
shown). We have generally (bund that randorri-
primed cDNA yíe1ds niore non-specific products
than oligo(dT) primed cl)NA, perhaps because a
high percentage of the cDNA is der¡ved fron —t riboso-
mal RNA.

Because of the extremely high sensitivity of* RT-
PCR, one must be cautious when examining the ex-
pression Ugenes in different organs or tissues,
since it may not indicate physiological significance.
Indeed, Chelly, et al. (32) were able to detect by RT-
PC11 expression of severa] tissue-specific genes in
tissues not expected to express these genes. This
phenomenon has been referred to as "illegitirnate
transcription" or "leaky transcription".

Simultaneous Analysis of Multiple
Gene Transcripts
IU-PCIZ is ideally suited for rapid and simultaneous
analysis ofseveral diflbrent gene transcripts includ-
ing cytokines (2, 4), enzymes (33), and oncogenes
(34), among others. In addition to needing only a
few micrograms of total RNA, one cDNA synthesis
can provide enough PCR template to perfórni a
number ofamplifications, which usually can be per-
fórmed in the saine thermocycler in less than a f'(-,w
llours.

An example ofa multiple transcript analysis by RT-
PCR is shown in Figure 7. While such RNA
phenotyping by agarose gel electrophoresis is only
qualitative at best, several methods exist for semi-
quantitation of mRNA expression, as discussed be-
low.

Figure 7. Multiple transcript analysis. Ten different mouse
cytokine ancl cytokine receptor cDNAs, along with cytopiasmic P-actin,
were PCR amplified using Cytokine MAPPing- Amplimers. Total RNA
wasisolatedfromactivotedmouseT-helpercelisandcDNAwassynthesized
usingoligo(dT)priming. Following35cyciesofamplification, Mofeock
reaction product was run on a 1.6% agarose gel. The results indicate a
wicle variation oí gel band intensifies. lonel:OX]74/Haellisizemorkers.
Lanes2-12: RT-PCRproductsofIL-10, Receptor,
CD4, GM-CSÍ`, IFN-y, and 13-Actin, respectively.

Guantitafive Analysis of mRNA
Leveis
Because RT-13CR requires two enzymatic steps,
synthesis ofthe cDNA template and PCR amplifica-
tion, both steps must be considered for quantitation
of'mllNA levels. The cDNA synthesis step will re-
flect the relative amount of mRNA in the cells or
tissue only if tmo conditions are met: (1) a high pro-
portion ofthe RNA is intact (see Chapter 2); and (2)
cDNA synthesis is efficient for the mRNA under
study (see Table 1 for calculating cDNA synthesis
efficieney). The PCR amplification step is a com-
plex, exponential process and thus has been the fo-
cus of much of the work on quantitative RT-PCR. A
discussion of PCR arnplification efficieney and
quantitation of the resulting PCR products follows.
Table 3 on the following page summarizes the steps
necessary to quantitate mRNA levels, and methods
used ffir each procedure.
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Table 3. Various steps involved in mRNA quantitation by RT-PCR and

the methods used for each procedure.

mRNA QUANTITATION STEPS	METHODS USED

Test for intact RNA	Denaturing gel electrophoresis

Test efficiency oí cDNA synthesis	32PdNTP incorporarion, by

TCA precipitation

Test PCIR amplificalion efficiency	Interna¡ standords

Measure PCR products	. 32p_ 1.beld p,imers or 032PdNTPs

(scintillation counter or densitornetry

oí autoradiograrris
• 32P-Iobeled probes (biot

hylbriclizafion)

• non-isotopically lobeled primers

(HPLC, densitometry oí fluorescent-

stoined gels, biotin-strepta^idin

binding, antibody detection oí

digoxigenin)

PCR amplification efFiciency
Because PCIZ amplification is an exponential pro-
cess, small variations in amplification efficiency can
drastically afibet the yield of produets. In addition,
the efficiency of'PCR decreases at the latter stages
of amplification dije to depletion of reaction compo-
nents, diminished enzymatic activity, and aecumu-
lation ofl:troducts. Therefóre, any attempt to quan-
titate mIZNA levels by PCR must be limited to the
analysis ofl:troducts generated only during the expo-
nential phase of the aniplification. Under these con-
ditions, RT-PCR can yield reasonably precise infor-
mation about relative changes in mRNA levels.

A comparison of the yield of PCR-amplified cDNA
fragutents with the amount of input RNA is shown
in Figure S. A linear relationship was observed, al-
though there was some data scatter. Sirnilar results
were obtained in several otfier experiments. Froin
this data ¡t appears that RT-PCR can detect
changes ¡ti mRNA levels of two-fold or greater with-
out the use of internal standards. This result is con-
sistent with the niore comprehensive study of
Singer-Sam, el al. (33).
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The PCR product aecumulates exponentially up to a
concentration of about 10- 1 M, then aceumulates fin-
early until about 10' M. The PCR product concen-
tration is proportional to the starting target DNA,
as long as product aecumulation remains exponen-
tial. The point at which exponential aecumulation
plateaus can be rough1y estimated by noting the
point at which continued cycles do not produce sig-
nificantly increased product yie1ds. As a general
rule, a plateau is reached when five additional
cycles do not yield at least twice as much product.

Figure S. Comparison of PCR product yield with amount Of

input RNA. starting with 1 pq total RNA from human lung, two-Cold step

dilutions oí the RNA were reverse transcribed and used as a template for

IPCIR with primers specific to 11- 1 li. To quantitate the amount 
oí 

amplified

11- 1 l^ cDNA «Y.IIPI-dCTP was inciuded in the PCIR reaction. Aliquots oí the

reaction were taken ofter 26, 30 and 34 cycles and analyzed on agarose

g^Is. The 11- 1 [3 bands were then cut out oí th	1	d counted in at,Vesan

scintillation counter. The dato shovén are plo	a a íunction oí the

percentage oí 
`noxifflum 

cp`n for each 11- 1 P sample vs. micrc>grams oí

starting RNA. 111- 10 producis, were just visible on the gel at the lowesi

dilution 
oí 

0.03 pq 
oí 

RNA at 26 cycles (dato no¡ shown). In an ideal case,

the percentageoí maxirnal 11- 111 productvs. input RNA should yield a linear

set 
oí 

dato-

estimating
exponential
plateau

rtLéÑVÉIÉ `

24
	

3 A Applicalions oí RT-PCR
	

RT-PCR
	

25



interna¡	For niore acctirate quantitation of niRNA levels, cor-

standards	rections for reaction to reaction variation ¡ti amplifi-

cation efficieney are necessary. This is niost, coni-

mon1y perfórmed by inclusion of an internal stan~

tl;ir-d 
in 

the cDNA synthesis reaction or P(R anipli-

íi(-,ttion. An internal standard is typically a sy* n-

thetic INA inolecule containing the sanie- printer

template sequences as the experimental target. Di-

lutions of the standard RNA containing known

numbers oftemplates are amplified with the target

sample 
in 

the same PCR experiment. The interna]

standard is designed to generate a PCR product of a

different size or to delete or add a restriction site to

allow diffierentiation between the amplification

products of the target and the interna¡ standard. A

standard cut-ve is then constructed. Alternatively,

an additional set ofprimers specific to an invariant

control sequence can be acided to the same I'CR ani-

plification tube. This latter inethod is soinetinies re-

f^rred to as "multiplex PCR" (31) or "differential

PCR" (37). Further inffirmation on these methods

can be fómid in references 5, 46 and 47.

Quantitation of PCR-amplified products
PCR produets can be quantified by a number Of

methocis, briefly described fiere. The simplest pro-

cedure is to add a radioactively labeled dNTP to the

PCR reaction. After gel analysis, the band can be

excised aud counted in a seintillation counter, or the

gel can be dried and an autoradiogram generated

and seanned in a densitometer. Another method is

to label the 5'-OH group of one or both of the prim-

ers W i th :12P , WhiCI, is incorporated into the I'CR

products and then assayed flor radioactivity (35).

As discussed in Chapter 2, Southet —n blot hylwidiza-

tion with synthetic DNA probes can be used both to

veril`y and quantitate PCR generated products, e¡-

ther by densitometry oí* an autoradiograni or by ex-

cising and counting the signal from a hyl:tridization

membrane. This method also has the advantage of

quantitating orily the target product without inter-

ference from non-target produets or primer-gener-

ated artifacts.

Non-radioactive (lijarititation methocís include the

vise Ubiotinylated or digoxigenin-labeled primers in

conjunction with the appropriate detection methocis

(36), or HMC analysis. For an in-depth discussion

oí* the various methocis of PCR product quantitation,

refer to the review article by W. Bloch (5).

Generation of cDNA Hybridizat*íon
Probes

In some cases it may be desirable to generate cDNA
hybridization probes by RT-PCR. This method cir-

cutrivents the need to obtain a source of the cloned

cDNA, prepare plasinid or lambda DNA, or isolate
cDNA inserts.

PCIZ-generated probes can be prepared by incorpo-

rating labeled dNTP either during PCR (38, 39), or
after amplification 

in 
a separate labeling reaction.

After comparing the two metbods, we prefer the lat-

ter approach for severa] reasons. For synthesis oí'

probes with high-specific activities ¡t is necessary to

keep the concentration of the unlabeled counterpart

of the :`T dNTP as low as possible. However, PCR

amplification hecomes inefficient wfien any ofthe

dNTPs are in low concentration. Generation of high

specific activity probes labeled during PCIR amplifi-

cation has been reported (39), but required the use

ofa fui] 250 pCi of labeled dNTP ¡ti a single PCIZ re-

action to achieve an adequate concentration of al]

f`our dNTPs. This is generally undesirable due to

cost. In contrast, one standard PCR aniplification

can provide nearly 0.5 to 1 pg of cDNA fragment,

more than enougb material for numerous post-PCR

probe preparations tising 50-100 ng of cDNA with

only 50 jiCi of labeled ciNTP per probe.

A critical step in prepa, , .,I> high specific activity

probes by PCR amplificati¿n is the removal'of

unincorporated dNTPs from the PCR reaction. For

this purpose, we have found spin colunin chroma-

tography to be very effective and rapid.

probe

labeling

removing
unincorport:ded

dNTPs
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Pretuade colunins are available commercially (e.g.,
CLONTECIfs CIAROMA SPIN 111 Colurrins) or they
can be niade in-bouse fóllowing the meLhods de-
scribed ¡ti Sambiook, el al. (8).

Probes with specific activities greater than 0.5 x 1.0'
cprn/Mg can be routinely prepared from the PCIZ
products by random prirning methods. We prefier to
use T7 DNA polymerase rather than Klenow frag-
ment, Lis probes generally have twice the specific ac-
tivity and the labeling reaction can be completed
within 20 minutes. After labeling, spin column
chromatography can be used to remove
unincorporated dNTI`s and small probe fragments.

Severa] methods are described for non-radioactive
labeling of PCR products for use as probes, includ-
ing the use of biotinylated nueleotides (36) and
digoxigenin labeled nueleotides (40). In both cases,
the non-radioactively labeled nucleotide can be eas-

fly incorporated during PCR amplification.

Figure 9 shows examples of Northern hybridization
experiments using cDNA probes generated by PCR.

In al] cases, less than 10% of the PCR products were
used in the labeling reaction. Clearly, PCR gener-
ated cDNA fragments can be used as bybridization
probes as effectively as purified cDNA inserts ob-

tained from cDNA ciones.

11-1[3
	

Transferrin Receptor	SPL(phe)

Kb K 
1 B Th 19
	

K 1 B Th 19
	

K L B Th 19

4.7

2.0

900^~
415 424 222- ^il

Figure 9. Use of amplified cDNA as hylbridization probes.

Seven different cDNA fragments ranging in size from 700 - 1,650 bp

were amplified by RT-1`CR, passed through a CHROMA-SPIN (spin

chromatoiraphy) column, radioactively labeled, and then used to

sequerilia y probe various Poly A' RNAs blottecí lo a nylon membrone.

A: ElBr-agarose gel 
oí 

severa¡ PCR products. Lanes 1 & 9: OX 1 74IHae

111 size markers. Lones 2-8: RT-PCR products oí (x-tubulin, li-actin, tPA,

11- 1 [3, tronsferrin receptor, TNF-«, ond SPL(phe), respectively. B: The

resulting labeled PCR products were used to sequentially probe one blot

contoining kidney (K), fiver (L), brain (B), thymus (Th), and lung (19)

Poly A' RNA (blot was stripped after eoch probing). Six 
oí 

the resulting

auloradiog,am, are shown. in J cases, less than 10% oí each PCIR

produci 
^.s 

labeled and used as a probe.
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Detection of Alternatively Spliced
Gene Transcripits

Anotherapplication of RT-PCIZ ¡S the detection oí'

alte,	rnatively spliced gene transcripts. Uthe P(R

prirners define a segment of'niRNA thal, soinetirnes

contains an exon and sometimes does not, two

cDNA fragments of'diffierent sizes will be gener-

ated. This may show up as a detectable dil'f^^reiice

in migration of'the amplified cDNAs throtigh an

agarose gel, as íllustrated in Figure 10.

T^
.
71 ---- j1111111 - - li^

--*¡o 1— 

a4"M_

Several exaniples where altered splicing of'gene

transcripts has been detected by PCR are described

in the 1 ¡terature. Ntkabeppu and Nathans (4 1) ob-

served two I)CR produets while preparing the coding

sequence Uthe mouse fos B cDNA by RT-I'CR. Orie

product coi-responded in length to the expected fos B

coding region of 1,250 bp but the other was slight1y

shorter at 1,100 bp. The authors showed that the

smallerfós 13 mRNA (terined A fos B) encoded a

truncated fbrm of'/bs B that inhibited the normal

ffinction of the fosljun transcription f'act,ors. In an-

other study, Foulkes, et al. (42) were able to demon-

strate tissue-specific expression of a cAMP-respon-

sive promoter element mRNA with three isoforms,

two of which utilized alternative splicing of'exons

encoding DNA-binding domains. In a third case,

Chu, et al. (43) found variable deletion of exon 9 in

tlie cystic fibrosis transmembrane conductance

regulator gene in bronchial epitheliurri celis.

These studies suggest that observation of additional

produets in RT-PCR experiments should not always

be dismissed as non-specific products or PCR arti-

facts, since they may reveal alternatively spliced

gene transcripts.

Figure 10. Detection of Alternative Splicing of Gene

Transcripts. Schematic oí a gene structure ——^—1 ;-rons

is shown. 11 the PCR primers are constructed such that th^y spon an exon

that isalternatively spliced (exon 2 in this figure), the RT-PCR produciswill

either contain the exon or will have the exon deleted. Thus, PCR products
oí two different sizes will be generoted, as is graphically represented.

Exon Connedion Assay

RT-PC11 can also be used for the assignment oí'ex-

ons in cioned genes. This technique was termed
ll
exon connection" by Vogelstein and co-workers (44)

who cioned a 370 Kb DNA fragnient from a portion

of chromosome 18q suspected to contain a tumor

supressor gene. To identify expressed sequences,

restriction f'ragments were subeloned and used in

Northerri blot experiments with RNA obtamed frorri

normal tissues and colon tumor cell lines. No ex-

pression was detected using any of the subcloned re-

striction fragments as probes. For increased sensi-

tivity, RNase protection experiments were per-

f'ormed but this method also failed.

The authors then developed an RT-PCR based exon

connection assay (Figure 1 D. They reasoned that if'
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the sequences were indeed transcribed into niRNA,
a conibination Uprimers constructed from these re-
gions would generate ¿in RI'-P("R product. Restric-
tion fragments showing cross-species bybridization
(Lhus, likely Lo be conserved) were subeloned and
partially sequenced. Sequences with open reading
frarnes were used Lo construct two primers extend-
ing in opposite directions. An additional pair of»
primers was constructed for ancither region suggest-
ing a transcribed sequence. RNA from tissues ex-
pected Lo express the gene was reverse-transcribed
into cDNA with random primers and used as a tem-
plate for RT-PCR using various primer combina-
tions. This technique succeeded and the authors
were able Lo assign transcribed regions of this tu-
mor suppressor gene. The amplified cDNA segment
was cloned and used as a probe Lo obtain a complete
cDNA by conventional methods. The RT-PiCR exon
connection assay was also used by Vogelstein and
co-workers Lo identify and clone another cDNA sus-
pected Lo encode a tumor supressor gene located on
human chromosome 5q2l (45).

M	'P3

:ZJP2

Future
Perspectives

Improvements in RT-PlCR methods and new appli-
cations of RT-PCR are appearing with increasing
frequeney in the literature. We will briefly describe
a few of these methods and applications, some of
which appeared during the course of preparing this
booklet.

In the area of methodological improvements, the
use of high performance fiquid chromatography
MPLIC) appears Lo offer a useffil adjunct Lo agarose
gel electroplioresis for analyzing PCR products,
particularly ffir quantitative PCR (5). Another im-
provement is the use of pre-amplification heating of
the PCIZ reaction. This has now been shown Lo in-
crease the yield and specificity of PCR (7). We have
fóland pre-amplification heating Lo improve the con-
sisteney ofinultiplex PCR (P. Siebert, uripublished
observations).

—C

u

A

CIL40NTIEC14
O"b2<LW "

Figure l 1. Exonconnectionassay. Schematicdicigramsliowshow

the exon connection assay is used lo determine whether a novel genomic
sequence confoins exons (thus encoding a gene transcript) and lo establisk
exon orientalion. Sequence information trom one or more subdones is

used lo consiruct severa¡ PCIR primers complementary lo regions suspededoí 
being exons. For each exon region tw	. ers ore constructed: oneíorw	'	

^ 
.o prim .

in a	ard orientation nd [he o her in he oppcisite orientation. i:DNA

is then synthesized from RNA obtuined from a tissue suspecied oí

expressing the gene, or o tissue such as brain that 
ex 5 

s a large number

oí different genes. RT-PCR is períormed wilk diffe rreesntecorribinations oí

primers, and the PCR products examined on an agarose gel. Successful

generation oí un RT-PCR product indicates that líleyarticular primer

combination is derived from an exon sequence an tilial lile primer

templates are on opposite strands oí lhe DNA, thus indicating 
lile 

relative

orientation 
oí 

the sequence.

Recent applications of RT-PCR include detection of
allele-specific transcription (AST-PiCR) (481land
PCR-assisted analysis Ucelt-free transcription (49).
Amplification of DNA from cultured cells and
smears direct1y on microscope glass slides has also
been recently discribed (50). It may be possible Lo
extend this method Lo include reverse transcription
with PCR amplification cin a glass slide.
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To keep abreast oínew inf*ormation in this rap¡(fly

growing field, readers are encotiraged to i-(^gt.tlíii-ly

review Lhe literattire. We liave, fotind severaljovir-

nals particidarly inUórmative, inclLiding Nu<-I< , i(- Ac-

¡ds Resvarch (Oxford University Press), .

(Eaton Publishing Co.), and the new

jotirnal PCR: Meflum1s and Applications (Cold

Spring J-larbor Laboratory Press).

In this chapter we provide protocols for: (1) cDNA

synthesis, (2) quantitating cDNA synthesis by TCA

precipitation, and (3) hybridization of probes to PCR

products. These protocols are routinely used in our

laboratories and are inciuded in several of the prod-

ucts we ofler.

Notes and precautions:

> We recomniend that you read throngh each pro-

tocol carefully befiore starting.

> When working with RNA and cDNA, aiways

wear gloves to protect your samples from degra-

dation by nueleases.

> To reduce the risk of DNA contarnination of PCR

products please read the DNA contamination

section 
in 

Chapter 3.

> AIways wear gloves wben handling radioactive

materials and dispose of radioactive waste

properly.
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cDNA Synthesis

We typically synthesize cl)NA from a maximuni of 2
pg of total RNA in a total volunie of 30 pl.

1. Incubate the RNA in 19 jil of DEPC-treated wa-
ter at 70-80'C for 3 minutes. Spin briefly and
place on ice.

2. Add the Póllowing components:

Reagent
45 11 M oligo(dT)
12-18 primer
or
1.00 pM randoro
hexamer primer

5X reaction mix
(50 mM Tris-1-1CI,
pH 8.3, 75 mM KCI
and 3 mM MgCl 2)

dNTP mix,
10 mM each

reconibinant RNase
inhibitor, 50U/pl

M-MLV reverse
transcriptase,
200 U/ptl

Total Volume

1.5pl	0.5 niM

0.6pl	1 U/Pl

2 jil	13,3 U/p 1

30 li 1

Amount Final Cone.

1, Pl	1.5 pIl

IPI	3.3 pM

6pl

Optional:
: ' 2 P-dNTP (e.g., dCTP) 5-10 pCi
Adjust water in Step 1. so that total volurne, is
30pil.

(M-MI,V: recombinant Moloney-Murine Leuke-
mia Virus reverse transcriptase)

ME
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3. N(kte: An optional step is to remove a 1 jil ah-
quot prior to qddinú enzyme for "nrinus enzyme"
TCA precipitable cpin. Then renlove another 1.
jil for determination of total :12 P-dNTP; dilute
into 100 pl of water and count 1 M] of the dilu-
tion.

4. Incubate at 42'C foi , 1 hour. Optional: remove
l Vi] for ^I)Ius enzyme" TCA precipitable cprn.

5. Terininate reaction by incubation at 70-80'C for
10 minutes and spin for 1 minute in a
inicrocentrifuge at 4'C.

6. Rernove 2-3 pl for PCR amplification. The re-
maining cDNA can be stored at -700C for severa¡
months or at -20'C for up to 1 week.

RT-PCR mñ



Quantitation of cDNA Synthesis by
TCA Precipitation

1, Add300plofa4mg/misolutionoffishsp(^rm

DNA to two glass test tubes (e.g., 13 x 100 nnu)

fin- each cDNA synthesis reaction.

2. Add samples to the tubes and mix. One tube is
ffir the "minus enzyme" sample, the second is for

the "plus enzyt-ne" sample.

3. Fill the tubes halfway with cold 5% TCA (tr¡-
cliloroacetic acid, w/v). The tube should becon-te
cloudy imniediately. There is no need to incu-
bate the tube on ice, and precipitates can be fil-

tered immediately or kept at room temperature
until a convenient tirne for fíltration is avail-

able.

4. For fíltration, use a single 2.4 cm diameter filter
bolder attached to a side arm Erylenmeyer flask
that is connected to a water aspirator. A glass fi-

ber fílter, e.g., Matman 934 AH, is placed ¡ti

the filter unit. Supply a slight vacuuni.

5. Wetthefilterwithcold5'/( , TCAandimtyted i

-ately pour the TCA precipitate into the unit. Fill

the test tube with 5% TCA and pour into the I -ji-
ter unit to wash the precipitate. Repeat once.

6. Rinse sides of fílter unit and filter with cold 95'Z(j
Et011. Allow vacumn to continue for a fiew nio-
nients. There is no need to dry the Fílters under
a heat lamp. The few moments of vacijun —t is suf-

fícient. Place filter 
in a scintillation vial, add

cocktail and count.

Hybridization of Oligonucleotide
Probes to PCR Produds

Southern Bloffing Procedure
For n—tultiple probing we recommend a nylon mem-
brane. We typically use 0.2 pro Schleicher & Schuell

Nytran (a positively charged nylon). A 0.2 pm pore

size is recommended over the standard 0.45 lim size
for retention of DNA fragments under 500 bp.

1. Denature DNA in the gel in 0.5 M NaOH, 0.15

M NaC] for 30 rnin.

2. Neutralize gel 
in 1.5 M Tris HO, pIl 7.5, 0.15 M

NaCl Por 30 min.

3. Mot overnight by the capillary method (see

Sambrook, et al., reficrence 8) or by any other
method. Note: the denaturation and neutraliza-
tion buffer may need to be, changed for other
blotting methods and type of hybridization
membrane).

4. Air dry membrane for 30 minutes to 1 I-tour.

5. Bake at 70-80'C for 1 hour (vacuum is not nec-

essary).

6. Expose blot, DNA side down, on the sm-face of a

UV light box for 1-2 minutes. (Severa] compa-
nies ofíer special units designed for optinium
UV crosslinking.)

7. Heat seal in a plastie bag and store at room tem-
perature until needed. The dry membrane is
stable for many months at room temperature
when sealed in plastic.

7. Calculate the amount ofeDNA synthesized by

using the Póllowing fórmula (see also Table D:

n ig cDNA	`P-,dNTPI n	UdNTEJ 

L^ 

lí4

ted into,	

p	

[d 

^l

Im a sniall a 

1 

uju,

—ight (INTP
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Hybridization
Hylwiclization conditions are provided for antisense

synthetic olígonueleotide probes 30 nucleotides in

length with approxiniately 5051 , GIC content. Proto-

cols may differ for oligonueleotides either shorter or

longer than 30 nucleotides or tbose with higher or

lower GIC content. Reí-ci- Lo the manual by

Sambrook, el, al. (S).

1. llr(.^i)at-etiiefollowingllybridizationMix,then

warm mixture Lo 50`C Lo dissolve the SDS:

> 6X SSC (or 5X SSPE)

> lo mM EDTA, pH 7.5

> 2X Denhardts Solution

> 100 jig/n-ii sheared and denatured fish sperm

DNA

> 1 1/1 SDS

2. Prebylwiclize the menibrane in Hybridization

M ix at 55'(' for at least 1 hour. Use enough mix

Lo completely cover the rnembrane.

3. Open plastic bag and add probe Lo 4 x 10` cpm/

m]. Sea¡ bag and mix well.

4. llybridize 16-20 hours at 55-C.

5. Wash #l: Open bag and rinse membrane sev-

era] flines in 2X SSC, 0.0501, SDS at room tem-

perature and then continue f`or 30 minvites with

severa¡ changes of solution.

Labefing of Oligonucleotide Probes

1.. Combine the ffillowing components:

Reagent
	

Amount

11,0
	

16 jj 1

IOX Kinase buffer
	

2.5 p 1

(0.5NITris FICI, pH 8.2, 0.111

MgCI,, 50 i-nM D'l7)

Oligonticleotide probe (10 pmol)
	

2pl

7-^' 1 '1 1-AI'P (6,000 Ci/mmol)
	

3.5 p 1

T', DNA K¡ nase, 10 units
	

lpj

Total Volume
	

25 p 1

2. Incubate at 37'C for 30 minutes.

3. Stop Lhe reaction by adc1ing5 Vil 0.5 M EMA,

pl1 7.5.

4. Load the entire reaction on a pre-spun

CHROMA SPIN-30 coluinn (2 minutes at 4K

rpiu ¡ti a standard variable speed

inicrocentrifuge). Spin again.

5. Rernove 1 lit eluentUotal approx. 25pl), dilute

10OX and count 1 pl ofthe dilution. The labeled

probe can be stored at -20`C Por up Lo 1 week,

6. Wasli#2:2XSSC,0.0517(,SI)S20niiiiutesat

55`C.

7. Remove fílter with fiorceps and shake offexcess

wash solution (Do not blot dry), Imniediately

cover with plastic wrap, n1ount on filter paper

with orientation marks and cover with plastic.

S. Expose X-ray filirí at room temperature svithotit

iiitensif^ing screen f'oi- 5-20 minutes and de-

velop. Store covered membrane at -20'C. The

membrane will he stable for many nioriffis.

RT-PCR
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9. To remove the probe from the blot for reprobing,
fbllow the steps below. We have reprobed blots
tip to 4 tinies withotit a noticeable drop in sensi-
tivity.

a. Place blot in lo mM EDTA, pH 7.5
warmed to 75-80'C for 20-30 minutes.
Monitor probe removal by using a geiger
counter.

b. Blot off moisture and immediately place
in a plastic hybridization hag and sea].
Store at -20'C until needed.

e. Prehybridize and hybridize blot as
belbre.
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Polymerase Chain Reaction (PCR)

Precautions:

Because the polymerase chain reaction is capable of amplifying as little as a single
molecule of DNA, precautions shoulcí be taken to guard against sample-to-sample
contamination or carry-over of DNA from a previous amplification of the same target.

1 . Al¡ reagents and solutions used in the PCR must be autoclaved, aliquoted, and stored
in an area that is free of PCR-amplification product. Do not use these reagents for other
purposes. Discard aliquots of solutions after use.

2. Since the barreis of automatic pipetting devices are comi-non sources of contamination,
it is comi-non to prepare and handie reagents using positive-dispiacement pipettes
equipped with autoclaved as weIl as disposable tips and plungers.

3. The amplification reaction shoulcí be set up in a separate room or containment unit. A
separate set of supplies and pipetting devices shoulcí be dedicated for the specific use
of setting up reactions.

4. Quick spin microfuge tubes before opening them,and uncap and ciose these tubes
carefully to prevent aerosol formation. Keep tops tight1y ciosed on al¡ tubes that are not.	iin immediate use.

5. Put on a fresh pair of gloves when beginning work ir . -he area designated for assembly
of PCR. Change gloves frequently. Change gloves after handling tubes containing
template DNA.

6. Whenever possible, inciude a positive control (¡.e., a PCR reaction tube that contains a
smali amount of the appropriate target sequence). Always inciude a negative control
that contains al¡ the components of the PCR except the template DNA. Assemble and
carry out the negative control after afl other reactions have been set up.



LAB 6. In Vitro Amplification of DNA by the Polymerase Chain Reaction
Effect of Annealing Temperature on Reaction Efficiency

Reagents and Materials:
Template DNA

10 X amplif ication buffer

Oligonucleotide primers

Taq DNA polymerase
dNTP mixture

Sterile, nuclease-free H20
Minera¡ ofl

Thermal cycler (Perkin-Elmer Cetus or Ericomp)

Micropipettor, autoclaved tubes/tips

Agarose, TAE buffer, ethidium'bromide

Disposable gloves

Procedures:

1. lnfoursterileO.5-mimicrofugetubes,mixinthetemplateDNAwithnuclease-freeH20

as follows:

a. 5 W of template DNA (containing from 2.5 pg target DNA and 200 ng
irrelevant DNA) and 9.5 41 wa!er. Template is interleukin-1 a (3 tubes).

b. carry-over control (1 tube): no DNA, 14.5 ^LI pure H20

2. Heat to 950C for 5 min to denature the template DNA, centrifuge briefly (10 sec), then

chill on ice. (Alternatively, denaturing step can be set up direct1y within the thermal

cycler.)

3. Add the following reaction reagents to each tube, add reagents in the control tube at

last: ffle recommend making a master mix for 6 tubes, then acícling 9 pil to each tube)

Volume	Reagents	Stock	Final

2.S ul 10 X amplification buffer	lox	1 X

4.5pil MgC12, various concentations 25 mM	0.5, 1.5, or 4.5 mM

0.5 ^il dNTP mix solution	2.5 mM	50 piM each

1.Opti "upstream" primer	100 ng/^il	4 ng/pil

1.0 pil "downstrearn" primer	100 ng/pil	4 ng/jil

1.0 W Taq DNA polymerase	0.5 U/pil	0.02 U/pil

4. Overlay the reaction mixture with 25 ^il of light mineral oil. This prevents evaporation of

the sample during repeated cycles of heating and cooling.

S. Place the 0.5-mi tube in the thermal cycler, program the amplification using the
following temperature profiles:

Step-cycle,	denaturation	930C 1.0 min

Delay file,

Soak f ¡le,

primer annealing	500C 0.5 min

polymerization	720C 0.5 min

perform	20 cycles

72 0C 5.0 min

40C

6- Withdraw 10 Vd of each amplified sample from the reaction mixture, examine it on a

1.7% agarose gel (electrophoresis at 1 OOV for a mini-gel usually takes 45 min).

Estimated time

PCIR set up and cycling: 9:00 - 12:00

Gel electrophoresis: 12:00 - 1:00



LAB 7. In Vitro Amplification bf DNA by the Polymerase Chain Reaction
Effect Of Mg2+ and Template Concentrations on Product Y¡eld

Reagents and Materials:
Template DNA
10 X amplification buffer
Oligonucleotide primers
Taq DNA polymerase
dNTP mixture
Sterile, nuclease-free H20
Minerá o¡¡
Thermal cycler (Perkin-Elmer Cetus or Ericomp)
Micropipettor, autoclaved tubes/tips
Agarose, TAE buffer, ethidium bromide
Disposable gloves

Procedures:

1 . Template is a purified plasmid at 1 fg, 1 pg, or 1 ng per 5 1.11 in 200 ng/mi sonicated
herring sperm DNA in water. Add 5 pil of each concentration to each of three tubes.
In a separate tube, add 5 Id water,

2. Prepare three concentrations Of MgC1 2 from a 25 mM stock so that 4.5 pil acíded to the
reaction tube will give a final concentration of 0.5, 1.5, and 4.5 mM in 25 ¡.11. For each
set of DNA sample concentrations, add 4.5 pil MgC12 at each concentration. Adel 4.5
41 1.5 MM MgC1 2 to the tube with water.

3. Add the following reaction reagents to each tube, add reagents in the control tube at
last- ffle recommend making a master mix for 10 tubes, then adc1ing 6.6 41 to each tube.)
Then add 8.9 jii water so each tube contains 25 ¡.11 total volume.

Volume	Reagents	 Stock	 Final
2.5 pil	10 X amplification buffer . lOX	1 X
2 ul	dNTP mix solution	2.5 mM	200 I.N each
1.0111	lupstrearn" primer	150 ng/pLI	6 nglW
1.0 PLI	"downstream" primer	150 ng/pil	6 nglW
0. 125 pil	Taq DNA polymerase	5 U/jil	0.025 U/pil

4. Overlay the reaction mixture with 25 41 of light minera¡ o¡¡. This prevents evaporation of
the sample during repeated cycles of heating and cooling.

S. Place the 0.5-mi tube in the thermal cycIer, program the amplification using the
following temperature profiles:

denaturation	930C 4.0 min
Step-cycle,	primer annealing	420C 30 sec

polymerization	720C 45 sec
denaturation	930C 45 sec
perform	 25 cycles

Delay file,	 720C	5.0 min
Soak f ¡le,	 4"C

6. Withdraw 10 pl of each amplified sample from the reaction mixture, examine it on a 1 %
agarose gel (electrophoresis at 75V for 50 min).

Estimated time
PCR set up and cycling: 9:00 -- 12:00
Gel electrophoresis: 12:00 - 1:00



LAB 9. Screening Recombinant Colonies by the Polymerase Chain
Reaction

Reagents:
cDNA template
1 OX Amplif ication buffer
Oligonucleotide primers
cINTP mixture
Taq DNA polymerase
Sterile H20
Mineral oJ
DNA thermal cycIer
Agarose, TAE buffer, ethidium bromide

Procedures:

In a sterile O.S-mi microfuge tube, acid 25 pil of the following cocktail into each tube:

Compment	 Volume (111)
1 OX Amplification buffer*	 2.5
dNTP mix solution, 2.5 mM each	 0.8
MgC12, 25 mM	 2.0
T7 primer, 150 ng/pil final	 1.0
SP6 primer, 150 ng/pil final	 1.0
Taq DNA polymerase, 0.025 U final	0.2
Water	 17.5

100 mM Tris HCI, 500 mM KCI
15 MM MgC1 2, 0.1% gelatin, pH 8.3 at room temperature

Transfer bacteria¡ colonies to the reaction tube with yellow tips by touching the tip to the
colony. Do not attempt to pick a visible portion of the colony. Transfer samples from two
independent white colonies and two independent blue colonies. Positive control = IL1 2p4O
plasmid DNA; negative control = nontransformed E cofi host cell DH5a.

3. Overlay each reaction sample with 25 pil of light minera¡ o¡¡.

4. Place the 0.5 mi tube in the thermal cycIer.

Set the program for amplification using the following temperature profiles:

Step-cycie,	initial denaturation
primer annealing
polymerization
denaturation
perform

Delay file,
Soak f ¡le,

940C 4.0 min
500C 30 sec:
72'>C 45 sec
930C 45 sec
25 cycles
720C 5.0 min
40C

6. Analyze 10 pil aliquots on a 1 % agarose gel (electrophoresis at 100 V for 30-50 min).

Estimated time

9:00 - 1:00



For research use only. Not for use in in vitro diagnostic procedures for clinical diagnosis.

This is an abbireviated protocol intended for experienced Genius System users. Please consult the Genius System
User'S Guide for Filter Hytirídizaflon for more detaús if you have not performed this procedure before or if you have
any questions.

General Considerations

1 - Hytiridization conditions: DIG-labeled probes can be used under the
same hybridization conditions as radiolabeled probes (e.g., in the same

hybrídization buffer).

2. Labeling techniques: While labeling probes with digoxigenin requires

slight1y more time. it is accomplished with the same methods (e.g.,

random primed labeling, PCR) as radiolabeling.

3. Stringency washes: Biots hybridized with DIG-labeled probes can be

subjected to the same stringency washes as radioactive biots.

4. Probe purity before labeling: For maximal DIG incorprration and
higher yieids, probes must be as pure as practically possible (phenol

extraction or comparable purification method recommended).

5. Membrane selection: The Genius System works best on neutral mem-

branes or membranes with a slight1y positive charge. We recommend

Boehringer Mannheim Nylon Membranes because they are function

tested with the Genius System.

6. Membrane saturation: Prior to the acidition of chemiluminescent

substrates, keep the membrane wet, even to the point of dripping wet. lf
the membrane dries out or is allowed to become only damp, the chemi-

luminescent substrate wili not spread evenly, and high, bleitchy back-
grounds wili result.

7. Minimize air exposure: Minimize exposure of the blot to air during afl

of the chemiluminescent detection steps.

8. Hytiridization and detection containers: Use either heat-sealable

hybridization bags or fresh1y washed dishes or trays for both hybridiza-

tion and detection. Ensure that the membranes remain immersed at

afl times.

PCR Labeling -

1 . Assemble a 50 .4 1 PCR labeling reaction with the following components:

Taq ONA

Template Primers	Nucleotides	Pol^merase Buffer

1 ng DNA 1.0 pLM each 200 4M dATP, 1.5 Units	1 X PCR Buffer
upstream	dCTP,dGTP	 (50 mM KCI,
and down-	160 liM cITTP,	10 mM Tris,
stream primer 40 luM DIG-1 1 -	pH 8.3

clUTP	 1.5 m^ MgC12)
The opúmal ratio of DIG-1 1 -dUTP:TT must be determined empirically and optimized aceording to
your experimenta¡ needs. This protocol uses a 1:5 ratio, which will be useful in multi-copy
Southem blot experiments, and possibty, single-copy genornic southem biot.

2. Mix the reagents and centrffuge briefly.

3. Cycle for 30 to 35 cycles under the following conditions:

• Denature at 94'C, for 2 minutes

• Annealing at 520C, for 2 minutes

• Extension at 720C, for 3 minutes

• (Optional) After final cycJe, pertorm final extension 720C, for 5 minutes.

Note: As with any amplification, the following may be varied in order to opti-

mize a particular PCR reaction:

• MgC'2 concentration

• concentration of primers

• amount of template DNA

o temperature and time of denature, extension, and annealing steps

Estimating the YÍeld of DIG-Iabeled Probe

1. Prepare the following dilution series of DIG-labeled Control DNA in DNA
dilution buffer.

DIG-Iabeled Control

Stepwise dilution	DNA concentration	Final conc.
in RNA dilution buffer	(1 ¡19IMO	(dilution narne)

2 41/8 pti DNA dilution buffer	5 nglW	1 ngl^LI (A)
2 018 pil DNA dilution buffer	1 ng/pLI	(dilution A) . 100 pgIg1 (B)
2 ;.L1/18 jil DNA difution buffer	100 niglial (dilution B)	1 0 pglW (C)
2 gill 8 gi DNA dilution buffer	10pg/pl (dilution C)	1 Pg/pLI	(D)
2 pil/1 8 pLi DNA dilution buffer	1 pg/pl	(diluton o)	0.1 pg/pti (E)

2. Spot 1 111 of dilutions B-E onto a positively charged nylon membrane,

marking the membrane light1y with a pencil to identify each solution.

3. Make seria¡ ten-fold dilutions of the newly labeled Experimenta¡ DNA
probe (cif unknown starting concentration) in DNA dilution buffer until a
1:10,000 dilution is made (10-1 to 1 0~4 dilutions).

4. Spot 1 ¡.ti of i§ach of the dilutions made in Step 3 onto the same nylon
membrane, marking the membrane light1y with a pencil to identify each

dilution.

5. Fix the DNAs to the membrane by cross-linking with UV light or by
baking for 30 minutes at +80'C.

6. Wet the membrane with a small amount of Washing buffer.

7. Incubate the membrane in Blocking solution for 1~5 minutes at room
temperature.

8. Dilute anti-DIG-alkaline phosphatase antibody 1:5,000 in Blocking solufion.

9. Incubate the membrane in the diluted antibody for 5-15 minutes at
room temperature.

10. Mix 45 pil NBT solution and 35 W X-phosphate solution in 10 mi of
Detection buffer.

11. Wash the membrane twice, 5 minutes per wash, in Washing buffer at
room temperature.

12. Incubate the membrane in Detection buffer for 1 minute. Replace
Detection buffer with substrate solution made in Step 10. Expect color
development within 20-60 minutes.

13. Match the intensity of color development of the Experimenta¡ DNA with
the control to approximate the amount of probe.



Probe Hybridization
1 . Place blot: in a Ibridization bag containing 20 

mi 
prehybridization solu-

tion per 100 cm of membrane surface area. Sea¡ the bag, after remov-
ing air bubbies. and prehybridize at appropriate temperature for 2 hours.
The bag should have slight1y puffy appearance.

2. When using double-stranded DNA probes, heat in boiling water bath for
10 minutes to denature the DNA before use. Chill on ice.

3. Dilute the probe in prehybridization solution to the correct concentration
(5-20 ng/mi).

4. Discard prehybridization solution from bag. Add prehybridization solu-
tion containing DIG-labeled probe. Allow probe to hybridize.

S. At the end of hybridization, pour hybridization solution from the bag into
a capped tube that can withstand freezing/boiling.

6. Wash the membrane twice, 5 minutes per wash, in 2X wash solution at
room temperature.

7. Wash the membrane twice. 15 minutes per wash. in 0.5X wash solution
1 at pre-determined (appropriate) wash temperature.

Chemiluminescent Detection with Lum¡-Phos 530
Perform all incubations at - room temperature.

1 . Equilibrate the membrane in fiftered Washing buffer for 1 minute.

2. Allow the Lumi-Phos0 530 or Lumigen0 PPI) to come to room temperature.

3. Block the membrane in Blocking solution for 60 minutes.

4. Near the end of the blocking period, dilute the anti-DIG-alkaline phos-
phatase antibody 1:5,000-110,000 in Blocking solution. Mix genty by
inversion.

5. Pour off the Blocking solution, and incubate the membrane for 30 min-
utes in the antibody solution.

6. Remove the antibody solution. Gently wash the memb írane twice,
15 minutes per wash, in Washing buffer.

7. Pour off Washing buffer, and equilibrate the membrane in Detection
buffer for 2 minutes. lf using Lumigen PPD, dilute it 1:100 in Detection
buffer. Lumi-Phos 530 is pre-diluted; do not dilute.

8. Select applicabon method. Use the single-filter method below for single
membrane visualization. See the Llser's Guide for filter-batching
method.

a. Place the membrane between 2 sheets of acetate (pfastic page pro-
tectors). Ensure that the membrane stays very wet.

b. Gently lift the top sheet of acetate and, with a sterile pipet, add
approximately 0.5 mi (per 100 cm 2) of Lumi-Phos 530 or diluted
Lumigen PPD in a line parallel to the side (ciosest to the fold of the
page protector) or the membrane.

c. Sio^ lower the top sheet of acetate allowing the substrate to spread
evenly over the entire surface of the membrane. Add adelitionalí sub-
strate if the membrane is not completely covered. With a damp lab
tissue, geníly wipe the top sheet to remove any bubbles present
under the membrane and to create a ¡¡quid sea¡ around the
membrane.

Genius Buffers and Solutions (For the detai1s of making the
Hybridization, Maleic acid, or Tris buffers, see the Users Guide)

1. For hybridization:
DIG EasY Hyb (Cat. No. 1603 558) A pre-made buffer that offers a convenient
ready-to-use, low background, nuclease-free choice for hybridization.

-OR-

Standard hybridization buffer
Standard hybridization buffer	with formamide
5X SSC
	

5X SSC
0. 1 % (w/v) N-lauroyisarcosine

	
50% Formamide, deionized

0.02% (w/v) SDS
	

0.1% (w/v) N-lauroyisarcosine
1 % Blocking reagent
	

0.02% (w/v) SDS
2% Blocking reagent

fi. For imniunological detection:
DIG Wash and Block Buffer Set (Cat. No. 1585 762), a complete set of ready
made washing and blocking solutions. For use with Northem and Southem
blots.

-OR-
Máleíc Acid System
(For use with Northern and Southern biots)

Maleic acid buffer	 Blocking solufion
100 mM maleic acid
	

Maleic acid
150 mM NaCI:
	

Dilute the stock solution 1:10 in
adjusted to pH 7.5
	

Maleic acid Buffer.
(200C) with solid NaOH.

Blocking stock solution (10X conc.)
	

Washing buffer
Blocking reagent, 10% (w/v)

	
Buffer 1 Maleic acid buffer plus

Maleic Acid Buffer
	

0.3% (v/v) Tween 20 .

Tifs ~m
(May be used for Southem blots only)

Gentus Buffer 1 (Tris)
	

Gentus Buffer 2
(Blocking solution — Tris)

150 mM NaCi
	

150 mM NaCi
100 mM Tris-1-10, pH 7.5

	
100 mM Tris-HCI, pH 7.5
2% Blocking reagent (vial 11)

W. Aditilitional Solutions (These solufions are for use with afi of the above
wash and blocking reagent systems.):
Deleffion buffer	Color substrate solution TE butYkr
0.1 M Tris-1-1131, 0.1 M NaCI, Aiways prepare fresh:	10 mM Tris-HCI
50 MM MgC'2, pH 9.5 (20 0C) add 45 W NBT-solution 1 mM EDTA: pH 8.0

(vial 9) and 35 W
X-phosphate solution
(vial 10) to 10 mi of
Detection buffer.

9. In a darkroom, expose the covered membrane to X-ray film at room
temperature.

10. When an optimal exposure has been obtained, you may store the
membrane in a sealed plastic bag containing TE buffer. ff the membrane	Lumí-Rm* and LumMeril are reg~ Uwemarks of lumigm,lric.. Deum, Mi.
is to be reprobed, do not allow membrane to dry.	 LUM1-PI10S 530 ÍS the SU~ of PaMM 4,962,192 and 4,959,182 grd~ to Lumigen, Inc.. Deúffi MI.

Biochemicals

BOENRINGER MANNMEJIMI Corporation

9115 Hague Road
PO Box 50414
Indianapolis, IN 46250-0414
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Introducton

Weicome to the Genius- Nonradioactive Nudeíc Acid Labeling and Detection System

The Genius System is the most comprehensive, convenient, and effective system for the labeling and delection of DNA, RNA,
and oligonucleotides. It also does not require you to leam any new techriology The protocols for labeling with digo>ú'genin
and subsequent detection are based on well-established, Addely used methods. DNA, RNA, and oligonucleotide probes are
labeled according to the methods (usually enzymatic) used for preparing radiciactive probes. Hybridization of dig-
wdgenin-labeled probes (e.g., to target DNA or RNA on a Southern or northem blot) is also carried out according to standard
protocols, except that a special blocking reagent is used to eliminate background. The signal on the nucleic acid blot is detect-
ed according to the methods; developed for western blots. An anti-digwagenin antibody-alkaline phosphatase conjugate is
allowed to bind to the hybridized probe. The signal is then detected with colorimetric or chemiluminescent alkalme phos-
phatase substrates. If a colorimetric substrate is used, the signal develops direaly on the membrane. The signal is detected
on an X-ray film (as with 11P or "S-labeled probes) when a chemiluminescent substrate is used.

DIG Labeling

The use of a nonradioactive probe confers several advantages:
• The technology is safe.
• Probes can be stored for at least a year.
• Hybridization solutions can be reused several times.

The incorporation and spacing of digwdgenin (Figure 1) in DNA, RNA, and oligonucleotides has been optimized for the
greatest sensitivity in Bochringer Mannheim's Kits for nucleic acid labeling:

• PCR DIG Probe Synthesis Kit — Digomgenin- 11 -dUTP is incorporated by the polymerase chain reaction.
• Genius 1 DNA Labeling and Detection Kit and the Genius 2 DNA Labeling Kit — Digwdgenin- 11 -dUTP is incorpo -

rated by the random-primed labeling method.
• Genius 4 RNA Labeling Kit — The Kit uses T7/SP6-mediated transcription for the synthesis of strand-speeific P.NIA

probes.
• Genius 5 Oligonucleotide 3'-End Labeling Kit — Terminal transferase ad.ds a single digoxigenin- 11 -ddUTP to the

Y-end of the oligonucleotide.
21 Genius 6 Oligonucleotide Tailing Kit - Tenninal transferase adds a stríng of digoxigenin- 11 -dUTP interspersed vnth

unlabeled dATP to the 3'-end of oligonueleotides.
,i Genius 8 Oligonucleotide 5'-End Labeling Kit — DIG-NHS ester labels the 5 , end.

In ad.dition, protocols have been optimized for nick translation and cDNA synthesis.

0	 0	 H

HN	 N	
N,1^0

H
0	0	0	 0

0	N

o— P-0—P— o— P-0-0
1	1	1
Oe	06	Oe

Rl	R2
Figure 1. General Structure Of DIG-labeled nueleotides. Alkali-stable Digoxigenin-UTP (R, = OH, R 2 = OH); Digoxigenin-dUTP (R, = OH, R2 = H); Digoxigenin-ddUTP (R, = H, R2 = H)
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introduction

As in experimenis thal use radioactive probes, the yield of the labeling reaction shoulcl be estimated to ensure the success of

the reaction and to approximate the amount of probe to be used in the hybridization experiment. A simple dot blot method

is used to estimate probe yield: the protocol can be found on page 33. Before hybridization, -,ve also recommend that the opti-

mal probe concentration be determined with a "mock hybriclization," where various amounts of probe in hybridization solu-

tion are hybriclized to naked pieces of membrane. This brief procedure ensures high sensiti^dty and avoids the possibility of

high background attributable to a probe concentration that is too high (see page 42).

DIG

Several alternatives are available for the detection of digo2dgenin-labeled probes.

2 Genius 7 Luminescent Detection Kit — Uses a chemiluminescent alkaline substrate to produce a light signal, which is

detected by exposing the membrane to an X-ray film
j 
Gemus 3 Nucleic Acid Detection Kit — Uses the colorimetric substrates NBT and X-phospl-iate to generate a pur-ple/

brown precipitate direaly on the membrane

Multicolor Detection Set — The set comprises three naphthol-AS-phosphate/diazonium salt combinations for the

visualization of a green, red, or blue hybridization signal; the dyes are used in combination with the Genius 3 Nucleic

Acid Detection Kit or the corresponding single reagents.

There is also a wicle range of alternative Anti-digoxigenin conjugates available, such as Anti-digoxigenin-peroxidase, Anti-el

digoxigenin-gold, Anti-digoxigenin-fluorescein, Anti-digoxigenin-rhodamine, Anti-digoxigenin-AMC-A. See Appendix C for

a complete listing.

n nu Differences t ,̂ eú^jeen the C-eí~i¡us Svst-nm and

There are many procedural similarities between traditional radiolabeling with 32P and labeling nucleic acids with DIG for

immunodetection:

Hybridization conditions: DIG-labeled probes can be used under the same hybridization conditions as radiolabeled

probes (e.g., in the same hybridization buffer).

Labeling techniques: While labeling probes with digwcígenin requires slight1y more time (see Table l). it is accom-

plished writh the same methods (e.g., random primed labeling, PCR) as radiolabelina,

Stringency washes: Blots hybriclized with DIG-Iabeled probes can be subjected to the same stringency washes as

radioactive blots.

The quality of your results, however, can be significantly impacted by several differences between nonradioactive nucleic acid

labeling writh the Genius System and radiolabeling followed by autoradiography (Table I).

Genius System User's Guide Version 3.0	 2



Probe Purílly	tor maximal DIG incorporaton and higher y¡elds, probes must be as pura as is	Probe purification is not required but vWli
Before Labeling	practícally possible (ag., DNA that has been washed three times with ethanol	increase labeling reaction y¡eld.

has been sufficienW purified).

Probe Labeling	Allow the random primedí probe labeling reactions to proceed for at least 60
Reaction	minutes to ensure maximum labeling efficiency and probe y¡eld. Permit scaled-

up random primed probe labeling reactons tD proceed ovemight for best: results.

ProW Purification	After labeling, digoxigenin-labeled probes do not require punfication. Unincor-
Afiter Labeling	porated DIG-labeled nucleotides will not bind to the membranas and are easil

removed by wash steps during detection; however, Boehringer Mannheim's

Quick Spin^ G-50 Biotinylated DNA Columns may be used ff desired (e.g., for
in sü hybridization applications).

PRM	The amount of DIG-1 ,abeled probe must: be quantiffied in a dot blot assay before
Owntifícation adding the probe to the hyláridization mix. ff used at higher-than-recommended

concentrations, DIG-labeled probes can cause significant background that is not
easil overcome by simply adjustíng exposure times.This quantification takes;
appro)drnately 30 min.

Membrane	The Genius System works best on neut-al membranas or membranas with a
Selecdon	sfightty positive charge. We recommend Boehringer Mannheim Nylon Membranas

because they are function tested with the Genius System.

Membrana
	

Wearing poMerless gloves, handle membranas as liffle as possible (with forceps)
Handling	and only at the outer edges of the membrane. This will reduce the incidence and

severity of background observad with the chemiluminescent detection.

Preparaton crí	Requires approximately 12 adi:litional steps. This adds 3 hours, of which 30
Membrane for	minutes is hands-on time for first-time users or 20 minutes for more-
D~on	expefienced users.

Membrane	The membrane blocking steps prior to immunological detection of the hybridized
Blocking	probe are crucial to optimal results. Insufficient blocking can lead tD unacceptable

backgrounds and poor sensitivity.

Antibody	The blocking buffer must be completel exchangedí with a new, thorough1y mixed
Addition	buffer containing the appropriate amount of anti-digoxigenin antibody.

Merníbrane	Prior tD the addition _ffichemiluminescent substrates, keep the membrane wet,
Saturation	even to the point 

al 
dripping wet. ff the membrane dries out or is alloweel lo

become only damp, the chemiluminescent substrate will not spread evenly, and
high, blotchy.backgrounds Mil resuft

Reuse of probes	DIG-labeled probes are slable for at least one year and can be reusecí repeated1y.
and hybridization	In adi:lition, hybrídization solutions containing DIG-labeledí probes can be stored
solutions	and reused without a significant loss in sensitivity or increased backgrounds.

Table 1. Major procedural differences between radiolabelinglautoradiography and the Genius Systern.

PD , .,ier c. ¡ the C---nius S,,,stem

Random primedí labeling requires 30 minutes

or less to obtain probe incorporation efficiencies

of >50% and higin-specific acti^ probes.

iolabeled probes often requira punficabon

by mini-columns or spin columns.

Probe quantification is often performed by TCA

precipitation or thin ¡ayer chromatDgraphy; however,

ft ¡S not always required because film exposure

times can be adjustad to compensate for probe

concentrations that are too high or too low.

A variety of charged or neutral membranas can be

used. Selecton of the best membrane depends on

your system and must be determined experimentally.

Handie membranas freely.

No preparation of the membrane is required.

Expose directty to X-ray film for 6-72 hr.

Unnec~ because no antibody is used.

Unnece~ because no antíbody is used.

Saturation of the membrane is not a concem.

,31!P-Iabeled probes are unstable and require

repeat labeling procedures.

The Genius Nonradioactive Nucleic Acid Labeling and Detection System can be used for single-copy gene detection on

human genornic: Southern blots, the detection of unique mRNA species on norther —n blots, colony and plaque screening,

dot/slot blots, and in situ hybridization. Examples and protocols for these applications (except for in' situ hybhdizations) can

be found throughout the Genius System Userk Guide. See Figure 2 for an ovenriew of Genius System labeling and delection

alternatives. For a comprehensive treatment of nonradioactive in situ hybriclization, ask for a free copy of Boehringer

Mannheirn's "Nonradioacti^ ,e in situ Hybridization Manual. - The Genius System can also be used for nonradioactive sequenc-

ingl- see page 67.

3	
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Figure 2. The labeling and detection altematives offered by the Genius System.
lumi-Phos « and Lumígen'are registered trademarks of Lumigen, Inc— Detroit. Mi.

Lumi-Nos 530 is the subjecUof patents 4.962,192 and 4.959.182 granted to Lumigen, Inc.. Detroit. Mi.
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Intoduction

An Overview of the Genius- System User's Guide

intent of the User's Guide

This manual describes all the digoxigenin labeling methods and all the alkaline phosphatase-based detection assays. All label-

ing and detection methods are presented in one manual so that users of the Genius System have a convenient reference on

which to base their experiments.

What's New About Version 3.0 of the User's Guide

This third version of the Genius System User^ Guidefor Membrane Hybridization includes expanded procedures for labeling

DNA probes with DIG by PCR. In addition, it includes many newly released products that increase the convenience of the

Genius System, such as the Genius 8 Oligonucleotide 5-End. Labeling Set, DIG Easy Hyb, and the Genius Wash and Block

Buffer Set. This version also includes an expanded TroubleshootinWGeneral Laboratory Practices Guide, as well as inclusive

procedures for using the Genius Nonradioactive DNA Sequencing lGt.

A significant change to the detection procedures is the replacement of the Tris-based Genius buffers 1 and 2 with maleic acid-

based buffers (e.g., Blocking solution, Washing buffer) for detection in all applications. These buffers are casier to prepare than

the Tris-based buffers, and they can be DEPC-treated to prevent RNase contamination. Maleic: acid is available from Sigma

(Cat. No. M0375) or Serva (Cat. No. 28337). For experimental consistency, you, may still use the Tris-based buffers (formerly

Genius buffer 1 and Genius buffer 2) in any applications except northem blotting if desired. Recipes for the Tris-based buffers

are provided in Appendix B.

5	 Genlus System Userl GUide Version 3.0



Iffiroduction

To use the Users Guide, simply select one of the stand-alone sections from cach division, choosing one labeling method, one
liybridization technique, and one detection method. lf you have not already done so, you can then order the required Gemus
kits or indmdual Genius System components (listed in the "Required products" table) by consultina Appendix C for com-
plete ordering information. Upon recening a Genius kit, immediately refer to Appendix A, which contains a complete listing
of each kiá components. Use the following flow chart to perfonn nonradioactive nucleic acid labeling and. detection.

Read "General Considerations for Label¡ng" (page 7)

Perfórm one labeling procedure (pages 9-32)

DNA Labefing

- PCR
• Random primed
• Nick translation
• Preparing cDNA with DIG-dUTP

Oligonucteotide Labefing

• Oligonucleotide Y~end. labeling
• Oligonucleotide tailing
• Oligonucleotide T-end labeling

RN4 Labelíng

* In vit p-o transcription

Estimate the y¡eld of DIG-labeled probe (page 33)

Read "General Considerations for Hybridization" (page 41)

Pertonn one hybridization procedure (page 44-55)

Southem Blot
DNA Dot Blot

Colony/plaque Hybndizations
Northem Blot
RNA Dot Blot

Perform one detecton procedure (page 56-66)
Chemiluminescent Detection

Colorimetric Detection
Multicolor Detection

Figure 3. Flow chart for Using the Genius S~m users Guido for Membrene Hybñdí~on.
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Chapter 1 General Considerations for Lab e*ling

TefflDiate Purity

In general, the higher the purity of the DNA template, the better the labeling efficiencN 7 We routinely phenol:CHC13extract
our DNA templates prior to the labeling reaction. In addition, for the random primed DNA labeling method. ¡t is critical that

you linearue and heat-denature the template prior to the labeling reaction.

Oligonucleotides should be gel purified or HP1-C purified prior to Y -end labeling or Y tailing.

Labefing Procedures

When using the Genius System. DNA probes can be labeled by a number of methods. RNA probes are labeled by in vitro

transcription. Oligonucleotides are labeled by 3'-end labeling, Y tailing, or T-end labeling. Table 2 provides a guiáe to the

different probe-labeling options, the relative sensitivities of the probes produced, and their major applications. Each of the

labeling procedures previewed in Table 2 is described in detail in this Users Guide.

Fl i7, i mii - J, 7, i 1-7 1 r~	1, i 7.Z1-1
	m	EEMERIEZZ151

Incorporaton of DIG-dUTP duñng PCR	...	 o In situ hybñdizaton

a Dot/siot blots

o Northem blots

+++	 o Southem blots

o Colonylpiaque hybhdizaton

Random pñmed ONA labeling	...	 o In sítu hyMdizaton

++	 o Northem blots

o Southem blots

- Colonylpiaque hybñdizabon

o DotIslot blots

Nick translation with DIG-dUTP

Prepaíring cDNA with DIG-dUTP

T-End labefing oligonucleobdes

TTaffing oligonudeffides wfth

DIG-dUTPldATP

T-End labeling oligonudeabdes wfth

DIG-NHS ester

Labeling RNA by in vitro transcñpfion

Table 2 Me~ for labefing probes with digoxigenin.

• In situ hybñdizafion
• Northem blots

• Southem blots

• Colony/plaque hybñd¡zaton

• Dot/stot blots

	

++	 o In s#u hybñd¡zaflon

	

++	 o Colonylplaque hybñdizafion

	

+-^+	 o Subtradon hybñdizafion

	

++	 o Northem blots

o Southem blots

	

++	 o In situ hybñdizabon

	

+	 o Northem blots

	

++	 o Dot/siot blots

	

++	 o Souülem blots

	

++	 o Colony/plaque hybhdizafion

	

++	 o Northem blots

o In situ hybñdizafion

o Dot/siot blots

	

++	 o Southem blots

o Colony/plaque hybñdizabon

	

N/A	 o Nmer extension

	

WA	 o Sequencing

	

++	 o Colony/plaque hybñdizabon

	

++	 o Dot/siot blots

	

++	 o In situ hybddizabon

o Northem blots

	

++	 o Southem blots

o In situ hybñdization
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1 Chapter 1 G, ti, ral C,)?isidcrations tor Labeling

aijeleo Prcoes

lt is important Lo check the efficienc:v of cach labeling reaction. The purpose of [his ¡S Lo

:i confinn the success of the labeling reaction

estimate the y¡eld of DIG-labeled probe, which must be known for the subsequent hybridization step.

Probe assa\- procedures are easy Lo perform and are described in the section entitled "Estimating the Y¡eld. o[ DIG-labeled

Nucleic Acids," which begins on page 33. DIG-labeled controls pro^ided in the Genius kits or sold separately are required

for these probe-estimation assays.

Storane oí DIG-labeled Probes

One of the major ads ?antages of the Genius System is the long-term stability of DIG-Iabeled probes. DIG-labeled. DNA probe

solutions can be stored at —20'C (DIG-labeled RNA probe solutions should be stored at —700C) for at least 1 year ivithout

loss of actMty
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Chapter 2 DNA Labeling

Incorporaflon of Digoxigenin-1 1 -dUTP During PCR

Digoxigenin-11-dUTP (DIG-dUTP) can be incorporated by Taq DNA polymerase during polymerase chain reactions. The
resulting probes are very sensitive, and the y¡eld from the labeling reaction is quite hierh. In addition, PCR probe synthesis is
a cost-effective use of the DIG-dUTP nucleotide.

Choosing the Right DIG-dUTP:dTTP Ratio for PCR -
The amount of DIG~dUTP in the PCR labeling reaction affects both the y¡eld and sensitivity of the probe. When preparing a
probe by PCR, ¡t is important to consider the ratio of DIG-dUTP to dTTP in the labeling reaction. Published protocols have
described DIG-dUTP:dTTP ratios of 1:2 through 1:20.

We have found that the DIG-dUTP:dTTP ratios of 1:2 through 1:5 are ideal for producing maximally sensitive-probes (e.g.,
for probing genomic Southem blots). Figure 4 demonstrates that decreasing the amount of DIG-iJUTP in the amplification
reaction increases probe yield.

4.0

Figure 4. Effect of DIG-dUTF>«dTTP ratios on probe Vield. A 1.5 kb	3.5
N-ras fragment was amplified in 100 MI polymerase chain reaclions

containing 2 U Taq DNA polymerase; 25 pmol 
al 

cach primer,	.2 3.0

1.5 mM MgC12, 50 mM KCI, 10 mM Tris-HO, pH 8.3; 200 pLM each	2.5
of dATP, dCTP, dGTP; and vahous DIG-dUTP:dTTP mixtures at a final

combined concentraban 
al 

200 p.M. A pUC plasmid containing a	«c 2.0
z

N-ras insert was used as template, and pUC universal prirners were	 1.5

used for the arriplificalion. Each PCR also contained 50 pCi of r2p]_

dCTP lo measure the incorporaban 
al 

nudeotides. After amplifica-	
1.0

ton, samples were spotted onto DE-81 paper, and yields measured	0.5

as a functon 
al 

percentage P2p]-dCTP incorporaban.	
0.0

1:2	1:3	1:4	1:5	1:9	1:19

DIG dUTP-.dTTP ratio

Lesser amounts of DIG-dUTP can be used to make probes for applications that do not demand maximally sensitive probes
(e.g., Southem blots contaming plasmid DNA, or library screcning). DIG-dUTP:dTTP ratios of 1:6 through 1:9 can be used
when preparing a probe for these less-demanding applications.

A ".trace" amount of DIG-dUTP can be added to a PCR reaction in order to achieve very sensitive detection of the PCR
product(s). A 1: 19 DIG-dUTP:dTTI? ratio, as provided in the PCR DIG Labeling Mix (Cat. No. 1585 550), is useful for direct
detection of labeled DNA following PCR amplification.

In surnmary; the choice of the best DIG-dUTP:dTTP ratio for PCR labeling must be determined empirically and will need to
be optimized to obtain the best experimental results. The parameters of probe y¡eld, sensitivity, cost, detection time, and
signal-to-noise ratio must be balanced when choosing this ratio. The PCR DIG Probe Synthesis Kit described in this section
is provided with pre-mixed nucleotides and features a 1:2 DIG-dUTP:dTTP ratio. This ratio may be used as a starting point
for producing probes for applications such as genomic Southern blotting. However, our customers have reported acceptable
results with ratios of 13, 1:4, or 1:5 in this application. A protocol for probe synthesis with these nucleotide ratios is also
provided in this section (page 1 l).

Generation of DIG-¡abelea Probes with the PC19 DIG Probe Synthesis Kit
The PCR DIG Probe Synthesis Kit (Cat. No. 1636 090) provides maximuni. convenience in generating DIG~1abeled probes
by PCR because ¡t eliminates the need to prepare a labeling mixture from individual nucleotides. This kit's ready-to-use PCR
DIG Probe Synthesis Mix features a 1:2 DIG-1 1-dUTP:dTTP ratio. This ratio can be used to produce probes for a wide range
of filter hybridization applications. Probes generated with this kit can be used to detect single-copy genes in genomic
Southem blotting procedures. For applications that do not demand this high level of sensitivity, please refer to page 11 for
guidelines on producing alternative nucleotide ratios for probe labeling.
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Cha~ 2 DNA

Prodúcts required*`

ía sJ

PCR buffer wúout MgC12	100 MM Bis-1-1CI; 500 mM KCI; pi—l 8.3 (20 1C)	 Vial 3, PCR DIG Probe Synthesis Kit
mgu, sw solution	25 mM MaCi.	 íriaí A Pro nir D—"

. ...... —.., . ...... ---, —..... —1-,	—1, ...	 y Ku £, rtn unzi rruue oynuims Nn
alkali-labile DIG-11-dUrP, PH 7,0

Taq ONA "rnerase	5 U/id Taq ONA Polmerase	 —VW 1, PCR DIG Probe Synthesis Wt
Control template	20 pg/pd plasmid DNA in Tñs/EDTA buffer, pl—i 8.0.	 Vial 5, PCR DIG Probe Synthesis Kit
(for Control readons onj)	The 5 kb plasmid contains ffie cONA for human üssue

" plasminogen activator (tPA).

Control PCIR primer mix	2 gM of each Control PCR primer 1 and 2	 Vd 6, PCR DIG Probe SyntP.esis Kit
(for Control reachons onW

Adiditionally required reagents

In ad.dition to the reagents provided in the PCR DIG Probe Synthesis Kit and your template DNA, you w-iII need the follow-

ing reagents.

-Z

H20	 Sterile, distilled water

Upstr%rn Primer	1 –1 0 gM upstream primer solubon

Downstrearri Primer	1-10 ILM downistrearrí primer Solution
Minera¡ ofi	Minera¡ ofi for overlayring amplification reactions (e.g., Sigma, Cat No. M5§R)—

Procedure
0 Add the following components to a sterile microcennifuge tube. Place the tube on ice during pipetting.

Reagents	 Volume	. Volurne (Control Reaction)	Final Concentration

variable	26.6

PCR buffer without MgC12	5 W	5 pu
	

1X (10 mM Tirís-HO, 50 mM KCI)

Mgc12 stock solution
	

2-1 0 ^LI	3pil
	

1-5 mM

PCR DIG Probe Synthesis Mix
	

5pti	5 id
	

200 jiM dNTP

Upstream Primer and Downstream Primer variable	—	01-1 piM of each primer
OR

Control PCR primer mix	—	5 jil	0,2 ¡,LM of each primer

Taq DNA Poiymerase	01-0.5 ^LI	0.4 pfi	0.5-2.5 U/jil

Template DNA	 variable*	—	<1 ^ig/1 00 PLI
OR

Control template	 541	-2 pg/pLi

Total Volume	 50pd	50 W

*Consider the following template ONA amounts as guidefines when generating PCR probes for the detection of single-copy genes: human genomic ONA: 1-100 rig; plasmid DNA: 10-100 pg.

Mix the reagents, and centrifuge briefly to collect the sample at the bottom of the tube.

Overlay with 100 ^il mineral oil to reduce evaporation of the mix, and amplify.

Cyc1ing conditions depend on the respective template primers and the thermocycler. For general information

about amplification conditions see reference 1. Cyc1ing parameters for the control reaction are as follows:

Denature at 95'C for 7 min before the first cycle.

For 30 cycles:

1 Denature at 95'C for 45 sec

"Anneal at 60'C for 1 min

-1 Extend at 72'C For 2 min.

The control reaction generates an amplification product of 442 bp.

Note: If you are achieving low yic1ds, dilute the PCR DIG Probe Synthesis Mix and add more unlabeled

nucleotides to lower the DIG dUTP:dTTP ratio (e.g., to 15).

-These products are sold under licensing arrangements with Roche Molecular Systems and The Perkin-Elmer Corporaban. Purchase of these products are accompanied bya Ucense to use tfiem in the Polymerase

Chain Reaction (PCR) process in conjuncton with an Authonzed Thermal CycIer.

Me purchase pimice of these products inciudes a limited, non-transferable Icense under U.S. Patents 4,683,202, 4,683,195. and 4,965,188 or their foreign counterparts, owned by Hoffmann-LaRoche Inc. ano F

Hoffmann-LaRoche Ltd. ("Roche"), to use only this amount of the product to practice the Polymerase Chain Reaction ('PCR") and related processes descnW in said patents solely for the rescarch and development

activities of the purchaser when this product is used in conjuncton with an autharized thermal cycIer. No right to perforn or offer commercial services of any kind using PCR, induding without limitation reporting

the results of purchaser's activities for a fee or other commercial considerabon. is heretry granted by implicabon or estoppel. Further informaton on purchasing bcenses to practice the PCR process may be obtained
by contactriq the Director of licensing at The PerRin-Elmer Corporafion. 850 Lincoin Center Orive, Foster City, California 94404 or at Roche Molecular Systems. Inc., 114SAtianúcAvenue,Alameda, Californía 94501.
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WHAT TO DO NEXT For all labeling reactions, ¡t is extremel - y important that - you i,eqf^ labeling efficienc-v in a direct

detection assav. Prior to hybiidization, proceed to the "Estimating the Yic1d of DIG-1abeled Nuclm Acids" protocol on page 33.

Forfilter h ybridizations, it is usually not necessary to clean up the probe prior to hvbridization. However if you have a desire

to clean up the probe or if you MII be using itjor in situ hybridization, see page 39.

Reference

1. Edich,H.A.,ed.(1989)PCRTechnology.-PrinciplesandApplícafionsforDAt4AmplificadonStocktonPress,NewYork.

Standard Labeling Reaction With Different DIG-dUTP:dTTP Ratios

Products required`

While the PCR DIG Labeling Mix (Cat. No. 1585 550) can be used to label DNA with digoxigenin for direct detection of PCR

products, it is not recommended for the generation of DIG-1abeled probes because of its 1: 19 DIG-dUTP:dTTP ratio. Instead,

we recommend the use of the individual reagenLs Taq DNA polymerase, Digoxigenin-11-dUTP, and the Deoxynucleoside

triphosphate set (Cat. No. 1277 049). The 100 mM dATP, dCTP, and dGTP preparations must be diluted 1: 10 for use in poly-

merase chain reactions. In addition, the 100 mM dTTP preparation must be diluted 1: 100 before adding it to the reaction.

100 mM dTTP	100 mM dTrP, lithium saft, solution in Tds-Buffer, pH 7.5 (dilute 1:100 before use) 1. Deoxpudeoside triphosphate set (Cat No. 1277 049)

2. Cat No. 1051 482

DIG-dUTP	1 mM digoxigenin-1 1 -dUTP (2'-deoxyuñdine-5'-triphosphate, coupled to	1. alkali-labile, Cat Nos. 1573 152,1573 179

digoxigenin via an 11 -atom spacer arm) in redistified water	2. alkali-stabie, Cat Nos. 1093 088,1558 706,

1570013

100 mM dATP	100 mM dATP, lithium salt solution in Tñs-Buffer, pH 7.5 (dilute 1:10 before use)	1 . Dempudeoside triphosphate set (Cat. No. 12T7 049)

2 Cat No. 1051 440

100 mM dCTP	100 mM dCTP, lithium satt solution in Tñs-Buffer, pH 7.5 (dilute 1:10 before use)	1 . Demyriudeoside biphosphate set (Cat No. 1277 049)

2. Cat No. 1051 458

100 mM dGTP	100 mM dGTP, lithium saft, soluton in Trís-Buffer, pH 7.5 (dilute 1:10 before use)	1 . Deoxynucleoside triphosphate set (Cat. No. 1277 049)

2. Cat No. 1051 466

1 OX reaction buffer	100 mM Tñs-HCI, 500 mM KCI, 15 mM MgC121 (pH 8.3)

Taq DNA polymerase Taq DNA polymerase, in 100 mM p~ium phosphate, 10 mM

2-mercaptoethanol, 50% (v/v) glycerol, (pH 8.5)

1. supplied with Taq DNA Polymerase

2. Cat No. 1271 318

1. 5 UIW, Cat. Nos. 1146 165,1146 173,

1418 432,1596 594,1435 094

2. 1 U/pil, Cat. Nos. 1647 679,1647 687

(both supplied with lOX reacton búffer)
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1 mapter ¿ U.\.^ Labeling

Addítionally required reagents

In ad.dition. y-ou wrill need the following reagents.

21
«í. ^ =

H20	 Steríle, distilled water

Upstream Primer
	

1 —10 piM upstream primer solution

Downstream Primer
	

1 ~10 uM downstream primer solution

Mineral o¡¡
	

Wineral oíl for overlaying amplificafion reactions (e.g., Sigma, Cat. No. M5904)

Procedurefor preparing the DIG-dUTPIdTTP mixture

When labeling probes writh digoxigenin during PCR, Lhe nucleotides dATP, dCTP, and dGTP should be added at a

final concentration of 200 PIM, as in standard PCR (Le., Ait^,oiit labeled nucleotides). The combined final concen-

tration of the DIG-dUTP and dTTP must also equal 200 ptM.

0 Dilute the 100 mM dTTP preparation 1: 100 vith H20.

This will eliminate the need to pipet extremely small volumes of dTTP

0 Use the followring chart to prepare the desired nucleotide concentrations for probe amplification.

To prepare 100 pil of stock solution

with a DIG-dUTP:dTrP ratio of	Use a 1 mM DIG-dUTP volume of	Use a 1 mM MP volume of

1:2 (66 mM:133 mM)	33ptl	 67pil

1:3 (50 ~150 mM)	25 jilí	 75pil

1:4 (40 mM:160 mM)	20pd	 80 ^ti

1:5 (33 mM:166 mM)	17pd	 83 ^LI

1:9 (20 mM: 180 mM)	10 ¡,11	 90PLI

1:19 (10 MM:190 mm)*	5 lil	 95 jil

*Probes generated with this raflo are on1y recommended for applicatons in which the target nucieic: acid is extremely abundant. such as certain colony screenings or PCR dot blots.

An aliquot of the resulting dTTP/DIG-dUTP mixture can be used immediately, and the rest stored at —20'C for sub-

sequent experiments.

Procedurefor amplífication reaction

0 Dilute the 100 mM dATP, dCTP, and dGTP preparations 1:10 with H20.

-These products are sold under licensing arrangements with Rocha Molecular Systems and The Perkin-Elmer Corporation. Purchase of these products are accompansed by a license to use them in ble Polymerase

Chain Reaction (PCR^ process in conjunotion with an Authonzed Thermal CycIer.

tThe purchase price of these products inciudes a limited, non-transterable ficense under U.S. Patents 4,683,202, 4,683,195, and 4.965,188 or their foreign counterparts. omed by Hoffmann-Lagoche Inc. and F.

Hoffmann-LaRoche Ltd. ('Roche"), to use ort1y this amount ot the product to practice the Polymerase Chain Reacton ("PCR") and related processes described in said patents; solely for the research and devolopment

activities of the purchaser when Mis product is used in conjunchon with en authonzed thermal cyder. No right to pertorm or offer commercial services of any kind using PCR. inciuding without limitation reponing

the resultS of purchaser's activities for a fee or other commercial consideration, is hereíby granted by implication or estoppel. Further information on purchasing ficenses to practice the PCR process may be obtamed

by contacting the Director of licensing at The Peffin-Elmer Corporation, 850 Lincoin Center Drive, Foster City, Califomia 94404 or at Rocha Molecular Systems, Inc., 1 14SAtlantic Avenue, Nameda. California 94501.
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0 Prepare an amplification mixture by, adding reagenis to a stenle microfuge tube in the following order:

Reagent	 Volume/50 pil reaction	Volume/100 pd reaction	Final Concentration

1 OX reaction buffer	5 j.L1	 low	 1 X (10 mM Tñs-HCI,

50 MM KCI, 1.5 mM MgC12)

10 mM dATP	1 PLI	 2 ¡.11	 200 ptM

10 mM dGTP	1 ^11
	

2 pd
	

200pLIVI

10 mM dCTP	1 ¡.11
	

2 ^LI
	

200la.1VI

DIG-dUTP:dTTPmixture 10PLI
	

20 jil
	

200 i.LIVI total (DIG-dUTP+dTTP)

(prepared above)

Upstream Primer	0.3-2.5pil
	

05-5.0 l.L1
	

01-1.0 ¡¡M

Downstream Primer	0.3-2.5 ^il
	

05-5.0 W
	

01-1.0 PLIVI

5 U/lul Taq DNA Polymerase	 0.2-0.5 jil	 0.5 W 2.5 U/l 00

OR

1 U/pd Taq DNA Polymerase	 1.5 ¡.L1	 2.5 ¡.L1 2.5 i.L1/1 00 ¡.L1

H20	variable	variable

Template DNA	variable*	variable*	 <1 119/100 lul

Total Volume	50 W	 loop]

*Consider the foiiowing template DNA amounts as quídefines when generafing PCR probes for the detecton of single-copy genes: human genomic DNA. 1-100 ng; plasmid DNA: 10-100 pg.

To ensure that your polymerase chain reaction conditions are correct, we encourage you to aIways include a

control PCR reaction tube in which DIG-dUTP is omitted (Le., use dTTP at 200 ^LM). If the desired fragment is

not amplified, this reaction will he1p determine if lower dilutions of DIG are necessary or if other conditions

should be altered.

E) Mix the reagents, and centrifuge the tube briefly to collect the sample at the bottom of the tube.

0 Add 100 ptl Mineral oil to the top of the mixture to reduce evaporation, and amplify.

Amplification parameters depend greatly on the template, primers, and amplification apparatus used. For gen-

eral information on amplification conditions, see reference 1. Ty. pically, the DNA is amplified through 25-35

cycles of denaturation, annealing, and. polymerization under the following conditions:

!a Denature at 94'C for 2 minutes

i Anneal at 520C for 2 minutes

3 Extend at 72'C for 3 minutes.

i (Optional) After the final cycle, perform final extension at 72'C for 5 minutes.

WHAT TO DO NEXT For all labeling reactions, ¡t Ls extrernely important that ' you vehfy labeling efficiencv in a direct

detection assay. Pi¡or to hybridization, proceed to the Tstirnating the Y¡eld of DIG-labeled Nucleic Acids" protocol on page 33.

Forfilter hybridizations, ¡t is usually not necessary to clean Lip the probe pr^or to hybridization. However ifyou have a desire

to clean up the probe or if you mil be using ¡t for in situ h.vbridization, see page 38.

Reference

1. Edich,H.A.,ed.(1989)PCRTechnology.-PrinciplesandApplicatonsforDNAAmplificaton,StocktonPress,NewYork.
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j CnaP18r 2 UNA Labefing

Random Primed DNA Labeling

DNA can be labeled with digwugenin- 11 -dUTP using the random primed method. For optimal results, the template DNA

should be linearized and purified by at least one phenol/chIoroform extraction and ethanol precipitation prior to labeling.

Templates of 1,00~10,000 bp label efficiently and produce probes with madmal sensití^,dty; therefore, templates >1O kb

should be restriction-digested prior to labeling. For genomic Southern hybridizations, we recommend that you separate the

insert from vector sequences before labeling.

Stanciard 9andom Pr imed DNA Labeúnq Reaction

The aim of the standard Random Primed DNA labeling reaction is to produce a sufficient amount of a digoxigenin-labeled

probe in the shortest amount of time (1 hour); this 20 pil reaction will yield a minimum of 260 ng of digoxigenin-labeled

probe from 1 jig of DNA template (see Table 3). In this standard reaction, one digo3dgenin molecule is incorporated in every

20-25 nucleotides.

Products requíred

Most of the reagents required for random primed labeling are available separately in the Genius 1 DNA Labeling and

Detection Kit (Cat. No. 1093 657), or in the Genius 2 DNA Labeling Kit (Cat. No. 1175 033).

Hexanucleotíde mbUre (10X)	62.5A,,,, unblml (1.56 mglm0 random hexanuclootídes, 500 mM bs-HO, 1. Vial 5, Genius 1 Kft
1	m mgcl2, 1 mM Dfthioerythrftoi (DTE), 2 rng/rni BSA, pH 7.2	2. VW 5, Genius 2 Kft

3. Hexanucleatíde Mixture (Cat No. 1277 081)

dNTP labeling mixture (1 OX)	1 mM dATP, 1 mM dCrP, 1 mM dGTP, 0.65 mM dTTP,	1 . víla) 6, Genius 1 KK
0.35 mM alkali-labile DIG-dUTP; pH 6.5	 2. Vial 6, Genlus 2 KR

3. DIG DNA Labeling Mbdure (Cat No. 1277 065)

rJenow enzVrne, labeling grado
	

2 unblpd DNA PoWerase 1 (Klenow enzymo, largo fragment),	1 . VíaJ 7, GeniLis 1 KK
Labeling grado, from E. coff	 2. Vial 7, Genius 2 Kft

3. Cat Nos. 1008 404,1008 412

Unlabeled Control DNA 2	200 mgíml pBR328 that has been linearized by Eco Ri	1 . Vial 2, Genius 1 Kit
(for control reacton only)	 2. VW 2, Genius 2 Kit

Additionally required solutions

in addition to the products above and your DNA template, you will need the following solutions.

i ̂ -2
H20	 Steríle, distílled water

EDTA	 200 mM EVA, pH 8.0

Procedure
0 Dilute 500 ng-3 pig DNA template in H 2 0 to a total volume of 15 jil (for a final concentration of

0.5-150 ^tg/ml). For control reactions, mix 5 ptl Unlabeled Control DNA 2 and 10 ^11 H 2 0
Heat-denature the DNA template in a boiling water bath for 10 minutes, and quickly chill it on dry

ice/Ethanol for 30 seconds before use.

We have found that denaturation using a heating block is less effective and may result in lowered labeling

efficiency

Add 2 pil Hexanucleotide mixture (10X) and 2 pLI dNTP labeling mixture (10X) to the tube (on ice).

0 Thaw the tubes DNA template, Hexanucleotide mixture (10X), dNTP labeling mLxture. Then add 1 ^il Klenow

enzyrne, labeling arade, for a final concentration of 100 U/ral, and mix.

0 Incubate the reaction tube at +37'C for at least 60 minutes.

Longer incubations (up to 20 hours) will increase the yield of DIG-labeled DNA (Table 3).

Add 2 ^11 EDTA co the reaction tube.

This terminates the labeling reaction.
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Amount of template DNA per labeling reaction

10 ng 30 ng 100 ng MO ng 1~ ng 3~ ng

1 Hour	
15 ng	30 ng	60 riq	120 ng	260 ng	530 rig	

Table 3. Effect of template amount and laboling time on p~

yieid. The amount of syntriesized DIG-Iabeled DNA increases with the

amount of DNA template in the labeling reaction and the length of the

2
	

20	 incubation time at +37'C. Víe1ds may vary from this example because
50 ng	120 ng	260 ng	500 ng	780 ng	890 ng

HoUrS	 of template purity, sequence, etc.

WHAT TO DO NEXT For all labeling reactions, it is extremel-y important that —Yorí verify labeling efficiency in a direct

detection assay. Prior to hybridization, proceed to the "Estirnating the Yteld of DIG-Iabeled Nucleic Acids" protocol on page 33.

Forfilter hyb?idizaáons, it is usually not necessary to clean up the probe prior to h ' VbTidization. However ¡fyou have a desire

to clean up the probe or ¡fyou ivill be using itjor- in situ hybridization, see page 38.

j

Random Primed Labeling with High Prime Digoxigenin DNA Labeling Mix

The High Prime Digoxigenin DNA Labeling Mix (Cat. No. 1585 606) offers a convenient altemative to random primed

labeling wth the Genius 1 Kit, Genius 2 Kit, or individual labeling reagents. Sensitive DIG-labeled probes can be generated

casily with this 5X concentrated labeling mixture of randont hexamers, dNTP mix containing alkali-labile digo)dgenin-11-

dUTP labeling-grade Klenow enzyme, and an optimized reaction buffer. High Prime Digo>dgenin DNA Labeling Mix minimizes

the hands-cin time required to label DNA probes and eliminates most of the pipetting and mi^dng of reagents and buffers.

Produas required

DIG-High 
Prime
	High Prime Digoxigenin DNA Labeling Mix (random hexamers, 1 mM dATP, 1 mM	Cat No. 1585 606

dCTP, 1 mM dGTP, 0.65 mM dTTP, 0.35 mM aJkali-labile digoxigenin-1 1 -iJUTR
1 Ulo labeling-grade Kienow enzynne,5X reaclion buffer) in 50% (v/v) g1cerol

Additionally required solutions

In acídition to High Prime Digoxi enin DNA Labeling Mix and your DNA template, you will need the following solutions.9

H20	Sterile, disfilied water

EDTA	 200 mM ECÍTA, pH 8.0

Procedure

0 Dilute 500 ng-3 pig DNA template (linear or supercoiled) in H 20 for a total volume of 16 pil.

Heat-denature the DNA template in a boiling water bath for 10 minutes, and quiekly chill it on dry

ice/Ethanol for 30 seconds before use.

We have found that denaturation using a heating block is less effective and may result in lowered labeling

efficiency

Add 4 W DIG-High Prime, thaw on ice, mix, and centrifuge briefly
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0 lhcubatc the reaction iubc at +37'C for at least 60 minutes.
Longer incubations (up to 20 hours) will increase ihe y¡eld of DIG-labeled DNA.

Add 2 pil EDTA to the reaction tube.
This terminates the labeling reaction.

WHAT TO DO NEXT For all labeling reactions, ¡t is extrernely impor-tant that you verify labeling efficiency in a direct
detechon assa.v. Prior to hybridization, proceed to the "Estirnating the Y¡eld of DIG-labeled Nucleic Acids" protocol on page 33.

Forfilter hybridizations, it is usuall ' y not necessary to clean up the probe prior to hybridiZation. Hoivever ¡fyou have a desire
to clean up the probe or ¡fyou will be using itIor in situ hybndiZation, see page 38.
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Nick Transiation with Digoxigenin-1 1 -dUTP

Nick trans1ation is a well-established techrúque for labeling DNA probes. The reaction uses DNase 1 to create single-
stranded nicks in double-stranded DNA. The 5'-3' exonuclease activity of E. col¡ DNA polymerase 1 enters the nicks and
removes stretches of single-stranded DNA; the degraded DNA is then replaced with labeled deoxyribonucleotides by the
5'-3' polymerase activity of the polymerase (1).

For routine blotting experiments, random-primed DNA labeling has perhaps overshadowed nick translation because of the
higher specific: activities obtained. However, nick trans1ation is an especially useful, labeling method for in situ hybridization
experiments because it allows the lengths of the labeled DNA fragments to be controlled. Probe size is a critica¡ parameter in
in situ hybriclization experiments because the probe has to be small enough to penetrate the tissue or cells.

Probe lengths of 200-500 bp are weIl suited for in situ hybridization experiments, and such probe lengths are readily obtained
with the nick transIation protocol below The procedure was originally described by Rigby et al. (1) and tested for nudeotide
analogues by Langer et al. (2).

Staridard Labefing Reaction
Produas required
The reagents for DIG labeling by nick trans1ation must be purchased separately

0.5 mM dATP	 sold as 100 mM dATP, fithium s4 solution, (diluta 1:200 before use)	CEL No. 1051440

0.5 mM dCTP	 sold as 100 mM dCTP, lithium salt sol~, (dflute 1:200 before use)	Cat No. 1051458

0.5 mM dGTP	 sold as 100 mM dG]P, imium sik solution, (dilute 1:200 before use)	Cat No. 1051466

0.5 mM dTTP	 soid as 100 mM drrR lithium salt sofution, (dilute 1:200 ~ use)	Cat No. 1051482

DIG-dUTP «	 1 mM digoxigenin-1 1 -dUTP (2'-deoxyuddine-S'-triphosphate, coupied tD	1. alkali-labile, Cat Nos. 1573 152,1573 179
d"genin via en 11 -atom spacer arm) in redistified water	 2. alkali-stable, Cat Nos. 1093 088,1558 706,

1570013

DNase 1	 2000 UIrng DNase 1 (Grade 11, tppbiiized	 Cat No. 104 159

DNA Polynerase 1	 1 mg/mi DNA Polymerase 1 in 50 mM potassium phosphate; 0.25 mM	1. Cat No. 104 485
dithioffimitol; 50% (vtw) gbpe0; pH approx. 7.0	 2. Cat No. 642 711 (endonudease-free)

Aílditionally required solutions
In acídition, you will need the following solutions.

1 OX reaction buffer	 500 mM Tiris-HU, pH 7.8; 50 mM MgC1 2; 0.5 mg/mi BSA, nudease-free

DTT	 100 mM Dithiottir~ (DTT)

H20	 Sterile, dilified H20

EOTA	 500 mM EDTA, pH 7.4
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Procedure0 Add reagents to a sterile microfuge tube (on ice) in the followring orde-n

Reagent	 Volume	 Final Concentration
1 OX reaction buffer	 50	 ix

100 mM DTT	 5 pfi	 10 mm

Deoxynudeofide triphosphates (0.5 mM dATP, dGTP, dCTP each)	 4 ILI 40jiM

0.5 mM dTTP	 1 l.L1	 10 JIM

1 mM DIG-dUTP	 2 jil	 40 piM

DNA template	 variable (1 pLg)	 0.02 jig/pd

DNase 1 (1000 tmes diluted from a 1 mg/ml stock)	 1 PLI	 0.02 ng/mi

DNA Polymerase (10 U)	 1 PLI	 0.2 LI/l.L1

H20	 to50ptl	 —

Total Volume	 5000 Mix and incubate the reaction at +15'C for 30-120 min.

0 Use an aliquot to verify the probe size by gel electropticíresis.

0 Add 5 pLI 500 mM EDTA to the reaction tube.
This terminates the labeling reaction.

The fraginent length of the nick-transiated DIG probe can be manipulated by monitoring the time of the reaction or by vary-
ing the DNase concentration. For in situ hybridization procedures, the optimal fragment length is about 200-400 bases. For
the analysis of fragment length by gel electroplicíresis, see Sambrook et al. (3) lf the fragment length is too large, the labeled
probe can be sonicated.

WHAT TO DO NEXT For all labeling reactions, ¡t is extremely important that you verify labeling efficiency in a direct
detection assay. Prior to hybridization, proceed to the "Btimating thé Yíeld of DIG-labeled Nucleic Acids" protocol on page 33.

Forfilter hybridizations, ¡t is usually not necessary to clean up the probe prior to hybridization. However ¡fyou have a desire
to clean up the probe or if you "l be using itfor in situ hybridization, see page 38.

. 1
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Preparing cDNA with Digoxigenin-1 1 -dUTP

Using AMV Reverse Transcriptase, you can generate DIG-1abelecí cDNA. The follok ,^qng reaction conditions will produce

cDNA probes with optimal signal intensity Lower leveis of Digoxigenin- 11 -dUTP resuIL in decreased signal intensity Greater

amounts of DIG- 11 -dUTP may yield cDNA probes that result in increased background.

Standard Labeling Reaction

Producits required

While the cDNA Synthesis Kit will synthesize cDNA from PNA, it is not optimized for the incorporation of digoxigenin- 11 -

dUTP (DIG- 11 -dUTP); therefore, the required products shoulcí be purchased separately

RNase inhibitor	25 units/iii RNase inhibftor from human placenta	Cat No. 799 017

dNTP mixture dATP, dCT dGTP; 5 mM each dATP (Cat No. 1051 440);
dCTP (Cat. No. 1051 458);
dGTP (Cat. No. 1051 466);
(sold as a 100 mM stock solutions;
must be diluted before use)

dTTP

DIG-dUTP

O1igo-p(dT)j,

AMV Reverse Transcriptase

0.65 mM dTTP

0.35 mM digoxigenin-1 1 -dUTP (2'-deoxy-uridine-5-triphosphate coupled to

digoxigenin via an 11 -atom spacer arm) in redistilled water

0.74 gg/O o1igo(dT) js primer
25 unWW reverse transcriptase from Avian Myelobastosis Virus (AMV)

Cat No. 1051 482 (sold as a 100 mM stock

solution; must be diluted before use)

1. alkali-labile, Cat Nos. 1573 152,1573 179

2. alkali-stable, Cat. Nos. 1093 088,1558 706,

1570 013 (both soid as a 1 mM sotution; must be

diluted before use)

Cat No. 814 270

Cat No. 109 118

Additionally required solutions

In acídition to your RNA template, you will need the followin., reagents and solutions.

5X cDNA reaction buffer	250 mM Tiris-HO, pH 8.5; 40 mM MgC12; 150 mM Diffliothreitol (DTT)

DEPC-treated H20	Sterile, dishiled water treated with 0.1 % diethylpyrocarbonate (DEPC)

EDTA
	

200 mM EDTA, pH 8.0

Procedure

0 Heat-denature the RNA template in a boiling water bath for 10 minutes, and chill it on dry iceíEthanol for 30

seconds before use.

Add reagents to a sterile microfuge tube (on ice) in the following order:ZD

Reagent
	

Volume
	

Final Concentration

5X cDNA reaction buffer
	

6pil
	

1 x

RNase inhibitor
	

1.5
	

1.25 units1W

dNTP mixture
	

3pil
	

0.5 mM each

dTTP
	

6 VO
	

0.13 mM

DIG-dUTP
	

6pil
	

0.07 mM

O1igo-p(dT)15
	

3 W
	

0.074 pig/pil

heat-denatured RNA
	

v—ariable —(1 5 ug)

DEPC-treated H20
	

to28pl

AMV Reverse Transcriptase
	

2pil
	

1.67 units1W

Total Volume
	

30 ^ti
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E) Incubate the reaction at +42 0C for 90 minutes.

0 Add 1 ul (200 mM) EDTA to the reaction tube.

This terminates the labeling reaction.

WHAT TO DO NM For- A labeling reactions, ¡t is e,<treme^y important that you ver^i labeling efficienc-v in a direct
detection assa.v. Prior to hvbridization, pr-oceed to the "Estirnating the Yic1d of DIG-labeled Nucleic AcicLs" protocol on page 33,

Fot^filter hYbriclizations, it is usually not necessary to clean up the probe pr^or to hvbiidization. However ifyou have a desire

to clean up the probe or if you "l be using itIor in situ hybridization, see page 38.
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A Compadson of Oligonucleotide-iabeling Methods

Sy,rithetic: oligonucleotide probes are widely used in library-screcning procedures, Southem and northem.blots, dot blots, and
in Situ hybridization expenments. To provide researchers with =drnum flembility, Boelinnger Martriheini has developed three
methods for labeling oligonucleotides with digo?úgerún (Figure 5).

5 -	 3.
A. 111111 11 1 1 11111111 11,111

5-
B. 1

5-	 3-

Figure 5. Optiona for nonradioactive oliganucbffide labelirig. An asterisk (*) indicates placernent of a

single digoxigenin residue. A. 3'-End labeling; B. T Taifing; C. 5'-End labeling,

This section briefly outlines the tfiree oligonucleotide-labeling methods, cach of which produces probes that are optirnized
for specific applications (see Table 4).

T-end lalieling	100 pmol por reaction	++

3'tailing	100 pmol por reaction	...

5'-end labeling	100 nmol por reaction	++
with DIG-NHS ester

Table 4. Overtiew of oligonucie"de-labelíng me~

—Atidition of a single DIG residue

++	—Affiltion of multiple DIG residuos

...	—Oligo must be "esized
with aminolinker

—Good for large-scale labeling
—Chernical reaction

In sítu hybridization
Northem blota
Southem blots
Colonylplaque hybridization
Dot(sM blotbng
	 E

Northem blots
In situ hybrídization
Sequencing
Southerri biots
Colony/plaque hybñdizabon

Primer extension
Sequencing
Dot/siot blots
Colonylpiaque hybridization
In situ hybrídization

Ofigonucteotide 3'-End Labefing (Genius 5 Kit)
The Genius 5 Ofigonucleotide 3 1 -End Labeling Kit (Cat. No. 1362 372) is designed for the addition of digox:igenin- 11 -
ddUTP (DIG-ddUTP) to the Yend of a synthetic oligonucleotide 14-100 nucleotides in length. The enzyme terminal trans-
ferase adds one digo>ágenin residue per oligonucleotide because chain elongation cannot proceed past the dideoxy
nucleotide. Each labeling reaction generates about 100 pmol of labeled probe (equal to 1 pig of a 30-mer). Probes labeled writh
this method retain their high degree of specificity and, despite the additional dideoxynucleotide, can still be treated under
the same optimal hybridization and washing conditions (¡.e., temperature and salt concentration). In addition, this method
enables nonradioactive DIG labeling of conventionally synthesized oligonucleotides; therefore, the nonradioactive label DIG-
ddUTP can be linked to the oligonucleotide víithout using any special reagents for oligonucleotide synthesis. These probes
are particularly suited for experiments that require maximum probe specificity and moderate probe sensitivity
(see Table 4).

Olígonucleotíde Y Tailíng (Genius 6 Kít)
The Genius 6 Oligonucleotide Tailing Kit (Cat. No. 1417 231) is designed for the ad.dition of a tail of residues ranging
from 10-100 bases in length. In the Y tailing reaction, terminal transferase ad.ds, a mixture of unlabeled nucleotides and
digmdgertin- 11 -dUTP, producing a tail containing multiple digmdgenin residues. The resulting probes are about ten times
more sensitive than 3'-end-labeled probes produced with the Genius 5 Kit.
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Although tailed oligonucleotide probes are more sensitive than 3'-end-labeled probes, they can also produce non-specific
background due to the presence of the longer tail. For example, if the unlabeled nucleotide used in the tailing reaction is
dATP the probe may be inclined to anneal to T-rich regions in complex nucleic acid mixtures. Such non-specific signals can
be minimizzed by choosing a different unlabeled nucleotide to utilize in the tailing reaction, by prehybridizing ivith a com-
peting sequence [e.g., poly(A)I, or by altering the stringency conditions. Tailed probes are suitable for procedures requiring
optimal sensitMty, such as Southem and northem blots.

5'-End Labelíng Oligonucleotídes (Genius 8 Set)
Oligonucleotides can be chemically tagged with digwdgenin at the Y end in a two-step, procedure with the Genius 8
Oligonucleotide 5'-End Labeling Set (Cat. No. 1480 863). In the first, step, the oligonucleotide is synthesized with an
aminolinker residue on its 5'end. After the synthetic oligonucleotide is purified, the second step involves the covalent link-
age of digwdgeniri-NHS ester to the free 5'-amino residue.

The resulting probes can be produced in large quantities (100 nmol per reaction), are specific, and have a sensitivitY compa-
rable to that of 3'-end-labeled probes (Le., appro>drnately 10 pg can be detected in a dot blot). The probes are suitable for
applications such as library screening and dot blot hybridization experiments.

Another useful feature of 5'-end-labeled oligonucleotides is that the 3 1 end is free to act as a primer for DNA-synthesis reac-
tions. Thus, extension reactions, such as PCR, can be conducted with labeled primers, allowing the nonradioactive tagging
of the reaction products. Subsequently, the labeled extension products can be detected or be purified by affinity chromatog-
raphy using anti-digoxigenin antibodies.

WHAT TO DO NEXT At this time, proceed to the section on the approp?¡ate oligonucleotide-labeling method to prepare
your probe.
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3'-End Labefing Oligonucleotides with Digoxigenin-1 1 -ddUTP

9tandard 3'-End Labeling Reaction
Produas required
The Genius 5 Oligonucleotide 3'-End Labefing Kit (Cat. No. 1362 372) contains all of the components needed to make
3'-end-labeled oligonucleotide probes with digoxigenin. The kit also contains a DIG-ddUTP-Iabeled Control Oligonucleotide,
which should be used in a direct detection assay to estimate the yield of DIG-labeled oligonueleotide (see page 33), as well
as an Unlabeled Control Oligonucleotide for labeling, and a Control DNA for hybridization. The DIG-di:lUTP-labeled Control
Oligonucleotide and kit components required for labeling are also available as separate products.

R reacton buffer	 1 M p~um cacodylate*, 125 mM Tris-HO, 1.25 mglml bovine serum	1 . Vd 1, Genius 5 Kit
albumin; plí 6.6 (+25'C)	 2. Cat No. 1243 276

3. (supplied with terminal ~erase)

Co% solution	 25 mM cobalt diloride (CoCl2)	 1 . Vial 2, Genius 5 Kit
2. Cal No. 1243 306
3. (supplied with terminal transferase)

1 . Vial 3, Genius 5 Kit
2. Cat No. 1363 905

1 . Vd 4, Genius 5 Kit
2. Cat No. 220 582

(sold at 25 U/pd; contains SX reaction
buffer and cobalt chloñde)

Vial 5, Genius 5 fGt

DIG-ddUTP	 1 mM digoxigenin-1 1 -ddUTP (2',3'-dideoxyuñdine-S'-triphosphate, coupled
to digoxigenin via an 11 -atom spacer arm) in redLsítilled water

Terminal transferase	 50 unfts/pLI terminal transferase, in 200 mM potassiulm cacodylate*,
1 mM EDTA, 200 mM KCI, 0.2 mglmi bovine serum albumin; 50% (vM
g1cerol; plí 6.5 (+25*C)

Uniabeled Control Oligonucleotide 30-mer, 5'-pTTG GGT AAC GCC AGG GTr TTC CGA GTC ACG OH-3',
(for control reactons onj)	homologous to the lac Z' region in pUC and Ml 3 plasmids, in

redistiled water

*PotaWum cacodylate is toxic. Wear gloves Men handling. Discard as regulated for toxic waste.

Additionally required solutions
In addition to the Genius 5 Kit and your oligonueleotide, you will need the following solutions.

H20	 Sterile, distilled water

EDTA	 200 mM EDTA, plí 8.0

Procedure
Purify (by HP1-C or gel electrophoresis) the oligonueleotide to be labeled after synthesis. Most suppliers will do this
for the custorner.

0 Add reagents to a ste rile microfuge tube (on ice) in the following order:

Reagents	 Volume	 Volume (Control Reaction)	Final Concentration

5X reacton buffer
	

40
	

4pil
	

1 x
COC12 soluton	 4 jJ	 4pil	 5 mM

oligonudectide	 variable (100 pmol)	—	 5 pmol/0
OR

Unlabeled Control Oligonudeolíde	 5 pil (100 pmol)	 5 pmoVW

DIG-ddUTP
	

0.05 mM

Terminal transferase
	 2.5 units/pd

H20	 to 20 ¡,11	 5 pil

Total Volume	 20 pd	 20pl

Incubate the reaction at +37'C for 15 minutes. Place on ice.
Add 1 pLI EDTA to the reaction tube.
This tenninates the labeling reaction.
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Notes on subsequent hybridization

The labeled probe may be diluted in hybridization buffer mithout ethanol precipitation. The presence of unincor-porated DIG-
ddUTP will not cause a background problem if SSC buffer is used for hybridization and wash steps. However. if TMAC is
used in the wash and hvbridization buffer, ethanol precipitate the labeled probe il ` ir is to be used in in situ hybridization (see
page 38).

WHAT TO DO NEXT For all labeling reactions, it is extremel - y important that vou verify labelíng efficienc -v in a direct
detection assa.v. Prior to hybridization, proceed to the Tstimatíng the Y¡eld of DIG-labeled Nucleic Acids"pt-otocol on page 33.

Forfilter hybtidizations, it is usually not necessary to clean up the probe prior to hybridization. However (fyou have a desire
to clean up the probe or jyou MI¡ be using itJór '¡n situ hybridization, see page 38.

L .	 1
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Y Taffing Oligonucleotides with Digoxigenin-1 1 -dUTPldATP

Standard Tailing Reaction

Products required

The Genius 6 Oligonucleotide Tafling Kit (Cat. No. 1417 231) contains all of the components needed to make tailed

probes containing DIG-dUTP/dATP residues. Nucleotides other than the dATP may be used to tail oligonucleotides; see page

26 for the modified procedure. The kit also contains a DIG-dUTP/dATP-tailed Control Oligonucleotide, which should be

used in a direct detection assay to estimate the yield of DIG-labeled oligonucleotide (see page 33). In acídition, the kit con-

tains an Unlabeled Control Oligonucleotide for labeling and a Control DNA for hybridization. The kit components required

for tailing and DIG-dUTP/dATP-tailed Control Oligonucleotide are also available as separate íten-Ls.

SX M~ buffer	M P~ium cacodylate*, 125 mM Tris-HC1,	
1. Viají 1, Genlus 6 ¡Ct

2 Cat No. 1243 Z-C)mg/qf bovine serum abimin; pH 6 6 (+25

10- 3. (sMiled with terminal tran~)
Kit

06
COC12 Solution	< 25 mM cobalt chioride (C<)r^)	 1. Vial Z Genlus 6

'2. Cat, No. 1243 3

3. (supplied wfth tem~ tren~)

DIG-dUTP	1 mM dig~in-1 1 -dUrP (21-deoxyuridi»5'-triphosphate, ooupled to	1. VW 3, Genlus 6 KR -

~genin vio en 11 -atom s~ armi) In ~lled water	2. alkaill-labile, Cat Nos. 1573 UZ 1573 179

3. alkali-sWie, Cat Nos. 1093 088,1558 706,N>
1570013

dATP	ji—	-10 mM dATP soluton; in Tris buffer, pH 7.5	 1. Vial 4, Genlus 6 
Kit

2. Cat No. 1051 440 (sold as a 100 mM
4,

solutíon; must be cliluted befóra use)

Termina] tan~	50 units/pd termina] tan~, in 200 mM p~ium cacodylais*,	1 . Vd 5, Genius 6 
Kit

2. Cat. No. 220 5821 mM EVA, 200 mM KCI, 0.2 mglml bovino serum aJbumin;

50% (4) gisicemi; PH 6.5 (+25*C)	 (solti at 25 U/Id; contains 5X me~

buffer and oobaft chioride)

Uniaboled Control Oligonucleotide 30-mer, 5'-pTTG GGT AAC GCC AGG GTT TTC CCA GTC ACIS OH-3',	VW 6, Genius 6 ¡Gt

(for control reactons onW	homologous to the lec Z' region in pUC and M1 3 plasmds, in

redLsáilled water	- 
-Zí^q

-Potassium cacodylate is toxic. Wear gloves when handling. Discard as regulated for toxic waste.

Additionally required solutions

in addition to the Genius 6 Kit and your oligonucleotide, you víill need the follov.,ing solutions.

H
20	

~le, dislilled water

EDTA	 200 mM EDTP, pH 8.0

Procedure
The oligonucleotide to be labeled should be purified by HP1-C or gel electrophoresis after synthesis. Most suppliers

will do this for the customer.

0 Add reagents to a sterile microfuge tube (on ice) in the following order:

	

Reagents	 Volume	Volume (Control Reaction)	Final Concentration

5X reacton buffer

COC1
2
 solution

DIG-dUTP

oligoriudeotide

OR

Unlabeled Control Oligonuciectide

dATP

termina¡ transferase

4pil

441

1 W

variable (100 pmol)

4 111

40

5 pill (100 pmol)

1 PLI

1 id

ix

5mM

0.05 mM

5 pmoVo

5 PMOV41

0.5 mM

2.5 units/O

H
20	

to 20 jil	 4pil

Total Volume	 20pl	 200
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Do not increase the size of the labeling reaction beyond 40 W because this will result in inefficient labeling of

the oligonucleotide.

Incubate the reaction at +371C for 15 minutes. Quickly place on ice.

Add 1 ^il EDTA to the reaction tube.

This terminates the labeling reaction.

Notes on subsequent hybridization

z We have occasionally experienced background problems when probes labeled in this manner are used in hybridiza-

tion buffers containing TMAC. Hybridization buffers containing SSC are preferable when "long-tailed" probes are

used. If it is necessary to use TMIAC, we recommend the use of an oligonucleotide probe labeled with DIG-ddUTP as

well as ethanol precipitation before use.

= Use of tailed probes in hybridization experiments can sometimes cause nonspecific hybridization of the tail to com-

plementary sequences in the target DNA. To prevent this, add 0. 1 mglml poly(A) [vial 11 or Cat. No. 108 6261

and/or 5 jig/ml poly(dA) [Cat. No. 223 58 1 ] to the hybrídization buffer; this will block the target sequences.

a Both the optimal concentration of labeled probe in the hybridization buffer and the time required for hybridization

depend on the amount of DNA or RNA that will be detected on a fílter. Usually, the probe is diluted to

1-10 pmol/nil, and the hybridization is carried out for 1-6 hours in 10 nil. of hybridization buffer per 100 CM2 Of

membrane.

2 Heat-denature the oligonucleotide prior to hybridization if secondary structure can be expected from the oligonu-

cleotide sequence.

WHAT TO DO NEXT For all labeling reactions, ¡t is extremely important that you verl labeling efficiency in a direct

detection assay. Prior to hybridization, proceed to the "Estimating the Yteld of DIG-Iabeled Nucbc Acids" protocol on page 33.

Forfilter hybridizations, ¡t is usually not necessary to clean up the probe prior to hybrídization. However if you have a desire

to -clean up the probe or if you ivill be using itfor in situ hybridization, see page 38.

L

- úno-, .1 I Ll c!eolide	viiii tducieotides últier thar. dATP

Oligonucleotides can also be tailed with DIG-dUTP and dGTP, or dCTP and dTTP, or a mixture of all four unlabeled deoxynu-

cleoside triphosphates. See Table 5 for tail lengths and incorporation rates for other nucleotides.

DIG-dUTPIdNTP

labefing mixtur9,110	dATP	dCTP	dGTP	dTTP	dNTP

Average tafl length	so	25	15	10	5

Range of tafl lengffl	10-100	10-40	10-25	1-20	1-10

DIG-dUTP/tail	5	2.5	1.5	1	0.5

Table S. Tail-lengths and incorporation raws tor other nucleotdes.

Products required

In acídition to the Genius 6 Oligonucleotide Taffing Kit (Cat. No. 1417 231), the fóllowing products can be purchased

separately when tailing oligonucleotides with other nucleotides.

dCTP	100 mM dC]P Cat No. 1051 458

dGTP	 100 mM dGTP	 Cat No. 1051 466

MP	 100 MM ff7	 Cat No. 1051 482

deoxynueleotde triphosphate set dATP, dCTP, dGTP, dTTPI, 100 mM ~; pH 7.0	 Cat No. 1277 049
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Procedure

0 MLx 9 volumes of DIG-dUTP with 1 volurne of the appropriate deoxy-nucleotide triphosphate solution (to be

chosen from the "Available reagenC lisi [abovel).

This DIG-dUTP/dNTP tailing mixture wnIl be added to the oligonucleotide tailino reaction in place of the DIG-

dUTP and cL,^TP

Add reagents to a sterile microfuge tube (on ice) in the folloA ring order:

Reagents	 Volume	Volume (Control Reaction)	Final Concentration

5X reacton buffer	4ptl	 4 jil	ix
CoCI, solution	4 ^il	 4 pLI	5 mM

1 PLI	 1 ¡,11
	

050.5 mM

variable (100 pmol)	—	 5 pmol/pil

5 pl (100 pmol)
	

5 pmol/pil

termina¡ transferase	1 pil	 1 pil	2.5 units/pl

H
2
0	 to 20	 5pil

Total Volume	20pl	 20

E) Incubate the reaction at +37'C for 15 minutes. Place on ice.

0 Add 1 ul EDTA to the reaction tube.

This terminates the labeling reaction.

WHAT- TO DO NEXT For A labeling i-eacüons, ¡t is extremel - v important that - You verify labeling efficienc.v in a direct

átection assay. Prior to hybridiZation, proceed to the "Estimating the Yield of DIG-1abeled Nudeic Aciás" protocol on page 33.

Forfilter hybridizations, it is usuall ' y not necessat-v to clean up the probe prior to h -vbiidization. Hoivevei,- if you have a des¡ re

to clean up the probe or (fyou will be utsing itjor in situ hAridization, see page 38.

DIG-clUTP/dNTP tailing mixture

oligonudeotide

OR

Uniabeled Control Oligonudeotide
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T-End Labefing Oligonucleotides with Digoxigenin-3-O-methylcarbonyi-F--aminocaproic acid-N-hydroxy-
succinimide Ester (DIG-NHS ester) ,

.'^ianda."c:	LabeJina Reaction

With the Genius 8 Oligonucleotide 5 1-End Labeling Set (Cat. No. 1480 863), oligonucleotides can be labeled writh digox-
igenin at the 5' end after synthesis that inciudes the addition of a phosphoramidite 

z

. D First, oligonucleotides are reacted With

the phosphorarnidite in a final synthesis step according to the solid-pl-tase phosphoramidite method, creating a 5'-tenninal

amino function. Treatment with ammonia releases the oligonucleotide from the support and cleaves the protecting groups.

In the subsequent step, digoxigenin is introduced at the 5'end.

Produas required

, M7	
777 -7-""

Aminolinker*	[N-Trffluorcacetamido-(3-oxa)-peW-N,N-diisopropyi-methyq-phosphoramidfte	Vial 1, Genius 8 Set
DIG-NHS estert	Digoxjgenin-3-O-methyicarbon^-E:-amino-caproic acid-N-hydroxysuccinimide ester	1. Vial 2, Genius 8 Set

2. Cat No. 1333 054
The aminolinker reacts violentty w rith water, and ¡t is irritafing to eyes, respiratory system. and skin.

DIG-NHS ester is very toxic by inhalation, in contact with skin, or swallowed. Do not breatín dust.

Additionally required solutions

In addition to the Genius 8 Set, you Y,,ill need the follow=ing solutions.

71

Acetonraile	anhydrous acetonitríle

Aqueous ammonia	25% aqueous ammonium

H20
	

Steríle, distífied water

Sodium acetate
	

3 M sodium acetate, pH 8.5

Ethanol
	

Absolute ethanol, chilled at —20'C; when 70% ethanol is indicated, dilute ethanol with redisfilled water.

Sodium borate
	

1 00 mM sodium borate; pH 8.5

Elution buffer A
	

100 mM thethylammonium acetate, pH 6.8

Elution buffer B
	

100 mM triethylammonium acetate:acetDnibiie (11), pH 6.8

Introduction of the Y amino function

The Aminolinker used corresponds to the phosphoramidites used in oligonucleotide syrithesis protocol (1).

The bottle viith the Aminolinker fits direaly into the appropriate position of an automatic DNA synthesizer from Applied
Biosystems, Pharmacia, or Eppendorf.

For use in the synthesizers from Milligen/Biosearch, the bottle content has to be dissolved in the appropriate amount of

anhydrous acetonitrile (see below) by injection of the solvent into the sealed bottle víith a disposable syringe and subsequent
transfer to the reservoir at the synthesizer.

0 Dissolve 100 rrig Aminolinker in Anhydrous Acetonitrile for the synthesizers from Applied Biosystems,
Pharmacia, Eppendorí in 2.7 MI (100 mM); Milligen/Bioscarch in 4.3 MI (70 mM).

Note: The solution of the phosphorarnidite is stable for approx. 2 weeks at ambient temperature and exclusion

of moisture.

Start oligonuclecítide synthesis according to standard protocol. Set the synthesizer on "trity1 on."

Deprotect the oligonueleotide according to standard oligonucleotide synthesis (by treatment víith 25%
aquec,us antmonia).

0 Remove ammonia by evaporation or lyophilization.
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Ethanol precipitation of the ofigonucleotide

0 Dissolve the oligomer (approx. 100 nmol) in a mixture of 300 píl H20 and 30 pil 3 M Sodium acetate, pH 8-5,

1 ^il glycogen, and transfer into an microfuge tube.

0 Add 0.9 mI ice-cold Ethanol. Mix well.

E) Incubate at —20'C for 2-3 h.

0 Centrifuge for 15 min at 10,000 x g. Decant the supernatant.

0 Wash the pellet with 100 gl of ice-cold Ethanol, centrifuge for 5 nún at 10,000 x g, and decant the supernatant.

Labeling reaction (example of a 20-mer)

* Dissolve the oligonueleotide pellet (approx. 20 A260 
units, corresponding to approx. 100 nmol) in 200 pLI

Sodium. borate.

* Dissolve the content of a vial (1 mg) of the DIG-NHS-ester in 600 pil Ethanol, and add 200 pil of this solution

to the oligonucleotide solution.

Note: The solution of the DIG-NHS ester in ethanol is orily stable for a short time. Therefore, we redorrimend

that you use the ester solution for multiple parallel labelings (e.g., in this case, for two additional reactions).

In general, 1 rng (1.5 pimol) of the DIG-NHS ester is sufficient for labeling 300 nmol of T-amino-substituted

oligonucleotide. Starting with 20 A260 
units of oligomer, 1 mg DIG-NHS ester ¡S sufficient for

* 2 labeling reactions of a 15-mer

* 3 labeling reactions of a 20-mer

* 4 labeling reactions of a 25-mer.

0 Place vials on a shaker platform overnight at room temperature.

Putification of the labeled oligonucicotide

Separation of the labeled oligonucleotide from the unlabeled compound may be achieved by reversed phase HP1-C*.

0 Concentrate the mixture of the labeling reaction under vacuum.

Dissolve the remainder in 1 rril of H20.

Pass this mixture through a 0.45 4m filter.

0 Apply onto a HP1-C column, RP-18/5 jim.

Gradient: In 30 min from 100% Elution buffer A to 80% Elution buffer B.

The digo?dgenin-labeled oligonucleotide is cluted with a higher retention value compared to the unlabeled

compound. A typical elution profile is shown in Figure 6. An average yield of 50% digo?dgenin-labeled

oligomers is obtamed.

5.67	
Figure 6. Eludon profile. Oligonueleotides were purified after labeling

unLabeled oligomer	wnh DIG-NHS Ester by reversed phase HP1-C with an Inertsil l column,
22.25	 1	Columns trom Cher manufacturers give similar elution profiles, thougt

21.99	 23.32	 the dislance between the peaks can Yary.

A. uniabeled oligonucleabde

42.10	
T	 S. DIG-labeled oligonucleotde

Digoxigenin-labeled oligomer

Concentrate the appropriate fraction under vacuum. Desalt as usual (e.g., gel filtration, dialysis in

SPECTRAPOR11 1000).

*Alternatively the separation from unlabeled oligonucleotides can be achieved by standard polyacrylamide gel

electrophoresis. As an additional alternative, the labeled oligonucleotide may be purified on RP-C-18 cartridges

(e.g., Poly-Pak RP1 from MWG Biotech, Roth; OPC from ABI).

WHAT TO Do NEXT For all labeling reactions, ¡t is extremely important that you ver^^ labeling efficiency in a direct detec-

tion assay. Phor to hybridization, proceed to the "Estimating the Yíeld of DIG-Iabeled Nucleic Ac¡ds" protocol on page 33.

SPECTRAPOR* is a registered tradernark of Spectra Medical LaboratDñes.

Inertsill is a trademark of GL Science, Japan.
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Chapter 4 RNA Labeling

Labelin*g RNA with the Genius 4 Kit

The Genius 4 Kit generates DIG-labeled, single-stranded RNA probes of defined length by transcription. RNA probes are

labeled ^kdth digoxigenin, using SP6, TT or T3 RNA polymerases. DNA is subeloned into a multiple cloning site adjacent to

the RNA polymerase promoter site in the pSPT18 or p5PT19 transcription vectors provided in the kit. A restriction enzyrne

(not provided in 'the kit) linearizes the DNA template, allowing the creation of "run oT transcripts of uniform length. One

digoxigenin- 11 -UTP residue is incorporated every 20-2 5 nucleotides.

A large amount of DIG-labeled RNA can be generated by this method because the nucleotide concentration does nol become

limiting in the standard transcription assay Under standard conditions, approximately 2-10 pig of full-length DIG-labeled

RNA is transcribed from 1 ^ig of template DNA.

The RNA probes produced with this method are desirable because they:

• have a defined unit length

• exhibit single-strand target specificity

:a do not re-anneal like double-stranded DNA probes.

RNA labeled with digoxigenin is particularly usefúl for northem blots. In addition, DIG-labeled RNA probes can be used for

Southem,blots, plaque or colony screening, and in situ hybridization without removing the label. Also, because the linkage

between DIG and UTP is resistant to alkali, DIG-labeled RNA can be fragmented by alkaline treatment. When creating RNA

probes for in situ hybridization, a limited reduction in size of the DIG-Iabeled RNA probe can be advantageous (see the sec-

tion entitled "Regulation of RNA Probe Length by Alkaline Hydrolysis" on page 32 for details).

Standard Labefing Reaction

Products required

The most convenient approach to making RNA probes is to use the Geníus 4 RNA Labefing Kit (Cat. No. 1175 025)

because ¡t contains most of the components needed to make RNA probes. The kit also contains a number of control RNAs

and DNAs, which can be used in hybridizations, direct detections, or to check the efficiency of the labeling reaction (See page

33). Some of the kit components are also available as separate products, but the buffers and some of the controis are not.

NTP labeling mixture (1 OX)	10 mM ATP, 10 mM CTP, 10 mM GTP, 6.5 mM UTP, 3.5 mM DIG-UTP; in Tirís-HO,	1 . Vial 7, Geníus 4 Kit
pH 7.5 (+201C)	 2. Cat No. 1277 073

1 OX transcripton buffer	400 mM Tiris-HO, pH 8.0; 60 mM MgC12, 100 mM dil:hioerythritol (DTE), 20 mM	Vial 8, Genius 4 Kit
spermidine, 100 mM NaCI, 1 unit(mi RNase inhibitor

DNase 1, RNase-free	10 units/pd DNase 1, RNase-free	 1. Vial 9, Genius 4 Kit
2. Cat. No. 776 785

RNase inhibitor

One of the following

SP6 RNA Polymerase

T7 RNA Polymerase

T3 RNA Polymerase

One of the following

(for control reactions only):

Control. DNA 1, pSPT-1 8 Neo

OR

Control DNA 2, pSPT-1 9 Neo

20 uniWpd RNase inhibitor

20 units/pd SP6 RNA Polymerase

20 uniWW T7 RNA PoWeráse

20 unWpd T3 RNA Polymerase

0.25 mg/ml pSPT-1 8 Neo DNP, deaved wfth Pvu 11

0.25 mg/mi pSPT-1 9 Neo ONA, cleaved w¡th Pvu 11

1.Vial 10, Genius 4 Kit

2. Cat No. 799 017

1.Vial 11, Genius 4 Kit

2. Cat No. 810 266

1.Vial 12, Genius 4 Kit

2. Cat No. 881 767

Cat, No. 1031 163

Vial 3, Genius 4 Kit

Vial 4, Genius 4 Kit
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Chapter 4 RNA

Additionally required solutions

In acíclition to the Genius 4 Kit and your purified DNA template, you MII need the follozing solutiotis.

fLr,r,í,j --í; M7:51§1 7.	111,W1:

DEPC-treated H
20	

Steríle, distífied water treated with 0.1 % diethylpyrocarbonate (DEPC)

EMA
	

200 mM EMA, pH 8.0

Procedure
Before beginning the transcription reaction, the DNA template must be linearized at a restriction enzyme site down-

stream of the cloned insert. To avoid transcription of undesirable sequences, use a restriction enzyme that leaves Yover-

hangs or blunt ends. After the restriction digest, purify the DNA by phenol/chloroform extraction, followed by ethanol

precipitation (see page 38). Altematively we have found Elutip--r columns (Schleicher & Schuell; Cat. No. NA 020/2)

to be an easy and effective method of purifying DNA template mrithout contaminating the sample w rith RNase.

0 Add reagents to a stenle, RNase-free (DEPC-ireated) microfuge tube (on ice) in the following order:

Reagents	 Volume	Volume (Control Reaction)	Final Concentration

Purified DNA template	variable (1 pig)	—	0.05 ^ig/pLi

OR

Control DNA 1 or 2	 4	 0.05 ¡.iglW

NTP labeling mixture (10X)	2 W
	

2 pd
	

ix

1 OX transffiption buffer*	2 jil
	

20
	

i—x

DEPC-treated 1-1,0	tol8o
	

100

RNA polymerase (SP6, T7, or T3)	2 jJ	 2p]	 2 units/pLI

Total Volume	20 jil	 20

*Optonal: Add an additonal 1 pl of RNaw InhiMor.

The reaction may be scaled up to increase the yield of RNA. This is achieved by keeping the amount of tem-

plate DNA constant while increasing the amount of the other components in the labeling reaction. For exam-

ple, in a 5X scalecí-up reaction with 1 ptg of linear Control DNA 1 (pSPT18-Neo DNA) as template, more than

40 pig of RNA can be synthesized after a two-hour incubation at +370C.

0 Mix gently and centrifuge brieRy Incubate for at least 2 hours at +37'C.

If desired, add 2 pil DNase 1, RNase-free (Cat. No. 776 785), and incubate for 15 minutes at +37'C to remove

the DNA template.

Because the amount of DIG-labeled RNA transcript greatly exceeds the amount of DNA template, removal of

the DNA template is usually unnecessary.

0 With or viithout prior DNase tre íatment, add 2 jil EDTA solution to the reaction tube.

This terminates the transcription reaction.

Th.e amount of newly synthesized DIG-tabeled RNA depends on the amount, size (site of linearization), and purity of the

template DNA. When 1 ptg of template DN A that has been lineanzed to give run off transcripts of 760 bases is labeled in the

standard reaction, approximately 37% of the nucleotides are incorporated into about 10 pig of transcribed DIG-labeled RNA.

The RNA transcripts can be analyzed for size by agarose gel electrophoresis (e.g., formaldehvde gels) and ethidium bromide1	c
staining. Labeling efficiency can be most accurately checked by direct detection of the labeled RNA probe With Anti-digoxi-

genin-alkalme phosphatase.

V~T TO DO NEXT For all labeling reactions, it is extrernely important that you ver^& labeling efficiency in a direct

detection assay. Prior to hybridization, proceed to the "Esümating the Yteld of DIG-1abeled Nucieic Acids" protocol on page 33.

Forfilter hybridizations, it is usually not necessary to dean up the probe prior- to hybtidization. However (fyou have a desire

to dean up the probe or ¡fyou "1 be usíng itfor in situ hybridization, see page 38.

EMpl is a trademark of Schicicher & Schuefi.
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1 
aquiaton cT 21.0 Probe length by Alkaline Hvaroiysis

Some applications require shorter RNA probes than other techrilques. When performing in situ hybridizations, for example,

probes must be short enough to allow diffusion into and out of the tissue. Alkaline hydrolysis allows you to regulate the size

of RNA probes.

Produas required.

GIcogen solution	20 mg/ml g^cogen in redistified water	 Cat No. 901393

Additionally required solutions

DEPC-treated H20	Sterile, distilled water treated wiül dieth^pyrocar bonate (DEPC)

C~te buffer	60 mM Na2CO3; 40 MM NaHCO3; pH 10.2

Hydrolysis-neuMizabon buffer	200 mM sodium acetate; 1 % (vlv) aceüc acid; pH 6.0

Eü"i	Absolute e~, chilled at —20T; Men 70% ethanol is indicated, dilute the ethanol with DEPC-treated water.

Procedure
The following procedure is a modification of the protocol for regulating the size of RNA probes by alkaline hydro-

lysis described by Cox, et al. (1984, Develop. Biol. 101:485-502.). This protocol was adapted for use with DIG-UTP-

labeled RNA probes.

0 Hydrolyze 1 pig RNA by adding an equal volume of DEPC-treated H20 and two volumes of Carbonate buffer.

Incubate for 10-60 minutes at +60'C.

The optimal incubation time must be determined empirically. We have found that hydrolysis starts as carly as 30

seconds after the addition of the carbonate buffer.

Add an equal volume of Hydrolysis-neutralization buffer to stop the hydrolysis.

Add 1 pil Glycogen solution and 3 volumes of chilled Ethanol to precipitate the RNA. Mix weIl and incubate at

—70'C for 30 minutes.

0 Remove from the —70'C incubation, and thaw briefly at room temperature. Centrifuge at 13,000 x g for 15

minutes in a microcentrifuge.

Decant the Ethanol, and wash the pellet with 100 ptl of 70% ethanol. Centrifuge at 13,000 x g for 5 minutes in

the microcentrifuge, then remove the 70% ethanol.

0 Dry, the pellet and resuspénd in 100 111 DEPC-treated H20. If not used immediately, store the probe at —70'C.

Note: Resuspension of the digoxigenin-labeled pellet ma y require heating to +37'C for 10 minutes writh fre-

quent vortexing. Failure to adhere to these guidelines viií, result in the loss of approximately 20% of the

digoxigenin-labeled RNA.

0 Remove 2 Vil RNA and dilute in 98 pil DEPC-treated H20. Check the resulting probes length by electrophore-

sis of 4 pd of diluted, hydrolyzed RNA on a 1% denaturing agarose gel (gIyoxal gel works best), followed by

transfer to a nylon membrane. Visualize the labeled RNA probe by direct immunodetection according to steps

6-13 in "Estimating the Yield o¡ DIG-labeled Nucleic Acids" on page 33.

WHAT TO DO NEXT For all labeling reactions, ¡t is extremel - v important fliat vou verify labeling efficienc-y in a direct detec-

tion assa-v Pnor to hyb pidization, proceed to the "Estirnating the Yíeld of DIG-Iabeled Nucicic Acids" protocol on page 33

and petform steps 6-13.	

1
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Chapter 5 Estímatíng the Yíeld of DIG-Labeled Nucleíc Acíds

lt is essential that you estimate the yrield of each labeling reaction before attempting to use the probe in a hybridization reac-

tion. Use the following procedure to estimate the y4eld of DIG-Iabeled DNA, RNA, or oligonucleotide probes. The procedure

described here will

• confirm that the labeling reaction has been successful in producing a DIG-labeled probe

• estimate the yield of DIG-labeled probe

• familiarize the user vath the basic detection methodology of the Genius System.

The detection procedure described here should orily be used to estimate the yield of DIG-labeled núcleic acids and confirm

the success of the labeling reaction. More detailed and sensítive detection procedures for blorting applications (e.g., Southem

blots) are detailed in the "Hybridization" di,̂ dsion, which begins on page 41.

Produas required

DIG-labeled controls for estimating the yield of DNA, RNA, and end-labeled oligonucleotide probes are available as separate

reagents or in the respective labeling kits. The DIG-clUTP/dATP-tailed Oligonucleotide Control is only available in the

Genius 6 Kit.

Use Table 6 to detennine the reagents and dilution scheme required to estimate the y¡eld of your probe. Choose the control

nucleic acid corresponding to the type of probe you used, and perforin the procedure provided below

llirm PI	mí,
	 11 Tí 1 í,, í,	ii,

PCIRI	 Labeled Control DNA	 DNA dilution buffer	A

Random primed labeling	Libeled Control DNA	 DNA dilution buffer	A

Nick ~Uon	~ed Control DNA	 ONA dilution buffer	A

Prepaíring cONA with DIG-dUTP	Labeled Control DNA	 DNA dilution buffer	A

Oligonucicotide Y-end labeling	Czntrol Oligonucleotide, DIG-ddUTP-Iabeled	DNA dilution buffer	8

Oligonu~de talling	Control Oligonudeotide, DIG-dISTP/dATP-tailed	DNA dilution buffer	B

Otigonucleotide 5'-end labeling	Control Oligonudeotide, DIG-ddUTP-Iabeled	DNA dilution buffer	B

RNA labeling (transcription)	Labeled Control RNA	DEPC-treated H
2
0	 C

Table 6. Procedural differences for estimating the y¡eld of dff~ probe-labeling reactiorts.

This procedure requires orily one of the following controls.

Labeled Control DNA	Digo)dgenin-labeled pBR328 DNA that has been random primed labeled aecording	1 . Vial 4, Genius 1 Kit

to the standard labeling procedure; the total DNA concentration in the vial is 20 4mi,	2. Vial 4, Genius 2 Kit

but only 5 pLglml of ft is DIG-Iabeled DNA.	 3. Vial 1, Genius 3 
Kit

4. Cat. No. 1585 738

Control Oligonueleotide,	2.5 pmol/W oligonudeotide (30-mer, 5'-p TTG GGT AAC GCC AGG GTT TTC CCA GTC ACG	1 . Vial 6, Genius 5 
Kit

DIG-ddUTP-Iabeled	OH-3', homologous to the lac Z' region in pUC and M1 3 plasmids) labeled with	2. Cat No. 1585 754

digoxigenin- 11 -ddUTP under standard assay reacton condifions, in redistilled water

Control Oligonudeatide,	2.5 pmol/p.1 oligonudeotide (30-mer, 5'-p TrG GGT AAC GCC AGG GTr TTC CCA GTC ACG 	1 . Vial 6, Genius 6 
Kit

DIG-dUTPIdATP-tailed	OH-3', homologous to the lacZ' region in pUC and M13 plasmids) tafied with digoxigenin-1 1 -

dlffPldATP under standard assay reaction conditions, in redistilled water

Labeled Control RNA	Digoxigenin-labeled "arítisense" Neo RNA transcribed with T7 RNA poiyrnerase, according	1 . Vial 5, Genius 4 Kit

to the standard protocol, trom 4 pd (equivalent tD 1 pig) Pvu ll-linearized pSPT1 8 Neo-DNA 	2. Cat No. 1585 746
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j Chapter 5 Estimating the Yíeld of DIG-Labeled Nucicic Auds

In addition to Lhe DIG-labelecí control, you ,Yill need the follomiing reagents

ONA crilution buffer	50 Wmi herríng sperm DNA, in 10 mM Tris-HO, 1 mM EDTA;	1. Vial 3, Genius 1 
Kit

(for DNA and oligonucleolíde	pH 8.0 (+251C)	 2. Víal 3, Genius 2 Kit
probes only)	 3. Vial 9. Genius 5 

Kit

4. Vial 10, Genius 6 Kit

S. Víal 2, Genius 3 
Kit

Biocking reagent
	

Blocking reagent for nucieic acid hybridizafion; white powder
	

1. Vial 11, Genius 1 
Kit

2. Vial 6, Genjus 3 
Kit

3. Cat. No. 1096 176

NBT solution
	

75 mg/ml nitroblue t~olium saft in 70% (v/v) dimettiy#ormarnide

X-phosphate soluton
	

50 mg/mi 5-bromo-4-chioro-3-indoM phosphate (X-phosphate),

toluidinium saft in 100% dimethy#ormarnide

Ant-DIG-alkaline phosphatase	Ant-digoxigenin [Fabl conjugated to alkaline phosphatase

1 . \lial 9, Genius 1 
Kit

2- Vial 4, Genius 3 
Kit

3. CatNo.1383213(dilutefromlOOmg/mi)

1.Víal 10, Genius 1 Kit

2.Vial 5, Genius 3 Kit

3. Cat. No. 1383 221

1 . \fial 8, Genius 1 
Kit

2.Vial 3, Genius 3 
Kit

3. Cat No. 1093 274

Ádditionally required solutíons

Except TE buffer, all of ¡he follov.,ing required solutions are available in a ready-to-use form in the DIG Wash and Block

Buffer Set (Cat. No. 1585 762). Bottle numbers for this set are indicated in parentheses. AlternaLively, theN , can be prepared

f rom separate reagents accordíng to procedures described in Appendix B.

T-M.—

Washing buffer (Botte 1; dilute	100 mM maleic acid, 150 mM NaCI; pH 7,5 (+20'Q; 3% (vIv) TWeen 20
1: 10 with H.01

Maleic acid buffer (BoPe 2; dilute 100 mM maleic acid, 150 mM NaCI; pH 7.5 (+20'Q
1: 10 with H2O)

Blocking solubon (.Botbe 3;

dilute 1:10 with 1 X Maleic

acid buffer)

Detection buffer (BotUe 4; dilute

1: 10 with H20)

TE buffer

DEPC-treated H20

(for RNA probes only)

1 % (w/v) Blocking reagent for nucleic acid hybridization dissolved in Maleic acid buffer

ff necessary, treat with DEPC to destroy RNases. AutDdave the solution, and store at room temperature, +4 OC, or —20oC.

Blocldng solution is cloudy and should not be fiffered. ft is stable for at least two weeks when stored at +CC, but must then be
brought to room temperature before use,

100 mM Tíris-HO, 100 mM NaC]; pH 9.5 (+20'C)

To increase the speed of colorimetric detection, 50 mM MgC12 may be added to the Detecton buffer; however. fliter the MgC12-

containing buffer through a 0.45 Itm membrane filter before use. This eliminates any precipitated MgC121 which can contribute to
background ff not removed.

10 mM Tíris, 1 mM EDTA; pH 8.0 (+20'C)

Sterile, distified water treated with 0. 1 % dieth^pyrocarbonate (DEPC)
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Procedure
0 Make serial dilutions of the DIG-1abeled control in DNA dilution buffer according to the appropriate dilution

scheme. Or, for RNA controls, perform dilutions with DEPC-treated H 2O. (Use of siliconized tubes helps pre-

vent adsorption of DNA to walls of the tubes.)

Dilution Scheme A (for DNA probes)

Labeled Control ONA	 Final Concentration	Total

Starting Concentration	Stepwise Dilution	 (dilution name)	011ution

1 rig/¡.L1 (A)	1:5

100 pg/O (B)	1:50

10 pg4,1 (C)	1:500

1 pg/¡,ii (D)	1:5,000

0.1 pg/pil (E)	1:50,000

5 ng/pil	 2 pLV8 ¡.ii ONA dilufion buffer

1 ng/pil (dilufion A)	2 018 jil DNA dilufion buffer

100 pg/pLI (dflution B)	2 018 pLI DNA dilufion buffer

10 pg/pLI (dilution Q	2 ^tVl 8 W ONA dilution buffer

1 pg/pLI (dilufion D)	2 ptVl8 pil DNA dilufion buffer

Dilutons A—E can be stored at —20'C for at least 1 year.

Dilution Scheme A (for DNA probes)

Dilution

Volume of
DNA Dilution

Buffer ín tube

Probe
Concentration

Labeled
Control	A	B	C	D	E
DNA/,- 2 ^^, 1 2 ^i

8PLI	18 PLI	18 W	18 ^LI

5 ngl^il	1 ng/O	100 pg/41	10 pg/PLI	1 pg/pl	0.1 pg/111

Dilution Scheme B (for Oliconucleotide probes)

DIG-tailed- or end-labeled Control	 Final Concentration	Total

Oligo Starting Concentration	Stepwise Dilution	 (dilution name)	Dilution

2.5 pmollW (A)
	

2 018 W DNA dilufion buffer

0.25 pmol/P.I (dflufion 8)
	

2 018 pil DNA diluton buffer

0.025 pmol/pl (dilufion Q
	

2 ^ti/18 pd DNA diluton buffer

2.5 fmol/pLI (dilution D)	2 ptVl8 pd DNA dilufion buffer

Dilutons A—E can be stored at —20T for at least 1 year.

Dilution Scheme B (for Oligonudeotide probes)

0.25 pmolío (B)	1:10

0.025 pmol/pil (C)	1:100

2.5 fmollW (D)	11,000

0.25 fmoV¡.L1 (E)	1:10,000

Labeled Control
Oligo A
	B	C	D	E

^2i 2 4̂1 2̂i ^2l

	

18 pil	18 lil	18pil	18 pLI

2.5 pmol/pil	0.25 pmol/pd	0.025 pmol/lil	2.5 fmoVo	0.25 fmol/41

Dilution

Volume of
DNA Dilution

Mer ín tube

Probe
Concentration

35	 Gujus Syste User1s Guido Version 3.0



1 Chapter 5 Estimaúng the Y¡eld of DIG-Labeled \:,iicicic.Acids

,j¡Jw; cn Scírieme C f "ir	e.r.-,r es). .	1 ^	--

DIG-labeled Control RNA	 Final Concentration	Total
Starting Concentration	Stepwise Dilution	(dilution name)	Dilution

0.1 jig/PLI	 2 lil/18 bil H20

1 0 nglW (dilufion A)	 2 lil/1 8 41 H20

1 ng/pil (dilution B)	 2 W11 8 IA] H20

100 pg/pil (dilution Q	2 jiV18 pl H20

10 pgffil (dilufion D)	2 pil/1 8 W H20

Dilutions A-E can be stored at -70'C for at teast 1 year.

Dilution Scheme C (for RNA probes)

1 0 nglW (A)	1:10

1 ng/w (B)	 1:100

100 pg/^ti (C)	 11,000

10 P9/Pil (D)	 1:10,000

1 pg/jiI (E)	1:100,000

Dilution

Volume of
DEPC-treated

H20 in tube

Probe
Concentration

Labeled
Control	A	B	C	D	E
RN^;>--2	 2̂i

uU1 8 P11	U18 pil	U1 8 pLI	

11

8 W	u, 8 jal

0.1 ng/gl	10 ng/1ul	1 ng/^il	100 pg/PLI	10 pg/111	1 pg/pl

Spot 1 pil of dilutions B—E onto a positively charged nylon membrane, marking the membrane light1y Mth a

pencil to identify each dilution.

We recommend Boehringer Mannheim Nylon Membranes (Cat. Nos. 1209 272, 1209 299, 1417 240).

Make serial ten-fold dilutions of the newly labeled experimental DNA probe (of.unknown starting concentra-

tion) in DNA dilution buffer. Or, for RNA probes, perform dilutions NA rith DEPC-treated H20.

If PCR was performed, additional dilutions o[ the experimental DNA may be necessary

Dilution Scheme for your probe of unknown concentration

Experimental	A	B	C	D	EDilution	Probey 2 ^l,1	2 ^l	 2 ^1,1

Volume of
DNA Dilution
Buffer or
DEPC-treated	 18PLI	18 pil	18PI1	18 pLI	18.ul

H,0 in tube

Total
Dilution Factor	 1:10	1:100	11,000	1:10,000	1:100,000

0 Spot 1 ptl of cach of the dilutions made in step 3 onto the same nylon membrane, marking the membrane

light1y writh a pencil to identify cach dilution. Mix dilutions weIl immediately before spotting on membrane.

Fux ihe nudeic acids to the membrane by cross-linking writh 1,1V light or by baking for 30 minutes at +80'C.

0 Wet the membrane with a small amount of Washing buffer.

0 Incubate the membrane in Blocking solution for 5 minutes at room temperature.
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Control

Experimenta¡

Mix: 45 pt1 NBT solution and 35 pil X-phospl-iate solution in 10 m1 of Detection buffer.
This fresh1y prepared Color Substrate Solution will be used in step 13. Protect from direct light before use.

Dilute anti-DIG-alkaline phosphatase L5,000 in Blocking solution.

Incubate the membrane in the diluted antibody for 10 minutes at room temperature.
The diluted antibody solution must cover the entire membrane.

Wash the membrane twice, 5 minutes per wash, in Washing buffer at room temperature.

Incubate the membrane in Detection buffer for 2 minutes.
Application of this buffer "activates" the alkalme phosphatase: that is conjugated to the antibody

Pour off the Detection buffer and add the Color Substrate Solution. Allow color development to occur in the
dark for 30-60 minutes, monitoring occasionally. Do not shake the membranes.
Dilution D of the DIG-labeled control should be visible 30 minutes after adding the Color Substrate Solution.
Since the incubations times are shortened in the interest of getting a quick assay result, the sensitivity of this
assay may not be great enough to visualize the most diluted sample (Dilution E).

When the desired spots appear in sufficient intensity, stop the reaction by washing the membrane with 50 Pil
TE buffer or sterile H 20 for 5 min.

Compare spot intensities of the control and experimental dilutions to estimate the concentration of the expen-
mental probe (See Figure 7).

100	10	1	0.1	pg

ur,	ur,	líra	liri

Figure 7. Estimating the Ynald of DIG-11aheled DNA. Dilutons of the Labeled Control DNA
and the newly labeled (experimenta¡) DNA were spotted on, fixed lo, and directy detected on
a Boetuínger Mannheim Nylon Membrane with a chemiluminescent substrate. In this

example, the intensity of the 10 pg Labeled Control DNA spot is approximately equal lo that
of the 10-3 diluton of tire experímental DUA. From this, we calculate the amount of DIG-
labeled DNA lo be

lo pq1,11 X 10 3 = 10,000 pg1pLI

The total yeld of DNA is the concentrabon of the DIG-labeled DNA multiplied by the volume
of probe resuspension. Because the DNA was resuspended in 50 j.Ll TE buffer, the total
y¡eld is

10,000 pg/41 x 50 pil = 500,000 pg or 500 ng of labeled DNA probe.

WHAT TO DO NEXT At this time, proceed to the "Hybridization" section of this Users Guide, which begins on
page 41.	 1
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Chapter 6 Puríficatíon of DIG-Labeled Núcleic Acids

lf desired, DIG-labeled nucleic acids can be purified by ethanol precipitation, Proteinase K treatment, or Mth a Quick

Spin` column.

ano¡

Products required

Glycogen solution	20 rng/rni qtycogen in redistilled water	 Cat No. 901393

Additionally required solutíons

In addition to glycogen, you will need the following solutions.

Licl	 4 M lithium chioride solution; 3 M sodium acetate or 3 M sodium chioride may be substituted for the LÍCA; do not use
arnmoniunn acetate.

Ethanol	 Absolute ethanol, chilled at ~20*C; when 70% eü~i is indicated, dilute ethanol with redistilled water.

TEISDS buffer	10 mM Tris-HO, 1 mM EMA, pH 7.".0; containing 0.1 % sodium dod" suffate (SOS)

Procedure

0 Add 1 pLI Glycogen solution to the reaction tube.

0 Precipitate the labeled nucleic acid with 0. 1 volume of 4 M LCI and 25-3.0 volumes of chilled Ethanol. Mix
weil and incubate at —70'C for 30 minutes.

0 Remove from the —70'C incubation and thaw briefly at room temperature. Centrifuge the reaction at 13,000
x g for 15 minutes in a microcentrifuge.

0 Decant the Ethanol and wash the pellet with 100 ^tl of 70% Ethanol. Centrifuge at 13,000 x g for 5 minutes
in the microcentrifuge, then remove the 70% Ethanol.

Dnf the pellet and resuspend in 50 41 of TE/SDS buffer. (Resuspend in H,0 if performing Proteinase . K diges-

tion.) lf not used immediately store the labeled probe at —200C (-70'C for RNA).

The SDS may be left out if siliconized tubes are used during precipitation.

Note: Resuspension of the digoxigenin-labeled pellet may require heating to +37'C for 10 minutes with

frequent vortexing. Failure to adhere to these guidelines will result in the loss of approximately 20% of the

digoxigenin-labeled DNA.

WHAT TO DO NEXT Foi- all labeling reactions, it is extremely important that you vet¡fy labeling efficieng in a direct detec-

tion assa.y. Pi¡or to hybridization, proceed to the «Estimating the Yteld of DIG-labeled Nucleic Auds" protocol on page 33.	

1
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Proteinase K Treatment

In our laboratories, treatment of the DIG-labeled probe wúh Proteinase K after ethanol precipitation has increased signal-to-

noise ratios on subsequent blots.

Produas requíred

77

Proteinase K	20 rng/rni Proteinase K in 10 mM Tris-HU, pH approx 7.5, containing	Cat Nos. 1413 783,
calcium acetate	 1373 196,1373 200

Additionally required solution

, rí í, 1 , -- i	. ', !, ^, ^ . `, ¡T. ; 1	-l! ^^	 1,11,11,11,11,1 1,1 1111111

H20	 Steríle, distífied water

Procedure

0 After ethanol precipitation, resuspend the DIG-labeled probe in 50 ptl H20.

Add '/10 volume Proteinase K, and incubate for 2 hours; at +37'C.

The resulting mixture can be used direct1y in any of the hybridization applications.

WHAT TO DO NEXT For al¡ labeling reactions, ¡t is extrernely important that you verify labeling efficieng in a direct detec-

tion assay. Prior to hybridization, proceed to the "Estirnating the Yíeld of DIG-1abeled Nucleic Acids" protocol on page 33.

Pufflication of DNA Probes With a Quick Spin r, Column

DNA probes that has,e been labeled with DIG can be purified víith Quick Spin columns.

Produas requíred

-2
Herring sperm DNA	10 rng/rni DNA from cod and herring sperm DNA; solution; sonicated and denatured (single-stranded	Cat No. 1467 140

fragments 120-3000 nudeotídes in length) in 10 mM Tñs-HO 10 mM NaCI, 1 mM EDTA; pH 8.0

Quick Spin coiumn	Quick Spin G-50 columns for biobn^ated ONA purification (Prepacked, pre-spun Sephadex, G-50	Gat. Nos. 100 609,100 611
[finel columns, pre-swolien in SSC buffer (150 mM NaCI, 15 mM sodium citrate, 0.1% (w/v) SDS; pH 7.01)

Procedure

0 Add 5 pLI (50 pLg) Hernng sperm DNA to the DIG-labelec. DNA probe sample.

Allow the Quick Spin column unit to warm. to room temperature.

Gently invert the Quick Spin column several times to resuspend the separation medium.

0 Remove the top cap from the Quick Spin column, then remove the bottom tip.

The top cap must be removed first to avoid creating a vacuum and uneven flow of the column buffer.

Allow the buffer to drain by gravity before proceeding.

Cut the bottom tip off one of the collection tubes, remo ,,ring the bottom 5 mm. Place the Quick Spin column

in this modified collection tube. Next, place this column/tube apparatus into an adaptor tube (e.g., a sterile,

disposable 16 x 125 mm round-bottom polystyrene collection tube with screw cap). Centrifuge at 1100 x g for

2 min. Discard the collection tube and the eluted buffer.

Be sure to use a swinging-bucket rotor rather than a fixed-angle rotor. In a swinging-bucket rotor, the sleeves

svíing out as the speed of the centrifuge increases so that the force on the tube is always straight through the

center instead of at an angle. In a fixed-angle rotor, the DNA sample is likely o slide down the sides of the

tube instead of flowing through the separation medium. This results in poor retention of nucleotides.

The modified collection tube allows excess buffer to flow into the adaptor tube. If the collection tube is not cut

in this way, the small collection tube will over-flow with buffer and some buffer may be drawn back into the

column, resulting in varying amounts of liquid obtamed in the second spin.
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lChapW6 PurificationofDIG-Labeled,\iucleicAcids

0 Keeping the Quick Spin column in an upright position, very slowly and carefully apply the DNA sample (up
to 50 jil) to the center of the column bed.

Avoid applying the sample to the sides of the column; if this occurs, nucleotides flow around the separation
medium and are not retained. Overloading the column (volume >50 jil) also results in nucleotides flowing
around the separation medium and contaminating the DNA sample.

0 Keeping the Quick Spin column in an upright position, place the column in the second collection tube.

Maintaining the column in an upright position is very important, especially after centrifugation of the sample.

Tipping the column causes back-flow of the purified DNA sample, resulting in reduced DNA recovery.

Centrifuge at 1100 x g for 4 min.

Save the cluate from the second collection tube.

This contains your purified DNA sample.

Discard the column.

WHAT TO DO NEXT For all labeling reactions, it is extremely important that you ver^^ labeling efficiency ín a direct detec-
tion assay. Prior to hybridization, proceed to the «Estimating the Yteld of DIG-1abeled Nucleic Acids" protocol on page 33.
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Chapter 7 General Consíderations for Hybridization

Please resriew this section of general hybridization considerations before procceding ,^^th the Gemus 

* 

System. Several points

are critical for successfúl use of the Genius System, especially when perfonning chemiluminescent detection. For general

information on nucleic acid hybridization, see

Sambrook, J., Fritsch, E.M. and Maniatis, T. (1989) Molecular Cloning: A Laboratory Manual, 2nd Edition, Cold

Spring Harbor Laboratory Cold Spring Harbor, New York.

Membrane Seleefion

The choice of membrane for use with the Genius System may be- the most important parameter for success. Nylon, nitrocel-

lulose, and PVDF membranes may be used. The choice of nylon or nitrocellulose membrane will depend on which detection

method is chosen and whether stripping and reprobing w rill be performed. Nitrocellulose membranes should not be used

with any chemiluminescent substrate other than Lumi-Phos Plus. Also, nitrocellulose should not be used if stripping

and reprobing will be performed because decolorizing reagents dissolve nitrocellulose. Use the flow chart below to

detemiine which ty-pe of membrane to use.

Do you plan on	no
stripping the

membrane for

reprobing?

yes

Perform

chemiluminescent

detecton with

Lumi-Nos Plus on

a nitrocellulose

membrane

(page 56)

Do you want to \ chemiiuminescent
perf rm

chemiiuiÍglinesce^n,^

or colorimetric

"^ detection?

Perform

/C"Iorimetñc detectioA

with NSTA-Phosphate

(page 59) or the

Multicolor Detection Set

(page 61) on either a

nylon or nitro-

cellulose

membrane

Do you want to use	nitrocelluiose

a nylon o

'	

3

nitrocellulose

membrane? /

Pertorm

chemiluminescent

detection with

Lumi-Nos 530 or

Lumigen PPD on a

nylon membrane

(page 56)

colonmetric

nylon

cheJ foileurm irímescent
Do you want to	

chiemiluminescent	detedon with
perform	

31-	Lumi-Nos 530 or
chemiluminescent	 Lumigen PPD on a
or colohmet>ric	

nylon membrane
detection?	

(page 56)

colorimetric

Perform
/colorimetric detection^

with NBT/X-Phosphate

(page 59) or the Murácolor

Detection Set (page 61)

on a nylon

membrane

Figure 8. Flow chart for selecting the appropriate membrane.
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o	nvDriaizatio,i

Nylon menibranes

For best results, use Bochringer Mannheim's Nylon membranes, positively charged (Cat. Nos. 1209 299, 1209 272,

1417 240) for the transfer. This membrane has an optimal charge density, allowing it to bind the nucleic acid tight1y without
producing high backgrounds. Our nylon membrane is also specifically tested with the Genius System to ensure optimal back-

ground characteristics. Other membranes that work well are Amersham^ Hybond 1"-N and M.S.I_s Magnagraph nylon mem-

branes, but these are not tested w^th the Genius System and may produce high backgrounds due to lot-to-lot variability

Nitrocellulose membranes

All nitrocellulose membranes tested work well with the Genius System, but will not work when performing chemilumines-

cent detection with Lumi-Phos 530 or Lumigen PPI) or when stripping and reprobing membranes. Chemiluminescent detec-

tion can be performed on nitrocellulose membranes, but only writh Lumi-Phos Plus.

Probe Concentration

When working with a radioactive probe, it is cormnon to refer to the "specific: activity" (the number of cpms or dpms) of a

probe in a hybridization reaction. For digoxigenin~labeled probes, however, the concept of probe concentration (e.g., ng/ml)

in a hvbridization reaction is much more meaningfúl than specific acti ,,ity The approximate probe concentration can bee

det _rmined from the sections on estimating the yield of the DIG-labeled DNA, oligonucleotide, or RNA, which appear in
several of the labeling sections.

NOTE: lf chemiluminescent detection is to be performed, the concentration of a DIG-labeled DNA probe must not
exceed 25 ng/m1; use of a probe concentration >25 ng/ml will result in high background. Higher concentrations may be used
for northem blots.

Optimization of the probe concentratíon ~ the "rnock" hybridization

To prevent background problems, we recommend that the probe concentration be optimized before hybridization. The mock

hybriclization is especially important when performing chemiluminescent detection.

The mock hybriclization is carried out by incubating small membrane pieces (without DNA) with different probe concentra-

tions in the hybriclization solution and afterwards detecting according to standard procedure (page 56 or 59).

For example:

DNAIRNA probes	 1 PT/MI	3 bd*1m1	5 pd*/Mi
End-labeled oligonucleotde	1 PMOM	3 pmoVml	10 PMOVM1
Tailed oligonuclecrdde	0.1 PMOM	0.5 PMOVM1	2 pmoVml
*from the labefing reaction

The highest probe concentration that gives an acceptable background shoulcí be used for the hybridization experiment.

Hvbridization and Washing Condifions

We have found. that DIG-labeled probes demonstrate the same hybridization kinetics as radiolabeled probes. Hybriclization

and washing conditions for DIG-labeled probes do not differ substantially from those of radiolabeled probes. As in the case

of radiolabeled nucleic acid probes, the optimal hybridization and wash conditions for cach DIG-labeled probe must be deter-

mined experimentally In this Users Guide, we prmide recommendations for hybridization and washing conditions. Use the

conditions given wá cach application as a starting point. lt may then be necessary to optimize conditions to obtain maxi-

mum sensiti,,rity writh your probe.

Labeled probes can hybridize non-specifically to sequences that bear homology but are not entirely homologous to the probe

sequence. Such hybric1s are less stable than perfealy matched hvbrids. They can be dissociated by performing washes of var-

¡ous strin-encies. The strin ency of the washes can be manipulated by varying the salt concentration and temperature. For0	9

some applications, the stringency of the washes shoulcí be higher. I-lowever, we recommend that you hybriclize stringently

(Le., optimize hybridization conditions) rather than wash stringently
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, 1 rehvoriaizationiHvbridizaiíon Soiuiions
The presence of the DIG label does not alter the hybridization charactenstics of a nucleic acid probe. Therefore, the prehy-
bridization/hybridization solutions and conditions (temperature, stringencv) commonly used in molecular biology tech-
niques are also compatible with the Genius System. The main consideration when choosing a buffer system is the subsequent
immunological detection and potential backgrounds that might develop.

In our experience, optimal results have been obtained with the following buffers:

Standard buffer	 Standard buffer + 50% formamide	High SOS buffer	 DIG Easy Hyb
(Church's buffer)

R SSC
0.1% (w/v) N-lauroyisarcosine
0.02% (w/v) SOS
1 % Blocking Reagent

50% Formamide, deionized
R SSC
0.1% (w/v) N-lauroyisarcosine
0.02% (w/v) SDS
2% Blocking Reagent

7% SDS
50% Formamide, deionized
R SSC
2% Blocking Reagent
50 mM Sodium Phosphate, pH 7.0
0.1% (w/v) N-lauroyisarcosine

Cat. No. 1603 558
(a nontoxic solufion
used like a formamide-
based hVbrídization
buffer)

Rgure 9. You may use sealable containers, gLass ba1dng diShes (covered wfth p1astc wrap or foio,
or heat-sealable plastic bags for hybndizaton and washing.

Storage and Reuse of Hybridization Solutions

One of the ad-vantages of the Genius System is the stability of the labeled probe. Afier hybridization against the blotted tar-
get, the hybridization solution still contains large amounts of unannealed DIG-labeled probe. Simply pour the solution into
a plastic tube, seal the cap, and store at —20'C for DNA probes or —70'C for RNA probes. DIG-labeled probes are stable for
at least 1 year when stored in this manner. For reuse, thaw and denature by heating to +95'C for 10 minutes. lf the hybridiza-
tion solution contains 50% formamide (the flash point of pure formamide is +68'C), denature at +68'C for 10 minutes.

and Reoroi)i.,ic!
With the Genius System, membranes can be casily stripped and reprobed, especially when probes have been labeled with
alkali-labile DIG-dUTP To do this, refer to the procedures on page 65.

1 
WHAT TO DO NEXT At this time, proceed to the appropriate application in the "Hyb7idization" section of the Users Guide.
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Chapter 8 HYbñdízaúon Techniques

Southern Blotting

With Lumi-Phos 530. Lumi-Phos Plus. or Lumigen PPD, the Genius System can detect 0. 1 pg oí homologous DNA in a
Southern blot format on a nylon membrane. This corresponds to the delection 

oí 
a single-copy gene in <1 pg oí human

genomic DNA. The procedures described here are used routinely in our labs and have been found to ,ive optimal results in
Souther—n blotting, particularly in genomic Southern blotting,

Required solutions

Solutions required for Southern blotting are listed below Refer to Appendix B for detafis on preparing these required

solutions.

HCI	 250 mM HCI

Sterile, distilled water

0.5 N NaOH, 1.5 M NaCI

1.0 M Tiriís-HO, pH 8,0; 1.5 M NaCI

3 M NaCI, 300 mM sodium citrate; pH 7.0

750 mM NaCI, 75 mM sodium cftrate, pH 7.0

Prepare one of the follovIing (see Table 7 on page 46 for hybñdizadon soluton requírements, and see Appendix B for
buffer preparaton):

Standard buffer

R SSC, 1,0% (w/v) Blocking reagent for nudeic acid hybridizafion*, 0.1 % N-lauroyisarcosine, 0.2% sodium dod" suffate (SDS)
Standard buffer + 50% formamide

5X SSC, 2.0% (w/v) Blocking reagent for nudeic acid hybridization*, 0.1 % N-lauroyisarcosine, 0.2% sodium dodecy1 suffate
(SDS), 50% formamide (deionized)

High SDS buffer

R SSC, 2.0% (w/v) Blocking reagent for nudeic acid hybridization*, 50 mM sodium phosphate (pH 7.0), 0.1 % N-lauroyisarcasine,
7% sodium dodecy1 suffate (SDS), 50% formamide (deionized)

H20

Denitunng -solufion

Neutralizabon solution

20X SSC buffer

R SSC buffer

Prehybridizaton soll 'on

*added from the blocking reagent
stock solubon (100 mM maleic acid;

150 mM NaCI, PH 7.5, Contaming 10%

IwIv] Blocking reagent for nudeic acid

hybddizabon)

DIG Easy Hyt;

Ready-to-use hybridization solution (Cat. No. 1603 558)

Hybridization soluton	DIG-1abeled probe diluted in preh0ndizafion solution

2X wash soluton	2X SSC containing 0.1% SDS-

0.5X wash solution	0.5X S	ntaining 0.1% SDS

Restriction-digest the DNA. Prepare an agarose gel oí appropriate composition, using a hich-purits , or nucleic acid-gradeel	 b
agarose, such as our low EEO agarose (Cat. Nos. 100 437, 100 439). Use either Tris-Borate-EDTA buffer (TBE- Cat. No. 100
957) or Tris-Acetate-EDTA buffer (TAE; Cat. No. 100 953). Run the digest on the gel. If desired, the gel may be stained ^^,ith
ethidium bromide to ^dsualize DNA fragments and to confirm subsequent Southern transfer to the membrane.

The transfer oí DNA from the gel to the membrane can be accomplished by one 
oí 

a number 
oí 

cornmon procedur es:
however, the following procedures are routinely used in our lab and pro-,,¡de optimal detection sensiti-,^ty.

Depurination (optional)

Controlled acid treatment depurinates DNA, improving the transfer 
oí 

large DNA fragments (>1O kb) from gel to
membrane in the Southern tr`ansfer procedure. Depurination is an optional treatment. If you are transferring small
DNAs «10 kb) or detecting small DNA fragments in a genomic digest, ¡t may not be necessary to depurinate the
DNA. Avoid excessive acid treatment, which could result in poor detection sensiti,,itv

0 Subrnerge the agarose gel in 250 mM HCI for 10 minutes (vnth shaking) at room temperature. Do not exceed 10
minutes.

E) Rinse the gel víith H
20 before proceeding to the Southern transfer.
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Denaturation and neutralization

* Subrnerge the agarose gel in Denatur-ing solution for 30-60 minutes at room temperature. Shake gently

This incubation denatures the DNA target prior to transfer.

* Subrnerge the gel in Neutralization solution for 30-60 
minutes at room temperature to neutralizc the gel.

Prepare membrane filters for Southern transfer according to manufacturers recommendations.

Bochringer Mannheim Nylon membranes, positively charged (Cat. Nos. 1209 299, 1209 272, 1417 240)

require no acíditicínal preparation steps.

0 Blot the DNA from the gel by capillary transfer to the membrane, using lOX or 20X 
SSC buffer (Cat. No.

100 949). Blot overnight to ensure efficient transfer of the DNA. Alternatively the 
DNA can be vacuum-blotted

onto the membrane; vacuum-blotting can be accomplished in 1-2 hours.

DNA Fixation

DNA can be efficiently bound, to the nylon or nitrocellulose membrane by 
the following procedure.

Procedure
0 Rinse the membrane in 5X SSC buffer for 1 minute at room temperature.

This wash removes gel debris and particulate contaminants that were introduced as a result of the transfer

process.

Carefully place the damp membrane on a piece of blotting paper (e.g., Whatman 3MM). Bake in'an oven at

+80'C for 1 hour or at 120'C for 15-30 min. Wlien using a nitrocellulose membrane, bake in a vacuum oven

to prevent the spontancous combustion of the nitrocellulose.

0 After fixation, the membrane can be used in prehybridization, or stored dry at +4'C in a desiccation chamber

for future detection.

UY crosslinking may also be used to fix DNA to the membrane. Follow the manufacturers specifications when doing this.

lf UV-crosslinking was performed, rinse the membrane after the fixation process.

,Drehybridization and Hybridization

Prehybridization prepares the membrane for probe hybridization by blocking non-specific: nueleic acid-binding sites on the

meffibrane. This ultimately sen^es to lower background. Many different prehvbridization solutions have bcen described in the

literature. However, the prehybridizaticín solutions described here combine efficient blocking ,^^ith case of use.

As writh any probe, optimal hybridization conditions for DIG-Iabeled probes must be determined experimentally We strongly

recommend that the time be taken to optimizc cach DIG-labeled probe (see the mock hybridization on page 42). The time

taken for optimization will result in eleaner results and, ultirnately, time sa^ings, especially if a probe will be reused

many times.

Procedure	
2

0 Place the blot in a hybridization bag containing 20 m1 prehybridization solution per 100 cm of membrane

surface arca. Seal the bag, and prehybriclizc at the anticipated hybridization temperature for 2 hours.

Longer prehybridization times are acceptable. Several membranes can be processed in the same sealed bag as lona

as there is sufficient prchybridization solution to cover all the membranes, and the membranes can move freely in

the bag.
The optimal hybridization temperature for a specific probe will depend on the length of the probe and on the

extent of sequence homology with the target sequence- therefore, it must be determined empirically See Table 7

for recommended temperatures for different types of probes and different hybridization solutions.
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j Chapter 8 bfvbridizalion Fechniques

DNA	5-25 ng/mi	Standard buffer	 Hybridize overnight at +50OC-680C

Standard buffer + 50% formamide	Hybridize overnight at +42T-55T

DIG Easy Hyb	 Hybridize overnight at +42T-55T

ñigh SDS buffer	Hybfidize overnight at +42T-55T

High SDS buffer wffiW 50% formarnide* Hybfidize overnight at +55T
*(recommendaton for Single Locus Finge"ridng probes)

RNA	100 nglmi	Standard buffer + 50% formamide	Hybridize overnight at +VIC-55T

Oligonucleotides

tailed	01-2 pmoVml

end W)eled	1 —10 PMOVM1

DIG Easy Hyb	 Hybrid¡ze overnight at +37%-55T

Standard buffer HyWdize for 1-6 h; hybridization temperature varies considerab^ and

can be approximated by considering probe length and G plus C content

Hybridization with a tailed oligonucleotide shouId be performed with

0.1 rngVm1 Poly(A) (in the pr^bridization and hybridization solution) to pre-

vent nonspeffic hylbridization signals. Acíditionally, 5 pL9/mi af pc)I(dA) may

be added for further blockin.g.

*The condifions gíven here are stringent condrdons applicabie 4 probe and target have 100% homology and a GC content of about 50%.

Table 7. Optirnal hybridization conditions for d~nt probe types.

When using double-stranded DNA probes, heat in a boiling water bath for 10 minutes to denature the DNA.

Chill direct1v on ice.

Single-stranded RNA probes and oligonucleotide probes do not require denaturation prior to dilution unless

extensive secondary structure is predicted from the sequence. Prepare the hybridization solution in a volume

sufficient to allow cach blot to move freely in the solution (e.g., 10 m1 for a 10 x 10 cm, or 25 mI for a ^!20 x

20 cm membrane).

0 Dilute the probe in hybridization solution. See Table 7 for optimal probe concentrations.

0 Discard the prehybridization solution from the bag. Add the hybridization solution containing the DIG-Iabeled

probe. Allow the probe to hybridize. See Table 7 for selecting a hybridization solution and temperature.

1The required amount of hy-bridization solution for a 100 cm' blot is at least 20 rnI.

At the end of the hybridization, pour the hybridization solution from the bag into a tube (with cap) that can

withstand freezing and boiling (e.g., 50 m1 poly-propylene).

This hybtidization solution contains unannealed DIG-1abeled probe. The entire solution can be reused in

future hy ,bridization experiments. Label and date the tube, and store DNA probe solutions at —20'C and RNA

probe solutions at —70'C. DIG-1abeled probes stored in this manner are stable for at least 1 year. For reuse,

ihaw and denature by heating to +95'C for 10 minutes. If the h\-bridization solution contains 50% formamide

(the flash point of pure formamide is +68'C), denature at +68'C for 10 minutes.

Wash the membrane twice, 5 minutes per wash, in 2X wash solution at room temperature.

These washes (steps 6 and 7) remove uribound probe, which vnIl lead to high backgrounds if not removed.

0 Wash the membrane twice, 15 minutes per wash, in 0.5X wash solution.

Long probes (>100 bp) shouId be washed at +650C. For shorter probes, the wash temperature must be deter-

mined empirically
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Figure 10. A typicai SoutheM blot. Southern blot analysis of 10 jag Hird lit-digested plant genomic DNA of

transgenic tobacco ST1 a containing a single copy of the npt-11 gene (gift from M. Saul, personal communica-

ton), which was obtained by PEG-mediated direct gene transfer (M. Saul, et al., 1988). The DNA was trans-

ferred to the positvely charged Nylon Membrane from B(>ehringer Mannheim and hybñdized with a DIG-1 1 -

clUTP- labeled Hirid 111 fragment of the plasmid pSHI 913 (M. Schriong, et aL, 1991) at a concentrabon of 25 rig

DIG-W)eled DNA/mi hVbridizaton solution. The hybñdizabon was performed in a hyl:irídizafion oven in the pres-

ence of 50% formamide as clescríbed by Neuhaus-Ur! and Neuhaus (Transgenic Research, in press).

A. 10 q of Hind Ill-restricted plant DNA of ST1 a releasing 1 copy of the 800 bp npt-11 coding region.

B.10 pg of üle Hird 111 tragment of pSHI 913 reflecting 1 gene copy.

C.40 riq of DIG-labeled Molecular Weight Marker 111 (Boehñnger Mannheim).

The exposure tíme was 0.5 h. The Lumigenl PPD incubaton fime (tme elapsed between the Lumigen PPD

preincubadon and the start of the X-ray exposure) was 24 h.

Data were kindly provided by Dr, G. Neuhaus-Uri, ETH, Zunch, Switzerland.

1

	

INHAT TO DO NEXT At this time, proceed to the "Detection" division of this User^ Guide, which begins on page 56

	

1
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Figure 12: HILA-DR genotyping by chemilumines-

Cent reverse Dot Biot Sixteen sequence-specific

oligonucleotides (SSOs) were blotted onto a nylon

membrane. PCR-amplified target DNA (HILA-DIR gene,

second exons) correspondina to one individual was

3'-labeled with DIG-1 1 -ddUTP by Termina¡ transferase,

and hybrídized to the immobilized SSOs. After washing,

chemiluminescent detecton of specific tivíbrídizaficin

was achieved with anti-DIG-alkaline phosphatase arrú-

body and Lumigenl M. The HI-A-DR genotyping of

this individual was found to be HLAORB1 *01 —OR81 *07.

Data were kindly provided by Dr. J.F. Eliaou —

Laboratoire d'lmmunologie, Montpellier, France. @ (i)-

1 Chapter 8 Hs bridization Tec;tniques

DNA Dot Blotting

Dot blots and slot blois are rapid methods for the qualitative screenina of DNA. Target DNA samples may be purified DNA.el

cell lysate, or PCR-amplified DNA.

The same hy l
bridization and detection procedures usedA^th Southern blots are also perfor-med on DNA dot blots^ Lherefore,

proceed to the Southern prehybridization and hybridization procedures (page 45) after preparina the dot blot.

Requíred solutions

Products and solutions that are required for the hybridization of DNA, but not specifically required for the dot bloning pro-

cedure cyi ,,-en here, are listed in the Southern blotting application (page 44).

DNA dilution buffer	50 ptg/mi herring sperm ONA; 1 0 mM Tris/HICI, pH 8.0; 1 mM EEITA, pH 8.0

Procedure

0 Prepare a dilution senes of your DNA target in suitable amounts.

Denature the DNA target in the dilutions for 10 min at +95'C, and chill immedialely on ice.

Mark the membrane light1y with a pencil to identiR , each dilution before spotting.

We recommend Bochringer Mannheim Nylon Membranes, positively charged.

0 Dispense 1 ^il of each dilution onto the membrane. Mix dilutions well before dotting on membrane.

0 Fix the DNA to the membrane by UV crosslinking or baking in an oven at 80'C for 1 h or at + 120'C for

30 min.

Figure 11. Chemiluminescent Dot Blot shoviing HILA class 11 typing. Human genomic ONAs from 48 patients were PCR

amplified and blotted ontoa nylon membrane.AHILADRIB101 sequence-specificoligonucteotdewas3'-endiabeledwiülDi G-

1 I-ddUTP by Termina¡ transferase and hybridized to the membrane.Afterwashing, cherniluminescenti:Jetection was achieved

with Anti-DIG-alkaline ptiospliatase antibody and Lumigen ! PPD chemiluminescent substrate. The blot was exposed to X-ray

film for 15 min.

Data were kinelly provided by Dr. A. Moine-Grenoble Transfusion, La Tronche, France.

4& *	49
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WHAT TO DO NEXT Hybndize the samples on the dot blot according to the "Pi -ehybtidizatioti and HYbndiZanoiC

procedure desnibed in the "Southern Blott¡ng" application, which begins on page 44.
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Colony and Plaque Hybridizations

The Genius System provides a sensitive and rapid method for detecting positive colonies or plaques in a heterogencous back-
ground. Colony and plaque hybridizations have been developed to allow rapid screening of bacterial and phage recombinant

genornic libraries for specific DNA sequences. The bacterial colonies or phage particles are transferred to a nylon membrane.
Alkaline treatment serves to lyse the colonies or disassemble the phage particles. The denatured DNA is then irnrnobilized on
the membrane. A digoxigenin-labeled DNA, RINA, or oligonucleotide probe is used for hybridization. Detection is carried out
vath a colorimetric or chemiluminescent immunoassay

Required solutions
Refer to Appendix B for detai1s on preparing these additionally required solutions.

Denaturaflon solution 1	 0.5 N NaOH, 1.5 M MaCI
(for plaque hybñdizabon)
Denaturation soludon 2	 0.5 N NaOH, 1.5 M NaCI, 0.1 % SDS
(for colony hytiridizafion)

Neutralizabon soluton 2	 1,0 M Tñs-HCI, pH 7.5; 1.5 M NaCi
(for colony and plaque hybridizaton)

Pr^bridization soluton	 Pírepare one ut the following
(see Table 7 for hybridizaton solution requirements, and see Appendix 8 for buffer preparabon):
Standard buffer
SX SSC, 1.0% (w/v) Blocking reagent for nudeic acid hytirídizabon*, 0.1 % N-lauroyisarcosine, 0.2% sodium

from the blocking reagent stock solution (100 dod" sulfate (SDS)
mM mateic acid; 150 mM NaCA, pH 7.5, containing Standard buffer + 50% formamide

10% [w/v) Blocking reagent for nudeic acid 5X SSC, 2.0% (w/v) Blocking reagent for nudeic acid hybridization*, 0. 1 % N-lauroylsarcosine, 0.2% sodium

hybridizafion)	 dodecyl suffate (SDS), 50% formamide (deionized)

DIG Easy HVb
Ready-to-use hybridization solufion (Cat No. 1603 558)

Hybridizafion soluton	 DIG-labeled probe diluted in prehybridizaton solution
2X SSC buffer	 300 mM NaCI, 30 mM sodium cdrate; p H 7.0
3X wash soluton	 3X SSC containing 0. 1 % SDS
2X wash solution.	 2X SSC containing 0. 1 % SDS
O.SX wash solution	 O.SX SSC containing 0. 1 % SDS

Any type of DIG-1abeled DNA. RNA, or oligonucleotide probe can be used for colony and plaque hybridizations. To avoid

nonspecific hybridization, use a probe that does not contain any sequences hornologous to the vector. The optirrial hybridiza-
tion temperature and probe concentration must be deter-mined empirically Table 8 offers general guidelines.

DNA	 5-25 ngimf	 Standard buffer	 Hybridize ovemight at +68T.
Standard buffer + 50% formamide	Hybridize ovemight at +42'C.
DIG Easy Hyb	 Hybridize ovemight at +421C.

RNA	 100 ng/mi	 Standard buffer + 50% formamide	Hybridize ovemight at +50T.
DIG Easy Hyb	 Hybridize ovemight at +50*C.

Ofigonudeofide	 Standard buffer	 Hybridize for 1-6 h; hybridizabon temperature varios considerably and
tailed	01-2 pmoVml	 can be approximated by considering probe length and G plus C
end labeled 1 -10 pmol/MI content. (To determine the T,, add CC for each G or C and 2'C for

each T or A). To prIvent non-specific hytiridization signás, hybridiza-
don with a tajied oligonucleotide should be performed with 0.1 mg/mi
Poly(A) in the prehybridizafion and hybridizaton soluton. Affifionally,
5 ptglml Poly d(A) may be addad for further blocking.

*The condítions gíven here are stringent condifions applicable ff probe and target have 100% homology and a GC content of about 50%.

Table 8: Optimal hybridization conditions for different probo type&
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Chapter 8 Hvbridization

PreDaration o¡ Lhe P laque or CoionY LEft

0 Plate phages and lawn cells (or bacteria for colony screening) at near confluence on a 10 cm LB agar plate.
Allow the plaques to grow ovemight at +37'C. Allow bacterial colonies to grow until they have reached a
diameter of 1-2 mm.

Chill the plates for 1 h at +4'C.

Place a nylon membrane on the cold agar plate for 1 min for a primary filter, or for 3 min for a duplicate filter.
Label the filter asymmetrically with a needle to record the orientation of the filter on the plate. Store the

original plates at +4'C. Replicas of plaque libraries are made direaly this way

Note: Do not perform, nonradioactive detection of colonles grown on nylon membranes-, this can lead to false-

positive signals. After the colony lift, the colonies can be recovered by placing the master plate back in the
+37'C incubator for a few hours.

Processing on the Fúter

0 Place the plaque lifts on dry blotting paper for 5-10 min.

The plaque particles bind to the filter as ¡t dries.

Place 3 sheets of blotting paper (approximately the size of the membrane) side by side on plastic ^,kTap, and
saturate them with Denaturation solution 1 or 2, Neutralization solution 2, or 2X SSC.

Place the plaque lifts (plaque side up) for 5 min on a blotting paper saturated with Denaturation solution 1.
Place colonies (colony side up) on blotting paper saturated with Denaturation solution 2 for 15 min. Do not
allow any solution to remain on top of the membrane.

0 Place the plaque or colony lifts on the blotting paper with Neutralization solution 2 for 5 min, and transfer to
the 2X SSC-saturated blotting paper for 15 min.

Fix the DNA on the wet membranes by LTV-crosslinking or baking onto the nylon membranes for 15-30 min at
+120'C.

Only for colony hybridization is the removal of cellular debris necessary. To remove background on colony

hybridizations, incubate the filter in 3X wash solution with shaking for 1-3 h at +68'C. Gently w^pe [he sur-
faces with a moistened towel.

This removes cellular debris. which could lead to high background if not removed.

If you expect background to be unusually high, treat the filters writh Proteinase K (20 pig/ml) for 1 h at +37'C.
For later immunological detection, ¡t will be necessary to inactivate the Proteinase K by incubating the filter for
5 min in PMSF (40 pLg/ml) at room temperature, perfort-ning two short washes in 2X SSC. Note: P\ISF is

extremely har-niful if swallowed, inhaled, or adsorbed through the skin. Pefablw,' SC, (Cat. No. 1429 868,
1429 876) is a safer alternative.

The membrane can be used direct1y for hybridization or stored for later use. See Table 8 for prehybndization
temperatures.

.!Vbridization

0 Place the filter in a hybridization bag or box containing at least 20 tril prehybridization solution for a 10 cm

membrane disk. Seal the bag, and prehybridize at the hybridization temperature for at least 2 h with gentle

shaking.

Several fílters can be processed in the same container as long as they are all covered and able to move freely in

the solution.

Dilute the probe in hybridization solution. See Table 8 for recommended probe concentration.

If a double-stranded DNA probe is being used, heat-denature ¡t in a boiling water bath for 10 min before dilution.

Single-stranded RNA probes and oligonucleotide probes do not require denaturation prior to dilution unless

extensive secondary structure is predicted from the sequence.

Discard the prehybridization solution, and add the hybridization solution containing the DIG-1abeled probe.

Allow the probe to hybridize while gently shaking to redistribute the solution. See Table 8 for hybridization

temperatures.
Pefablocl is a trademark of Pentapharm AG.

Genius System USerS Guide Version 3.0	 so



Chapter 8 Hvbridization

0 At the end of the h\ ,bridization, pour the hybriclization solution from the bag into a tube (wúh cap) that can

Mthstand freczing and boiling (e.g., a 50 mI polypropylene tube).

The entire solution can be reused several times in future hybridization experiments. Label and date the tube,

and *store DNA probe solutions at —20'C, or RNA probe solutions at —70'C. DIG-Iabeled probes stored in this

manner are stable for at least 1 year. For reuse, thaw and denature by heating to +95'C for 10 min. If the

hybridization solution contains formamide (the flashpoint of pure formamide is +68'C), denature at +68'C for

10 min.

Stringency Washes

0 After hybridization, wash the fílters twice, 5 min per wash, in 2X wash solution at room temperature.

0 Wash the filters tsvice, 15 min per wash, in 0.5X wash solution. Wash long probes (>100 bp) at +68'C. For

shorter probes, the washing temperature should be the same as the hybridization temperature.

The filters can be used immediately for detection, or the filters can be air-dried and stored for later detection.

Note on subsequent detectíon

The fílters can be detected ^xdth a colorimetric, chemiluminescent, or multicolor detection assay. The spotty background

sometimes observed with chemiluminescent detection can be suppressed by using a buffer that does not contain Mg 
2, ions

(Detection buffer). In acíclition, we recommend that you briefly centrifuge the antibody vial and remove aliquots from the top.

When performing plaque hybndizations, we recommend a second plaque lifting so that you can compare the two membranes

and casily distinguish between positive and false signals.

WHAT TO DO NEXT Proceed to the "Detection" division of this User^ Guide, which begins on page 56.

References
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1 Chapter 8 H.; bf ¡dizanon Techniques

Northern Blotting

When performing northem blots with the Genius System, the same parameters must be considered to determine hybridiza-

tion conditions. Lke northem blotting writh 32P-1abeled probes, northem blotting writh DIG tends to be more difficult than

Southern blotting or colony/plaque hvbridizations. Nonetheless, the Genius System can be readily used to detect RNA on a

membrane.

Probe Preparation

As is the case with radioactive probes, DIG-1abeled RNA probes demonstrate stronger signals and less non-specific hybridiza-

non than DNA probes on northem and Southem Blots.

lf a DNA probe must be used, we recommend that you use the High SDS hybridization buffer or DIG Easy Hyb to reduce

background. See Table 9 for details on hybridization solutions for different,probe types.

Optimization of the Probe Concentration

Optimize the probe concentration before all hybridization experiments. This is necessary to avoid background staining,

and it can be easily performed wul—i a series of mock hybridizations, where increasing concentrations of DIG-labeled probes

are incubated -,^,dth naked pieces of membrane or hvbridized to dots of homologous DNA or RNA. This procedure is described

on page 42.

Avoidance of Mase Contamination

Throughout the northem blot experiment, be careful to avoid the introduction of RNases, as RNÍ A is susceptible to degrada-

tion even after its immobilization on a nylon membrane. We recommend sterilization of all solutions and containers that mIl

come in contact writh the RNA or northem blot. In addition to autocla-ving, treat solutions and containers w^th DEPC

(die thv1pyrocarbonate).

Throughout the experiment, use forceps whenever possible, and wear gloves.

Optimaj Biottina Conditions

Salt concentrations between IOX and 20X SSC give equivalent results for the transfer of RNA from a 1% agarose formalde-

hyde gel to a nylon membrane. The optimal blotting duration is 'overnight at room temperature.

Required solutions

:?^ - -- — ^—.	Ir--

Prehybñdizabon solution	Prepare one of the fóllowing (see Table 9 for hybfldization solution requirements, and see Appendix B for buffer preparabon):

High SDS bufiér
5X SSC, 2.0% (wtv) Blocking reagent for nudeic: acid hybñdizafion*, 50 mM sodium phosphate (pH 7.0), 0.1 % N-lauroyisarcosine,
7% sodium dodecV1 sulfate (SDS), 50% formamide (deionized)

*added from the blocking reagent DIG Easy Hyb

stock solution (100 mM maleic	Ready-to-use hybñdizafion solution (Cat No. 1603 558)

acid; 150 mM NaCI, pH 7.5,	Standard buffer + 50% formarnide
containing 10% [wlvl Blocking	5X SSC 2.0% (w/v) Blocking reagent for nucieic acid hybñd¡zafion*, 0.1 % N-lauroyisarcosine, 0.2% sodium dodecy1 sulfate
reagent for nucieic acid	

(SDS), 10% formarnide (deionized)
hybridizafion)

Standard buffer
5X SSC, 1.0% (w/v) Blocking reagent for nucieic acid hybñdizaton*, 0.1 % N-lauroylsarcosine, 0.2% sodium dodecy1 suffate (SDS)

Hybfldizafion solution	DIG-1abeled probe diluted in prettybrídizafion solufion

2X wash soluton	2X SSC containing 0. 1 % SDS.

05 wash solufion	05 SSC containing 0.1 % SDS.

20X SSC	 3 M NaCI, 300 mM sodium citrate; pH TO; treated with DEPC

1 Ox ssC	 1.5 M NaCI, 150 mM sodium cítrate; pH TO; treated wfth DEPC
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,,ontrois

A DIG-labeled anti-sense Actin RNA hybridization probe (Cat. No. 1498 045) is available for evaluating the quality and

quantity of your RNA.

Northern Transier

0 After electrophoresis in a standard formaldehyde gel, equilibrate the gel in 20X SSC (DEPC-ircated) for

2 x 15 min.

Prepare a membrane filter. Wear powder-free gloves when handling the membrane, and manipulate the mem-

brane by applying forceps to the edges.

For best results, use Bochringer Mannheirn's Nylon Membranes (Cat. Nos. 1209 299, 1209 272, 1417 240) for

the transfer. This membrane has an optimal charge density; allowing ¡t to bind the RNA tight1y víithout pro-

ducing high backgrounds. Our nylon membrane is also specifically tested with the Genius System to ensure

optimal background characteristics. Other membranes that work well are Amershams Hybond-N and M.S.I.s

Magnagraph nylon membranes, but these are not tested with the Genius System and may produce back-

grounds due to lot-to-lot variability.

Blot the RNA from the gel by capillary transfer overnight at +4'C or 4 h at room temperature with lOX or 20X

SSC (DEPC-treated).

0 UV-crosslink or bake the membrane at 80T for 1 h or at + 120'C for 30 min.

Prehvbridization and Hybridizaticn

Before hybridization, determine the optimal probe concentration according to the mock hybr-idization protocol on page 42.

Table 9 gives general guidelines for probe concentrations and hybridization temperatures.

0 Place the blot in a hybridization bag containing 20 m1 prehybridization solution per 
100 CM2 of membrane

surface area. Seal the bag, and prehybriclizc at the anticipated hybriclization temperature for at least 1 h.

Longer prehybriclization times are acceptable.

. ' 1 ^ ^ ^ ^ 
in,w,	 M::-, =--- M

RNA	25-1 00 ng/ml	Standard buffer + 50% formamide	Hybridize avemight at +50'C-68'C.

DIG Easy Hyb	 Hybridize ovemight at +50'C-68'C.

DNA	25-1 00 ngIrríl	High SDS buffer	Hybñdize ovemight at +37T-50T.

DIG Easy Hyb	 Hybridize ovemight at +37T-50%.

Oligonucleofide	 Standard buffer	Hybñdize for 1-6 h; hybndization temperature vajies considerably and can be

tailed	01-2 pmoVml	 approximated by considering probe length and G plus C content. (To determine

end labeled	1 -10 pmol/mi	 the Tm, add CC for each G or C and 2113 for each T or A). To prevent non-

specific bybridization signals, hybñdizaton with a tajied oligonucleotide should

be performed with 0.1 mg/mi Poly(A) in the prehybridization and hybñdizaton

solutions. Acíditonally, 5 ptg/ml Poly d(A) may be added to further blocking.

*The conditons gíven here are sffingent condifions applicable if probe and target have 100% homology and a GC content of about 50%.

Table 9. Optimal hylbridization conditions for d~ probe tVpes.

0 Heat-denature the probe in a boiling water bath for 10 min.

Oligonucleotide probes do not require denaturation pnor to dilution unless extensive secondary structure is

predicted from the sequence.

Dilute the probe in prehybridization solution. See Table 9 for recommended probe concentrations.

0 Discard the prehybridization solution from the bag, and add the hybriclization solution containing the DIG-

labeled probe. Allow the probe to hybridize. See Table 9 for recommended hybridization conditions.

At the end of the hybridization, pour the hybridization solution from the bag into a tube (with cap) that can

withstand freezing and boiling (e.g., a 50 m1 poly-propylene tube).

This used hybridization solution contains unannealed DIG-labeled probe. The entire solution can be reused in

future hybndization experiments. Store DIG-labeled DNA probes at —2TC store DIG-labelecí RNA probes at

—70T. DIG-labelecí probes stored in this manner are stable for at least one year. For reuse, thaw and denature

by heati,ng to +68'C for 10 min.
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IChapter8 H^bi-tdizcitioii Techniques

'vVqsh the membrane t',vice, 15 min per ^,^ ,-ash. in 2X wash solution at room temperature.

These ^,,-ashes (steps 6 and 7) remo^ ,e unbound probe, which woulcí othenkise lead to high background.

0 Wásh the membrane twice, 15 min per wash, in 0.5X wash solution.

1,Vash long probes (>100 bp) at +68'C. For shorter probes, the washing temperature must be determined

empirically

1	2	3	4	5	6	7

Figure 13. Example of a nartherrí blat wiith a 0113-labeled RNA probe. Approximately 200 ng of total

RNA from rat spinal cord (1), cortex (2), spleen (3), kidney (4), and bver (5,6,7) were run en a 1.5%

agarosel formaldehyde gel and transferred 
te 

a nylon membrane. Specific mRNA was detected with a

2.5 kb digoxigenin-labeled anfisense RNA probe derived from zinc finger cONA. For quantífication,

lanes 6 and 7 contain 0.1 pg and 1 pg, respectívely, of a synthetic sense RNA derived from the same

cDNA.

A. 45 min exposure of the membrane 2 h after the start of the detecten reaction With the chemilu-

minescence substrate Lumigen PPD. A 4.8 kb mRNA is detected in afl tissues. The amount of mRNA

in liver approximately corresponds 
te 

the 0.1 pg standard in lane 6 running at 2.5 kb. Arrows indi-

cate the positions of the 18S and 28S ribosorrial RNAs.

8. Plhotograph of the Ethidium bromide-stained 18S and 28S RNAs after transter 
te 

a nylon

membrane.

Data were kindly provided by U. Pott, Brain Research Institute, Zurich, Switzeríand.

Figure 14. Comparison of extraction efficiency. RNA was extracted from different amounts

of mouse heart tissue after the acídition of 4 pg recovery standard.

Lane 1. Total RNA was extracted from 80 rng heart fissue by the acid guanidinium thiocyanate-

phenol-chloroform method as descríbed in reference 1. Lanes 2 
te 

6: mRNA was extracted as

descríbed in reference 2 from 80 irig (lane 2), 16 rng (lane 3), 8 mg (lane 4),l.6 rrig (lane 5),

and 0.8 rng (lane 6) heart tissue. 0.8 mg of heart tissue contains orily about 50 rig Poly(A) , RNA

and less than 300 fg nerve growth factor (NGF) mRNA. which is below the detection ¡¡mil of

conventional northem blots. The RNA was giyoxylated. separated in 1.2% agarose gel. and

transferred 
te 

a positively charged Nylon Membrane (Boetiffinger Mannheirm. After hytiridiza-

flon with a digoxigenin-labeled eRNA probe, NGF mRNA was detected by Lumigen PPD chemi-

luminescent substrate. Hytiriclization and detection were performed under standard conditions

described in DIG labeling and detection protocois from Boel-iringer Mannheim.

Figure 15. Extraction of mRNA from various rat tissues. mRNA was extracted from the indicated

rat fissues (50 rng wet weight each) by the method described in reference 2. In order 
te 

determine

the extraction efficiency, 8 pg of a shortened polyadenylated NGF recovery standard (reference 3)

was acíded 
te 

cach sample prior 
te 

mRNA extraction. Hybridization and detection were performed as

descríbed in Figure 14.

Data from Figures 14 and 15 were kincl1y provided by Dr. B. Hengerer, CIBA GEIGYAG, Base¡,

Switzeríand.

WHIAT TO DO NEXT Proceed to the "Detection" division of this User^ Guide, which begins on page 56,

	

1-
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Chapter8 H,bridizatior, lec^llltqucsl

RNA Dot Biotting

Dot blots and slot blots are rapid methods for the qualitative screening of RNA. The same hybridization and detection

procedures used vath northern blots are also performed on RNA dot blots-, therefore, proceed to the northem blotting

application (page 52) after completing this dot blotting procedure.

Requíred solutions

Solutions required for the hybrídization and detection of RNA dot blots, but not specifically required by the dot blotting pro-

cedure given here, are listed in the northem blotting application (page 52).

DEPC-treated H20	Mix 0.1 % dimethylpyrocarbonate wfth waW incubate for 30 min at room temperature, and a~ve.

RNA diluton buffer	Mix DEPC-treated H 20:20X SSC:Formaldehyde (5:12)

Procedure
0 Dilute the RNA sample in RNA dilution buffer.

0 Mark the membrane light1y with a pencil to identify cach dilution before spotting.

Using a micropipettor. spot 1 pil of the RNA sample onto a dry nylon membrane. Alternatively the sample can

be applied using a siot- or dot-blotting manifold.

0 Fix the RNA to the membrane by UN crosslinking or baking in an oven at +120'C for 30 min (or at 80'C for

1 h). With nitrocellulose membranes, use a vacuum oven at +80'C for 2 h.

WHAT TO DO NEXT H

- 

vbridiZe the samples on the dot blot according to the recommendations desctibed in the northern

blotting application, ivhich begins on page 52.	

1
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Chemiluminescent Detection

For acíded convenience, we now offer three chemiluminescent substrates (Lumi-Phos 530, Lumi-Phos Plus. and Lumigen
PPD), as well as the Genius 7 LuminescenL Detection Kit, for clierniluminescent detection of DIG-labeled nucteic acids. While

Lumí-Phos 530 and Lumigen PPI) offer the same sensitivíty when detecnon is perfonned on nylon membranes — both allow

the detection of 0.03 pg of DIG-labeled DNA — Lumi-Phos 530 offers greater sensitivity in chemiluminescent ELISA proce-

dures. Lumi-Phos Plus exhibits the same sensiti ,,rity as these other two substrates but can be used on nitrocellulose

membranes-, therefore. if you plan on performing chemiluminescent detection on a nitrocellulose membrane, you must use

Lumi-Phos Plus substrate.

Chemiluminescent detection is a three-step process. In the first step, membranes are treated with Blocking rea ggent to prevent

nonspecific aitraction of antibody to the membrane. Then, membranes are incubated ^kith a dilution of anti-digomgenin Fab

fragments, which are conjugated to alkaline phosphatase. In the thircí step, Lhe membrane carry ring the hvbridized probe and

bound antibody conjugate is reacted with one of the three chemiluminescent substrates and exposed to X-ray film to record the

chemiluminescent signal.

Produas required

Products and solutions required for chemiluminescent detection are listed below.

Chemiluminescent alkaline phosphatase substrates are available in one of four fórms:

The Genius 7 Luminescent Detection Kit (Cat. No. 1363 514) contains all of the reagents required for chemilu' mi-

nescent detection of digoxigenin-labeled nucleic acids, including Lumigen PPI). It also contains a DIG-labeled control

DNA for practicing chemiluminescent detection.

-j Lumi-Phos 530 can be purchased as a separate reagent and used to replace the colorimetric detection reagents

(X-phosphate and NBT) in the Genius 1 DNA Labeling and Detection Kit (Cat. No. 1093 657) or the Genius 3

Nucleic Acid Detection Kit (Cat. No. 1175 041).

_i Lumigen PPD can also be purchased as a separate reagent and used to replace the colorimetric detection reagents

(X-phosphate and NBT) in the Genius 1 DNA Labeling and Detection Kit (Cat. No. 1093 657) or the Genius 3

Nucleic Acid Detection Kit (Cat. No. 1175 041).

Lu¡n¡-Phos Plus can be purchased as a separate reagent and used to replace the colorimetric detection reagents

(X-phosphate and NBT) in the Genius 1 DNA Labeling and Detection Kit (Cat. No. 1093 657) or the Genius 3

Nucleic Acid Detection Kit (Cat. No. 1175 041).
T

21	 IWIE~ _Aq~
Anfi-DIG-alkaline phosphatase	750 units/mi Anti-digoxigenin [Fab] conjugated to alkaline phosphatase	1. Vial 3, Genius 7 Kit

2.Vial 8, Genius 1 
Kit

3.Vial 3, Genius 3 Kit
4.Cat No. 1093 274

One of the following:

Lumi-Phos 530	 0.33 mM Lumigen PPD [4-methoxy-4-(3-phosphatephenyi)-spiro-	Cat. Nos. 1413 155,
store at +4'C, protected from direct	(1,2-dioxetane-3,2'-adamantane) disodium saft]; 750 mM 2-amino-	1275 470,1413 163
light; warm to room temperature (r.t.)	2-methyl-1 -propanol buffer (pH 9.6); 0.88 mM MgC12; 1.13 mM cetyItrimethyl-
before using	 arnmonium bromide; 0.035 mM fluorescein surfactant

OR

Lumigen PPD
	

10 mglmi (23.5 mM) Lumigen PPD [4-methoxy-4-(3-phosphatephenyi)-spiro-	1. Vial 5, Genius 7 
Kit

store at +4'C, protected from direct
	

(1,2-dioxetane-3,2'-adamantane) disodium saft]	 2. Cat No. 1357 328
light; warm to rt. and dilute before using

OR

Lumi-Phos Plus	 0.33 mM Lumigen PPD [4-methoxy-4-(3-phosphatephen^)-spiro-(1,2-dioxetane-	1. Cat Nos. 1581082.
store at +4oC, protected from	3,2'-adamantane) disodium saft], 200 mM 2-amino-2-methyl-1 -propano¡ buffer	1581 104
light; warm to r.t before using	(pH 9.6), 0.88 mM MgC12 , and a proprietary enhancer.
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Additionally required solutions

Except TE buffer, all of the following required solutions are available in a ready-to-use form in the DIG Wash and Block

Buffer Set (Cat. No. 1585 762). Botúe numbers for this set are given in parentheses. Alternatively, they can be prepared

from separate reagents according to procedures described in Appendix B.

Washing buffer (Bode 1; dilute	100 mm majeic acid, 150 mM NaCI; pH 7.5 (+20'C); 3% (vM Tween 20

1:10 with H20)
Majeic acid buffer (BotUe 2; ditute 100 mM maleic acid, 150 mM NaCI; pH 7.5 (+20'C)

1:10 with H20)

13bffing solution (BotHe 3;	1 % (w/v) Blocking reagent for nudeic acid hybridizafien dissotved in Maleic acid buffer

dilute 1: 10 with 1 X Maleic	W necessary, treat with DEPC to destroy RNases. Autodave the solution, and sbre at room temperature, +CC, or -20*C.
acid buffer)	

Blocking solution is eloudy and ffimid not be filtered. ft is stabie for at least two weeks when stored at +4'C, but musi then be

b~ to room temperature befóre use.

Detection buffer (BotUe 4; dilute	100 mM Tíris-HO, 100 mM NaCI; pH 9.5 (+201C)

1: 10 with H20)

TE buffer	10 mM Tñs, 1 mM EDTA; pH 8.0 (+20'C)

DEPC-treated H20	Sterile, distilled water treated with 0.1 % dieth^^-yi^ate^ (DEPC)

Oor RNA ~s on^)

Guídelinesfor handling Lumi-Phos 530, Lumi-Phos Plus, or Lumigen PPD

To maintain full activity, as weIl as the nuclease-, phosphatase-, and bacteria-free enmonment in which the cherrúlumines-

cent substrates Lumi-Phos 530, Lumi-Phos Plus, and Lumigen PPD are provided, adhere to the following precautions:

a Do not frecze the substrate.

a Do not place any non-sterile instrument (e.g., pipet tips) into the substrate solutions.

a Remove the substrate from the bottie by pouring ¡t into a sterile container using sterile technique or by transferring it

with stenle pipettes. Ifflear powder-free gloves, and avoid touching the mouth of the bottle to anything.

a Dilufion or re~use of Lumi-Phos 530 or Lumi-Phos Plus is not recommended, as contamination of the stock solution

is likely

To minimize background staining, adhere to the following precautions:

-i Avoid touching the membrane with fingers (gloved or ungloved).

j Use blunt-ended forceps that have been washed and autoclaved (to avoid alkaline phosphatase contamination) to

pick up membranes, and handle membranes orily at their edges.

-i Wear unpowdered gloves, and use hybridization bags free of dust and powder. Gloves or bags can be washed in dis-

tilled water before use.

Procedure
Perform all incubations at room temperature.

Incubations can be perfórmed in a sealed hybridization bag or clean plastic tray. lf a bag is used, remove all large air

bubbles that may be present in the bag. If a tray is used, agitate the tray gent1v to ensure that the membrane ¡S aIways

covered. If you are using more than one membrane, add enough solution tó cover all membranes.

0 After hybriclization and post-hybridization washes, equilibrate the membrane in Washing buffer for 1 minute.

@ Allow the chemiluminescent substrate to come to room temperature.

f) Using a freshly washed dish or bag, block the membrane by gently agitating it in Blocking solution for 30-60

minátes. Near the end of the blocking period, prepare the antibody solution as described in step 4. Longer

blocking times are acceptable.

0 Dilute the Anti-DIG-alkaline phosphatase 1: 10,000 in Blocking solution. Mix gendy by inversion. For

example, for a 1: 10,000 dilution, add 3 jil Anti-DIG-alkaline phosphatase to 30 mI Blocking solution and mix.

This working antibody solution is stable for about 12 hours at +4'C.

@ Pour off the Blocking solution and incubate the membrane for 30 minutes in the antibody solution prepared in

step 4.

0 Discard the antibody solution. Gently wash the membrane twice, 15 minutes per wash, in Washing buffer.
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Pour off \Vashing buffer and equilibrate the membrane in Detection buffer for two minutes. If using Lumigen

PPE), dilute it 1: 100 in Detection buffer. Lumi-Phos 530 and Lumi-Phos Plus are pre-diluted; do not dilute!

lt is important that the filter be kept wet before the chemiluminescent substrate is applied. lf the *membrane is
even slightly,dry^ high backgrounds can occur.

There are two methods of applving Lumi-Plios 530, Lumi-Phos Plus, or diluted Lumigen PP1). The single-filter
method sholald be used when 6NA is to be -,^sualized on a single membrane. The fílter-batching method ¡S

recommended for multiple membranes but may also be used when visualization is performed on a single

membrane.

Single-filter method

a. Place the membrane bet ,,veen two sheets of acetate (plastic page protectors). Gently lift the top sheet of plastic:
and, with a sterile pipet, acid approxímately 0.5 rril (per 100 CM2) of the chemiluminescent substrate in a line
parallel to the side (closest to the fóld of the page protector) of the membrane. Slow1y lower the top sheet of

plastic, allowing the substrate to spread evenly over the entire surface of the membrane. Add acíclitional sub-
strate if the membrane is not completely covered. With a damp lab tissue (e.g., Kimw¡pe l), gently \vipe the top

sheet to remove any bubbles present under the sheet and to create a liquid seal around the membrane.

Proceed to step 9.

Filter-batching method

a. Pipette 5-10 rril of the appropriate chemiluminescent substrate into the center of steffle dish. Using blunt-end

forceps, place the membrane in the dish. Tilt the dish until the membrane is thoroughly saturated.

b. Remove the membrane from the substrate, and allow any excess liquid to drip off. Do not allow the

membrane to dry^

c. Cover the damp membrane by placing ¡t between two clear acetate sheets or page protectors.
d. Wipe the top sheet with a damp lab tissue (e.g., Kimwipe l) to remove any bubbles present between the sheet

and the membrane.

c. Repeat the fílter-batching method until the chemiluminescent substrate has been applied to all membranes. To

prevent the membrane from drying out, avoid repeated exposure to air. After treating the final membrane, pro-

ceed to step 9.

For the briefest exposure to X-ray film, the alkaline phosphatase chemiluminescent reaction must be at a
steadv state. At room temperature, 7-8 h are required to reach a steady state reaction. Once a steady state is

reachá, single-copy gene detection on a human genomic blot can be obtained with an approximate exposure

time of 15 min. lf the membrane is exposed before the steady state is reached, approximately 60 min of . expo-
sure is required for single-copy gene detection on a human genomic blot. Therefore, to shorten exposure

times, we recommend incubation of the membrane for 15 min at +37'C direaly after ad.dition of the
chemiluminescent substrate and before exposure to X-ray film.

0) For detection of the chemiluminescent signal, the membrane is exposed to standard X-ray film (e.g., Kodak
XAR or Chronex 8 from Dupont). Multiple exposures from a single blot can be obtamed for up to 2 days after
the addition of the chemiluminescent substrate (Figure 16).

Figure 16. Time course of Lumi-Nos 530 light emission on a nylon membrane.

Light intensity increases for 7-8 bours, is maximal for 12 hours, and then slowiy

decreases. In a Southem biot of 10 u9 of human DNA, a single-copy gene can be

detected in 1 hour when the X-ray film exposure is performed immediately after the

applicafion of Lumi-Phos 530. The sarne gene can be detected in as litIle as 15
minutes if the X-ray film exposure is performed 8-24 hours after application of the

Lumi-Nos 530 or if the membrane is preincubated for 15 min at +37T direcuy after

additon of Lumi-Nos 530 or Lumigen M.

Kinnwipe11 is a registered trademark of Kimbedy-Clark Corporabon, Rosweil, CA.
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Colorimetric Detection with NBT and X-Phosphate

With the Genius System, detection can be performed ^^th the colorimetric detection reagenis NBT and X-Phosphate (BCIP)..

Products required

Products and solutions required for color-imetric detection are listed below. The colorimetric detection reagents are available

separately, in the Genius 1 DNA Labeling and Detection Kit (Cat. No. 1093 657), or in the Genius 3 Nucleic Acid

Detection Kit (Cat. No. 1175 041).

Ant-DIG-alkaline phosphatase	750 units/ml Anti-digoxigenin (Fab] conjugated to alkaline phosphatase	1. Víal 8, Genius 1 Kit
2.Vial 3, Genius 3 Kit
3.Cat No. 1093 274

NBT solution

X-phosphate solution

75 mg/mi nitroblue tetrazolium saft in 70% (vIv) dimethylformarnide

50 mglml S-bromo-4-chIoro-3-indoly1 phosphate (X-phosphate),

toluidinium salt in 100% dimethylformarnide

1 . Vial 9, Genius 1 
Kit

2. Vial 4, Genius 3 
Kit

3. Cat No. 1383 213 (sold as 100 mg/rni; dilute

prior to use)

1 . Vial 1 0, Genius 1 Kit

2. Vial 5, Genius 3 
Kit

3. Cat No. 1383 221

Additionally required solutions

Except TE buffer, all of the follomímg required solutions are available in a ready-to-use form in the DIG Wash and Block

Buffer Set (Cat. No. 1585 762). Bottie numbers for this set are indicated in parentheses. Alternatively, they can be prepared

from separate reagents according to procedures described in Appendix B.

Washing buffer (Botte 1; dilute	100 mM maleic acid, 1 50 mM NaCI; pH 7.5 (+20'C); 3% (v/v) TWeen 20

1: 10 with 1-1,0)

Maleic acid buffer (Bottie 2; dilute 100 mM maleic acid, 150 mM NaCI; pH 7.5 (+20'C)

1:10 with 1-1,0)

Blocking solution (Bottie.3;

Oute 1: 10 with 1 X Maleic

acid buffer)

Detecton buffer (Bottle 4; dilute

1:10 with H20)

TE buffer

DEPC-treated 1-1,0

(for RNA probes oríly)

1 % (w/v) Blocking reagent for nucieic acid hybridization dissolved in Maleic acid buffer

ff necessary, treat with DEPC to destroy RNases. Autociave the soluton, and store at room temperature, +4'C, or —20'C.

Blocking solution is cloudy and should not be tiltered. ¡t is stable for at ¡east two weeks when stored at +4'C, but must then be

brought to room temperature before use.

100 mM Tñs-HCI, 100 mM NaCI; pH 9.5 (+20'C)

To increase the speed of colorimetric detection, 50 mM MgC12 
may be added to the Detecton buffer: however, filter the MgC'2-

containing buffer through a 0.45 pm membrane filter before use. This eliminates any precipitated MgC'2, 
which can contribute to

background ff not removed.

10 mM Tiris, 1 mM EDTA, pH 8.0 (+20'C)

Sterile, disfilled water treated with 0.1 % dieülyipyrocarbonate (DEPC)

Procedure

Perfonn all incubations at room temperature.

* After hybridization and post-hybridization washes, equilibrate the membrane in filtered Washing buffer for 1

minute.

* Using a fresh1y washed dish or bag, block the membrane by gently agitating ¡t in Blockina solution for 30-60

minutes. Near the end of the blocking period, prepare the antibody solution as described in step 3.

Longer blocking times are also acceptable.

For sufficient blocking, there must be ample room in the bag or dish to allow for unrestricted shaking of the

membrane. If you are using more than one membrane, add enough solution to cover all membranes.

Dilute the Anti-DIG-alkaline phosphatase 1.5000 in Blocking buffer for a working concentration of

150 mUmI. Mix gently by in\ ,ersion. For example, acid 6 W AnLi-DIG-alkaline phosphatase to 30 m1 Blocking

solution, and mix.

This working antibody solution is stable for about 12 hours at +4'C.
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0 PoLir off the Blocking solution, and incubate the rnembrane for 30 minutes in the antibod y solution prepared
in step 3. If a bag is used, remove all large air bubbles Lhat may be present in the bag. lf a 'tray is used, agitaLe
the tray genLly to ensure ihat the membrane is alwavs covered.

Discard the antibody and Blocking solution. Wash1	 twrice, 15 minutes per wash. in 100 m1 Washing buffer.

These washes remove uribound antibody

Mix 45 pil NBT solution and 35 * UI X-phosphate solution in 10 iril of Delection buffer.

This fresh1y prepared Color Subsirate Solution M11 be used in step 8. ProLect from direct light before use.

Equilibrate the membrane in 20 rril Detection buffer for 2 minutes.

Pour off the Detection buffer, and add	10 rr. l Color Substrate Solution to the membrane.

Incubate the membrane in a sealed plastic bag or box in the dark. Do not shake the container while the color

is developing.

The membrane can be exposed to light for short periods to monitor the color development. The color precipi-

tate starts to form writhin a few minutes, and the reaction is usually complete after 12 hours. Do not shake.

Once the desired spots or bands are detected, wash the membrane w rith H
2
0 to prevent over-development.

If the membrane is to be reused, use stenle H
2
0 or a stenle buffer (e.g., TE buffer) to stop the development.

Results can be documented b y photocopyring the wet filter or by photography Notocopying onto overhead transparencies1	1

allows for densitornetric scanning, to do this. the color reaction can be interrup ' ted for a short time and continued aftenvards.

The membrane can also be dried at room temperature or by baking at +801C, and then stored, although the color fades upon
dn^ng. To re^^talize the color, wet the membrane in TE buffer. If the membrane is to be reprobed, do not allow the
membrane to dry.

Altematively store the membrane in a sealed plastic bag containing TE buffer. In this case, the color remains unchanged.
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Multicolor Detection

Detection of digoxigenin-, biotin-, and Ruorescein-labeled nucleic acids can be performed vAth successive enzyme
immunoassays that yield three different colors.

The multiple-labeling and multicolor detection scheme allows discrete nucleic: acid sequences to be detected with different-
ly colored hybridization signals on the same blot. Nucleic: acid probes labeled writh digoxigenin, fluorescein, or biotin are
hybridized simultancously to inimobilized target nucleic acids. The labels are detected by alkaline phosphatase conjugates
(Anti-digoxigenin-alkaline phosphatase, Anti-fluorescein-alkaline phosphatase, or Streptavidin-alkaline phosphatase) and
three different naphthol-AS-phosphateldiazonium salt combinations as substrates for alkaline phosphatase. The detection
reactions are carried out consecutively, with a heat/EDTA treatment between cach to inactivate the formerly bound alkaline
phosphatase. The resulting hybridization signals are green, red, or blue for targets that have homology to orily one probe. lí
the target DNA or RNA fragment is homologous to more than one of the probes, the resulting signal is a mixed color.

This method is of advantage in all applications where different hybrids are to be detected on the same blot or specimen. Useful
applications include genomic Southern blots of lower eukaryotes, plasmid mapping, northem blots comparing the abun-
dance of different mRNAs, and colony and plaque hybridizations.

Multicolor detection allows 0.3 pg of homologous DNA to be detected within 2 h-, this sensitivity is satisfactory for single-
copy gene detection in genomic blots of lower eukaryotes like yeast or Drosophila, but can sometimes be insufficient for
genomic blots of mammalian DNA. When greater sensitivity is required, use the colorimetric BCIPNBT substrate or the
chemiluminescent substrates LumigcnPPD, Lumi-Phos 530, or Lumi-Phos Plus.

Produas requíred
Products and solutions required for multicolor detection are listed below Refer to Appendix B for detai1s on preparing the
additionally required solutions.
-'. . -Co— — '	 1	 1--	 TIT"W	 a

Mb-digoxigenin-	 Ant-digoxigenin [Fab] conjugated to alkaline phosphatase	 1. \rial 8, Genius 1 Kft
aJkaJine phosphatase	 2.	 \rial 3, Genius 3 Kit

3.	 Cat No. 1093 274

Ant-fluorescein-alkaline
phosphatase
Streptavidin-alkaline phosphatase
Murácolor Detecton Set

Blocking reagent

Ant-fluorescein [Fab] conjugated to alkaline phosphatase

Streptavidin conjugated to ¿flkaline phosphatase
Alkaline phosphatase substrate tablets for 3 x 50 detecton reactons
(for the detection of 60 blots of 10 x 10 CM2 with three colors)
The Set contains:
1."Green" AP substrate tablets: 50 tablets, cach containing 2 mg of napftfflol-AS-Gr-

phosphate and 3.5 mg of Fast Blue B
2."Red" AP substrate tablets; 50 tablets, each containing 2 mg of naphthol-AS-

phosphate and 1 mg of Fást Red TR
3.TuCAP substrate tablets; 50 tablets, each containing 2 mg of naphthol-AS-

phosphate and 3.5 mg of Fast Blue B
Blocking reagerít for nucteic acid hybñd¡zaflon

Cat No. 1426 388

Cat No. 1093 266
Wt No. 14-65 341

Cat No. 1096 176
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Additionally required solutíons

in addition. you will need to prepare the following solutions. See Appendix B for solution preparation.

EDTA	 50 mM EDTA, pH 8.0

Maleic acid buffer	0.1 M maleic acid, 0.15 M NaCI, pH 7.5 (+20 0C) ; adjusted with solid or concentrate NaOH; autoclaved

Washing buffer	100 mM Maleic acid, 150 mM NaCI; pH 7.5 (+20'C); 3% Tween 20

uffer	 10 mM Tiris, 1 mM EDTA; PH 8.0 (+20'C)

Blocking reagent stock solution	Blocking reagent for nucieic acid hybridization dissolved in Maleic acid buffer to a final concentrabon of 10% (w/v); afterwards,

the solution is autoclaved and stored at +4'C or —201C

Blocking solution for DIG- and

fluorescein-labeled probes

Blocking solution for biofin-

labeled probes

Antibody solutions

Detection buffer

Siente Blocking reagent stock solution diluted 1: 10 in Maleic acid buffer (final concentration = 1 % Blocking Reagent)

Sterile Blocking reagent stock solulion diluted 1:2 in Maleic acid buffer (final concentration = 5% Blocking Reagent)

Anti-digoxigenin-alkaline phosphatase, ant-fluorescein-alkaline phosphatase, or streptavidin-alkaline phosphatase, cach

1 50 mIl/mi in the appropriate blocking solution

0.1 M Tñs-HCI, pH 9.5 (+20'C); 0.1 M NaCI

Color substrate working soiutions

	

	Prepare fresh working soiution each day. Dissotve one tablet in 10 mi Detection buffer while stirring at room temperature.

(fresh1 diluted in Detecton buffen The "Red" and "Blue" tablets dissolve completely wifflin a few minutes. The "Green" tablets do not dissolve completely, but this

does not influence the results.

NotEr We recommend that gloves be worn when handling the color substrate solutions.

Labefina with Fluorescein or Biofin

As with DIG labeling, nueleic acid probes can be labeled with fluorescein or biotin by random-primed DNA labeling, DNA

amplification by PCR, in vitro RNA transcription, or oligonucleotide end-labeling or tailing. The labels can also be intro-

duced into olijonucleotides via chemical synthesis. Fluorescein- and biotin-labeled probes are most convenientis , prepared

w^th the High Prime Fluorescein DNA Labeling Mix (Cat. No. 1585 622) and High Prime Biotin DNA Labeling Mix (Cat. No.

1585 649). Fluorescein-12-dUTP and Biotin-16-dUTP are also available as single reagenis, and can replace DIG-1 1-dUTP in

the Genius Kit protocols. Labeling protocols for these nucleotide analogs are given in the respective pack inserts. The label-

ing reactions can also be carried out without kits using single reagents; a listing of tl-le single reagents for nonradioactive label-

ing is given in Appendix C.

The differendy labeled probes can be hybridized simultancously to a blot or in situ to homologous sequences according to the

protocols given for hybridization of DIG-labeled probes.

It is especially important that the probe concentration for hybridization be optimized for all three probes. We stron gly rec-

ommend a mock hybridization on a naked piece of membrane or a Dot Blot for this evaluation. A protocol for this is given

on page 42.

If multiple (multicolor) detections are performed on the same membrane, the hybrids must be fixed to the membrane after

the stringency washes (but before detection). This is necessary because heat treatment is used to inactivate the alkaline phos-

phatase between detections. To crosslink the hybrids, expose the membrane to UV light for 3 min at 254 nm. If only one

label and one color has been used, Fixation of the hybr-ids is not necessary

i..iu'T.^-7,^^r ^-^.^tei;-.ion

Detection of the different labels is pe-rformed by binding the respective antibody- or streptanclin-alkaline phosphatase

conjugate. A different combination of naphthol-phosphate and diazonium salt is used to vield a different color for cach con-

jugate (green, blue, or red).

The detection reactions are performed consecutively, with heat-inactivation of the alkaline phosphatase between the detec-

tions. As stated above, hybhds must be stabilized by UV-crosslinking (3 min at 254 nm) if different labels are detected

consecutively
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Figure 17. Principie of the Mufficolor Detection Set.

multicolor
"rainbow"

The following procedure describes triple detection-, orders of detection and colors may be changed according to individual

requirements,

All incubations are performed at room temperature and, except for the color reaction, svith shaking or mixing. The volumes

of the solutions are calculated for a membrane size of 100 CM2, and should be adjusted to fit other membrane sizes. Blocking

and equilibration steps may proceed for longer periods if more convenient.

Detection o¡ DIG- or Fluorescein-labejed Hybrids

Procedure

0 lf multicolor detection is to be performed, fix hybrids by UV exposure (3 min at 254 nm) or baking. This

should be performed after hybridization and stringency washes.

Wash the membrane briefly in Washing buffer.

Incubate for at least 30 min with about 100 mI of Blocking solution for DIG- . and fluorescein-labeled probes

(l% [W/VI).

0 Dilute the anti-digoxigenin-alkaline phosphatase or anti-fluorescein-alkaline phosphatase L5,000 in Blocking
solution for DIG- and fluorescein-labeled probes (final concentration, 150 mU/ml).

These diluted antibody-conjugate solutions are stable for about 12 h at +40C.

C> Incubate the membrane for 30 min in about 20 n-d of the diluted antibody conjugate solution prepared in step 4.

0 Wash twice, 15 min per wash, svith 100 m1 of Washing buffer.

These washes remove urtbound antibody conjugate.

0 Equilibrate the membrane for at least 2 min in 20 mI Detection buffer.

Dissolve one substrate tablet in 10 rril, Detection buffer. Incubate the membrane with 10 m1 of one of the

color substrate solutions (fresh1y prepared) for about 45 min, then replac^ with fresh color substrate solution if

necessary.

The colored precipitate begins to form within a few minutes and can be allowed to proceed for up to 2 h (until

the desired signal intensity is obtamed).

Inactivate the alkaline phosphatase as described below or stop the final color reaction by washing the mcm-

brane with TE buffer.
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u—	1 Chapter 9 Deteccion oj DIG-¡abeled Nucicic Ands

Alkaline P.^osDhatase Inacmation

0 Wash the membrane briefly in TE buffer.

E) Incubate the membrane for at least 10 min at +85'C in EDTA.

Wash the membrane twice for 5 min in Washing buffer.

This wash removes the EDTA.

0 Proceed to the next detection procedure.

Detection of Biotin-labeled Hybrids

0 If multicolor detection is to be performed, fix hybrids by UV exposure (3 min at 254 nm) or baking.

This should be performed after hybridization and stringency washes.

Wash the membrane briefly in Washing buffer.

Incubate the membrane for at least 30 min in about 100 m1 Blocking solution for biotin-labeled probes (5%

[W/V]).

0 Dilute Streptavidin-alkaline phosphatase 1:5000 in Blocking solution for biotin-labeled probes (final concen-

tration, 150 mU/ml).

Incubate the membrane for 30 min in about 20 nil diluted streptavidin-conjugate solution prepared in step 4.

Diluted streptavidin-conjugate solutions are stable for about 12 h at +4'C.

Wash twice. for 15 min per wash, in 100 rril of Washing buffer.

These washes remove uribound conjugate.

0 Equilibrate the membrane for at least 2 min in 20 m1 Detection buffer.

0 Dissolve one tablet in 10 m1 Detection buffer. Incubate the membrane -,vith 10 rril freshly prepared color sub-

strate ' solution for about 45 min, then replace with fresh color substrate solution if necessary.

The colored precipitate begins to form within a few minutes and can be allowed to proceed for up to 2 h (until

the desired signal intensity is obtamed).

Inactivate the alkaline phosphatase as described above or stop the final color reaction by washing the mcm-

brane sA^th TE buffer.

Results can be documented by photography The colors do not fade when the membranes are dried and stored at room

temperature.

Membranes can orily be reused if orily one label and color has been used and if the hvbr-ids have not been LN-crosslinked or

baked. Do not allow the membrane to dry out if it is to be reprobed.

Removal of color precipitate

The color precipitate can be removed by washing the membrane wúh ethanol (red: room temperature; blue and

green: +50' to 65'C-1 put the membrane and ethanol in a sealed plastic bag in a hybridization oven or waterbath).

Replace the solution from time to time until the precipitate is completely dissolved.

Removal of the probe

0 Thorough1y rinse the membrane in water.b

Incubate m4ce for 20 min in 0. 2 M NaOH, 0, 1 % (w/v) SDS at +370C.

E> Rinse the membrane in 2X SSC. The membrane may now be dried or used direaly for hybridization.

Alternatively, any established procedure for removing hy `bridized probes (e.g., heating in SDS buffer or for-

mamide-containing buffers at neutral pH) can be used.

Reference

1. Holtke, HI, Etfl, L, Finken, M.,West, S. and Kunz,W. (1992) "Multp1e NucieicAcid Labeling and Ra¡nbow Detection." Anal. Biochem. 207:24-31.
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Stripping Membranes for Reprobing

Orily Nylon Membranes can be stripped and reprobed because

• The reagents required to remove color dissolve nitrocellulose membranes.

• The method of stripping membranes for reprobing depends on the method of detection (colorimetric or chemilumi-

nescent) that has been used.

Required solutions

Dimettlytformamide,	100% ACS grade N,N-dimethyfformarnide (DMF)

H20	Starile, distílled water

AMine probe-stripping sol~	0.4 N NaOH, 0.1 % SDS

2X SSC buffer	300 mM NaCI, 30 mM sodium citrate

Proteinase K	1 mgími Proteinase K, 0.2% (w/v) SDS

2X SSCIO.1% SDS	300 mM NaCI, 30 mM sodium cítrate, 0.1% (w/v) SDS

Southem probe-stripping solution 50% formamide; 10 mM NaPO41 pH 6.5

Northem probe-stripping solution 60% formamide; 50 mM Tñs-HCI, pH 8; 1 % (w/V) SDS

DEPC-treated H20	Steríle, disfilled water treated with 0.1 % dieth^pyrocarbonatL, (DEPC)

Procedurefor removing the color precipitate

0 Using a water bath, heat a large glass beaker of dimethylformamide to +50-60'C.

Caution: Dimethylformamide is volatile and flan-tmable. Keep away from sparks and open flames. Work in a

fume hood. The flash point of dimethylformamide is at +67'C.

0 Incubate the membranes in the heated climethylformarnide until the blue color has been removed.

Changing the dimethylformamide solution frequently w^11 increase the speed of decolorization.

0 Rinse the membranes thoroughly in H 20.

0 Proceed to probe removal.

CAUTION: Do not allow the membrane to dry pnor to probe removal.

Procedurefor removíng the chemiluminescent substrate

0 Wash the membrane in H20 for 1 min.

0 Proceed to probe removal.

CAUTION: Do not allow the membrane to dry prior to probe removal.

Proceduresfor removing the probefrom Southern, DNA Dot, and colonylplaque hybridizations

Method I (Recommendedfor Alkali-labile DIG-Iabeled probes)

0 Wash the membranes in H20 for 1 min.

Incubate the membranes tv rice for 10 min Alkaline probe-stripping solution at +37'C. This incubation
removes the alkali-labile DIG-labeled probe.

Rinse the membranes thorough1y in 2X SSC.

0 Commence reprobing svith the prehybridization step of the desired hybridization procedure.

Method II (Not recommendedfor probes labeled with alkali-labile DIG-1 1 -dUTP)

When several reprobing experiments are to be carried out, the method of Dubitsky et al. (BioTechniques, 1992)
is recommended:

0 Wash twice, 30 min per wash, in 0. 5-1 mg/ml Proteinase K, 0. 1-0. 2 % SDS at +68'C.

0 Wash twice, 5 min per wash, in 2X SSC/O. 1 % SDS.

Wash twice, 30 min per wash, in Southern. probe-stripping solution at +68'C.

Rinse membranes briefly in 2X SSC.

Commence reprobing with the prehybridization step of the desired hybridization procedure.
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Chapter 9 Detection of DIG-1abeled Nucleic Auds

Procedures for removing the probe from northem blots
Method I0 Rinse the membrane thorough1y in sterile H2O.

Incubate the membrane tMce, 30 min per incubation, in Northem probe-stripping solution at +68'C.

Rinse the membrane, first in water, then in 2X SSC.

0 Commence reprobing with the prehybriclization step of the desired hybridization procedure.

Method II (Best methodfor stripping northem blots probed with RNA)0 Rinse the membrane in sterile H 20.

Place the membrane in hybridization bag with DEPC-treated H 20, 0.1% SDS-, boil for 10 min.

Rinse the membranes in 2X SSC.

0 Commence reprobing with the prehybridization step of the desired hybridization procedure.

Note:
2 After stripping, start with the prehybridization or store the filter wet in 2X SSC in a sealed plastic bag.
m Rewart-n the stripping solution to the appropriate incubation temperature.
2 For incubation, use a shaking waterbath or a hybriclization oven.
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Chapter 1 0 Nonradioactive Sequencing

The Genius Nonradioactive DNA Sequencing Kit

The Genius Nonradioactive DNA Sequencing Kit enables the convement sequencing of DNA cioned into M13 or pUC

vectors, The method is based upon the chain termination princíple of Sanger, using primers and Taq DNA Polymerase for

extension. Cloned DNA can be sequenced from the (+) single-stranded form oí a M13 phage or a supercoiled pUC

plasmid with ihe provided M13/pUC sequencing and reverse sequencing primers, With slight modifications, the kit may be

used Lo sequence DNA from any vector (see below). The supplied primers are 5'-end labeled kvith di goxigenin and thus,

following the extension/chain termination reaction, the separated and blotted DNA can be easily detected with alkaline

phosp,hatase-labeled anti-digoxigenin antibody

This nonradioactive method of DNA sequencing can be used for all sequencing applications - This convenient kit employs

Taq DNA Polymerase for the extension reaction, which allows the use of high temperatures for sequencing. This teduces the

likelihood of sequencing artifacts, especially where extensive secondar-y structures are probable. Sequences of at least 250

nucleotides can be obtained from single- or double-stranded DNA with chemiluminescent or colorimetrie detection.

'—imers -or 7^,,tension

Supplied in the kit are the M13/pUC sequencing primer, which is complementary Lo the (+) strand sequence just Y Lo the

poly1inker, and the M13/pUC reverse sequencing primer, which is homologous Lo 17 nucleotides immediately 5' Lo the

poly1inker (see Figure 18). Boih primers are 5'-labeled vath digoxigenin. For the (+) single-stranded form of a M 13 phage

vector. the primer anneals the 3 1 portion of the polvIinker, and DNA synthesis proceeds toward the DNA of interest in the

poly1inker region. In double-stranded DNA sequencing, the DNA is first denatured, and both primers are annealed (in

separate reactions) so that the DNA insert can be sequenced from both ends. Although the kit is direct1y applicable Lo

sequencing DNA cloned into an M13 or pUC vector, ¡t can be easily adapted Lo sequence DNA from any other vector that

allows X-,,a1-based blue/white selection. See AppendLx C for alternative DIG-labeled sequencing primers. Or ii other primers

are needed, these can be conveniently labeled at the amino-substituted 5'-end k,^^th Digoxigenin-3-O-methy^lcarbonyl-E-

aminocaproic acid-N-hydroxysuccinimide Ester (details are prmaded in the package insert of the Genius 8 Oligonucleotide
5'-End Labeling Set).

"lea

Taq DNA Polv-merase is employecl Lo extend the annealed pnmers in four discrete reactions. Each reaction oceurs in the pres-

ence of` all four deonmbonucleoside triphosphates and only one dideoxyribonucleoside triphosphate (c[1kTP dcÍCTP, ddGTP,
or ddTTP). Base-specific termination is thus achieved at sites where a dideonnucleotide is incor-porated. 7-Deaza-dGTP is

pro^^ded and can be used as a substitute for dGTP Lo inhibit sequencing artifacts such as "band compression 
1. 
produced by

secondan, structures in CG-rich regions of the newly synthesized DNA. Use of 7-Deaza-clGTP also leads Lo increased unifor-

mity and intensitv of the bands.

Aya 1

xma 1

ASP718	Hind 11

	

Ban 11	Sma 1	Acc 1

	

Eco Ri Sac 1	Kpn 1	Bam Hi Xha 1 Sáfi	PStf	SPh 1	Hind 111

T CACACAGGAAACAGCTATGACCATGATTACGAATrCGAGCTCGGTACCCGGGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCGTTT-rACAACGTCGTGACTGGGAAAACCCT3'

5'CAGGAAACAGCTATGAC Y 17-mer "reverse sequencing phmer"	 3'TGACCGGCAGCAAAATG T 17-mer Sequencing pñmer"

ONA synthesis ->	 <- ONA synthesis

Figure 18. M131pUC poiylinker sequence H strand and sequencing primers.
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1 Chapter 10	', S-equ en cing

Pi-oducts required

The Genius Nonradioactaive DNA Sequencing Kit (Cat. No. 1449 443) contains reagents needed for nonradioactive DNA

sequencing.

Control DNA, double-stranded	Double-stranded template plasmid ONA (pUC18 DNA) 0.25 pLg/pLI in Tris-EDTA	Vial 1
buffer (TE buffer); pi—l 8

Control DNA, single-stranded

M1 3/pUC sequencing primer

Ml3lpUC reverse sequencing primer

Reacton buffer

Taq DNA Polymerase

Extension/terminaton mixture

ddATP (with dGTP, green)

Extension/terminafion mixture

dcICTP (with dGTP, green)

Single-stranded template DNA (M1 3mpl 8 DNA) 0.2 ^ig/pil in TE buffer pH 8

M1 3/pUC 17-mer sequencing primer wfth the 5'-end labeled with digoxigenin;

1 pmol/pd in water

M1 3ípUC 17-mer reverse sequencing primer with the 5'-end labeled with

digoxigenin; 1 pmoiIMI in water

Buffer for the hybríclization and chain elongation reacton

Taq DNA Polymerase, 3 units/pd for the chain elongation reaction

Mixture containing dATP, cICTP, dGTP, dTrP, (25 jaM each); and 950 MM MgC12;

pi—l 7.5; 850 ptM ddATP for termination

Mixture containing dATP, dCTP. dGTP, dTTP, (25 pLM each); and 400 ¡aM ddCTP

for termination; 500 piM MgCl^ pH 7.5

Vial 2

Vial 3

Vial 4

Vial 5

Vial 6

Vial 7

Vial 8

Extension/terminaton mixture	Mixture containing dATP, dCTP, dGTP, dTTP, (25 ¡.iM each); and 75 M ddGTP	Vial 9

ddGTP (with dGTP, green)	for terminabon; 175 0 MgC12; pH 7.5

Extension/termination mixture	Mixture containing cIATP, dCTP, dGTP, cITTP, (25 pLM each); and 1275 piM ddTrP	Vial 10

ddTTP (with dGTP, green)	for terminaton; 1370 0 MgC12; pH 7.5

Extension/terminaton mixture	Mixhire containing dATP, eÍCTP, 7-Deaza-dGTP, dTTP (25 ptM each); and 850 ptM	Vial 11

ddATP (with 7-Deaza-dGTP, pink)	ddATP for termination; 950 liM MgC12; pi—l 7.5

Extension/termination mixture	Mixture containing dATP, cICTP, 7-Deaza-dGTP, dTTP (25 PLIVI each); and 400 pLM	Vial 12

ddCTP (with 7-Deaza-dGTP, pink)	ddCTP for termination; 500 piM MgC
2 ; pH 7.5

Extension/termination mixture

ddGTP (wfth 7-Deaza-dGTP, pink)

Extension/termination mixture

ddTTP (with 7-Deaza-dGTP, pink)

Formamide buffer solution

Mixture containing dATP, dCTP, 7-Deaza-dGTP, dTrP (25 ptM each);

and ddGTP for termination: 75 jtM ddGTP; 175 4M MgC12; pH 7.5

Mixbure containing dATIR. cICTP, 7-Deaza-dGTP, 1275 IM ddTTP

(25 piM each), and ddTTP for termination; 1370 jiM MgC12; pH 7.5

Stop buffer

Vial 
13

Vial 14

Vial 15

-77

Denaturafion buffer	2 M NaOH, 2 mM EDTA, pi—l 8; sterile

Neutralization buffer	2 M ammonium acetate in water; pH 4.5, sterile. Dissolve 15.4 g ammonium acetate in approximately 50 mi redisfilled water,

adjust the pH to 4.5 with acefic acid (100% analocal grade), and make up to 100 
mi 

with redist. water.

Ethanol	 95% at —20'C, 70% at +4'C

Nylon membranes,	Nylon Membrane function tested with the Genius System. To cut the membrane to the size of the sequencing gel, we

positively charged	recommend the use of the 0.3 x 3 m membrane rofi (Cat. No. 1417 240).

Genius 3 Kit or Genius 7 
Kit	

Colorimetric detecton is performed with the substrates X-Phosphate/NBT as described on page 59. Chemiluminescent detection

is performed with the substrate Lumigen PPI), Lumi-Phos 530, or Lumi-Phos Plus as described on page 56 in the "Detecbon"

section. Both methods are performed with slight modificafions.
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Chapter 10 Nonradioactiie Sequencing 1

Experimental detai1s for the single-stranded and double-stranded sequencing reactions, gel electrophoresis and blotting, and

the detection reaction itself are described here. The kit inciudes double-stranded template DNA (pUC18 DNA) and single-

stranded template DNA (M13mpl8 DNA) for 5 control reactions cach. Solutions shoulcí be mixed and subjected to a short

centrifugation step immediately before use.

Single-stranded ONA Sequencing

Primer annealing

0 Combine and mix the following reagents in a sterile microcentrifuge tube:

1 pig of single-stranded template DNA (2.5 pil from vial 2) or 0.5 pmol test DNA

1 pmol primer (1 pil from vial 3)

2 jú reaction buffer (vial 5)

Adjust final volume to 10 jil with redist. H20.

Centrifuge briefly

Incubate at +55'C for 10 min.

0 Allow the mixture to cool slowly at room temperature, and centrifuge again briefly While the primer annealing

mixture is cooling, prepare the four extension/termination mixtures in four appropriately marked or colored

reaction ^dals or a microtiter plate. Dispense the extension/termination mÉxtures separately into the 4 vials or 4

wells of the microtiter plate (2 W each of vials 7, 8, 9, and 10; or 11, 12,13, and 14).

C> Add redist. H 
2
0 to the cooled primer annealing mixture for a final volume of 19 PLI.

0 Add 1 ^il Taq DNA Polymerase (3 U/pLI, vial 6) to the primer annealing mixture (final volume, 20 jil).

Extension/termination reaction

0 At room temperature, add 4 pil of the primer annealing mixture, from above, to each of the marked

extension/termination mixtures (A, C, G, T) and, in case of vials, centrifuge briefly

Incubate for 3 min at +70'C.

10 Subject the four tubes to a brief centrifugation.

0 Add 2 ^l of the formamide buffer (vial 15, stop buffer), to cach of the four tubes to stop the reaction.

0 These mixtures may then be stored at —20'C, or be immediately subjected to electrophoresis on a sequencing gel.

iloubi ,.-straiiced ONA Senuencina

Denaturation of plasmid DNA
0 Dilute 1 pmol plasmid template DNA (S pil of control double-stranded DNA containing 2 ^tg pUC18 DNA,

vial 1; calculate for equivalent amount of test double-stranded DNA) writh redist. H
2
0 to a final volume of 18

W.

Add 2 ptl of denaturation buffer (NaCHIEDTA), mix thoroughly, and incubate for 5 min at room temperature.

0 Neutralue the mixture with 2 jil of the neutralízation buffer (sodium acetate solution), and immediately con-

tinue with the next step.

0 Add 100 pLI pre-chilled 95% ethanol (-20'C), mix, and transfer the reaction to —70'C for at least 5 min.

Centrifuge to sediment the denatured precipitated DNA at +4'C in a microcentrifuge at 10,000 x g for 15 min.

Carefully decant the supernatant to avoid loosing the DNA pellet.

wash the DNA pellet by acíding 1 m1 70% ethanol (-20'C), briefly vortex, and centrifuge as above for 15 min.

Agam, carefully discard the supernatant.

Briefly dry the denatured plasmid DNA under vacuum.

The DNA may be stored for a few days at —20'C.
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¡ChapterlO Noiiradioactis-eSequencitig

Prímer annealing0 Add 1 pmol of either the M 1 3/pUC sequencing primer ( 1 41 of ,¡al 3) or the M 1 3/pUC reverse sequencing
primer (1 pil of vial 4) to the dry denatured plasmid DNA (from step 7 of the Denaturation of plasmid DNA
procedure above). Also add 2 ptl of the reaction buffer (\ul no. 5), and make up the mixture to a final volume
of 10 ptl with redist. H20.

The procedure is completed by following all the steps as described above for single-stranded DNA sequencing,
starting from step 2 of primer annealing to step 5 of the extension/termination reaction.

Electrophoresis and Blotting

The products obtamed from the above reactions are subsequently denatured with formarnide and heat, separated by
electrophoresis on a denaturing polyacrylamide gel, and transferred to a positively charged nylon membrane. The Nylot
Membrane supplied by Boehringer Mannheim has been tested for this application and is highly recommended. Other nylon
membranes (e.g., Biodyne A [Palli) are also suitable but require longer exposure to X-ray film for chemiluminescence
detection.

Contact blot method
This is an efficient and convenient method for the transfer of the sequence ladder from the polyacrylamide sequenc-
ing gel to a nylon membrane (see Figures 19-29).0 Produce a polyacrylamide sequencing gel in a mold where one glass plate has been treated with Bind-Silane

and the other with Repel-Silane. The gel should be of 0.2 mm thickness. A running buffer consisting of
90 mM Tris, 90 mM boric acid, and 25 mM EDTA, at pH 8.2 is also required. The use of a 5-fold-concen-
trated r-urming buffer in the bottom chamber is recommended to reduce the mobility of the smaller DNA frag-
ments in the lower part of the gel. The use of a comb that allows the application of at least a 3 pil volume is
necessary (e.g., shark toc,th comb).

0 Immediately before gel electro phoresis, denature the sequencing reaction products (from step 5 of the exten-
siori/termination reaction) by heating at +95'C for 3 min. Place on ice to cool, and centrifuge briefly, At least
3 jil of each of the four elongation/termination reactions (A, C, G, T) should be separately dispensed into the
appropriate slots of the sequencing gel.

Following electro phoresis, carefully remove one of the glass plates.
0 Cut a nylon membrane to match the size of the gel.

Apply the nylon membrane to the sequencing gel. Ensure good contact between the gel and the membrane,
and eliminate any bubbles.

Cover the nylon membrane mth a sheet of Whatman paper, and place a glass plate 'on Lop to complete the
sandwich.

Load the sandwich with a weight of approximately 2 kg.

The transfer should be complete within 20 min.

Disassemble the sandwich, pull off the nylon membrane, and expose ¡t to UV-light (3 min on a transillumi-
nator) to fix the DNA to the membrane.

In case the membrane size is larger than the transilluminator hood, fold the membrane back vathout breaking ¡t..
and expose both halves of the upper (gel exposed) membrane side to tiV light subsequently.
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3 MM paper with a glass plate.

Figure 21. Cover the membrane with a sheet of Whatman Figure 22. Cover the gel/membrane Whatman sandwich

,; i,.gpW 10 Nonradioactive Sequencing

Mustration of the contact blot procedurefor transfer of the sequence ladder after sequencing with DIG

Figure 19. Following sequencing gel electrophoresis,	 Figure 20. Apply a nylon membrane that was cut to match

carefully remove the Repel-Sitan-treated glass plate.	 the size of the gel to the sequencing gel. Ensure good contact
between the gel and the membrane, avoiding air bubtiles.
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Figure 23. Load the sandwich with a weight of approximately 2 kg,
evenly distributed.

Figure 24. The transfer is complete within 20 min.

Figure 25. Pufl off the Nylon Membrane from the gel.

IChaPterlO NoiiradioactiveScqtiencing

Figure 26. ExPose the membrane to UV light for 3 min on a transilluminator
in order to bind the ONA. In case the membrane size is larger than the

transilluminator used, fold the membrane back witt1out: breaking, and expose
boül halves of the upper (gel exposed) membrane side to UV light subsequeritty.
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Figure ZB. Perform all detecton steps of the DIG luminescent or

colorímetric detecton in the plastic bag to reduce buffer volumes

to approximately 
1 0 MV1 00 CM2 membrane size. The plastic bag

need not be changed during the steps of the detecton procedure;

it can be cut open and resealed repeatedly.

Figure 29. Afier pedorming the luminescent detection steps and subsequeritty cirying the membrane on a Víbatman

3 MM paper for a few minutes (not to complete dryness), place the nylon membrane between two nonsealed plastic

foils for exposure to X-ray film.

Rgure 27. Sea¡ the membrane in a plastic: baq.

Chapter 10 Nonradioactive Sequenci

Vacuum blot method

in this case, both glass plates of the gel mold should be treated with Repel-Silane. Use a shark toc,th comb that allows the

application of at least 3 ^il of cach reaction, as gel wells produced by 
standard combs tend to slip down when both plates

are treated with Repel-Silane. Following electrophoresis, carefully remove one of the glass plates, and apply a nylon mcm-

brane, as described above, onto the gel. The sequencing gel, wth attached nylon membrane, is then lifted off the second

glass plate and transferred to a coriventional gel dryer. The porous gel support surface o¡ the dryer is covered with a layer

of Whatman filter paper, then the sequencing gel/nylon membrane, -writh the gel above the membrane. With the heating

switched off, a vacuum is then applied. Transfer should be complete in 15 min. After blotting, the nylon membrane

usually remains attached to the gel. Do not attempt to separate them before performing the wash step for 
DIG detection.

First, expose the membrane to UV light as above (the attached gel has no influence on the fixation of the 
DNA to the

membranc).
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Direct blottíng electrophoresis (DBE)

The most convenient method that avoids extensive handling is through the use of a DBE (direct blotting electrophoresis)

device (GATC, Konstanz. Gerrnanv or MWG-Biotech, Ebersberg. Germany). in this method. the sequencing products

migrate through and out of a relatil lely short sequencing gel. The apparatus moves a nylon membrane at constant speed

along the bottom of the gel, capturing the DNA fragmenis as they sequentially elute out of the 
g
el. When ivorking mrith

Lhe DBE device. the appropriate nylon membrane supplied by MWG is recommended. With this method, excellent

resolution of the bands is achieved since all the fragments are subject to electropl-toresis through the same length of gel.

The spacing bet-,veen adjacent bands is constant over a ^k^de range.

The immobilized DNA fragments can be detected \¡a the linked digoxigenin at the 5'-end of the sequencing primer. Detection

is perfort-ned using the alkaline phosphatase color substrate NBT/X-Phosphate or the chemiluminescence substrates Lumigen

PPD, Lumi-Phos 530, or Lumi-Phos Plus as described in the "Detection" section of this Guide. The following modifications

of the detection protocols are recommended.

All the steps shoulcl be performed in a sealed bag to reduce buffer volumes (10 M1/100 CM2 
membrane size), The plastic bag

need not be changed during the different steps of the detection procedure- it can be cut open and resealed repeatedly (excep-

tion', step 10 of the chemiluminescence detection protocol, where a new bag should be used for membrane exposure). lf per-

forming stainina in an open'tray, use enou gh buffer solution to completely immerse the membrane.1	 n

In case of vacuum blot transfer, the washina step (step 1 in either detection protocol) must be performed in an open tray Then
nylon membrane vnIl detach from the gel during this process, and the gel can be removed and discarded.

All incubations should be performed wuh careful shaking or mixing to ensure a uniform immersion of the nylon

membrane in the small buffer volumes. The use of a rocking shaker is recommended. Altematively, a cylindrical roller of

appropriate size may be used to perform all the detection reactions. Avoid membrane overlap during the incubations.

For chemiluminescence detection, as the format of blotting membranes is relatively large, we recommend the use of Lumigen

PPD at a concentration of 10 ^ig/ml (23.5 piM, a 1: 1000 dilution of Lumigen PPD stock solution), in order to reduce the cost

of the detection. The use of a 1000-fold Lumigen PPD stock solution is a modification of step 10 of the procedure described

in the "Detection - section recommended for hy ,bridization experiments. An extended exposure time of 90-180 min is

required to compensate for the use of the higher dilution. Do not reuse the diluted Lumigen PPD or Lumi-Phos Plus. After

incubation in the Lumigen PPD substrate solution, the nylon membrane is removed from the plastic bag and dried on a

Whatman 3 MM paper for a few minutes. Before complete drying, the nylon membrane is placed between two plastic foi1s

(not sealed) and incubated for 15 min at +37'C. The sand\vich is subsequently exposed to X-ray film for 90-180 min.

Colorimetric detection using X-Phosphatc/NBT is usually complete after 8-16 h of incubation ^;^th the color substrates.

Quality control

The standard assay (using the control DNA gel electrophoresis and vacuum blotting) typically yÍe1ds a sequence of 250

nucleotides when a single- or double-stranded template is used. Standard detection times are used as stated in the respective

protocols.

rc, u ^! e	T	i n, 2 2-li, :-- 1—,	L-ec7 "! E.- -^i r.:-i

DIG primers

Check the digoxigenylation of custom-made DIG sequencing primers by comparing them to the DIG sequencing primers

	

c ^	 1

proNided by Bochringer Mannheirri,

10 fmols of 5'-DIG-labeled primer should be detectable in a spot assay after chemiluminescenci detection w rith 5 min

exposure time (usi.no the standard chemiluminescence detection protocol).
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Gel electrophoresis

As cach primer extension product is labeled wth only one DIG molecule. IL is necessary Lo load at least 3 PLI of each exten-

sion/ten-nination reaction onto the sequenciney gel. This resultS in sufficient signal intensav after chemiluminescent detection

times of 90-180 min.

For this reason. aIways use gel combs that alloNv the application of aL leaSL 3 pil. For the contact blot procedure. standard

combs, as we1] as shark LooLh combs, can be used. as one of the glass plates is Lreated ^^^th Bind-Silane and the other vmIi,

Repel-Silane before pouring the gel. For Lhe vacuum bloL method. ávays use a shark Loc,th comb aS Lhe gel wells produced

by standard combs tend Lo slip down \k ,hen both glass plaLCs are treated Mth Repel-Silane.

Menibrane

We recommend Lhe use of the Boehrin^ ,er Mannheim Nylon Membrane (roll of 0.3 x 3 m, Cat. No. 1417 240) when per-

forrning the contact blot or vacuum blot procedure from standard sequencing gels. The Boehringer Mannheim Nylon

Membrane shmvs enhanced signal intensity compared Lo other nylon membranes after exposure of sequence ladders from

the above-mentioned bIOLting procedures.

Cross-linkíng of transfei-red sequence ladder

As the format of the membrane might be larger than the format of commercially available crosslinkers, a standard Lransillu-

minator (for \ie^^ina Ethidium bromide-SLained cels) can be used as weIl. The fixation time is not criLical. as no h\ ,bridiza-

tion step is perforrned subsequently. Fix for at least 3 min. In case the membrane size is larger Lhan the transilluminator used,

fold the membrane back w^thout breaking it, and expose both halves of Lhe upper, gel-exposed membrane side Lo UV-lightel

subsequentl,v

Do not try Lo fix the sequence lacíder by baking the membrane in an oven for 30 min at +120'C (as recommended in the

standard DIG detection protocol for unlabeled DNA before hybridization). For labeled sequencin g products, this procedureel

leads Lo a drastic decrease in detection sensitnrity,

Biottingldetection

With the vacuum blot procedure, Lhe gel usually sticks Lo the nylon membrane. Do not try Lo remove it before performing

the -washing step for DIG detection. Do not forget Lo add 0.3% Tween' 20 Lo the washing buffer. This enables the gel Lo be

detaclied from the membrane and Lo be removed from the washing buffer.

Do not let the membrane(s) overlap during the detection steps as this causes limited access of the detection reagents Lo the

surface of the membrane and thus lower sensiti ,,ity of the signals obtained.

Chemiluminescent detection

Re-exposure of the sequence ladder to X-ray film several hours after performing the chemiluminescent detection steps

(e.g., the next moming) shortens the requircá exposure time by a factor of 2-3, compared to the exposure time required

immediately after the preincubation step, due Lo the kinetics of light emission of the chemiluminescent substrate.
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Appendix A Geníus K¡ts'Contents

Genius 1 DNA Labeling and Detection rit	
1093657

T~

1 one vial containing 20 jiI Unlabeled Control DNA 1 (100 pg/ml	used as a control target
mixture of pBR328 DNA di gested separately mth Eco RI, Bg1 1,	in a Southet—n blot
and Hid 1. The separate di gests are combined in a ratto of 2 ^3^3.

Sizes [in basepairs] of Lhe 16 pBR328 fragmenis are 4907, 2176.

1766,1230.1033,653,517,453.394,298,298,234.234,220,
154, 154) in 10 mM Tris-HCI. 1 rmM EDTA. pH 8.0

2 one v¡al containin- 20 pil Unlabeled Control DNA to ^practice labeling—and
pBR-328 DNA that has been linearizedwrith Eco RI)	to check labeling efficiency

3 one \¡al containinc, 1 mI DNA dilution buffer (50 pig/ml herringZD	 used to prepare dilutions of
sperm DNA, in 10 mM Tris-HCI. 1 mM EDTA, pH 8.01+25 OCI)	the Labeled Control DNA (or

experimenta¡ DNA)
4 one m1 containin- 50 pl Labeled Control DNA (dicoxicenin-	used to estimate the \¡eld ol`	1585 738

labeled pBR328 DNA Lhat has bcen random prirne labeled	DIG-labeled DNA

according to the SLandard labeling procedure: the total DNA

concentration in the vial is 20 ii^/nil, but onI N , 5 ¡,tg/rril of a is

DIG-labeled DNA.)

one srial containin- 50 pl Hexanucleotide mixture (10X)	contains hexamers and	1277081
(62.5 A26, units/m1 random hexanucleotides, 500 mM Tris-HCI,	reaction buffer for the
100 mm mgC1

2' 1 mM Dithioen-thritol [DTEI, 2 mg/ml BSA- labeling reaction
pH 7.2)

6 one kial containi	 ent of the labelino	1277065
(1 mM &kTP. 1 mM dCTP. 1 mM dGTE, 0.65 mNI dTTP,	reaction

0.35 mM alkali-labile DIG-clUTP pH 6.5)

7 one ^^al containino 25 W Klenow enzyme, labeling gradeel	 symthesizes DIG-labeled DNA 1008404
(2 units/ptl DNA Polymerase: 1 íKlenow enzyme, large fragmenti)

8 one vrial containing- 200 jil Anti-DIG-alkaline phosphatase «DIG>	binds to incor-porated	1093274
AP-Conjugate) (750 units/m1 polycIonal sheep" anti-digoxigenin	digoxigenin

Fab fragments, conjugated to alkaline phosphatase)

9 two ^ials,.cach containing 1.25 mI NBT (75 mg/ml nitroblue	precipitating substrate used	1383213
tetrazolium salt in 70%	dimethvlformamide) to locate alkaline phosphatase- (100 mg/mi

conjugated anti-DIG	dilute prior

to use)
10 two -irials, cach containing 0.9 mI X-phosphate solution (50 mg/ml	precipitating substrate used	1383221

5-bromo-4-chloro-3-indolyl phosphate, toluidirtium salt in	to locaLe alkaline phosphatase-
100% climethvIformarnide) - conjugated anti-DIG

11 two botties, each containing 50 - Blocking -reagent (Blocking	blocks nonspecific binding 1-096 176
reagent for nucleic acid hybridization-

.
 white powder)	of probes	(50 g)

G,,,,, Syt,, —U,,,,, Gid, 3	
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Genius 2 DNA Labeling Kit	
1175033

1 one m1 containing 20 P11 Unlabeled Control DNA 1 (100 Pig/MI	used as a control target

mLxture 
oí 

pBR328 DNA digested separatel y writh Eco RI, Bgl 1, and	in a Southern, blot

Huif 1, The separate digests are combined in a ratio oí 2:13. Sizes

[in basepairs1 
oí 

the 16 pBR328 fragments are 4907, 2176, 1766,

1230,1033,653,517,453,394,298,298.234,234,220,154,154)
in 10 inIv1 Tris-HCI, 1 m ,,1 EDTA^ pH 8.0

2 one m1 containing 20 pl Unlabeled Control DN	(200 pig/ml	used Lo practice labeling and

pBR328 DNA that has been linearized -writh Eco RI)	Lo check labeling efficiency

3 one \¡al containing 1 tril DNA dilution bulter (jO ptglml herring	used Lo prepare dilutions oí

sperm DNA, in 10 mM Tris-HCI, 1 mM EDTA-, pH 8.0 1+25'C1)	
the Labeled Control DNA (or

experimental DNA)

4 one Nial containing 5 pil Labeled Control DNA (digoxigenin-	
used Lo estimate the yrield oí

	
1535 738

labeled pBR328 DNA that has been random prime labeled	
DIG-labeled DNA

aceordin a to the standard labeling procedure^ the total DNA

concentration in the ^^al is 20 lig/ml. but onl\- 5 pg/ml 
oí 

it is

DIG-1abeled DNA.)

5 one ^ial contaming 80 ^il Hexanucleotide mixture (10X)	contains hexamers and	1277081

(62.5 A,60 units/nil random hexanucleotides, 
500 mM Tris-HCI,	reaction buffer for the

100 MM MgC1, 1 mM Dithioerythritol [DTEI, 2 mg/ml BSA; pH 7.2) labeling reaction

6 one v¡al containing 80 W dNTP lab ing mixture (10X) (1 mm	
component oí the labeling	1277065

1,kTP, 1 mM dCTP, 1 mM dGTP, 0.65 mM dTTP, 0.35 mM alkali-	
reaction

labile DIG-dUTP, pH 6.5)

7 one \^al containing 40 ^il Klenow enzym i, labeling gra ¡e	SVnthesizes DIG-Iabeled DNA 1008404

(2 units/pl DNA Polymerase 1 [Klenow enzy-me, large fragmentl)1	-

Genius 3 Nucieic Acid Detection Kit	
1175041

1 one \¡al contamina 50 pil Labeled Control DNA (digoxigenin-	used Lo estimate the yield 
oí 

1585 738

labeled pBR328 DNA that has been random prime labeled according	DIG-labeled DNA and used to

Lo the standard labeling procedure; the total DNA concentration in	practice detecting DIG-Iabeled

the \^al is 20 jig/ml, but orily 5 ^iglml oí it is DIG-labeled DNA.)	DNA

2 one ^ial containing 1 tril DNA dilution butier (50 lig/ml herring	used to prepa e dilutions oí the

sperm DNA, in 10 mM Tris-HCI, 1 mM EDTA; pH 8.01+25'C1)	Labeled Control DNA (or

experimental DNA)

3 one ^,ial containing 200 ptI Anti-DIG-alkaline phosphatase «DIG>	binds to incorporated	1093274

AP-Conjugate) (750 units/mI pol.ycIonal sheep anti-digoxigenin Fab	digoxigenin

fra,,ments, conj. ugated Lo alkaline phosphatase)	

d Lo 1383213
4 tA,o \ials. cach contamina 1 m1 NBT (75 mglmi nitroblue tetrazolium precipitating substrate use

salt in 70%	dimethylformarnide)	 locate alkaline phosphatase-	(100 mg/ml',

conjugated anti-DIG	dilute prior

Lo use)

5 two \¡als, each contamina 0.75 tril X-phosphate solution (50 mg/ml	precipitating substrate used Lo 1383221

5-broni^)-4-chloro-3-indoly ll phosphate, toluidinium-salt in 100%	locate alkaline phosphatase-

dimethylformarnide)	 conjugated anti-DIG	

1096 176
6 m-o botties, each containing 50 g Blocking reagent (Blocking reagent blocks nonspecific binding

for nLICIcie acid hybridi7ation- white powder)	 oí probes	(50 g)
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Genius 4 RNA . Labefing Vit

1 one \¡al containing 40 pil pSPT18 DNA (0.25 mg/ml)c

1175025

cloning/transcription vector-	909793

subclones are transcribed into

RNA probes by, T7 or SP6

^2 oie^^alcontainin-40^ilpSPT19DNA(0.25mg/ml)	

RNA polymerase

cloning/transcription vector,	909815

subclones are transcribed into

RNA probes by^ T7 or SP6

RNA polymerase

3 one ^ial containing 20 ¡.fl Control DNA 1, pSPT18-Nco	used to practice making RNA

(0.25 mg/ml pSPT18-Nco DNA, cleaved ^^^th Pvu 11)	probes with T7 RNA poly-merase^

results in DIG-labeled —anti-

sense" Neo transcripts 760

bases in length

4 one ^ial containin- 20 bil Control DNA 2, pSPT19-Nco	used to practice making RNAc

(0.25 mg/mi pSPT19-Neo DNA, cleaved ^^ith PvLi 11)	probes with SP6 RNA polym-

crase; results in DIG-labeled

antisense" Neo transcripts

760 bases in length

5 one -^ial containing 100 pl Labeled Control RNA (10 ¡la of	js--edto e-stimate Lhe yrield of 1585 746

di coxigenin-labeled —antisense' Neo RNA made writh T7 RNAe>	 DIG-labeled RNA and used for

polvmerase from 1 pig of Control DNA 1. Reaction products were	hybricliz ationMth Unlabeled

phenol extracted, ethanol precipitated, and resuspended in 100 pil of	Control RNA (-^dal 6)

DEPC-treated kvater. Template DNA is still present in the \¡al.)

6 one ^ial containing 20 41 Unlabeled Control RNA (200 ¡.tg/rnI	target RNA used to practice

unlabeled Neo polv(A) —sense" RNA, in DEPC-treated H,C. The Neo	RNA/RNA hvbridizations; when

poly(A) RNA is approximately 1 kb in length.) applied to a membrane, this

RNIA ,M11 hybridize with the

Labeled Control RNA (Vial 5)

7 one -,¡al containing:40 jil NTP labeling mixture (10X)	component of the labeling	1277073

(10 mM ATP, 10 mM CTP, 10 mM GTP, 6.5 mM UTP 3.5 mM	reaction

DIG-UTP: in Tris-HCI, PH 7.5 [+20OCI)

8 one ^nal containing 40 pil IOX transcription buffer (400 mM	component of the labeling

Tris-HCI, pH 8.0- 60 mM MgCl	 reaction1	2^ 
100 mM dithioerythritol (DTE1-1

20 mM spermidine) 100 mM NaCI, 1 unit/m1 RNase inhibitor)

9 one ^^al containing 20 pil DNase 1, RNase-free (10 units/lil)	degrades DNA template after 776 785

the labeling reaction

10 one m1 containing 20 pLI RNase inhibitor (20 units/jil)	prevents the dearadation of	799017el

RNA during the labeling

reaction

11 one -,,¡al containing 20 ¡.fl SP6 RNA Polymerase (20 units/j.11)	symthesizes RNA from a DNA 810266

template

12 one ^ial containina 20 pil T7 RNA Polymerase (20 units/pl)	synthesizes RNA from a DNA 881 767

template
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Genius 5 Oligonucleobde 3'-End Labeling Kit	 1362372

1 one vial containing 100 pil 5X reaction buffer (1 M potassium.	optimized buffer for terminal 1243 276

cacodylate*, 125 mM Tris-FICI, 1.25 mg/ml bovine serum albumin-,	transferase

PH 6.6 +25'C1)

2 one vial containing 100 P11 CoC12 solution (25 mM cobalt chIoride)
	cofactor required for optimal 1243306

terminal transferase acti-My

3 one ^^al containing 2 5 jil DIG-ddUTP (1 mM digoxigenin- 11 -ddUTP digoxigenin-labeled nucicotide 1363 905

[2',3'dideoxy-uridine-5'-triphosphate coupled to digoxigenin via an	used for the ad.dition 
oí 

a single

11 -atorri spacer arm]) in redistilled water	 residue on to the 3' end 
oí 

an

oligonucleotide

4 one -,rial containing 25 ptl terininal transferase (50 units/pil, ir¡ 200 mM catalyzes acidition oí
	

220582

potassium cacodvlate*, 1 mM EDT,,k, 200 mM KG, 0.2 mg/ml bos^ne nucleotides to the 3 , end	(sold

serum albumin, 50% [vA,1 glycerol-, pH 6.5 [+25'C1)	oí an oligonucleotide	separatelv

at 25 U/41)

5 one ^^al containing 25 jil Control Oligonucleotide, Unlabeled	used to practice labeling and

(30-mer, 5'-p TTG GGT AAC GCC AGG GTT TTC CC.A GTC ACG	to check labeling efficiencv

CH-Y, homologous to the lac Z'region in pUC and M13 plasmids),

20 pmol/ml, in redistilled water

6 one ,,rial containing 100 pil Control Oligonucleotide, DIG-ddUTP-	used to estimate the yield oí 1585 754

labeled (2.5 pmol/pil; Isequence as in vial 51 labeled with DIG-ddUTP DIG-labeled oligonucleotide

under standard kit assav reaction conditions) in redistilled water	and used as a probe for

Control DNA (Vial 7)

7 one vial containing 20 pil Control DNA (0.25 mg/ml pUC18 DNA	used as a hybridization target 885 797

[supercoiled], in 10 mM Tris-HCI, 1 mM EDTA; pH 7.6 [+25'C1)	for the Control Oligonucleotides

(Vial 5 or 6)

8 one vial containing 50 ^il glycogen solution (20 mg/ml glycogen	used as a camer to 
1increase	901393

solution) in redistilled water	 the recovery 
oí 

oligonucleotide

after the labeling reaction

9 one ^^al containing 1 nil DNA dilution buffer (50 jig/ml herring	used to prepare dilutions 
oí 

the

sperm, DNA, in 10 mM Tris-HCI, 1 mM EDTA; pH 8.0 [+25'C]	DIG-ddUTP-labeled Control

Oligonucleotide (or experimental

oligonucleotide)

*Potassium cacodylate is toxic. Wear gloves Men handling. Discard as regulated for toxic waste.
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Genius 6 Oligonucleofide Taffing Kit	 1417231

1 one \¡al contaún- 100 jal 5X reaction buffer (1 M potassium d buffer for terminal 1243276optimi-e

cacody-1-,ite^, 125 m\1 Tris-HCI, 1.25 nig/ml bo-,ine serum albumini	transferase

pH 6.6 [+25'C1)

2 one vial containing 100 ttl CoCI solution (25 mNI cobalt chiciride)	cofactor required for optimal 1-2433062

terminal transferase activitv

3 one \ul containinci 25 pl DIG-dUTP solution (1 mM digoxigenin-1 1- digoxigenin--lab 'c	 eled nucleotide 1093088
clUTP [2'-cleo,\y--uridine-5'-LriphosphaLe, coupled to digoxigenin	used for the addition of

\¡a an 11 -atom space r arm]. alkali stable) in redistilled ,vater	multiple residues to the Yend

of an oligonucleotide

4 one ^ial containin- 25 píl dATP solution (10 mM dATP solution; in	uniabeled nueleotide used to 103 977
Tris buffer, pH 7.5: solution of the crysLallized disodiLIM salt)	facilitate the adclition of multiple

DIG-clUTP residucs to the Y end

of an oligonucleotide

5 one \iql containing 25 ^il terminal transferase (50 unas/pil. in	enzyme used to catalyze	220582
200 mNI potassium cicody-IaLe l^^. 1 mNI EDTA. -2 00 mNI KG,	acídition of nucleotides to the (sold

0.2 rrig/nil bovine serum albumin, 50% [vNI -1\7cerol pH 6.5	Yencí of an oligo separately
1+250CI)	

at 25 U/jii)_
6 one \¡al conLainin- 25 41 --ontrol Oligontícleotide, Unlabeled	used to practice labeling and

(30-mer. 5'-p TTG GGT AAC GCC AGG GTT TTC CCA GTC ACiS	used to check labeling efficiency

OH-3', homologous to the lac Z' regioi i in pUC and M 13 plasmids),

20 pmol/mI, in redisLilled water

1 one -\¡al containin- 100 pil Control Oligonucleotide, DIG-	used to estimate the yrield of

dUTP/dATP-tailed (2.5 pmol/pl-, [sequence as in \¡al 61 tailed	DIG-labeled oligonucleotide

kvith DIG-clUTP/cLATP under standard kit assay reaction conditions)

in redistilled water

8 one \¡al containin- 20 pl Control DNA (0.25 mg/ml pUC18 DNA	used as a hybriclization target 885 797

[supercoiled], in 1 0 iniv1 Tris-HCI, 1 mMi EDTA, pH 7.6 [+25'C1)	for the Control Oligonucteotides

(^^al 6 or 7)

9 one m1 contamino 50 pl glycogen solution (20 mg/ml glycogen	used as a carrier to increase the 901 393ZD

solution) in redistilled water	 recovery of oligonucleotide after

the labeling reaction

10 one m1 contamina 1 mi DNA dilution buffer (50 pig/ml herring	used to prepare dilutions of the

sperm DNA, in 10 mM Tris-HCI, 1 mM EDTA; pH 8.0 [+25'C1)	DIG-clUTP/OJP-tailed Control

Oligonucleotide (or experi-

mental oligonucleotide)

11 one \,^al contamina 1 rril poly(A) (10 mWml in H 0)	prevents nonspecific	108626n	 2

This amount of poly(A) is sufficient for the preparation of 100 mI	hvbridization

hybricliZaLion solution and shoulcl be used for hvbridization

with ihe Control Oli gonucleonde as xcli, in ,,vi—tich case polv(dA)

is not necessan^

*Potassium cacodylate is toxic. Wear gloves when handling. Discard as regulated for toxic waste.
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Genius 7 Luminescent Detection Kit

	 1363514

1 one -,¡al containing 50 pil Labeled Control DNA 
(digoxigenin-	used lo estimate the yrield oí	1585 738

labeled pBR328 DNA that has been random prime labeled according
	DIG-labeled DNA and used lo

lo the standard labeling procedure-, ,he total 
DNA concentration in	practice detecting DIG-labeled

the vial is 20 pig/ml, but only' 5 pig/ml oí it is DIG-labeled DNA.)	DNA

--j—	
ilution buffer 50 ptg/mI hemng	

used lo prepare dilutions oí the
2 nevial contaming 1 m1 DNA

sperm DNA, in 10 mM Tns-HCI, 1 mM 
EDT,-k-, pH 8.0 J+25'C1)	Labeled Control DNA (or

experimental DNA)

3 one vial containing 100 pil Anti-DIG-alkaline phosphatase
	binds lo incorporated	1093274

«DIG>AP-Conjugate) (750 units/m1 polvcIonal sheep anti-
	diacixigenin

digoxigenin Fab fragments, conjugated lo alkaline pliospliatase)

—4 two bottles, cach containing 50 g Blockina
 reagent ^Blocking reagent blocks nonspecific binclin g	1096 176

(50 g)
for nucleic acid hy-bridization- white powder)	

oí probes

	

l̂L ^'n PP^Dlo m^g/ml-, 2^3.5mMl	chemiluminescent subsirate
5 onevia contaming m urruge

í4-methoxy-4-(3-phosphatepheny,I)~spiro-(1 2-dioxctane-3,2'-	
used lo locate alkaline plios-

adamantane) disodium salti)	
pliatase-conjugated anti-DIG

1480863
Genius 8 Oligonudeotide 5 1-End Labeling Set	 - --

1 -- 

one vial contaming 100 ^LI IN-Trifluoroacetamido-(3-oxa)-pentyl-
	reacts with oligonucleotide in

	

N,N-diisopropyl-methyll-phosphoramidite (aminolinker) *	the final synthesis step

according lo the solid-pliase

pliospliciramidite method

2 ¡ve vials, cach containing 1 nig Digoxigenin-3-O-methylcarbonyl-F
	used lo introduce DIG moiety 1333 054

aminocaproic acid-N-hydroxv-succini mide ester (DIG-NHS-ester)* . lo the 
5 end

The aminolinker reacts viotentty with water. and ir is iffitating lo eyes, respiratory system, and skin.	-

t DIG-NHS ester is very toxic by inhalation, in contact wM skin, or swalimed. Do not breaüi dust.
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Genius Nonradioactive DNA Sequencing Kit	 1449443

1 one ^ial containin- 40 ^il Control DNA. double-stranded template	template for control

plasmid DNA. pUC18 DNA Nvith 40 bil pUC18 DNA, 0.25 pig/ptl	 sequencing reaction

in Tris-ElDTA buffer (TE buffer)^ pH 8

2 one m1 containin- 25 111 Control DNA, single-stranded template DNA,	template for contro;

M13mpl8 DNA with 25 pLI M13mpl8 ssDNA, 0.2 ^ig/ptl in	 sequencing reaction

TE buffer pH 8

3 one Nrial containing 110 111 M 13/pUC sequencing primer, 17-mer sequencing	primer for sequencing

primer ^^.ith the 5-end labeled with digoxigenin 110 ^il M 13/pUC	 reaction

—
di.coxigenin-labeled, 1 pmol/pil in water.

4 one ^^al containina 110 pil MH/pUC reverse sequencing primer 17-mer	primer for sequencing

,with ' the 5'-end labeled writh digoxigenin reverse sequencing primer \&rith	reaction

110 pil M 13/pUC digoxigenin-labeled, 1 pmol/pl in water.el
5 one m1 containing 250 pil Reaction buffer	 buffer for the hvbndization

and chain elongation

reaction

6 one vial containina 110 J11 Taq DNA Polymerase DNA poly-merase for the chain	component of the

elongation reaction ^kith 110 pil Taq DNA Polymerase, 3 units/pil.	 sequencing reaction

7 one ,,,ini contaming 220 W Extension/termination mixture ddATP (with dGTP, green), nucleotide mix for

mixture containing dATP, dCTP, dGTP, dTTP, and ddATP for termination reaction.	standard templates

8 one ^^al contaming 220 bil Extension/termination mixture ddCTP (with dGTP, green), nucleotide mix for

mixture containing dATP, dCTP, dGTP, dTTP, and dcÍCTP for termination reaction.	standard templates

9 one ^ial containino 220 píl Extension/termination mixture ddGTP (with dGTP, green), nucleotide mix for

mixture containing cL,\TP. dCTP, dGTP, dTTP, and ddGTP for termination reaction. standard templates

10 onevial containing 220 pil Extension/termination mixture ddTTP (Y,,ith dGTP, green), nucleotide mix for

mLxture containing dATE dCTP, dGTP dTTP, and ddTTP for termination reaction.	standard templates

11 one ^ial containing 220 pil Extension/termination mixture ddATP (with 7-Deaza-	nucleotide mix for

dGTP pink). mLxture containing dATP, dCTP, 7-Deaza-dGTP dTTP, and ddATP for	GC-nch templates

tennination reaction

12 one \rial containing 220 ^il Extension/termination mixture ddCTP (with 7-Deaza-	nueleotide mix for

dGTP pink), mixture contamíng dATP, dCTP, 7-Deaza-dGTP, dTTP, and ddCTP for	GC-rich templates

tennination reaction.

13 one ^,dal containing 220 pil Extension/termination mixture ddGTP (with 7-Deaza-	nucleotide mix for

dGTP, pink), mixture contaming dATP, dCTP, 7-Deaza-dGTP, dTTP, and cídGTP for	GC-rich templates

termination reaction.

13 onevial containin- 220 pLI Extension/termination mixture ddTTP (-,vith 7-Deaza-	nucleotide mix for

dGTP, pink), mixture contamíng dATP, dCTP, 7-Deaza-dGTP, dTTP, and ddTTP for	GC-nch templates

termination reaction.

13 one ^,^al containing 1 m1 Formamide buffer solution	 stops the reaction
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Appendix B Prep'aration of AddítíonaIIy Requíred Solutíons

and Buffers

H H p01^ ,, iS,^^,,tnerr, Biottirc, ar-

ani Butíen-

DNA dilution buffer

10 mivl Tris-HC1

1 mM EDTA,, plí 8.0

50 ^ig/ml herring sperm DNA

Depurination solution

0.25 M HC1

Denaturation solution 1

(for Southet—n transfer and plaque hy,bridization):

0.5 N NaOH 1.5 M NaCI

Denaturation solution 2

(for colony , hybriclization)i

0,5 N NaOH 1.5 M NaCI 0,1% SDS

Neutralization solution 1

(lor Southern transfer):

0 . 5 M Tris-HCI, pH 7.5

3 M NaCI

Neutralization solution 2

(for colony , and plaque h\,bridization):

1.0 M Tris-HCI, pH 7.5

1.5 M NaCI

20X SSC stock solution

3 M NaCI

0.3 M sodium citrate

PH 7.0 (+200C), autoclaved

N-laurovIsarcosine stock solution

10% (w/v) in H20

filtered through a 0.2-0.45 pim membrane

SDS stock solution

20% (w/v) in H20

filtered through a 0.2-0.45 ^im membrane

Blocking reagent stock solution (5X)

Block-ing Reagera is dissolvec, in buifer 1 to a final con-

centration of 10% (-,v/,,7) writh shaking and heating. See

Detection section for deLailed instructions.

Standard hybridization buffer

5x ssC

0.1 % N-laurovIsarcosine

0.02% SDS

1% Block-ing Reagent (from the 10% Blockin- Reagentu,

stock solution)

Standard hybridization buffer + 50% formamide

-Sx SSC

50% fot-mamide, deionized

0. 1 % sodium-lauroy,lsarcosine

0.02% SDS

2% Blocking Reagent.

High SDS concentration hybridization buffer

7% SDS

50% formamide, ceionized*

5X SSC

2% Blocking Reagent

50 mM sodium-phosphate, pH 7.0

0.1% N-lauroyIsarcosine

For preparation of 500 mI of high SDS hyb buffers from

stock solutions, combine the substances in the follo\\inÍ

order:

100% fonnarnide, deionized*	250 mI

30x SSC	
83 mI

1 M sodiurn-phosphate, plí 7.0	25 mI

10% blocking solution	100 MI

10% N-lauroyIsarcosine	 5 mI

Pour the solution into an Erlenmeyer Rask contamino 35

g SIDS (attention: wear respiraton y protection). Heat the

solution while stirring to dissolve the SDS. then fill up to

0500 m1 ,kúh autoclaved H 2 
0. The solution can be stored

at 20'C and reused after heating to +65'C.

Probe stripping solution

(for alkali-labile dUTP)

0.1-0.5 N NaOH

0.1% SDS
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carbonate buffer

60 mM Na2co3

40 mM NaHCO 3'pH 10.2

RNA dilution buffer

Mix H2O, 20X SSC, and formaldehyde in the ratio of
5:12 respectively The H 

2 0 and 20X SSC shouId have

been treated with die t hylpyrocarbonate to destroy RNase

acti^,ity

RNA loading buffer

Make up a fresh solution.

250 41 formamide, deionized*

83 pil formaldehyde 37 % (w/v)

50 pil lOx MOPS buffer

0.01% (-,vA-) ^romophenol blue

50 pil glycerol

Fill up to 500 pil with DEPC-treated H20.

lox MOPS

200 mM Mor-pholinopropansulfonic acid

50 mM sodium acetate

10 mM EDTA

pH TO: Make up in sterile H
20 or autoclave.

After autocla ,,ring, the solution MII tum yellow

Standard hybridization buffer + formamide

Recommended for RNA probes.

50% for-mamide, deionized*

5X SSC

2% Blocking Reagent

0. 1 % (mA7) N-lauroyIsarcosine

0.02% (w/v) SDS

High SDS hyb Solution

Recommended, for DNA probes.

Transcription buffer, IOX

400 mM Tns-HCI, plí 8,0

60 mM MgC12

100 mM dithiothreitol (DTT)

20 mM spermidine

100 mM NaCI

1 unit/mi RNase inhibitor

This buffer is stable for 1 year when stored at —20'C.

Mactic acid buffer (Buffer 1)

0.1 M Malcic acid

0.15 M NaCI

pH 7.5 (+20'C)

Adjust pH with concentrated or solid NaOH-, autoclave.

Washing buffer (Buffer 1 + Tween' 20)

Add 0.3% (w/,,,) Tween 20 to Buffer 1.

Do not autoclave Buffer 1 containing Tween 20.

Malcic acid is available from Serva (Cat. No. 28337) and

Sigma (Cat. No. MD375).

Blocking Reagent stock solution

Blocking Reagent is dissolved in buffer 1 to a final con-

centration of 10% (w/v) with stirring and heating either

on a stir plate or in a microwave oven, The Blocking

Reagent must be heated while it dissolves in the maleic

acid buffer. Boiling will cause the reagent to coagulate, so

care should be taken to AVOID BOILING during this

step. This w^11 be a turbid solution.

lA.Add 10 g Blocking Reagent to 100 rril Buffer 1. Place

on stir plate and heat to 60'C for approximately 1

hour or until completely in solution. lf necessary the

temperature may be raised to get the last of the

blocking reagent into solution.

or

IB. Dissolve 10 g Blocking Reagent in 100 rril buffer

with several 30 sec heat pulses in the microwave (3

to 4 min total). Note: lf Blocking Reagent doesn't go

into solution, check pH of solution, adjust if neces-

sary and reapply to heat.

2. If necessary, treat with 0. 1 % DEPC (diethylpyrocar-

bonaté) to destroy RNases.

F'robe stripping solution

60% for-mamide

50 mM Tris-HCI, pH 8.0

1%	SDS.

or

DEPC H,0

o. i % si^s (wm
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3. Auioclave the solution using a regular program, such

as that used for the sterilÉzation of cell culture medium.	20X SSC

Note: Blocking reagent must be completely , in solution	3 M NaCI

before autoclzing.	 300 mM sodium citrate, plí 7.0

4.Store autoclaved solution at room temperature

(unopened), +4'C or 20'C.

5.Check before cach use for contamination.

Blocking buffer

Diluie 5X stock \hith Maleic acid buffer

Detection buffer (Buffer 3)

100 mM Tns-HCI, pH 9.5 (+20'C)

100 mM NaCI

50 MM MgC12

Prepare Detection buffer from sterile stock solutions to

avoid MgC1
2 precipitation, and filter.

Note en Detection buffer: a^just the plí to 9.5 pnor to

addition of MgC1 2 othen,^,̂ se Mg(OH)
2
 Nhrill precipitate.

Do not autoclave solutions of MgC1
2' MgC12 

may be

omitted if reprobing RNA blots.

TE buffer

100 mM Tris-HCI

1 mM EDTA

pH 8,0 (+20'C)

Color substrate solution (fresh1y prepared)

45 pil NBT solution and 35 ^il X-Phosphate solution are

added to 10 m1 buffer 3.

Lumigen` PPD solution

Dilute stock solution of Lumigen PPD (sold premixed at

10 mg/ml) 1: 100 in buffer 3.

Lurn¡-Phos' 530

Solution is ready to use.

EDTA solution

50 mM EDTA, pH 8.0

NVashing solution 2X

2X SSC

0.1% SDS

Washing solution 0.5X

0.5X SSC

0.1% SDS

Washing solution OAX

0. Ix SSC

0.1% SDS

N-lauroyisarcosine

10% (w/v) in sterile 1-1,0

filtered through a 0.2-^.45 jim membrane

SDS

20% (w1v) in sterile H20

filtered through a 0.2-0.45 pim membrane

EDTA solution

50 mM EDTA; pH 8

Formamide

Deionization of formamide

50 g ion exchange: AG 501-X8 Resin (Biorad)

500 m1 formamide

Stir 30 min slow1y on a stirrer, then remove resin by fil-

tration and store the deionized fonnamide at 20'C.

Tris Buffers

B uffe r 1

100 mM Tris

150 mM NaCI, plí 7.5.

Buffer 2

Buffer 1 with 2% w/v Blocking Reagent
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Appendix C Geniu-s System Product Lístíng

Geniu? Nonradioactive Nudisic Acid Labefing and Detection System

Kits

Genius 1, ONA Labeling and Detection	1093 657 25 labeling reactions

and 50 biots

(10 cm x 10 cm)

Genius 2, DNA Labeling	1175033	40 reactions

Genius 3, Nucicic Acid Detection	1175041	40 blots

(10 cm x 10 cm)

Genius 4, RNA Labeling	1175025	2 x 10 reactions

Genius 5, Oligonucleotide	1362372	25 reactions

3'-End Labeling

Genius 6, Oligonucleotide Tailing	1417231	25 reactions

Genius 7, Luminescent Detection	1363514	50 biots

(10 cm x 10 cm)

Genius 8, Oligonucleotide 5'-End	1480863	1 set

Labeling Set

PCR DIG Probe Synthesis Kit	1636090	25 reactions

Labelíne Reaeents

Digoxigenin-1 1 -dUTP, alkali-stable	1093088	25 nmol (25 gi)

(1 mM solution)	 1558706	125 nmol (125 pil)

Digoxigenín-1 1 -dUTP, alkali-labile	1573152	25 nmol (25 pLI)

(1 mM solution)	 1573179	125 nmol (125 W)

Digoxigenin-11-UTP	1209256	250 nmoles

(10 mM solution)	 (25 jul)

Digoxigenin-11-ddUTP	1363905	25 nmoles

(1 mM solution)	 (25pil)

Digoxigenin-16-dATP	1558714	2.5 nmol (25 pil)

Digoxigenin DNA Labeling Mixture	1277065	50 pil

Digoxigenin RNA Labeling Mixture	1277073	40 pLI

Digoxigenin-NHS-Ester	1333054	5 rrig

Hexanucleotide Mixture (10X)	1277081	100 PLI

High Prime Digoxigenin	1585606	160 jul

ONA Labeling Mix	 (40 reactions)

High Prime Biotin DNA	1585592	100111

Labeling Mix	 (25 reactions)

High Prime Fluorescein DNA	1585622	100111

Labeling Mix	 (25 reactions)

Taq DNA polymerase	5 UIW	1146165	100 u

(free 1 OX PCR	 1146173	500 U

buffer inciuded)	 1418432	4 x 250 U

1596594	2500 U

1435094	Buik

1 Uw1	1647679	250 U

1647687	4 x 250 U

Nudeic Acíd Detectíon and Hybridizatíon Reagents

Asía

Anti-digoxigenin-alkaline	1093274	150 u

phosphatase conjugate

Anti-digoxigenin-0-gatactosidase,	1634020	150 U
Fab fragments

Anti-digoxigenin-fluorescein conjugate	1207741	200 pg

Anti-digoxigenin-AIVICA conjugate	1533878	200 jag

Anti-digoxigenin-peroxidase conjugate	1207733	150 U

Anti-digoxigenin-POD (poly), Fab fragments	1633716	50 u

Anti-digoxigenin-rhodamine conjugate	1207750	200 pg

Anti-digoxigenin-unconjugated	1214667	1 rrig

(Fab fragment)

Anti-digoxigenin-unconjugated	1333062	100 jig

(whole antibody, monocional)

Anti-digoxigenin-unconjugated	1333089	200 pig

(whole antibody, sheep polydonal)

Anti-DIG-gold	 1450590	120 pg (1 mi)

Blocking Reagent for	 1096176	50 g

Nucleic Acid Hytiridization

DIG Easy NO	 1603558	500 MI

Genius Wash and Block Buffer Set 1585762 1 set (at least

30 blots',

100 cm^

Lumi-Phos* SM	 1413155	40 mi

1275470	100 mi

1413163	200 mi

Lumi-Pihos0 Plus	 1581 082	50 mi

1581 104	100 mi

Lumigen* PPD	 1357328	1 mi

(1 OOX conc.)

Muffi-Color ONA Detection Set	1465341	1 set

(3 x 50 tablets)

Nylon membranes, positívely charged	1209299	20 sheets

10 x 15 cm

1209272	10 sheets

20 x 30 cm

1417240	1 rol¡

(3 x 0.3 m)

Silver Enhancement Reagents	1465350 30 mi developer

and 30 mi

enhancer

DIG-Labeled Controls

DIG-labeled contra¡ DNA	1585738 250 ng (50 pil)

0115-labeled control RNA	1585746	5 pg (50 pi)

DIG-labeled control oligonucleotide	1585754 125 pmol (50 pil)
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DIG Labeled Molecular Weíght Markers

DNA Molecular Weight Marker li,	 1218590	5 pig
digoxigenin-labeled

DNA Molecular Weight Marker 111,	 1218603	5 jig
digoxigenin-labeled

DNA Molecular Weight Marker VI,	 1218611	5 pig
digoxigenin-labeled

ONA Molecular Weight Marker Vifi,	1449451	5 i.Lg
digoxigenin-fabeted

DNA Molecular Weight Marker XI,	 1465422	2 pLg (200 pil)
digoxigenin-labeled

RNA Molecular Weight Marker 1,	 1526529	4 itg (200 ¡.11)
digoxigenin-labeled

RNA Molecular Weight Marker 11,	 1526537	2 pig (200 pil)
digoxigenin-labeled

RNA Molecular Weight Marker lli,	 1373099	2 jig (200
digoxigenin-labeled

Noriradioactive Sequencing

Genius Nonradioactive ONA Sequencing Kit	1449443	1 kr!
(100 reactons)

SP6 promoter-specific primer, S' DIG-labeled 1573195	100 Pmol

T3 promoter-specific primer, 5' DIG-Iabeled	1573195	100	1

T7 promoter-specific primer, T DIG-labeled	1573217	100 Pmol

kgtll sequencing primer, Y DIG-Iabeled	1573225	100 Pmol

kgt11 reverse sequencing primer,	 1573233	100 Pmol
T DIG-1abeled

Addítíonal Genius System Reagents

Genius Gel Shift Kit	 1635352	20 labeling
reactons and
200 gel shift

reactions

Magneft Particie Separator	 1641 794	1 Separator

Anti-DIG Magnetic Particies	 1641 751	20 rng (2 mi)
1641 760 100 rng (10 mi)

DNA Probes Specifícfor Human Chromosomes
Tí

Y-specific, DIG-labeled	 1558196	1 pLg (50 pLI)

1-specific, DIG-labeled	 1558765	1 pig (50 111)

Specific for al¡ Human	 1558757	1 jig (50 pLI)
Chromosomes, DIG-Iabeled

17-specific, DIG-Iabeled	 1666452	1 i.,g

2-specific, DIG-Iabeled	 1666479	1 Pig

8-specific, DIG-Iabeled	 1666487	1 PLg

14+22-specific, DIG-labeled	 1666495	1 4g

18-specific, DIG-Iabeled	 1666509	1 Pig

20-specific, 0111-labeled	 1666517	1 ¡Ig

X-specific, DIG-tabeled	 1666525	1 ¡19

X-specific, fluorescein	 1666444	1 lig

17-specific, fluorescein-labeled	 1666371	1 i'g

2-specific, fluorescein-labeled	 1666380	1 Pig

8-specific, fluorescein-labeled	 1666398	1 Pig

14+22-specific, fluorescein-labeled	1666401	1 lig

18-specific, fluorescein-labeled	 1666428	1 lig

20-specific, fluorescein-labeled	 1666436	1 PLg

X-specific, fluo~in-labeled	 1666444	1 PLg

2-specific, fluorescein-labeled	 1666380	1 PLg

8-specific, fluorescein-labeled	 1666398	1 PLg

14+22-specific, flucrescein-labeled	1666401	1 PLg

117-specific, fluorescein-labeled	 1666371	1 Ptg

18-specific, fluorescein-labeled	 1666428	1 Pig

20-specific, fluorescein-labeled	 1666436	1 PLg

X-specific, digoxigenin-labeled	 1666525	1 PLg

2-specific, digoxigenin-labeled	 1666479	1 4g

8-specific, digoxigenin-labeled	 1666487	1 n
14+22-specific, digoxigenin-laboled	1666495	1 i.,g

17-specific, dígoxigenin-laboled	 1666452	1 Pig

18-specific, digoxigenin-labeled	 1666509	1 PLg

20-specific, digoxigenin-labeled	 1666517	1 PLg
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Appendix D Trouble-Shooting Guide

Trouble Shoót¡ng and General Hints on Good Laboratory Practice for DIG Labeling and Detedon

Here we describe trouble shooting and general suggestions for goc,d laboratory practice with the Genius System.

Work under sterile conditions

• Autoclave Genius System solutions.

• Filter-sterilize solutions containing SDS-, Tween' 20 should be added to previously sterilized solutions.

• Use sterile pipette tips.

• For preparation of solutions, see Appendix B.

Use clean incubation trays

• Rigorously clean and rinse laboratory trays before each use.

• When Northem Blots are performed, use sterile glass trays for all washing and detection steps.

Membrane handlíng requirements

• Wear powder-free gloves when handling membranes.

• Handle membrane only on the edges and with clean forceps.

Below, handling is described for all important steps, and the influence on sensitivity and	Influence on

background.v,rith the Genius System is indicated.	 back-^ sensi-

ground 1 tivity

Labenro

1. 1. Incorporation of Dígoxigenín-1 1 -dUTP During PCR

Amplified vector sequences can lead to nonspecific hybridization signals. Be sure to exclude vector

sequences from the labeling reaction: digest the vector with a restriction enzyme such that its recog-

nition site is as close as possible to the primer-binding sites.

1.2. Random primed labeling

Most important step: denaturing the probe. Be sure to denature the probe; boil for 10 min at 100'C

(use a waterbath with. lid), and place it úntnediately on ice. Cooling can be speeded up by using ice/

ethanol (-70C).

Do not label vector sequences. Use only fragments ^510 kb; digest longer probes with a 4 bp cutting

restriction enzytne. The smallest fragment tested so far in random primed labeling was 52 bp; the

sensitivity of the reaction dropped to 1.0 pg.

Templates should be purified with phenol chIoroform extractions prior to labehng. If a probe does not	+

reveal a reasonable sensitivity in the direct detection assay, repurify via Elu-Tip l núnicolumns

(Schleicher & Schuell). This is especially necessary after fragment isolation from agarose. DNA

fragments can be direct1y labeled after agarase treatment without further purification. After isolation

writh QIAEXII Gel Extraction Kit (Q1AGENI), labeling can also be performed without problems.

The labeling reaction can be upscaled. This results in a higher yield of probe. A higher efficiency can	+

also be obtained by overnight incubation.

Proteinase K treatment of the completed labeling reaction can enhance the sensitivity and reduce	+	+

background: see page 41.

Recent experiments have shown that it is not absolutely necessary to separate the unincorporated

DIG- 11 -dUTP nucleotides from the labeled probes.

OIAEXI js a trademark of OIAGEN.
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Influence on

back- 1 sensi-

ground 1 tivity
i

11.3. Y-End labelingltailing

1 Make sure that the oliaonucleotide concentration has been determined correct1y \Ve calculate
i	 n

1 OD,	 sequence can
26L) ^ 

33 pig oligonueleotide. The concentration of short oligonueleotides of known

1 also be determined using A
i	 26,' 

However, the base composition of Lhe oligonucleotide can have signifi-

1 cant effects on absorbance. The total absorbance is the sum of Lhe incímclual contributions of each base.

When Lipscaling the labeling reaction, all components have Lo be increased proportionally Increasing

orily the oligonueleotide concentration results in insufficient labeling.

Sometimes it is difficult Lo precipitate short, labeled oligonucleotides quantitatively Make sure that all

solutions (LiCI, Glycogen dilution, ice-cold ethanol) are mixed thorough1y with the reaction mix.ZD

Instead of the Glycogen dilution, 1 pil of concentrated Glycogen can be used.

1.4. RNA labeling by in vitro transcriptíon

Use sterile disposable plastic ware and sterile DEPC-Lreated solutions.

Linearize template DNA for in vitro transcríption Lo reccive a vector-free probe and better labelina

efficieney

Be sure Lo use the correct strand for RNA transcription if RNA on a Northem Blot is hybridized.

Transcripts can also be analyzed on nondenaturating agarose gels using TAE buffer.el

For all labeling reactions it is extremely important that you check the labeling efficiencY in a

direct detection assay prior to hybridization.

2. Biottinc

Various methods are available for the transfer of nuclelc acids from agarose gels Lo membranes. Most

commonly used methods in order Lo achieve high sensitivity: capillary blot > vacuum blot > dry blot

2. 1. Pretreatment of DNA in the agarose gel ptior to transfer

Depending on the size and structure of the DNA, pretreatment of the gel may be necessary for optimal

transfer.

DNA fragments larger than 10 kb and supercoiled plasmids have Lo be fragmented inside the gel after

electrophoresis. This can either be achieved by treating the gel with 0.25 M HCI for 5-20 min (start

with 5-10 min for marnmalian DNA; this can be prolonged Up Lo 20 min, especially for plant DNA) or

by U-V-irradiation on a transilluminator. The latter has the advantage that orily those parts of the gel

containing long fragments can be exposed Lo U-V light so that smaller fragmenis remain unaffected.

Note: For every transilluminator, irradiation conditions have to be deríned empirically in a test	+

séries. With HCI treatment, be sure not to over degrade small fragments, causing them to be lost

during transfer.

For the transfer of Mb-size fragments and supercoiled plasmids, a combination of both methocIs may be

necessan^ Conditions also have Lo be definecl empirically

2.2. Denaturation

Unless alkaline transfer is performed, double-stranded DNA has Lo be denatured in the gel prior Lo

transfer. This can cither be accomplished with 1 M KOH (gels orily) or with 0. 5 M Na0H. 1. 5 M NaCI

(for ^,els and membranes- e.- . , Colony and plaque hvbridization).

Subsequent neutralization can be enhanced by briefly washing the gel in distilled water after alkaline

treatment.
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Influence on

back- sensi-

ground tivity
,2.3. Neutt~aliZatioii

Especial1v when transfer to nitroce llulose membranes is intended, ¡t is important to check ihe actual pH
oi the ,el aiter nCUtraliZation lt should be belo\v pH 9 mylon membranes will tolerate a higher pH)

OffiCnVISC, menibranes will tum vellow and break durina h\-briclization. To check the pH ofthe gel, lift

one edge of the gel \\-here no DNA has been loaded, press a pH stick omo it, and read the pH.

2.4. Setting up a capillary transfer

Nylon menibranes need no pretre qiment. Nitrocellulose membranes have to be pre-wetted in distilled

:water and 20X SSC pnor 
tú 

transfer, \Ve strongl \- recommend the use of the Boeliringer Mannheirri

NY-lon Membranes. which are especially designed and function tested for Genius System blotting

applications. Membranes have to he handled extremely carefully Pick up membranes orily wth

forceps at the corners: wear po\vder-free gloves, be careful noi to leave any fingerprints.

1t i_s important io rernove air bubbles bet\veen the gel and the membrane. This can be achieved by

rolling a clean pipette gen[I \- across the membrane.

Place Pirafilm_ around the gel to avoid contaci of- the bIOLLing paper ,̂ k,̂ th ihe Whatman paper and the	+
transfer buffer underneath the gel,

;: Use 20X SSC for the transfer, 1 OX SSC can oniv be applied if very large DNA fragments are transferred.	+
Capillary blots should be performed overnight.

,Make sure that the transfer buffer is soaked cíniv through the gel and not around the gel. Place the paper	+	i
tO\Vels so that no contact between Whatman paper underneath the gel or transfer buffer is possible.

Replace ihe blotting paper when it becomes wet.

¡The \veight applied shoulcí be in accordance \vith the gel size. We suggest 500 g for mini gels and a	+
maxinium of 12 50 - (20 x 20 cm gels),

After UV fixation. carefully ^,^-ash Lhe membrane cluckly in 2X SSC to avoid sali precipitates.	+

Siain the gel mth ethidium bromide to evaluate the efficiency of the transfer.	 +	i

^2.5. Fixatíon

i The DNA has to be fixed to the membrahe prior to h ,,Ibridization. This can be achieved either by1	 +
i U\"-ci-osslinkino ( ,,vith a Stratalinker- or transilluminator) or by baking.
1	

t,

For most membranes, baking at +80'C for 2 h is sufficient. The Bochringer Mannheim positively	+
^char-ed Nylon Membrane can be baked at +120OC, but for no more Lhan 30 min. In general,

UV-crosslinking \vill probably be more convenient.i	C

;'Especially if chernilUrninescent detection is to be performed, ¡t is important to UV-crosslink the

i membrane from both sides. This reduces the background coming from the opposite side of the	+

membrane. When light is emitted during the detection, signals from both sides of the membrane wrill

i rcach the X-rav film.

Special hints for Northern Blots: pre-soak gels in sterile transfer buffer for 20 min prior to	+
transfer. All types of RNA gel systems are compatible with the Genius System.

Efflidium bromide staining ol'RNA gels does not interfere with transfer. Autoclave the transfer buffer.	+

When handimo the mcmbrane, a muSi be taken into aecount that RNases can degrade single-sLranded

R\A bound lo q niembrane.

Stratafinker is a registered trademark of Stratagene
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Influence on

back- 1 sensi-

ground 1 tivitY
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3. l. Prehybtidization

Working concentrations for Blocking Reagent dur-ing prehybridization are between 1-5%. Use a sterile

Blocking Reagent stock solution (10Y. see p. 86 for a description of its preparation) to prepare the

prehybridization solution. Denatured fish sperm DNA or yeast RNA at a final concentration of 50 4g/ml

can be added but is not necessary for most applications.

Take into account that hybridization signals could eventually be blocked by cross hybridization of

the target DNA with a nonspecific nucleic acid.

Allow the prehybridization to procced for at least 1 h at the same temperature as the subsequent	+

hybridization. Use a sufficient volume of prehybrídization solution. If roller tubes are applied, use a

minimum of 20 nil. lf sealed bags or trays are used, gently shake them during the prehybridization.

Do not allow the membranes to dry between prehybridization and hybridization.	++

3.2. Hybridization wíth probe

Note: lt is important to carefully evalúaLe the correct hybridization conditions for a given probe

and target.

Probe concentration is a very important factor. A probe concentration that is too high may lead to

nonspecific bindina of the probe to the membrane, and a probe concentration that is too low could

lead to lower sensitivity The concentrations given in this guide will work with most routine

applications.

Shorter hybridization times can be applied in combination ,^,ith a higher probe concentration. For

important experiments, we recommend that yoti test the optimal probe concentration in a mock

hybridization. For this purpose, pre-incubate small pieces of membrane, and then hybridize them

overnight with increasing concentrations of labeled probe per rril of hybridization solution. After

detection, the optimal concentration can be defined (see P. 44 for detailed description).

3.2. 1. Denaturation of probe

Denature DNA probes and RNA probes (secondary structures) before adding them to the hybridization	+

solution.

With oligomers, denaturation is orily necessary when secondary structures can be expected from the

nucleotide sequence.

Use orily deionized formanúde (if ¡t is included in the hybridization solution).	 +

3.2.2. Hybrídízatíon in roller tubes

Use at least 6 ral per hybridization solution tube. This volume can be increased if required.	 +

Monitor the hybridization temperature. Note that the temperature set on the oven is not	+

necessarily the temperature maintained inside the roller tube. Check the temperature inside the

tube before hybridization by filling the tube, for instance, with water and placing a thermometer

inside the tube.
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Influence on

back- sensi-

ground tivity

3.2.3. Hy[nidization in sealed bags

Use at least 2.5 rril hybridization solunon per 100 cm' 
oí 

membrane. This volume can be increased

if required.

Remove all air bubbIes prior to sealing.

Check the seals.

Gent1v shake sealed bags in a ,s-aterbath sei at the right hy ridization temperature. The membrane	+	+1	 C	, b

should lie Rat on the bottom oí the waterbath. Uneven positioning 
oí 

the membrane will cause loss

¡oí sensMtv and backaround problems. Membranes can also be placed Rat in an incubator.

1 The High SDS hybridization solution according to Church (main difference from other hybridization

protocols is the inclusion oí 7% SDS) is highly recommended for genomic applications as well as

Í Northern Blots when DNA probes are applied. Be careful when handling this buffer because the SDS

will precipitate at low temperatures. Prewann the buffer before incubation w rith the membrane. Do not

placé this buffer on ice.

i For RFI-P applications, we recommend this buffer and a hybriclization temperature 
oí 

+55'C; no

formamide is necessarv

3.2.4. Special hintsfor hybridization with taíled oligonucleotides

Hvbridization with a tailed oligonucleotide shoulcl be performed udth 0. 1 Pig/rnI Poly (A) in the

prehybridization and hybriclization solution to prevent nonspecific hybridization signals. Aciditionally,

5 pig/ml Poly d(A) ca.n increase blocking efficiency

13.3. Special hintsfor Northern Blot applications

Use the Hi gh SDS hy-bridization solution when working with DNA probes.?D	1

Use 50% formamide (deionized).	 +

Recent results suggest that it is preferable to \vork wth RNA probes whenever possible.

Work under stenle conditions.	 +

Single-stranded RNA can be degraded by single-stranci-specific RNases also when bound to membrane,

and double-stranded RNA hybrids can be degraded by double-strand-specific RNases.

Special hint for Northern Blots when RNA probes have been used: background can be reduced by

aciding an RNase A wash step after the last stringent wash. Use a 100 pig/ml RNase A solution in

10 mM Tris-buffer, 5 mM EDTA, 300 mM NaCI, pH 7.5 for 30-60 min at room temperature.

Attention: some RNIase A preparations may contain double-strand-specific RNases that can degrade

hybrids on the membrane. Double-strand-specific RINases can be detected by incubation with. double

stranded Poly RNAs or M52 RINA followed by analysis on a denaturating agarose gel. MS2 RNA is

partially double-stranded. RNase A preparations that do not contain double-strand-specific RNase

actMty will leave these regions unaffected. lt is aIways necessary to compare the untreated MS2 RNA

when performing such tests.'
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3.4. Washes

Optimize the -,s-ashing condiLions for your parúcular application. The conditions given in the pack +	+

insert are defined for 100% homology, between tar-et DNA and probe. and a GC content of about 50%- ,	i

For genomic hy-bi-idizations, we recommend the use o¡ 0.5X SSC for the stringenc^ washes.

Apply Nigorous shaking during the stringency washes.

Prewarm the wash solutions to the appropriate temperature.

Use trays rather than roller tubes for the washing steps.

Do not allow the membranes to overlap or stick to gether during the washina steps.	i
C	 +

i
; Use an excess volume o¡ ^,s ,ashing solution.	 +

Use fresh1y washed trays.

Shake membranes during the whole detection procedure (except color development).	+

Store the antibody at +4'C. Carefully check the tube to see if a precipitate has formed. If so, remove
	+

the precipitate by a 30 sec centrifugation.

Work under sterile conditions.

The blocking and washing steps can be prolonged. but do not prolong the antibody reaction.

The concentration o¡ the Blocking Reagent can be increased to up to 5%.

Use fresh1y washed trays after the antibody reaction.

Prepare a fresh dilution of antibody and color substrate solutions direaly before use.

When working with the chemiluminescent substrates, a dilution of orily 1: 10,000 of the antibody

is necessan!.

IvVork under absolute sterile conditions when handling the chemiluminescent substrate solution, and

avoid phosphatase contamination.

Allow the color reaction to develop in the dark without shaking. It is not necessary to work in the

dark vnth the Lumigen"' PPD solution, but Lumi-Phos` 530 and Lumi-Phos Plus are lighL sensitive.

lt is possible to switch from chemiluminescent detection to a color reaction on the same blot. Wash off

the chemiluminescent substrate for 5 min with Detection buffer, and then add the color substrate.

Background from the opposite side of the membrane is then excluded. It is not a problem if the higher

antibody dilution has been applied previously

There are two ways to apply the chemiluminescent substrate. If many membranes have to be processed

at the same time, prepare a higher volume of substrate. Wet the membranes with the substrate solution

for 5 min, and let the excess liquid drip off. Do not press the membrane onto Whatman paper. Do not

allow the membrane to dry.

1 
Place the membranes carefully between two sheets of plastic transparencies. Press out all air-bubbles,

i and seal the edgeE; to prevent the membrane from drving- Incubate for 10 min at +37'C. This step is

i important to activate the unstable intermediate that is produced during the reaction. Omitting this step

1 resuits in prolonged exposure times, The incubation step for 10 min at +37'C may be omitted when

plaque- or colony, h\,briclizations are performed.

lf diluted Lumigen PPI) solution was used, filter the solution. and add sodium azide for preservation.

lt can be used for about 4 weeks, unless it becomes contaminated.
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The second method is Lo place the membrane on a tranc-,parencx^ Add 500 pil of substrate solution per
2100 cm of membrane. Place a second transparency on the top. Spread the substrate solution carefully

i bv pressing cently on the transpareney Incubate for 5 min ac room temperature. Allow the excess

volume o¡ substrate io drip off from the transparenc^ ,/membrane/transparenc\- sandwich. Sea] and

preincubate for 10 min at +37'C. Then start making exposures. This method is recommended if only
¡ a few membranes are handled per week.

Films \k¡th different senSILMLies are available.

'A spotty background, which is sometimes observed ,viffl the chemiluminescence detection, can be

isuppressed by using Detection buffer withouL Mg2' ions.

MI established hy briclization protocols can be used ),k,¡th the Genius System. Buffers given in this User's

1 Guide have been speciall y optimized Lo work ^.\ith the Genius System. Denharclús solution can be used

instead of Blockino Reagent. The bands obtained are sli-htl\- fuzzy compared Lo those obtained N^^th

Blockin- Reagent.

i Hvbridization si onals can be intensified by the addition of 10% dextran sulpliate or 6% PEG 8000, but1	C

t^e background \vill also increase. Dextran sulpliate shows lot-to-lot inconsistency; with some lots, a

strong background is obiamed. PEG is more reliable in this respect, but we have not observed any

increase in sensitMty Onlv the signal intensity ¡Lself could be increased 2-3-fold.

In addition Lo the methods given in the pack inserts, stripping by boiling in distilled water containing

0. 1 % SDS can be reconimended. This is especially useful when stripping northem blots because alkali

treatment dearades Lhe RNA on the blot as weIl as in cases where Photodigoxi genin MWM have been

transferred Lo the membrane, lf an RNA blot is rehybridized. it is preferable Lo use Detection buffer
2+without Mg ions prior Lo the detection- Do not use alkaline solutions for stripping RNA blots.

lt is ven, convenient LO use DIG-labeled molecular weight markers. The markers are visualized

í automatically during the detection reaction, simplifying the calculation of the molecular weight of

bands of interest.

i Note: DIG-labeled molecular weight markers do not withstand alkali transfer and alkaline
i
stripping.

, To become familiar with the Genius System, start with the control reactions given in the kit.
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Examples of Tpical Problems

A possible cause:

An unsuitable membrane was used.

Note:

For further reasons that might cause the same problem,

please refer to pages 88-94.

Recommendation:

Use the Boehringer Mannheim Nylon Membrane.

Prontemi '^i - ^- ^^ .	_. -: i -: - - - ,

A possible cause:

A precipitate was present in the antibody preparation.

Note:

For further reasons that might cause the same problem, please refer to pages 88-94.

Recommendation:

Centrifuge the antibody for 30 sec before removing an aliquot for dilution. Be sure

to use Detection buffer without Mg2, ions.
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A possible cause:

A bubble occurred between the membrane and the gel during Southem

or northem transfer or during hybridization.

If bands >1O kb are míssing, the depurination step using 0.25 N HCI

was not performed.

Note:

For further reasons that might cause the same problem, please refer to

pages 88-94.

Recommendation:

Remove any air bubbles between the gel and the membrane; this can

be accomplished by rolling a clean pipette gently across the membrane;

also remove bubbles in the hybridization solution before the bag is

sealed.

4: - -:: - -,	: -,-,: -, ^

A possíble cause:

• Transfer of DNA during Southem transfer was incomplete.

• The gel is mashed.

• There was a non-constant vacuum during vaccum transfer; the gel dried out.

Note:

For further reasons that might cause the same problem, please refer to pages 88-94.

Recommendation:

Make sure that the weight is evenly distributed over the blotting paper and that the weight does

not mash the gel. Check the vacuum transfer.
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ProDiem 5:

A	B

A possible cause:

^a) underexposure

(b) overexposure,

Note:

For further reasons that might cause the same problem, please refer to pages

88-94.

Recommendation:

Adjust the exposure time.

Problem6:^:--

A possible cause:

The probe concentration was too high, or the template DNA was contaminated.

Note:

For further reasons that might cause the same problem please refer to pages 88-94

Recommendation:

Perform a mock hy,bridization as described on page 44 to determine the highest probe

concentration that can be used víithout resulting in high background.

Prolong the stringency wash steps (2 x 20 min) and the antibody wash steps

(2 x 20 min).
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A possible cause:

Non-uniform distributicin of chemiluminescent substrate dUring chemiluminescent detection-
certain parts Of Lhe rnembrane are ciry,.

Note:

For further reasons that rni ght cause the same probicni, picase refer to pages 88-94.n

Recominendation:

Refer to general lab hims on page 93 where mio methods for the distribution of the chemilumi-

nescent substraic are described

Irregular smears of background can also be caused by a crumpled h\ ,bridization bag. The bagel	 Y

crumples because of the hcat. and this crurriples the membrane in the same pattern so that the

X-ray- film docs not have uniform contact \^ith the membrane. To avoid this problem. make

sure ihat ÜIC SUrfaces of the ba g are smooth before livbriclization is initiated.

A possible cause:

These ouLside spots on the exposed X-ray , film are caused by, electrostatic charge on

the sealing bao,	

el

Note:

For further reasons that might cause the same problem, please refer to pages 88-94.

Recomniendation:

Wipe the surface of the sealing bag with 70% ethanol before applyring the film.
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A possible cause:
Distribution of probe was unes,en.

Note:
For further reasons that might cause the same problem, please refer to pages 88-94.

Recommendation:
9 Use at least 2.5 m1 hybridization solution per 100 cm 2 membrane.

Shake clunng hybnclization, and make sure the bag lies flat on the bottom of the
water bath.

• lf a roller apparatus is used, apply at least 6 m1 hybriclization solution per tube.

• Do not allow the membrane to ciry between prehybridization and hybriclization.
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