Designing TagMan® MGB Probe and Primer Sets for
Gene Expression Using Primer Express® Software
Version 2.0

Overview:

This tutorial details how a TagMan® MGB Probe can be designed over a
specific region of a template sequence such as an exon-exon junction (intron
splice-site). Genomic DNA is often co-extracted with RNA and can therefore
serve as a template in downstream processes such as PCR. Designing a
TagMan® MGB Probe over an exon-exon junction should enable the exclusion of
genomic DNA as a template in a real-time PCR reaction.

This tutorial assumes basic working knowledge of the Primer Express® v2.0
Software. If you are unfamiliar with the software, please first review the following
documents.

e Primer Express® Software v2.0 User's Manual, document part # 4329500

e Primer Express® Software v2.0 Applications Tutorials, document part #
4329501

Note: The documents above can be found electronically on your hard drive in
Program Files/Applied Biosystems/Primer Express

Starting the Design and Entering the Sequence

For gene expression assays, it is best to enter a cDNA sequence or a mRNA
sequence into the Primer Express® Software. If entering a mRNA sequence, and
the sequence contains Uracils (U), one must first convert the Us to Thymidines
(T) in a word processing document. To replace the Us with Ts, Copy and Paste
the sequence into a word processing document such as Microsoft® Word. Go to
the Edit menu and select Replace. In the Find what field, type the letter U. In
the Replace with field, type the letter T. Click on the Replace All button. The
sequence, which now contains Ts instead of Us, can be copied and pasted into
the Primer Express® Software Sequence tab. Unless one is designing from a
single-exon gene, it is not recommended to use genomic DNA sequences for the
design of gene expression primer and probe sets.
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For a gene expression assay, select the TagMan® MGB Probe and Primer
Design document from the File/New menu.
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Enter the sequence either by going to File/lmport, using the Import DNA File
button in the Sequence Tab, or by copying and pasting the sequence through

the Edit

menu.

£5 Primer Express 2.0
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Next, if not checked, Click in the Double Stranded and Limit 3’ G+C boxes.
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AAGCTTCCTG GACCOAGTGL GUACRATCAA GRATCCARAD TACACDC
[TTCEAAGGAD TTGGCTUALT COTRTTAGTT CTTAGHTTIG ATCTGERA

ATGRGCAGGA TATTCTTOM: TGCOSTETTT TRACTTTTG: AATRTTTRA
TACTOOTCCT ATAAOARDIC ACODCACAAA ACTOAAOALT TTATARLCTT
ACARGATTTC BAGTGGACEL AGTRAACTTT CAGTAAGTET ANTTCCAMGT
TGTTCTAAKRG TTCACCTETT TCATTTGWAR BTCATTCACE TTAGGETTCA
LGATATUGCAR TATTTTALTT TTTATICCAT TCTANTLATA TLCATTOLRTL
CTATRGCOTT ATAAAATCAL AGATARIOTA AOATTACTAT ACOTARGCAC
TOCAGCATUT TOGATUTOE: TUHLLAFCGE BRACGAGCETA FEARATERT
ACETOFTACA RGCTACAEIC ACCEETCGLC CTRECTCGCAT COTTTACCTA
TCACTCTTTC AATGATETAL CTGLOTATCAT ATTCOTARLT COOTROTCAA
ACTCACAAAD TTACTACATT OACCATAOTA TARICATTOA COCADORGTT
GTTATRACAT GETTTTGOS: GAABATCCCA COCAGAACDS ACTTCGLGAA
CARTATTOTR TCAAAADEIC CTTTTAGHT BRFTCTTRED THAAGTTCTT
ITTTTCLATT TETTCARCA: TATTTCLAAL ARCAGLTRAR CCLALCAKTT
ACQRRACCTAR ACAAOTTCTC ATARRCCTTO TTCTCCACTT GOCTCOTTAA
TGEOFCCATT TORACARATE GAARCTAACG ASTTOTTCTT TUAGRTEAT
ACOBROGFTAL MGCTUTTTAC © BATTGE TCAMCARGRL AGTTTRICTH
TCLCACGATT TUTATTATAL TATTTITAAR TAAGCARLAT TILTTAA AL
ADCOTOCTAR AGATAATATS ATARKAATTT ATTCOTTCTA AACARTCOTC
ACARANTTAR SECTUGARLL AGTRALTTGT DRFANTATTT CTCCERETTT
[TCTTTTAATT TCGACCTTIT TUATTTAACA GOCTTATARL GAGGCTCALA
AALARATACL BARACCLLARL: TAALTAERAAT ACTATAALLL ATALTAAALL
TICTTTATO0 TTTOCOOTTC ATTCATTTTA TCATATTOOS TATCATCTCC
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Use the Line tool to mark the junction site in the sequence. This only provides a
visual aid and does not direct the software to design the primer/probe set over
the site.

TGCAGCATGT TCGATGTCGE TGGLCAGCGE GACGAGCGTA GRAAATGGAT 250
ACGTCGTACA AGCTACAGCC ACCGGTCGCC CTGCTCGCAT CCTTTACCTA

1. Annotated
Junction Site

Click the Params tab. Click the Defaults button. Ideally, you will not have to
alter the parameters, as the default parameters follow the TagMan® Probe and
Primer design guidelines as established by Applied Biosystems. For a list of the
design guidelines, please refer to page 4-10 of the Primer Express® Software
v2.0 User's Manual. One additional guideline specific to TagMan® MGB probes
is that the probe should be as short as possible, without being shorter than 13
nucleotides.

£ TagMan® MGB Probe #1

Seguence Params T Rxn Cond T Frimers T hap T Recipe T Results ]
Primer Tm Requirements
hin Tm -58 hax Tm | 60 Optimal Tm A0
hiaximal Tm difference IE

Primer GC Content Requirements

hin %GC a0 hbEx EGC a0 ¥ GC clamp of 0 residuss

Primer Length Requirements

tin length q hiax length 40 Optimal length 20

Amplicon Requirements

hin Trm |_|:| hiax Trm 24

huin length | 50 htEx length 150
TagManE MGE Probe Criteria
Taqhian® MGHE Prabe Tm must be 10.0°  greaterthan PCR Prmer Tm

[+ Taghtan® MGEE Probe should not begin with G

tare Paramsz | Defaults | Factory Defaults

Return to the sequence page by clicking on the Sequence Tab.

You are now ready to manually design the TagMan® MGB probe.
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Designing the TagqMan® MGB Probe

Make sure that the junction site is still labeled. If not, label the junction site using

the Line tool.

Using the mouse, click and drag to highlight a portion of sequence approximately
20 bp long, keeping the junction site towards the middle third of the highlighted

sequence. From the Edit menu, select Copy.

Under the File/New menu, select TaqMan® MGB Probe Test Document.

E5 Primer Express 2.0
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Click in the Probe 1 text box, and then select Paste from the Edit menu.

Probe 1 I.EEE&TE'ITEE—&TE-TEE-ETE-E
Tm = 1.5 FGC = 55 Length = 0
Frobe 2 |
Tm = oe EGC = 1] Length = o ]
Probe 1

1
ABCATETTCGATGTCGETEE
L]

-
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Check the melting temperature (Tm) of the sequence. TagMan® MGB Probes for
gene expression should have a Primer Express-estimated Tm of 68-70°C.
TagMan® MGB probes for gene expression should also be designed following
the guidelines listed below.

1) Keep G-C content in the 30-80% range.

2) Avoid runs of an identical nucleotide. This is especially true for guanine, where runs of
four or more Gs should be avoided.

3) Do not put Gs on the 5’ end.

4) Make TaqMan® MGB Probes as short as possible without being shorter than 13
nucleotides.

If the Tm of the potential probe sequence is too high, use the mouse to highlight
a portion of the sequence in the TagqMan® MGB Probe Test Document. The
TaqMan® MGB Probe Test Document will now report the Tm of the highlighted
portion of the sequence.

When you have a sequence that has an appropriate Tm and also meets the
guidelines above, select Trim from the Edit menu. This will remove the
unhighlighted portion(s) of the sequence, and only a probe sequence that
satisfies all of the guidelines will remain.

EL Primer Express 2.0

File Optionz  Window  Help

Reda Trim Chrl+2
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Show Page Breaks

LETGTTCGATGTCGGT

Show Clipboard L]

200
Preferences. .. | _'I;I
Define Penalty Scare...

ACRICGTACE AGCTACAGCC ACOGGTCGCC CTGCTCGCAT CCTTTACCTA

TG%;&CATGT TCGATGTCGGE TG%CCAGCGG GACGAGCGTA GLALATGGAT Z50
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If all of the TagMan® MGB probe design guidelines cannot be satisfied (ex. if it is
not possible to select a probe without a guanine residue at the 5’ end), you will
need to design a probe on the complement (antisense) strand. If it is not
necessary to design the TagMan® MGB probe on the complement strand, go to
the section entitled Adding a Probe Annotation.

& & TagMan® MGE Probe Test #1

Probs 1 pecaTerriaTeTeeeT Note: This TaqMan“@ MGB
Tme B 4BCs B0 Leghs probe does satisfy all of the

Probe 2 I recommended guidelines.
L — Howewver, in some cases,

Probe 1 designing a complement

probe may be necessary to
JUS [ satisfy all of the _TaqMan®
Lt MGB probe design
4 | HLJ guidelines.

NOTE: Because of the asymmetric placement of the minor groove binder at the
3’ end, complementary TagMan® MGB probes do not necessarily have the same
Tm as sense probe sequences. As shown in this tutorial, it is necessary to test
the Tm of complement TagMan® MGB probe sequences in a TagMan® MGB
Probe Test Document.
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Designing the TagMan® MGB Probe as a complement sequence

Return to the Sequence tab. Again, click and drag to highlight a portion of
sequence approximately 20 bp long, keeping the junction site towards the middle
third of the highlighted region. Select Copy Complement from the Edit menu.

File Optionz  Wwindow  Help
Eart hds (Bt :
T ool SN Ciles f
i L
Copy oukC
QI Copy Complement
Protl aite (Bt
= [Elear
Fg# Select Al . Crlds
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Sep,.—-.-nm Find Sequence. . Chel+F [
E Find Target... Chl+T
e FndandExclide. g |
| ORI [
= Show Page Breaks
25 gpoy Clipboard ;
Preferences...
Define Penalty Score. .

Click in the Probe 2 text box, and then select Paste from the Edit menu. Check
the Tm of the sequence. A TagMan® MGB Probe for gene expression should
have a T, of 68-70°C.

EY TagMan® MGB Probe Test #1

Probe 1 Fut&rt—ntmrl:—rtul:—r
Tm = f9" %GE = 50 Length = 18
Probe 2 |l:l:.atl:mt.u'cmtyrl:—l:11
Tm = 75490 %GE = 55 Length = 0 I
Probe 1
1
AGEATG'ITEIZJI}ATGTEGGT

-

i | N

If the Tm of the potential probe sequence is too high, use the mouse to highlight
a portion of the sequence in the TagqMan® MGB Probe Test Document.
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The TaqMan® MGB Probe Test Document will now report the Tm of only the
highlighted portion of the sequence.

B8 TagMan® MGB Prohe Test #1

Praobe 1 IAE-EATE-'I'I‘E FATLETE LT
Tm = ga= EGC = a0 Length = 13
Probe 2 [rr R TR T
Tm = Gea° AGC = a0 Length = 16 L
Probe 1
1
AGEATGTTEII_L?ATGTCGGT

|
| | o

When you have a sequence that has an appropriate Tm and also meets the
guidelines on page 6, select Trim from the Edit menu. This will remove the
unhighlighted portion(s) of the sequence, and only a probe sequence that
satisfies all of the guidelines will remain.

E TagMan® MGB Probe Test #1
Probe 1 IAE-EATE-TI‘EE—&TE-TEE-E-T
Tm = 69° EGE = 0 Length = 12
Prabe 2 JprrearaTrnasaTy
Tm = Gg.a° AGE = a0 Length = 16 L
Probe 1
T
AGCATGTTCGATGTCGGT
= ]
J | .
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Adding a Probe Annotation

Return to the Primer Express® Software Sequence page. Select the Probe tool,
and then highlight the portion of sequence matching the TagMan® MGB probe.

*
|
z.

ATGTTT
Erobe
—
Fitveraar]

-
Farvorss
i
ATGTTT]
e tite|
L GEE
—p—

AT

Lorbow |
o
o
R
ATETTT
NR:N

SauZa

ACAAGATTTE AAGTGGACAR AGTAAACTTT CAGTAAGTGT AATCCCAAGT
TETTCTARAG TTCACCTETT TCATTTGAAR GTCATTCACA TTAGGETTCA

GATATCGCAR TATTTTAGTT TUTATTCCAT TCTAATFATA TCCATTCGRTG
CTATAGCGTT ATAAMATCAL AGATAAGGTA AGATTACTAT ACGTARGCAC

L30

200

250

ACGTCgtaca agotacag

Designing the Primers

TGCAGCALYL Logatytogy LEGOCAGUGE GACGAGCGTA GEARATGGAT
o " sCCGETCGIC CTECTCGCAT CCTTTACCTA

TCACTETTTC AATGATGTAL CTGCTATCAT ATTCCTAALT GCGTGCTCRA
AGTCACARAG TTACTACATT GACGATAGTA TARAGCATTGA CGLACGAGTT

GTTATAACAT GGETTTTGCGE GAAGATCCCA COCAGRACCE ACTTCGAGAL
CAATATTGTA CCAAMACGCC CTTICTAGGGT GOETCTTGEC TCGAAGCTCTT

300

Sequence
annotated with
probe tool

Ensure that the Limit 3° G+C checkbox is still checked. Select Find
Primers/Probes Now from the Options menu.
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If the software finds acceptable primers, click the Primers tab. If the software
cannot find acceptable primers, skip the following and proceed directly to the
next section entitled Manually designing primers through the Primer
Express® Software.

E Primer Express 2.0
File Edit Options ‘“Window Help

£ DROGNBPSA3.gh TagMan® MGB Pr

Xl (Sequence | Params | RencCond | Primers | Map | Recipe | Results |
&
Eraszer] B File Name |DROGNBPSA3.QIJ | pripart [ S Eile:
ATGTTT| iﬁl Length 1380bp. Selection 5400 to 540 v d [V Limit 3 G+C
Erobe | Bahie BAGCTTCCTG GACCEAGTGA GCACAATCAA GARTCCARAC TACACCOCTA 50 |
FW' . TTCBARGGAC CTGGCTCACT CGTGTTAGTT CTTAGGTTTG ATGTGGEGAT
Primet ='End
— | - ATGAGCAGGA TATTCTTCGG TGCCGTGTTT TGACTTCTGG AATATTTGAL 100
Reverse| Rerime TACTCGTCCT ATARGALGCC ACGGCACAAA ACTGAAGACC TTATARACTT
ATGTTT|| ATGTTT) k.
HetFte ACARGATTTC AAGTGGACAA AGTAAACTTT [CAGTAAGTGT AATCCCALGT 150
. 4
ORF_{|_Line TGTTCTARLG TTCACCTGTT TCATTTGAMA GTCATTCACA TTAGGGTTCA
* SauZa
-
et ite m TATTTTAGTT TCTATTCCAT TOTAATGATA TGCATTCGTG 200

CTATAGCGTT ATAMMRATCAL AGATAAGGTA AGATTACTAT ACGTALGCAC

TGCAGCcatgt toogatotogy CEGCCAGCGE GACGAGCGTA GEAAATGGAT 250
ACGTCytaca aggfacageoc aCfCGGETCGCC CTGCTCGCAT i

AGTGTTTC AATGATGTAL CTGCTATCAT ATTCGTAACT GCGTGCTCAL 300
AGTCACALAG TTACTACATT GACGATAGTA TAAGCATTGA CGCACGAGTT [—

Select a primer pair from the list that will produce the shortest amplicon while
satisfying all design guidelines.

Click on the line containing the chosen primer and probe set.

EE Primer Express 2.0

Fie Edit Options Window Help

£ DROGNEPSA3.gh TaqMan® MGE Pi
[ Sequence | Params | RencCond | Primers | MWap | Recipe | Results |
Rewvers ¢ Primer Anplicon
. ‘o BGO Prinver Length Tm %&GC Ta Penaby
Click on the

. . . at=] 35 CalmoassCa THSATCCATTS S 124 o 43 ] 4320
line containing % 3% CATDARMGATTGRATCCATITCC T T TT
! | 50 T ATTGARAL ACTOASTCCATTTCCTA 135 77 42 5 410
the primer and 7= W CATTGARMCACTGAMCCATTTCD 125 7 a2 5 4370
a9 36 CalmToasalal THSAATCCATTTCCT 125 i 43 ot 4320
probe set of 59 30 CATTGARACACTBAATCCATITCCT 137 7 4 50 480
. 59 35 CATTOAAACACTOASTCCATITCCTA 137 77 4 s 4500
interest. 5@ I CATTOARACACTGATCCATTTCE 137 77 4 B 4D
80 3 CATTGARAL ARTGAMTECATTTCET i ? " B 488D
as 38 CATTOAARRCACTEASTCCATTICC 138 i 43 i ] 3.0

59 35 CATTOARACACTGAATCCATTTCCTA 138 7 4 s ame0

A e e e e s o - o - -1, I_I
Oider.. | Ssvelist. | Display.. |
. 4
Atotal of 7% primer pairs found ~Elick any entry intha b1 to sekect B, Dstalls in Prmer Data windou |

QOrder Button
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Click on the Order button at the bottom of the Primers tab.

M= E3

& DROGNBPSA3.gb TagMan® MGB Pr Order

Please synthesize the following oligos for me and bill wy account:

Hame: DROGNEPSAZ. gh-131F
Sequence: CAGTAAGTGTARATCCCAAGTGATATCG

Hame: DROGNEPSAS. gh-Z64R
dequence: CATTGAAACACTGAATCCATTICCT

and the TagMan® probe:Name: DROGNEFP3AS. gh-Z06TSequence:

CATGTTCGATGTCGET
Thanks wery much,

|

=

'm

This order form does not actually place electronic orders. The Order document
is a text file that enables the editing of the sequence information for ordering. If
the TagMan® MGB probe was designed as a complement sequence, the
TagMan® MGB probe must be re-entered in as the complement sequence. To
edit the Order document, copy the final probe sequence (complement) from the
TagqMan® MGB Probe Test Document. Return to the Order document and
delete the current probe sequence. Select Paste from the Edit menu.

B DROGHBPSAI gb TagMan® MGB Pr Dider

Pleaze synthesize the following oligos for me &nd Blll wy
account:

Hame ; DROGHNBFSAI. gb-13LF
Jeguence: CAGTAACTGTAATCCCAAGTGATATCG

Hame: DREDGEEPFIAS . gb-264R
Aequences; ':RITEMAE&'TTEMTFEF-TITEC'I'I

and the Tagqiard probe:Hame: DROGHEFSAS. =206 TSequence:

ACCGACATCGRACATG
Thanka wery mach,

brazinae

-

Note: If selecting the
complement probe
sequence, the
sequence in the Order
document must be
deleted and the
complement sequence
must be re-entered.

The sequences within the order document can now be copied and pasted into

electronic orders.
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There may be times when the Primer Express® Software is unable to find primer
sets in conjunction with your manually designed probe. If no acceptable primer
sets were found, you will need to perform a manual design within the Primer
Express® Software.

Manually designing primers through the Primer Express® Software

NOTE: When selecting sequences for the forward and reverse primers, consider
the guideline for amplicon size: 50-150 bases. Select primers close enough in
proximity to the probe to stay within this guideline.

First, copy the final probe sequence from the TagMan® MGB Probe Test
Document and paste it into a text document.

From the Sequence page, use the mouse to click and drag over a portion of
sequence upstream of the probe, approximately 30 bp in length. Make sure the
last 5 bases of the 3’ end of the sequence contain no more than 2 (total) G+C.
Select Copy from the Edit menu.

Open a Primer Test Document through the File/New Menu. Paste the
sequence into the Forward Primer text box. If the Tm is too high, use your
mouse to highlight a portion of a putative primer sequence in the Primer Test
Document until you find a primer that meets the design guidelines as described
on page 4-10 of the Primer Express® v2.0 User's Manual. These guidelines are
also listed below.

1) Avoid runs of an identical nucleotide. This is especially true for guanine (G), where runs
of four or more Gs should be avoided.

2) Design primers as close as possible to the probe without overlapping the probe.

3) Keep the G - C content within 30-80%.

4) Select primers with a T, of 58-60°C.

5) The five nucleotides at the 3’ end should have no more than two G and/or C bases.

When you have a sequence that meets the guidelines, select Trim from the Edit
menu. This will delete the unhighlighted portion(s) of the sequence, and only a
primer sequence that satisfies the guidelines will remain.

Copy the new primer sequence. Paste it in to a text document containing the
probe sequence and label it as the forward primer.

The process can be repeated for the reverse primer, this time selecting a
sequence region downstream of the probe and using Copy Complement to copy
the sequence into the Primer Test Document.
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NOTE: Remember that the reverse primer will fall on the antisense DNA strand.
With that in mind, be sure to use the Copy Complement function from the Edit
menu (in place of the Copy function) when manually selecting a reverse primer
sequence.

Ordering Primers and TaqMan® Probes

Ordering instructions for North America customers only, international
customers should contact their local Applied Biosystems sales office.
International contact information can be found at
http://www.appliedbiosystems.com/about/offices.cfm

To order Applied Biosystems reagents including primers and TagMan® probes,
go to the Applied Biosystems store at http://store.appliedbiosystems.com/ Note:
you must register to be able to login and order Applied Biosystems reagents via
the web. Once the registration has been filled-out, Applied Biosystems order
administration will send an e-mail within 48 hours confirming your registration
and you will then be able to place an order.

To order primers and TagMan® probes click on “ABI PRISM® Primers/Probes” in
the catalog column (left-hand column). Then click on “TagMan® Primers &
Probes” in the catalog column. Scroll-down to locate the items that will be
purchased. For the products that are to be ordered, check the boxes located on
the left-hand side of the product names. Once all of the products have been
selected, click on the “Add to Shopping Basket” button. The products will now be
itemized in the shopping basket. It is important to enter the sequences of the
primers and/or probes. Click the “not customized” button next to the product
name for each custom primer and TagMan® probe. Follow the instructions to
enter in the sequence of the primer or TagMan® probe. Repeat this process for
all custom primers and TagMan® probes. To process the order, click on the
“Process Order” button and fill out the requested information to complete the
order.

Ordering questions for primers and TagMan® probes can be directed to the
Applied Biosystems Custom Oligo ordering group at 800-327-3002. Follow the
touch-tone menu to speak with an Order Administration representative regarding
primers and TagMan® probes. Ordering questions for SDS/Real Time PCR
reagents and consumables can be directed to the Applied Biosystems Order
Administration group at 800-327-3002. Follow the touch-tone menu to speak
with an Order Administration representative regarding reagents and
consumables. Technical questions about Applied Biosystems SDS/Real Time
PCR reagents and consumables, including primers and TagMan® probes, can be
directed to the Applied Biosystems PCR&SDS Technical Support group at 800-
762-4001.
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© 2002. Applied Biosystems. All rights reserved.
For Research Use Only. Not for use in diagnostic procedures.

The PCR process and 5’ nuclease process are covered by patents owned by
Roche Molecular Systems, Inc. and F. Hoffmann-La Roche Ltd.

Applied Biosystems, ABI PRISM, and Primer Express are registered trademarks
and AB (Design), Applera, and FAM are trademarks of Applera Corporation or its
subsidiaries in the US and certain other countries.

TaqMan is a registered trademark of Roche Molecular Systems, Inc.

Microsoft is a registered trademark of Microsoft, Inc.
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