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Introduction

MacVectorprovidesa numberof toolsto helpyou designprimersfor usein
Polymeras&€hainReaction(PCR)experimentsMacVectorl2.6introduced
anewfi Qu i cFkrtienseerfacethatsimplifiesthedesignof primerswith
mismatchesnd/ortails. This canbeusedin conjunctionwith the existing
Primer3 A P r iDneesri functionalityto designpairsof primerswith
mismatchesnd/ortails andto easilygeneratahe predictedproductof the
reaction,completewith tails and/ormismatchesThe Quicktestfunctionality
wasenhancedn MacVectorl3to displayRestrictionSitesaroundthe
primerlocation,includingfi o 1o a1 sitésandthe effectof mutationson
thosesiteson overlappingopenreadingframes.MacVectorl4 introduced
theconcepiof afi P r iDnaet ra bvhesegod canstoreprimersfor use
throughoutMacVector.

This tutorial showsyou how you candesigna primerwith a mismatchthat
changes proteincodingregionto createarestrictionenzymesite,addatail
containingarestrictionenzymesite,find a matchingprimerto amplify a
specificsegmentrom agene,addarestrictionenzymesite tail to that
primer,thenfinally generateanewDNA sequenceepresentinghe
predictedproductof theamplification.

SampleFiles

This tutorial usesa samplefile thatis installedwith MacVector.You can
find thefile atthislocation;

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

Tutorial

OpeningSequenceSample

SelectFile | Open andnavigateto the/MacVector/Tutorial
Files/Align To Reference/Sequence Confirmation/

folder. SelectSequenceSample andclick Open. A window will
openi click ontheMap tabto view agraphicalrepregntationof the
proteincodingregionsof the sequence.

Primer DesignTutorial



Primer DesignTutorial 27 January2020

[ BON J # SequenceSample.nucl — Map
- e :_L‘ el == (O E?:; i @e) ’gé\' 212
DNA Locked Text View Prefs Replica Topology Digest Ligate 100% Preview Create Edit Delete Graphics RE Picker Range
Editor Map J Features J Annotations
SequenceSample
Sspl (2896) 5/6
Dral (2904) 6/6
" Apall (2070)
Dral (2116) 5/6 Boll (2971) 2/2
Accl (1763) 1/2 [ BsaAl (2127) " Boll-DAM (2971) 212
Ball (172) 12 " Bl (1844) EcoRV (2204) 2/2 ’ CRISPRUeft (2072) 212
BCll-DAM (172).. Sspl (1669) 3/6 Xhol (1865) 1/3‘ CRISPR-left (2345) 1/2 Fspl (2973)  Xhol (3258)
Sspl (164) 1/6 Sspl (877) 2/6 EcoRV (1392) 1/2 Dral (1897) 4/6  Pacl (2248) 1/2 Sspl (2680) 4/6 Sspl (2987) 6/6 Kpnl (3276)
Dral 96) 16 Dral (1276) 2/6 Dral (1663) 3/6 Ach(WQW(;) 212 Sohi (2195) Pl (2418)( Xhol (269‘4’ 2 Hindil (3074)Pacl (3...
N | ORF 1 ORF 2 ( |"| orF3 [N ‘ /
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200

GIIIIITIIIIIIIIIIIITIIITIII IO ]

NotetherearethreeORFsannotatedn the sequenceYou canseethe
translationof the ORFsin the Editor tabaswell.

Click ontheEditor tab.Thenclick andhold onthe Display button.A
popupmenuwill appearSelectShow CDS Translations .

imple.nucl — kEditor

-/J i o 57, 483:11F
e Verify Show CDS Translations (6
e | Show Complementary Strand

Show Plus Strand Translations
CEAT Show Minus Strand Translations B Caia

If you scrollthroughthesequenceyou will seethattheaminoacidCDS
translationsarenow displayedabovethe sequence.

InvokingQuicktesPrimer

Scrdl throughthesequencentil you seethe stopcodon(*** or *) at
theendof ORF1 startingatresiduel152.Selectapproximately20-25
residuesacrosshis codon.
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gSerIlelLeu

ValleuProL
GTGTTACCAT TTCTATTCTT

elLeulyslLeu
TCTTAAATTG

euSerLysAr
TATCTAAACG

AlaGlyIleM
GCAGGTATTA

sThrAsnThr
AACAAATACA

elLeuvalGlu
TTTAGTGGAG

LeuProLeuG
TTGCCTTTAG

leProAspLy
TCCCAGATAA

lulleTyrPh
AAATTTATTT

VallleAlaT
GTCATAGCGA

hrIleAsnLe
CCATAAATCT

uValAsnArg
GGTTAATCGT

AspThrPheA
GATACGTTTA

rgGluvalAs
GGGAGGTTGA

eLysAspGln
AAAGGATCAA

HisProlLysI
CACCCTAAGA

leTyrAlall
TATATGCGAT

eGlnGlyPro
ACAGGGACCA

SerGlyIleG
TCTGGAATTG

ysValGlyLy
AGGTTGGTAA

sArgVallLeu
ACGTGTATTA

ThrAspSerA
ACTGATTCAC

rgHisHisLe
GACACCATTT

uAsnVallys
GAATGTTAAG

ValTyrAsnA
GTTTATAACA

snIleThrPh
ACATAACGTT

eMetThrLys
TATGACTAAA

ProSerGluH
CCTTCTGAAC

isIleAsnGl
ATATCAATGA

etMetSerPh
TGATGAGCTT

GlnGlyLysG
CAAGGGAAAG

p***MetLeu
TTAAATGCTC

1lyLysThrTh
GAAAGACAAC

ValGlnGlnA
GTTCAACAAC

uLeuIleHis
ACTTATTCAT

eAlaArgAla
TGCAAGAGCA

TuAsnGluAl
AAAATGAAGC

ThrileLysV
ACAATTAAAG

rIleLeuAsn
AATTTTAAAT

rgArglleGl
GTCGTATAGG

ThrLeulysI
ACTCTAAAAA

rLeuMetVal
TTTGATGGTT

I1eGlyGluP
ATAGGTGAAT

heGlyAlaTh
TTGGTGCTAC

VallLeuvallL
GTGCTTGTAT

euValAlaPh
TAGTTGCGTT

aTrpLeuTrp
ATGGTTATGG

1LeuAsnGln
TCTTAATCAG

alAsnGlyVa
TGAATGGTGT

ThrLysIleA
ACGAAAATTA

IlelleAlaG
ATAATTGCCG

lylLeulLysAl
GTTTGAAAGC

alleAsnTyr
TATAAATTAT

lnLeuPhePr
AACTTTTCCC

yTyrLeuPhe
ATATCTATTT

GlnAspTyrG
CAAGATTATC

leGluHisLe
TAGAGCATTT

uLeuGluLys
ACTTGAAAAG

TyrProvalT
TATCCTGTGA

990
AlaGlyTyrl
GCTGGCTATA

1100
eAlavalThr
TGCGGTAACT

1210
snlleAsnIl
ATATAAATAT

1320
SerTyrIleL
TCATATATAA

1430
oAsnMetAsn
CAATATGAAT

1540
hrLeuSerGl
CCTTATCAGG

1650

(individual) é

Fromthemainmenu,chooseAnalyze | Primers | Quicktest Primer

800 Quicktest Primer
3" End Primer Dimers Hairpin Structure
Score =8 Score=8
5-AGGTTGATTAAATGCTCACAATTAA-3
3-AATTAACACTCGTAAATTAGTTGGA-5 CTCA
G C
Primer Duplex L :
No significant duplex dimers detected A=T
A=T
T=A
T=A
5-AGGTTGA -3

length: 25, %GC: 28.0, Gs: 4, Cs: 3, ambiguous G or C: 0
Primer forms Self 3-dimer

Primer forms Hairpin

Primer does not form Self Duplex

No significant homopolymer stretches are present

No significant dinucleotide repeat stretches are present

Binds at 1144 on the Top Strand (score 25) with 0 mismatches

snArgAspThrPheArgGluvalAsp***MetLeuThrIleLysValAsnGlyValleuAsnGlnThriysIleAsnIleAsnIlel

AGGTTGATTAAATGCTCACAATTAA
< TEEELEERLEREEEEE Lt

1126 ATCGTGATACGTTTAGGGAGGTTGATTAAATGCTCACAATTAAAGTGAATGGTGTTCTTAATCAGACGAAAATTAATATAAATATAA

Molecular weight: 7688.1

1ug of primer is equivalent to 130.1 pmole of ends
Tm (Santa Lucia): 55.8 degrees C

Tm (Breslauer): 66.8 degrees C

Tm (Baldino): 44.4 degrees C

Absorbance: 3.9 nMol/A260, 30.0 ug/A260

Delta G: -26.9 kCal/Mol

Delta H: -187.3 kCal/Mol

Delta S: -517.3 e.u.

Flip

1213

TAGCACTATGCAAATCCCTCCAACTAATTTACGAGTGTTAATTTCACTTACCACAAGAATTAGTCTGCTTTTAATTATATTTATATT

snArgAspThrPheArgGluvalAsp** *Met
Bc

LeuThrIleLysValAsnGlyValleuAsnGlnThr
Bc1I* Bc

Dral*

BclI-DAM*

SequenceSample

1144 - 1168 - 25/25

Report
Settings

Score 25,

o

1144 5°

w

Sspl*
Bcl1-DAM®
Copy Primer & Tail Primer Database

Switch to Primer3 Choose

Mismatches @, upper strand 1144 to 1168

' -TCCAACTAATTTACGAGTGTTAATT-5

Open

LysIleAsnIleAsnIlel
Dral* Dral*

SspI* Sspl*

Add to...

Tm: 55.8 deg C (from target sequence)
" -AGGTTGATTAAATGCTCACAATTAA-3' (Primer)
LEELECLERLERLELrnrnrntl
-AGGTTGATTAAATGCTCACAATTAA-3' 1168

WhenQuicktest Primer (individual) isinvokedwith ashort(200residues
or less)selectionin the parentakequencaindow, the selectedsequences
automaticallycopiedanddisplayedin the centralprimeredit box (with the
white backgroundcandthefocusring). Thedialogis sensitiveto the current
activenucleicacidwindow sothatif the primerin theeditbox bindsto that
nucleicacid sequencethe matchingtemplatesequencés shownaligned
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below the primer. Thetranslationof any CDSfeatureghatoverlapthe
bindingregionareshownbelowthe sequenceNote thatthe plusandminus
strand=of the bindingregionareshownin the currentselectectcolors
(defaultof blackfor the plus strandandbluefor the minusstrand) If the
primerbindspreferentiallyto the minusstrand thenthe minusstrandwill be
shownabovethe plusstrand.

Finally, color-codedrestrictionenzymesitesareshownbelowthetemplate
sequenceBlack sitesarefully -matchng restrictionenzymesitesin the
templatesequenceThesiteswith anasterisk(e.g.Bcll*) arefi o 10 @ &ités
(e.g.a5 outof 6 matchto therecognitionsequence)vhereasingleresidue
changecouldbe madeto createa completerecognitionsite. Green sitesare
thosewherechangingthe templatesequencevould NOT changethe amino
acidsequencef anyoverlappingproteincodingsequenceThesewill also
includesiteswhereno codingsequencés annotatedn thesequenceRked
sitesarethosewhereintroducingtheresiduechangeo matchthe complete
site WOULD causea changeo theaminoacidsequencef a proteincoding
openreadingframe.For this featureto work asexpectedyour source
sequencenustbeannotatedvith CDSfeaturegepresentingodingregions.
All sequencedownloadedrom the GenBankdatabasevill beannotated
appropriately.

Resizinghe Dialog

Thereis alot of informationdisplayedin the Quicktest Primer dialogand
sometimesherewill befar morerestrictionenzymedlisplayedbelow the
templatesequencéhancanbeviewedin the existingbox. However,if you
haveareasonablyargescreenyou canresizethedialogandthecentral
primer/templatesditing panewill increasen size;

ValAsnArgAspThrPheArgGluValAsp***MetLeuThrIlelLysValAsnGlyVallLeuAsnGinThriysIleAsnIleAsnIlelysAspGinHisP
GGGAGGTTGATTAAATGCTCAC

LECERLEREREEEEEEnd
122 GTTAATCGTGATACGTTTAGGGAGGTTGATTAAATGCTCACAATTAAAGTGAATGGTGTTCTTAATCAGACGAAAATTAATATAAATATAAAGGATCAACACC 1225
CAATTAGCACTATGCAAATCCCTCCAACTAATTTACGAGTGTTAATTTCACTTACCACAAGAATTAGTCTGCTTTTAATTATATTTATATTTCCTAGTTGTGG
ValAsnArgAspThrPheArgGluValAsp***MetLeuThrilelLysValAsnGlyVallLeuAsnGinThrLysIleAsnIleAsnIleLysAspGlnHisP Flip
Bell* BclI® Dral* BclI* SspI* DraI* Dral* BamHI*

Dral* FspI® SspI* SspI*  Bcll*

SequenceSample Primer3 Show Report Parameters | = Copy Primer & Tail

Changinghe AminoAcidDisplay

Thedefaultsettingis for aminoacidsto displayusingthesinglelettercodes
ratherthantriplet codes(e.g.i A oratherthanfi A | &his)utorial usesthe
threelettercodesasit is moreobviousto discusgylutamineasii G| rathier
thanii Q &f youwantto changeyour settingsto match,choosehe
MacVector |Pr e f e r e menaiterd@ andswitchto theText View tab;
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enn Text View

Lol ) (A7 R (=)

General Aligned Sequence Colors Fonts Internet Llcense Map View Software Update 'Text View
Appearance Displayed Feature Types
Line Length (30 - 225): 70 ™ binding ™ repeat
Blocking (0 - 50): 50 ™ general [V RNA

@ promoter @ translation

Mumbering (5 - 100): 10 # protein # other
Marking (0 - 100): 0 ™ region M frag
Characters Translate {DNA/RNA only)

Letter case: () upper () lower ™ cps ™ mat_peptide
AA code letters: () one () three  exon E sig_peptide

. "I block to phase
Strandedness: @double ) single

( Defaults ) ( Revert ) [ Apply 4

Makesureyou haveAA code letters setto three , andthenclick Apply .

Openanunrelatedchucleicacidsequencé e.g./MacVector/Sample
Files/pBR322

Whentheunrelatedsequencevindow openstheQuicktest Primer dialog
refreshesandthebindinginformationis removed(becausé¢he primerdoes

notbind).
. B ——
No significant dinucleotide repeat stratches are present Absorbance: 3.8 nMol/AZ60, 30.0 Ug/A260
Does not bind anywhere on the sequence Delta G: -26.9 kCal/Mol
Delta H: -187.3 kCal/Mol
Delta S: -517.3 e.u.
«
AGGTTGATTAAATGCTCACAATTAA Eln
pBR322 Report Copy Primer & Tail Primer Database

Settings Switch to Primer3 Choose Open Add to...

If you click backonthe SequenceSample window, thebinding
informationreappearsY ou canusethis behaviorto quickly seeif/where
anyprimerbindsto anyopenDNA sequence.
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NudginghePrimer

Whena primerbindsto thetargetsequenceyou cannudgeit left andright
to find the optimallocationfor the primer.

Make sureyou haveSequenceSample astheactivewindow behind
theQuicktest Primer dialog.Click ontheroundleft/right buttonsand

watchwhathappendo thedisplay.

Eachtime you click onabutton,theprimergetsii n u d glendttie
sequenceEachof thedisplaypanesdynamicallyresponddo the newprimer
location,sowhenyou nudgeyou canseeany hairpinloopsor primerdimers
graphicallydisplayedn theupperpanesThescrollabletext boxesarealso
updatedo reportthe bindingandsecondartructuralinformationandthe
primer statistics(Tm, thermodynamigropertiesetc).If possibleyouwant
to avoid primersthatmightform hairpinloopsor primerdimers.Thatmay
notalwaysbe possible put at leastthis displayalertsyou to potential

problems.

Intelactingwith RestrictiorSites

Therestrictionenzymedisplayis highly dynamicandinteractive.

First, makesurethe primeris nudgedsothatthe** terminationcodon
is approximatelycenteredn the primer.Move the mousepointerover
theBcll* sitethatis belowandslightly to theleft of the*** codon.

While the pointeris hoveringoverthe Bcll* site,the site highlightsandthe
cutsiteandrecognitionsequencaretemporarilydisplayedon thetemplate

sequence.

I3¢ ON e 10 STang (SCore 2n) Lhaig
Delta
Dalta

NAFgAspThrPheArgGluValAsp®** *MetLeuThrilel:
TTTAGGGAGGT TGATTAAATGCTCAL

FLEEEEEE R TaaTcal LRELTTTE
(TCGTGATACGTTTAGGGAGGTTGATEANATGCTCACAATTA)

MArgASpThrPheArghluvalAsn®***MetLeuThrilel:
Hrul* 5SnaBI* Bell® Bell* Dral’
Drik-
PacI®
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If youlook carefully,you canseethe mismatchedesidues displayedn
lower caseln this casethereis afi tthatwould needto bechangedoafi C 0
to createafunctionalBcll site.

Now click andhold themousebutton. This temporarilychangeghe
sequencef theprimersothatthefi tclbangedsoafi C 0 .

134 0N NE 0P STaNng (S60re 29) Lgig
Dalta
Delta

Bcll
MArgAspThrPheArgGluvalAspGinMetleuThrilel:
TTTAGGGAGGT TGATCAAATGCTCAL

FELEREERERErnty verernnne
TCGTGATACGTTTAGGGAGGT TGAT TAAATGCTCACAATTA)

MAFEA spThrPheArgGluﬁaan- b 'Het LeuThrIlel:
Hrul* 5naBl Bell* Dral’
ﬁrk

PaclI®

The primersequencehangesandthereis now a mismatchbetweerthe
primerandthetemplateyepresentetly thegapin theverticalmatch
characterbetweenthe sequencedlso, aBcll sitehasnow appearedbove
the primersequenceRestrictionsitesthatwould be createdoy changesn
theprimeraredisplayedn blacktext abovethe primer.Conversely,
restrictionsitesthatwould be destroyedy mismatchesn theprimerare
displayedn greystrike-throughtext. Any changedo theaminoacid
sequencef overlappingopenreadingframesareshownin redtext. In this
casethe*** terminationcodonhasbeenreplacedoy aredGln codon.

To makethe changegpermanentsimply doubleclick onthe Bcll*
restrictionsite.In preparatiorfor the nextsectionof thetutonal, if you
doubleclick, chooseEdit | Undo Edit to revertthechange.

Introducinga MismatchManually

Nudgethe primersothatthe*** stopcodonis approximatelyin the
middle of the primer.Selectthesecondi Tib thesequence
..GATTAAA.. andtypeai C 0 .

Thedisplayupdatego showthatyou havenow introduceda mismatchand
alsoshowsthe changan theaminoacidsequencén red,;

10
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rEAspThrPheArgbluValAsphlnHetleuThrllelvsValAsnGlyy
CAGCTTCATCARATEC TCAC
FECVEEeer rerenrienl
STGATACGTTTAGGEAGGTTCATTAAATECTCACAATTAAACTCAATEETL
CACTATGCAAATCCCTCCAACTARTTTACCGAGTETTAATTTCACTTALCAL
rEAspThrPheArgbluValAsp=""HetLeuThrIlelysValAsnGly\

Theeditcreatesa newrestrictionenzymesite (Bcll - TGATCA) aswe saw
above.You mayalsoseethatreplacingthe T with a C hasintroduceda
potentiallysignificantinternalprimerduplex;

Primer Duplex
Score =18
5-GAGGTTGATCAAATGCTCAC-3

[NERRNN
3-CACTCCTAAACTAGTTGEAG-S

Continueto nudgetheprimer.Y o u $eétHatasyou nudgetheprimerto
theleft, the primerinformationis updatedn realtime. Unfortunately,
becausdcll hasatypical 6 basepair dyadsymmetricarecognitionsite,
wec a mdanhythingabouttheinternalprimerduplex.

1ILAsnArgAspThrPheArgGluValAspGlnBetlauThe
GLCAGCTTCATCAAATELTC
FEEVEEener reerieni
TAATCGTEATACCTTTAGCCACCTTCATTAAATCCTCALY
WATTAGCACTATGCAAATCCCTCCAACTARTTTACGAGTET
1ILAsnArgAspThrPheArgGluValAsp=**"HetLeuTh:

Addinga TailContaininga RestrictiorEnzymeSite

Forthenextstepwe will addatail containinga BanHlI restrictionsiteto the
primer.

Clickinthei Op t it @ mak&ndtypethesequencé CGCGGAT ¢

Notethatwe add3 additionalresiduegCGC) beforethe BanHI recognition
sequenc¢GGATCC).Many restrictionenzymesannotcleaveDNA if the
recognitionsequencdes too closelyto the endof a doublestranded
molecule Adding anadditional3 residuess usuallysufficientto ensurehat
theenzymewill beableto cutthefinal PCRproduct.As youtype,the
restrictionenzymesitesabovethe primerareautomaticallyupdated.You
mayfind thataddingthetail causes potentialhairpinloop to becreated;

BamHI Bcll Hairpin Structure
ValAsnArgAlaArgIleArgGluValAspGinMetLeuThrIlelys ‘score=10
CGCGGATCC‘GGGAGGTTGATCAAATGCTCACAAT

FEREREEEEEE TErerrrrrrrl
GTTAATCGTGATACGTTTAGGGAGGTTGATTAAATGCTCACAATTAAA
CAATTAGCACTATGCAAATCCCTCCAACTAATTTACGAGTGTTAATTT
ValAsnArgAspThrPheArgGluValAsps**MetLeuThrIlelLys

BclI* BclI* Dral*
Dral* FspIl*
PacI*

alala)
==

12 =
W
= 2

5-CGCG  AAATGLTC-3

11
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Nudgethe primerto theright. Eventuallyyouwill find alocationwhere
thehairpinloopis reducedo just 3 residuesandit falls belowthe
significancethreshold Do notlet themismatchfall off theendof the
primeror youwill haveto re-enterthe T -> C change.

Hairpin Structure
No sig. hairpins detected

EAspThrPheAlaAspProAspGlnMetLleuThrIlelys'
CGCGEATCC TCATCAAATECTCACAATTA
TEED TRRRRRRRRnnnnnl
TGATACGTTTAGCEAGCTTCATTAAATGCTCACAATTAAAI
ACTATGCAAATCCCTCCAACTARTTTACGAGTETTAATTTI
EAspThrPheArghluValAsp=**HetLeuThrIlelLys'

Generatin@ PrimerReport

Oncewe arehappywith the primerandtail we havedesignedve maywant
to makea permanentecordof thesequencef theprimerandits
characteristicsYou canclick onthe Copy Primer & Tail button copythe
full primer,readyto pasteinto otherapplications.

Click ontheShow Report button.

This opensa separateeportwindow summarizingheinformationdisplayed
in theQuicktest Primer dialog,includingthe primer propertiespotential
primer dimerandhairpinloops,the presencef any additionalbinding sites
onthetargetsequencandthedetailsof the primarybindingsite, restriction
enzymesitesandCDStranslationsThereportis designedo beasimple
onepagedocumenthatyou canprint or saveasa PDFfile to createa
permanentecordof the primer.

12
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Savingthe Primerto the PrimerDatabase

Onceyou havedesigneda primer,you maywishto addit tothed Pr i mer
Dat a bThedatabasés simply afile thatexistssomewher®n your hard
drive. By default, MacVectorusesthePrimer Database.nsub file in the
/Applications/MacVector/Subsequences/ folder butyou cansetit

to anyfile youwish by clicking onthePrimer Database -> Choose button.

To savethe currentprimer (with anytail), simply click ontheAdd T o é
buttonanda sheetwill appeapromptingfor anameandcomment

13
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