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Introduction

MacVector provides a number of tools to help you design primers for use
in Polymerase Chain Reaction (PCR) experiments. MacVector 12.6
introduced a new “Quicktest Primer” interface that simplifies the design of
primers with mismatches and/or tails. This can be used in conjunction with
the existing Primer3 “Primer Design” functionality to design pairs of
primers with mismatches and/or tails and to easily generate the predicted
product of the reaction, complete with tails and/or mismatches. The
Quicktest functionality was enhanced in MacVector 13 to display
Restriction Sites around the primer location, including “one-out” sites and
the effect of mutations on those sites on overlapping open reading frames.

This tutorial shows you how you can design a primer with a mismatch that
changes a protein coding region to create a restriction enzyme site, add a
tail containing a restriction enzyme site, find a matching primer to amplify
a specific segment from a gene, add a restriction enzyme site tail to that
primer, then finally generate a new DNA sequence representing the
predicted product of the amplification.

Sample Files

Tutorial

This tutorial uses a sample file that is installed with MacVector. You can
find the file at this location;

/Applications/MacVector/Tutorial Files/Align To
Reference/Sequence Confirmation/SequenceSample

Opening SequenceSample

Primer Design Tutorial

Select File | Open and navigate to the /MacVector/Tutorial
Files/Align To Reference/Sequence Confirmation/

folder. Select SequenceSample and click Open. A window will
open — click on the Map tab to view a graphical representation of
the protein coding regions of the sequence.
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(L XeNG] # SequenceSample — Map

& 4 8 L = = 212 ()

DNA Locked Text View Prefs Replica Topology Digest Ligate Create Edit Delete Range Features
Editor | Map » Features | Annotations |

SequenceSample

Balll (1844)
Xhol (1865)
Dral (1897)
Dral (2116)
Sphi (2195)
Sspl (1669) EcoRV (2204)
Dral (1663) Pacl (2248
Bell (172) EcoRV Accl (1763) Puull (241
Sspl (164) Sspl (877) Dral (1276) Accl (1910) Sspl (2680) Kpnl
Dral (36) Xhol (2694) Pacl (3348)
OREY . ORF 2 ORF 3
— 777777
300 600 900 1200 1500 1800 2100 2400 2700 3000 3300
A
) 100% )

Note there are three ORFs annotated on the sequence. You can see the
translations of the ORFs in the Editor tab as well.

Click on the Editor tab. Then click and hold on the Display button. A
popup menu will appear. Select Show CDS Translations.

f & = an |
(5, Show CDS Translations '
Show Complementary Strand ]
~ Show Plus Strand Translations ol
TATT#  Show Minus Strand Translations
AAAACAGTGC CTGCTGGTAA ATATGCN;X“(AT '[

If you scroll through the sequence, you will see that the amino acid CDS
translations are displayed over the sequence.

Invoking Quicktest Primer

Scroll through the sequence until you see the stop codon (*** or *) at
the end of ORF 1 starting at residue 1152. Select approximately 20
residues across this codon.

Primer Design Tutorial 5
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®NO SequenceSample — Editor (=
- — P —
é (= i — m wes o 1141:1160 ).
DNA Locked Text View Prefs Replica Topology Bioéliirig Voice Verify Strands Create {20 bp) Features
Editor [ Map | Features | Annotations |

TACACTTACC AGTTGTATTT ACATTGACAG GTGCAGTGAT TGCATCTGTC ATTGTTAGTT TTCCCCTTAT GTATCAACAT

886
ThrValAsnG lyPheArgSe rIleAspSer LysMetLeuA snThrAlaAr gThrMetGly AlaSerGluT hrLysIlePh
ACAGTGAATG GTTTTCGAAG TATAGATTCA AAGATGTTAA ATACTGCAAG AACGATGGGA GCAAGTGAAA CAAAAATATT

966
elLeulysLeu ValLeuProl euSerLysAr gSerIlelLeu AlaGlylleM etMetSerPh eAlaArgAla IleGlyGluP
TCTTAAATTG GTGTTACCAT TATCTAAACG TTCTATTCTT GCAGGTATTA TGATGAGCTT TGCAAGAGCA ATAGGTGAAT

1046
heGlyAlaTh rLeuMetVal AlaGlyTyrI leProAsply sThrAsnThr LeuProlLeuG lulleTyrPh elLeuValGlu
TTGGTGCTAC TTTGATGGTT GCTGGCTATA TCCCAGATAA AACAAATACA TTGCCTTTAG AAATTTATTT TTTAGTGGAG

1126
GlnGlyLysG luAsnGluAl aTrplLeuTrp ValleuVallL euValAlaPh eAlaValThr VallleAlaT hrlleAsnlLe
CAAGGGAAAG AAAATGAAGC ATGGTTATGG GTGCTTGTAT TAGTTGCGTT TGCGGTAACT GTCATAGCGA CCATAAATCT

1206
uValAsnArg AspThrPheA rgGluValAs p***MetlLeu ThrIlelysV alAsnGlyVa lLeuAsnGln ThriysIleA
GGTTAATCGT GATACGTTTA GGGAGGTTGA TTAAATGCTC ACAATTAAAG TGAATGGTGT TCTTAATCAG ACGAAAATTA

1286
snIleAsnIl elysAspGln HisProlLysI leTyrAlalIl eGlnGlyPro SerGlyIleG lyLysThrTh rIlelLeuAsn
ATATAAATAT AAAGGATCAA CACCCTAAGA TATATGCGAT ACAGGGACCA TCTGGAATTG GAAAGACAAC AATTTTAAAT

1366
IleIleAlaG lylLeulysAl alleAsnTyr SerTyrIlelL ysValGlylLy sArgVallLeu ThrAspSerA rgHisHisle
ATAATTGCCG GTTTGAAAGC TATAAATTAT TCATATATAA AGGTTGGTAA ACGTGTATTA ACTGATTCAC GACACCATTT

1446
uAsnVallys ValGlnGlnA rgArgIleGl yTyrLeuPhe GlnAspTyrG lnLeuPhePr ocAsnMetAsn ValTyrAsnA
GAATGTTAAG GTTCAACAAC GTCGTATAGG ATATCTATTT CAAGATTATC AACTTTTCCC CAATATGAAT GTTTATAACA A

1526

From the main menu, choose Analyze | Primers | Quicktest Primer...

The floating Quicktest Primers dialog will open;

006 Quicktest Primer
3' End Primer Dimers
No significant 3' end dimers detected

Hairpin Structure
No sig. hairpins detected

Primer Duplex

No significant cduplex dimers detected

length: 22, %GC: 45.5, Gs: 7, Cs: 3, ambiguous G or C: 0
Primer does not form Self 3'-dimer

Primer does not form Hairpin

Primer does not form Self Duplex

No significant homopolymer stretches are present

No

g7 repeat are present
Primer binds at position 1141 on the Top Strand (score 22)

\sp°
TAAATGCTCAC

ValAsnArgAspThrPheArgGl
G

**MetleuThrileLysValAsnGlyValleuAsnGinThriysIleAsnIleAsnIlelysAspGlin 3

Molecular weight: 6814.5

1ug of primer is equivalent to 146.7 pmole of ends
Tm (Santa Lucia): 57.4 degrees C

Tm (Breslauer): 68.4 degrees C

Tm (Baldino): 47.9 degrees C

Absorbance: 4.6 nMolUA260, 31.3 ug/A260

A Fnd Nalta (3 .14 R kCalMaol

| [Flip |

I
1122 GTTAATCGTGATACGTTTAGGGAGGTTGATTAAATGCTCACAAT TAAAGTGAATGGTGT TCTTAATCAGACGAAAATTAATATAAATATAAAGGATCAA 1221

CAATTAGCACTATGCAAATCCCTCCAACTAATTTACGAGTGTTAATTTCACTTACCACAAGAATTAGTCTGCTTTTAATTATATTTATATTTCCTAGTT
ValAsnArgAspThrPheArgGluValAsp®**MetLeuThrIlelysValAsnGlyValLeuAsnGInThriysIleAsnIleAsnIlelysAspGln
Bcll* BclI® Dral* Bcll* Sspl* Dral* Dral* BamHI*
Dral* FspI* Sspl* Sspl* Bell®
SequenceSample Primer3 Show Report = | Parameters | = Copy Primer & Tail

1141 - 1162 + 22/22 Score 22, Mismatches @, upper strand 1141 to 1162
Tm: 57.4 deg C (from target sequence)
5 -GGGAGGTTGATTAAATGCTCAC-3" (Primer)
LRy
1141 5°'-GGGAGGTTGATTAAATGCTCAC-3* 1162
3" -CCCTCCAACTAATTTACGAGTG-5"

Primer Design Tutorial
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When Quicktest Primer is invoked with a short (125 residues or less)
selection in the parental sequence window, the selected sequence is
automatically displayed in the central primer edit box (with the white
background and the focus ring). The dialog is sensitive to the current active
nucleic acid window so that if the primer in the edit box binds to the active
nucleic acid sequence, the matching sequence is shown aligned below the
primer. In addition, the translations of any CDS features that overlap the
binding region are shown below the sequence. Note that the plus and minus
strands of the binding region are shown in the current colors (the defaults
are black for the plus strand and blue for the minus strand). If the primer
binds preferentially to the minus strand, the minus strand will be shown
above the plus strand.

Finally, restriction enzyme sites are shown below the template sequence
with color-coding. Black sites are fully-matching restriction enzyme sites in
the template sequence. The sites with an asterisk (e.g. Bcll*) are “one-out”
sites (e.g. a 5 out of 6 match to the recognition sequence) where a single
residue change could be made to create a complete recognition site. Green
sites are those where changing the template sequence would NOT change
the amino acid sequence of any overlapping protein coding sequence. These
will also include sites where no coding sequence is annotated on the
sequence. Red sites are those where introducing the residue change to match
the complete site WOULD cause a change to the amino acid sequence of a
protein coding open reading frame. For this feature to work as expected,
your source sequence must be annotated with CDS features representing
coding regions. All sequences downloaded from the GenBank database will
be annotated appropriately.

Resizing

There is a lot of information displayed in the Quicktest Primer dialog and
sometimes there will be far more restriction enzymes displayed below the
template sequence than can be viewed in the existing box. However, if you
have a reasonably large screen, you can resize the dialog and the central
primer/template editing pane will increase in size;

ValAsnArgAspThrPheArgGluValAsp® **MetleuThrilelysValAsnGlyValleuAsnGinThriysIleAsnIleAsnIlelysAspGinHisP
GGGAGGTTGATTAAATGCTCAC
LELELREREEERRE et
1122 GTTAATCGTGATACGTTTAGGGAGGTTGATTAAATGCTCACAATTAAAGTGAATGGTGTTCTTAATCAGACGAAAATTAATATAAATATAAAGGATCAACACC 1225
CAATTAGCACTATGCAAATCCCTCCAACTAATTTACGAGTGTTAATTTCACTTACCACAAGAATTAGTCTGCTTTTAATTATATTTATATTTCCTAGTTGTGG
ValAsnArgAspThrPheArgGluValAsp***MetLeuThrileLysValAsnGlyVallLeuAsnGInThriysIleAsnIleAsnllelysAspGinHisP Flip
Bcll*  BclI* Dral* BclI*  SspI*  Oral® Dral*  BamHI®

SspI* Sspl*

SequenceSample Primer3 Show Report Parameters Copy Primer & Tail

Primer Design Tutorial 7
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Changing The Amino Acid Display

The default setting is for amino acids to display using the single letter codes
rather than triplet codes (e.g. “ A ” rather than “Ala”). This tutorial uses the
three letter codes as it is more obvious to discuss glutamine as “Gln” rather
than “Q”. If you want to change you settings to match, choose the
MacVector | Preferences... menu item and switch to the Text View tab;

MO Text View

— 2 ; 3 2
i} ) |AY Gy ) (i) [ | ‘
General Aligned Sequence Colors Fonts Internet License Map View Software Update Text View

. L

Appearance Displayed Feature Types

Line Length (30 - 225): 70 ™ binding M repeat

Blocking (0 - 50): 50 M general M RNA

Nimbering (5 =100) 0 ™ promoter # translation

LMOErng 2= Y ™ protein ™ other

Marking (0 - 100): 0 M region # frag

Characters Translate (DNA/RNA only)

Letter case: @ upper ) lower # cps M mat_peptide
__exon ™ sig_peptide

AA code letters: () one () three
! block to phase
Strandedness: (®) double () single

Defaults Revert Apply

Make sure you have AA code letters set to three, and then click Apply.

Open an unrelated nucleic acid sequence — e.g. /MacVector/Sample
Files/pBR322.

When the unrelated sequence window opens, the Quicktest Primer dialog
refreshes and the binding information is removed (because the primer does
not bind).

Primer Design Tutorial 8
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3' End Primer Dimers Hairpin Structure

No significant 3' end dimers detected No sig. hafrpins detected

Primer Duplex

No significant cuplex dimers detected

length: 22, %GC: 45.5, Gs: 7, Cs: 3, ambiguous G or C: 0 Molecular weight: 6814.5

Primer does not form Self 3'-dimer 1ug of primer is equivalent to 146.7 pmole of ends
Primer does not form Hairpin Tm (Santa Lucia): 57.4 degrees C

Primer does not form Self Duplex Tm (Breslauver): 68.4 degrees C

No significant homopolymer stretches are present Tm (Baldino): 47.9 degrees C

No significant dinucleotide repeat stretches are present Absorbance: 4.6 nMoVA260, 31.3 ug/A260
Primer does not bind anywhere on the sequence Delta G: -26.0 kCal/Mol

Delta H: -169.3 kCal/Mol
Detta S: -462.1 e.u.
2 End Nalta (- .14 & kR alMal

GGGAGGTTGATTAAATGCTCAC Flip

pBR322 Primer3 Show Report = | Parameters | = Copy Primer & Tail

Primer does not bind to the sequence

If you click back on the SequencesSample window, the binding
information reappears. You can use this behavior to quickly see if/where
any primer binds to any open DNA sequence.

Nudging The Primer

When a primer binds to the target sequence, you can nudge it left and right
to find the optimal location for the primer.

Make sure you have SequenceSample as the active window behind
the Quicktest Primer dialog. Click on the round left/right buttons and
watch what happens to the display.

Primer Design Tutorial 9
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(o) (&) Quicktest Primer
3' End Primer Dimers Hairpin Structure
Score=8 Score=8
5-GATTAAATGCTCACAATTAA-3
I TC
3-AATTAACACTCGTAAATTAG-5 cC A
6 (G
Primer Duplex I ?
No significant duplex dimers detected : I
T=A
T=A
5-GA -3
e s seir o =unner Molecular Welth 61 89 7
Primer forms Hairpin 1ug of primer is equivalent to 161.6 pmole of ends
Primer does not form Self Duplex Tm (Santa Lucia): 47.2 degrees C
No significant homopolymer stretches are present Tm (Breslauer): 56 7 ﬁegrees c
No significant dinucleotide repeat stretches are present Absorbance: 4’9 nMoI/Azso 30.3 ug/A260
Primer binds at position 1148 on the Top Strand (score | Delta G- -19.9 kCal/Mol ol o
20) *  Delta H:-148.9 kCalMol 3

Nalta Q- _A1R N a1

spThrPheArgGluValAsp***MetlLeuThrIlelLysValAsnGlyValleuAsnGlnThrLysIleAsn
GATTAAATGCTCACAATTAA
TEEEETETEELT]
1132 ATACGTTTAGGGAGGTTGATTAAATGCTCACAATTAAAGTGAATGGTGTTCTTAATCAGACGAAAATTAAT 1203
TATGCAAATCCCTCCAACTAATTTACGAGTGTTAATTTCACTTACCACAAGAATTAGTCTGCTTTTAATTA
spThrPheArgGluValAsp***MetLeuThrIleLysValAsnGlyValleuAsnGlnThrLysIleAsn

SequenceSample Primer3 ‘Show Report Parameters Copy Primer & Tail

1149 - 1168 + 20/20 Score 20, Mismatches @, upper strand 114% to 1168
Tm: 47.2 deg C (from target sequence)

5' -GATTAAATGCTCACAATTAA-3"' (Primer

SRR NNRRRaRNNAY
1149 5'-GATTAAATGCTCACAATTAA-3' 1168
3'-CTAATTTACGAGTGTTAATT-5"'

Each time you click on a button, the primer gets “nudged” along the
sequence. Each of the display panes dynamically responds to the new primer
location, so when you nudge you can see any hairpin loops or primer dimers
graphically displayed in the upper panes. The scrollable text boxes are also
updated to report the binding and secondary structural information and the
primer statistics (Tm, thermodynamic properties etc). If possible, you want
to avoid primers that might form hairpin loops or primer dimers. That may
not always be possible, but at least this display alerts you to potential
problems.

Interacting With Restriction Sites

The restriction enzyme display is highly dynamic and interactive.

First, make sure the primer is nudged so that the *** termination codon
is approximately centered in the primer. Move the mouse pointer over
the Bell* site that is below and slightly to the left of the *** codon.

While the pointer is hovering over the Bcll* site, the site highlights and the
cut site and recognition sequence are temporarily displayed on the template
sequence.

Primer Design Tutorial 10
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13/ ONNE 10p STENO [(SCore Zv) veng
Delta
Delta

nArgAspThrPheArgGluValAsp***MetLeuThrllel)
TTTAGGGAGGT TGATTAAATGCTCAC
FELEEEEREEETGATCAlLEEEETT]

.TCGTGATACGTTTAGGGAGG'I TGAT tMATGCTCACAATTAA

nArgAspThrPheArgGluValAm"‘HetLeuThrIleL‘
Nrul* SnaBl Bcll* BclI* Oral’
Drk
Pacl*

If you look carefully, you can see the mismatched residue is displayed in
lower case. In this case, there is a “t” that would need to be changed to a “C”
to create a functional Bcll site.

Now click and hold the mouse button. This temporarily changes the
sequence of the primer so that the “t” changes to a “C”.

13/ ONNE 10p STano [(Score 24) veng
Delta
Delta

Bcll

nArgAspThrPheArgGluValAspGinMetLeuThrilel)
TTTAGGGAGGT TGATCAAATGCTCAC

FECELEEREREREE LEERErrrel
TCGTGATACGTTTAGGGAGGTTGATTAAATGCTCACAATTA

nArgAspThrPheArgGluValAen--'HetLeuThrIleL‘
Nrul* SnaBI* BclI* BclI®* Dral’
Dr!ﬁ‘
PacI*

The primer sequence changes and there is now a mismatch between the
primer and the template, represented by the gap in the vertical match
characters between the sequences. Also, a Bcll site has now appeared above
the primer sequence. Restriction sites that would be created by changes in
the primer are displayed in black text above the primer. Conversely,
restriction sites that would be destroyed by mismatches in the primer are
displayed in grey text. Any changes to the amino acid sequence of
overlapping open reading frames are shown in red text. In this case the ***
termination codon has been replaced by a red Gln codon.

To make the change permanent, simply double-click on the Bcll*
restriction site. In preparation for the next section of the tutorial, if you
double-click, choose Edit | Undo Edit to revert the change.

Primer Design Tutorial 11
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Introducing a Mismatch Manually

Nudge the primer so that the *** stop codon is approximately in the
middle of the primer. Select the second “T” in the sequence
.GATTAAA.. and type a “C”.

The display updates to show that you have now introduced a mismatch and
also shows the change in the amino acid sequence in red;

"gEAspThrPheArgGiuVal uscr'n"ethuTh—EichsVai&snGivL

TTEATEAAATCCTEAL
AGCTTCATCAAATCECTCAC

-
CAL

CC/

fal nsc-' "cthuxh'I eL, sVal »sn..‘.,.

Tr
| \.
AL
\

'cA5p¢h Phen'g\.'u'

The edit creates a new restriction enzyme site (Bcll - TGATCA) as we saw
above. You may also see that replacing the T with a C has introduced a
potentially significant internal primer duplex;

Primer Duplex
Score =18

Continue to nudge the primer. You’ll see that as you nudge the primer to
the left, the primer information is updated in real time. Unfortunately,
because Bcll has a typical 6 base pair dyad symmetrical recognition site,
we can’t do anything about the internal primer duplex.

1LAsnArgAspThrPheArgGluValAsplinMetLeuTh:

T"“‘T""C;'r’\"""'"ﬁ ~G»(_~G'=T~.m u.n.»t GCTCAC)
ATTAGCACTATCCAAATCCCTCCA TTACGAGTE
I} ". WA s.\_x_ \_\_ """""

|1&5m\(g~scxh Phc; wrRGl u"a nsc-""ctLeuTh

Adding a Tail Containing a Restriction Enzyme Site

For the next step we will add a tail containing a BamHI restriction site to the
primer.

Click in the “Optional tail” box and type the sequence “CGCGGATCC”

Note that we add 3 additional residues (CGC) before the BamHI recognition
sequence (GGATCC). Many restriction enzymes cannot cleave DNA if the
recognition sequence lies too closely to the end of a double stranded
molecule. Adding an additional 3 residues is usually sufficient to ensure that
the enzyme will be able to cut the final PCR product. As you type, the

Primer Design Tutorial 12
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restriction enzyme sites above the primer are automatically updated. You
may find that adding the tail causes a potential hairpin loop to be created;

BamHI Bcll Hairpin Structure
ValAsnArgAlaArglleArgGluValAspGlnMetLeuThrIlelys  score=10
CGCGGATCC|GGGAGGTTGATCAAATGCTCACAAT

FEEREEEEEEr Perrrerrrrnnd
GTTAATCGTGATACGTTTAGGGAGGTTGATTAAATGCTCACAATTAAA
CAATTAGCACTATGCAAATCCCTCCAACTAATTTACGAGTGTTAATTT

ValAsnArgAspThrPheArgGluValAsps**MetLeuThrIlelLys
BclI* BclI* Dral*

Dral* Fspl*
PacI* s.ce

Nudge the primer to the right. Eventually you will find a location where
the hairpin loop is reduced to just 3 residues and it falls below the
significance threshold. Do not let the mismatch fall off the end of the
primer or you will have to re-enter the T -> C change.

Hairpin Structure
No sig. hairpins detected

gAspThrPheAlaAspProAspGlnMetleuThrilelys'
TCCTCACAATTA

(CCCCATOD TORATE
e R

TrARA
CATCAAA

Generating a Primer Report

Once we are happy with the primer and tail we have designed we may want
to make a permanent record of the sequence of the primer and its
characteristics. You can click on the Copy Primer & Tail button copy the
full primer, ready to paste into other applications.

Click on the Show Report button.

This opens a separate report window summarizing the information displayed
in the Quicktest Primer dialog, including the primer properties, potential
primer dimer and hairpin loops, the presence of any additional binding sites
on the target sequence and the details of the primary binding site, restriction
enzyme sites and CDS translations. The report is designed to be a simple
one page document that you can print or save as a PDF file to create a
permanent record of the primer.

Primer Design Tutorial 13
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® 06 Quicktest Primer Report

5' C GCG GAT CCG GGA GGT TGA TCA AAT GCT CAC AAT 3

Primer Properties Analysis Parameters
Length 34 residues A-T score 2
GC 440 % G-C score 3
Gs: 7, Cs: 4, ambiguous G or C: 0 Mismatch score -5
Molecular weight 10492.0 3'end dimer score threshoid T
1ug of primer is equivalent to 129.4 pmole ends Duplex score threshold "
Primer Tm (Santa Lucia) 61.8 degrees C Hairpin score threshold 8
Primer+Tail Tm (Santa Lucia) 72.8 degrees C Hairpin minimum pairing 2 bases
Absorbance 3.0 nMol/A260 Hairpin minimum loop size 3 bases
Absorbance 31.7 ug/A260 Hairpin maximum loop size 10 bases
Delta G -46.3 kCalMol Primer concentration 50.0 nM
DeltaH -273.5 kCalMol Monovalent cation (Na+) conc. 50.0 mM
Delta S -7325 e.u. Divalent cation (Mg++) conc. 15 mM
3'End Delta G -24.5 kCal/Mol dNTP concentration 06 mM
No significant homopolymer repeat stretches are present
No significant dinucleotide repeat stretches are present
3' End Primer Dimers Primer Hairpins
No significant 3' end dimers detected Score =10
GGG
G G
Primer Duplexes g ;
Score =22 C=G
5-CGCGGATCCGGGAGGTTGATCAAATGCTCACAAT-3 I=¢
| =
G=C

3-TAACACTCGTAAACTAGTTGGAGGGCCTAGGCGC-5
5-C6CG  AAATGCTCACAAT-3

Primer Binding Details for SequenceSample

BamHI Bell
euValAsnArgAlaArglleArgGluValAspGinMetLeuThrIleLysValAsnGlyValleuAsnGinThrLysIleAsnIleAsnIlelysAspG
CGCGGATCC GGGAGGTTGATCAAATGCTCACAAT
FERRRRRRREE FRRenennenen
1126 TGGTTAATCGTGATACGTTTAGGGAGGT TGATTAAATGCTCACAATTAAAGTGAATGGTGTTCTTAATCAGACGAAAATTAATATAAATATAAAGGATC 1219
ACCAATTAGCACTATGCAAATCCCTCCAACTAATTTACGAGTGTTAATTTCACTTACCACAAGAATTAGTCTGCTTTTAATTATATTTATATTTCCTAG
euValAsnArgAspThrPheArgGluValAsps**MetLeuThrIleLysValAsnGlyValLeuAsnGinThrLysIleAsnIleAsnIleLysAspG
Becll® B¢clI® Dral* BclI® SspI* Dral® Dral* BamHI
Dral® Fspl* Sspl* SspI* Bcll®
Pacl*

Alternate Binding Sites in SequenceSample
No alternate binding sites detected.

Finding a Suitable Matching Primer

Once the first primer has been designed, the next task is to find a suitable
matching second primer for use in a PCR reaction. To do this we will make
use of the integration between Quicktest Primer and the Primer3 interface

in MacVector.

Make sure you have the SequenceSample window as the front most
window, then click on the Primer3 button in the Quicktest dialog.

Primer Design Tutorial 14
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ylleleulleSerLysTrpleuTyrAsnlys!
Show Repo

The Primer3 parameters sheet will drop down over the SequenceSample
window and the Quicktest Primer dialog will close.

Primer Sequences
Tail: 5'-CGCGGATCC-3'
TCATCAAATCCTCACAATTA ]

(#) Use this primer _ Use this primer
) Find 5' primer (#) Find 3' primer

__ Hybridization Probe Sequence (Internal oligo for realtime PCR analysis)

Amplify Feature/Region % |
Region to Amplify
1 to 3374

5{“

{ f_" Advanced options

Defaults Cancel OK

You can see that the main core of our primer is inserted into the 5’ primer
edit box and the tail is displayed over the top of that box. In addition, the
Use this Primer radio button is selected for the 5 primer.

The trickiest part of using Primer3 to find a matching 3’ primer is defining
the region we want to be amplified. In this case, we know our designed
primer overlaps the end of ORF1 and the start of ORF2. Lets set up the
search to amplify from our primer position to somewhere beyond the end of
ORF2.

Make sure the popup menu is set to Amplify Feature/Region, then click

on the region button (‘}j) and choose 1155 to 1775; CDS, ORF2 from
the popup menu.

Because our primer overlaps the beginning of ORF2 MacVector will ensure
that Primer3 accepts it as a valid primer. If the primer lay entirely within
ORF2, we would need to adjust the Region To Amplify parameters so that
the 3’ end of the Region to Amplify would lie either within or to the right of
the primer.

Click on the Advanced Options button.

You will see the advanced options area displayed. Note how the length,
percent G+C, Tm and GC clamp options have all been pre-filled to match
the characteristics of the core of the input primer. Normally you should not
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have to change these, as they will ensure that any 3’ primers found will

closely match your designed primer.
'? Advanced options

[ Characteristics = Primer Binding Reaction Conditions Hybridization Probe  Misc.

Min. Max. Set  Opt.
Length: 19 21 ™ 20 GCClamp: [0 3]
Percent G+C: 20 30 ¥ 25 Maximum Poly-X: 5
Tm (°C): 46 50 ™ 48 Maximum difference in Tm: 4

between primers (°C)

Click OK to run Primer3.

The Primer3 job will start and should complete within a few seconds. You
should get a result sheet similar to this;

Summary Display Options

Primers.. Left Right Internal U Primer3 output
Accepted 0 144 () i

Considered 0 824 ° ‘Y‘ Spreadsheet
Primers discarded because of 'Z’ Graphical map
Would not amplify: 0
Too many Ns:

In region to be amplified
Overlap excluded

Bad GC% content:

v

4]

0

0

0

0

No GC clamp 0 No left primers found
Tm too low 0
Tm too high 0
High any complementation 4]
0

0

0

0

0

0

0

Mo
COOROODOOVBWOROOOO

High 3' complementation

epe
High hairpin stability
Long poly X:

Low guality.

High end stability:
Lowercase masking end

-
CO000D0000000000

Pairs.
Accepted 10
Considered 10

Reasons for rejection...
No target 0
Product size 0
Low product Tm 0
High product Tm 0
Tm diff too large a
High any complementation ]
High 3' complementation 0
No internal OLIGO 0
ng“ mispriming similarity: Qo
High template mispriming 0
Overlaps a better pair. 0

Cancel ) C OK )

In particular, look at the Pairs... Accepted result. You should see that at
least one pair has been accepted. If you don’t see this then something went
wrong — the most common problem is that you set up the region to amplify
incorrectly, so that the left hand primer either did not bind within 200
residues of the region to amplify. If you click OK and examine the raw
Primer3 output window it will usually have a message telling you what
went wrong. If this is the case, simply choose Analyze | Primers |
Primer3... and change the region to amplify settings.

Make sure the Spreadsheet and Graphical map checkboxes are
selected, then click OK.
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The SequenceSample Primer3 Spreadsheet tab displays a list of the
pairs of primers found by Primer3.

Yala
Rank L Start
1 1148
2 1148
3 1148
4 1148
S 1148
3 1148
7 1148
8 1148
9 1148
10 1148

LLlen
20
20
20
20
20
20
20

LTm
48.18
48.18
48.18
48.18
48.18
48.18
48.18
48.18
48.18
48.18

SequenceSample Primer3 Spreadsheet

L Sequence

CCGCCCATCCTCATCAAATCGCTCACAATTA
CCCGCATCCTCGATCAAATCGCTCACAATTA
CGCGCATCCTGATCAAATGCTCACAATTA
CGCGCATCCTCGATCAAATGCTCACAATTA
CCGCGCATCCTGATCAAATGCTCACAATTA
CCCCCATCCTGATCAAATGCTCACAATTA
CGCCCATCCTGATCAAATGCTCACAATTA
CGCGCGATCCTGATCAAATGCTCACAATTA
CGCGCATCCTGATCAAATGCTCACAATTA
CCCCCATCCTCGATCAAATGCTCACAATTA

R Start
2014
1865
1898
2037
1864
2007
1940
1798
2025
2028

R Len
20
20
20
20
20
20
20
20
20
20

RTm
47.96
48.13
48.15
47.84
47.83
47.82
47.81
47.80
47.77
47.77

R GC%
25

00

R Sequence

TCAACAATCCTTAACTTATT
GTATCTTTCTTGCATTAGAT
TAAACCAATTTCCTTAAACA
TGCTAAATTCAATGTAATCT
TATCTTTCTTGCATTACATC
TCGTTAACTTATTTATTCCC
TACTATAAGCACATCTTTTT
TAACAGATAAATAGCACTTC
TGTAATCTCTATCAACAATG
CAATCTAATCTCTATCAACA

You will see that all the left primers are the primer we designed using
Quicktest Primer, complete with CGCGGATCC tail and the A->C
mismatch. The Tm displayed (L Tm) is the Tm for the target site —i.e. the
20 residues where the tail-less core will bind. This does NOT take the
mismatch into account. The right hand primers are all suitable matching
primers with similar Tm’s and length to our core starting primer. These are
displayed as the “real” primer sequence i.e. the sequence you would send off
for synthesis. They are the reverse complement of the plus strand of the
target sequence. You can click in one of the primer cells and copy the
primer to paste into an external application, or click elsewhere on a row to
copy all of the data on the line so you have a record of the start, length and
Tm data as well.

The Sequencesample Primer3 Map tab displays the results graphically
(here shown zoomed in to the amplified region);

® N O SequenceSample Primer3 Map
SequenceSample

ORF 1 ORF 2 ORF 3
T D A S
n-—— WLLLLLLLLA

1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
" PCR Product ?
! q
. PCR Product 7
! q
" PCR Product 4
! {

A PCR Product »

)} 4

s PCR Product P

)} 4

s PCR Product 2

! q

A PCR Product >

! Y

s PCR Product

b q

" PCR Product 4

b q

v PCR Product 4

! d

[+

| 100% 15 € ) <>

The Map is interactive. You can click on one of the small primer triangles,
and then choose Edit | Copy and the sequence of the primer (including tail
and/or mismatches) will be copied to the clipboard. Clicking on a purple
PCR Product object followed by Edit | Copy will copy the predicted PCR
product, again including mismatches and or tails in each of the primers.
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Adding a Tail to a Matching Primer

Once a suitable matching primer has been found, it is often useful to be able
to add a tail to that primer as well. Again, we’d like to know if that might
create significant secondary structure in the primer, so we need to use
Quicktest Primer once more.

In the Sequencesample Primer3 Map results tab, click on the right
hand primer of the second pair. Note how the same primer highlights in
the spreadsheet and also in the parental SequencesSample Editor

window.
- ORF’ 3 SpIEaudIIEEL
1700 1800 AWC: B R Len RTm R GC% R Sequence
20 47.96 25.00 TCAACAATCCTTAACTTATT
4| 20 48.13 30.00 GTATCTTTCTTGCATTAGAT

20 48.15 25.00 TAAACCAATTTCCTTAAACA
20 47.84 25.00 TGCTAAATTCAATGTAATCT
20 47.83 30.00 TATCTTTCTTGCATTAGATC

Choose Edit | Copy to copy the primer sequence. Then choose Analyze |
Primers | Quicktest Primer to open the Quicktest Primer dialog. If a
primer is present in the main edit box, double-click in it to select the
entire sequence, then choose Edit | Paste to replace it with the sequence
you copied. Finally, if it is not already active, click on the original
SequenceSample window to make sure Quicktest is reporting the
binding results for the right sequence.

The Quicktest Primer dialog should appear and refresh with the new
primer displayed in the primer edit box and with the template sequence
“flipped” to show the correct binding between the new “minus strand”
primer and the template. You should see that the upper strand of the
template is now displayed in the “complementary strand” color ;
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[ XaXs) Quicktest Primer
3' End Primer Dimers Hairpin Structure
No s!;n(”unl 3' end dimers detected No sig. hairpins detected

Primer Duplex

Score =16
5-CGCGGATCCCACTTGTCTCGAGTATCTTTCTTGC-3
JURNEL
3-COTTCTTTCTATGAGCTCTGTTCACCCTAGGLGE -5
length: 25, %GC: 44.0, Gs: 4, Cs: 7, ambiguous G or C: 0 TUQ OF prmer 1S SQUIVAIENT 101322 PMoie OF enas
Pr?r?‘:r does not form Self 3'-dimer Tm (Santa Lucia): 59.9 degrees C (71.0 with tail)
Primer does not form Hairpin Tm (Breslauver): 69.4 degrees C (86.1 with tail)
Primer forms Self Duplex Tm (Baldino): 50.9 degrees C (61.8 with tail)
No significant homopolymer stretches are present Absorbance: 3.2 nMolVA260, 32.8 ug/A260
No signif i ide repeat are present Detta G: -45.3 kCal/Mol
bt o
Primer binds at position 1877 on the Bottom Strand (score 25) Deita H: -275.5 kCal/Mol

Delta S: -7423 e u.
3'End Delta G: -24.7 kCal/Mol

BamHI
uGlyIleGluAlaSerGlyValGlnArgSerTyrArgGluGlnMet
CGCGGATCC CACTTGTCTCGAGTATCTTTCTTGC
LECRELRELERREE il Flip
1897 AACCAATTTCCTTAAACAACACTTGTCTCGAGTATCTTTCTTGCATTAGATCTCTAAACCTCTCTTTATATTTTGAATATACAAATTATTGTTAAAATT 1798
TTGGTTAAAGGAATTTGT TGTGAACAGAGCTCATAGAAAGAACGTAATCTAGAGAT TTGGAGAGAAATATAAAACTTATATGTTTAATAACAATTTTAA

uGlyIleG\ut.ysPneLeuValGlnArlSer'l’{rAr;GluGlnKet
Dral* Spel*  Xho Bglll Dral* Accl®* Sspl* Dral*
Xbal* Dral* Dral* Dral*
ECoRV* Sspl* SspI* SspI*

Sacl*  Xbal*

SequenceSample Primer3 Show Report | Parameters = Copy Primer & Tail

1853 - 1877 = 25/25 Score 25, Mismatches 8, lower strand 1853 to 1877
Tm: 59.9 deg C (from target sequence)

1853 5 -GCAAGAAAGATACTCGAGACAAGTG-3 1877
3 -CGTTCTTTCTATGAGCTCTGTTCAC-5"
EORLRRRRRRRR RNt
3" -CGTTCTTTCTATGAGCTCTGTTCAC-5" (Primer)

The “minus” strand is now shown above the black “plus” strand and the red
numbering is larger at the left hand side than on the right hand side. This
indicates that the primer is binding to the opposite strand, as you would
expect for the second primer in a PCR pair. This is also indicated in the list
box at the lower left corner that displays the binding sites in the sequence.

Usually, the tail sequence will be remembered between invocations of the
Quicktest Primer dialog. But if it is not;

Click in the “Optional tail” edit box and type in the same BamHI
restriction site tail we used previously (CGCGGATCC).

heLeuValAlaSerGlyTyrArgGluGlnMet
CGCGG TCC]GTATCTT*CTTGCATTAGAT
FEERELERLEERETELEEL
83 AACAACACTTGTCTCGAGTATCTTTCTTGCATTAGATC
TTGTTCTGAACAGAGCTCATAGAAAGAACGTAATCTAGY
heLeuValGlnArgSerTyrArgGluGlnMet

Finally, click on the Primer3 button to reopen the Primer3 sheet.

This time, because both primers have been defined (with tails), the Primer3
dialog will automatically switch into Test Primer Pair mode.
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Primer Sequences

Tail: 5'-CGCCGGATCC-3' Tail: 5'-CGCGGATCC-3'
GCGGAGGTTGATCAAATGCTCACAAT v CACTTGTCTCGAGTATCTTTCTTGC v
* Use this gnmer ) Use this gnmer Reverse & Complement

Find 5' primer Find 3' primer

Hybridization Probe Sequence (Internal oligo for realtime PCR analysis)

Use this primer
» Find Hybridization Probe

Test Primer Pair

¥ | Advanced options

Defaults Cancel Test

Note how the dialog remembers the last primer that we used for the 5° end,
including the mismatch we introduced and the tail we added. In this case,
the new primer is for the 3’ end. MacVector always assumes that if you
switch from Quicktest to Primer3 with a primer that matches the minus
strand (as we did here), then that should be treated as the 3’ primer. In Test
Primer Pair mode, the analysis bypasses Primer3 completely and simply
tests the primers for binding and reports the primer properties and the
predicted amplification products.

Click Test to run the Primer3 analysis

The analysis will proceed and you should be presented with a successful
result dialog where just a single pair is considered and accepted.

Click OK to display the result windows. Click on the single PCR Product
graphical object in the Map tab and choose Edit | Copy. This will copy
the predicted PCR product, including the mismatch and tail from the 5’
primer and the tail we assigned to the 3’ primer

PCR Product

Finally, choose File | New From Clipboard and switch to the Map tab of
the newly created Untitled sequence.
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® 06 Untitled 1 — Map

32 ; = hs \ e
A = > b E s > U
DNA Unlocked Prefs Replica Topology Digest Ligate Magnify Preview Create Edit Delete Range

Editor | Map f Features | Annotations

Untitled
Bglll (713)

Bell (17 Xhol (734)

BamHI (4) Dral (532) BamHI (747)

ORF 1

ORF 3

7

ORF 2

Dral (145) EcoRV (261 Sspl (538) Accl (632)

The new sequence retains all of the features from the source sequence i.e.
ORF 2 and parts of ORF 1 and ORF 3. The sequence is now flanked by
BamHI sites from the tails we added to the primers. Finally, there is a Bcll
site near the left hand end — the mismatch we introduced into the 5 primer.

Cloning the Amplified Fragment into a Vector

In this example, after completing the PCR reaction you would typically
digest the amplified product with BamHI and then clone it into a suitable
vector. This is simple to emulate in MacVector. For this example we will

clone the fragment into the BamHI site of classic early cloning vector
pBR322.

Click on the BamHI site at the left side of the Untitled 1 Map. Hold
down the <shift> key and click on the BamHI site at the right side of
the Map. Click on the Digest toolbar button.

Choose File | Open and open a suitable vector that contains a BamHI
cloning site. If you don’t have a favorite vector, choose
/Applications/MacVector/Sample Files/pBR322.Switch to the
Map tab and click on the BamHI site at position 375.
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(X NG] # pBR322 — Map =
A Sy R o) S 7 M=)
DNA Locked Text View Prefs Replica Topology Digest Ligate Create Edit Delete Range Features
Editor Map Features | Annotations
M
EcoRl (43

Fspl (3588)

pBR322
4361bp

Dral (3251)

Dral (3232)

Apall (2787)

Apall (2289)

| 100% B

February, 16

Click on the Ligate toolbar button.

After unlocking the document, the ligation sheet will appear;

Source Sequence Ends

Flip

@ Keep ) Fill () Cut Back @ Keep ) Fill ) Cut Back
GATCCTOATC e GATAC G
GACTAG CTATGCCTAG

Target Sequence Ends

CCTGTG GATCCTCCTG
C GGACACCTAG GAGGAC )

@ Keep ) Fill ) Cut Back @ Keep (O Fill ) Cut Back

Ligate Anyway Cancel ( Ligate \

This gives you the opportunity to “flip” the incoming fragment so it is
inserted in the opposite orientation, and also lets you fill or cut back sticky
ends when emulating clonings that require manipulating overhangs. To learn

more about “click cloning” with MacVector, check out the

/MacVector/Documentation/Click Cloning Tutorial.pdf

document.

Click on the Ligate button.
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The PCR fragment with BamHI ends gets inserted into the target pBR322
document, creating a new molecule complete with all the features of the
original target DNA sequence and including the new Bcll site we introduced
with the mismatched primer.

N6 pBR322 — Map —
_;\f ki 8 L. O = 376 s
DNA Unlocked Text View Prefs Replica Topelogy Digest Ligate Create Edit Delete Range
Editor Map Features Annotations
-~
Eco
Clal (24) Fspl (262)
findlll (29 BamHl (375)
EcoRV (187) Bcli (381)

tetracycling |,

pBR322

5085bp

Additional Information

You can use the principles above to design any primer with or without tails
or mismatches and document the final construct using MacVector’s point
and click interface. For more information on the “click cloning” interface,
read the Click Cloning Tutorial inthe Documentation folder. If
you use T/A cloning to clone your PCR fragments, then you should read the
Gateway + TOPO Tutorial document.
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