Blol/Chem 475 Primer Design  Spring 2007
Generating a 100 bp ladder using phage lambda PNA as template

FARS
What are we doing in lab for the next couple of weeks?

*  Week 7: design primers for a 100 bp ladder of PCR products

*  Week 8: try primers out; assess PCR results and work up strategy to optimize yield and
specificity

*  Week 9: each student reruns PCR varying one or two parameters of the reaction

What’s the Point?

* The goal of this exercise is to introduce you to the the basics of primer design and
troubleshooting PCR reactions — where artifacts and suboptimal reactions can kill an
experiment or, worse yet, provide misleading restuls

Where should I go & What should I do? In this handout

What do I need to hand in? See extra sheet

Appendix A: 1 thought molecular biologists don’t usually care about details like Tm
Appendices B: Jeff Young’s general guidelines for primer design

Appendix C: Downloading sequence from NCBI in Fasta Format

Where should | go?
NCBI: Obtain template DNA sequence
http://www.ncbi.nlm.nih.gov/

Primer-3: Design Primers
http://frodo.wi.mit.edu/

Sequence Extractor: Display primers on DNA sequence
http://bioinformatics.org/seqgext/

Sequence Extractor features
http://bioinformatics.org/segext/features.html

GeneWalker: analyze potential for primer artifacts/interactions
http://www.cybergene.se/primerdesign/genewalker/genewalkerl1.html

GeneWalker Manual
http://www.cybergene.se/primerdesign/help.html

IDT-DNA Another site to analyze primer-primer interactions — gives AG’s!
http://www.idtdna.com/analyzer/Applications/OligoAnalyzer/Default.aspx

Other sites of interest Online PCR TOOLS
http://molbiol-tools.ca/PCR.htm

Tips on primer design

http://www.premierbiosoft.com/tech notes/PCR Primer Design.html
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http://frodo.wi.mit.edu
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http://bioinformatics.org/seqext/features.html
http://www.cybergene.se/primerdesign/genewalker/genewalker11.html
http://www.cybergene.se/primerdesign/help.html
http://www.idtdna.com/analyzer/Applications/OligoAnalyzer/Default.aspx
http://molbiol-tools.ca/PCR.htm
http://www.premierbiosoft.com/tech_notes/PCR_Primer_Design.html

what’s the poi.wt?

DNA size standards are expensive, so we are going to make our own.

Inexpensive Reagents: TAQ polymerase (buffers, dNTPs),
PCR primers,
DNA template (lambda bacteriophage)

Invaluable: Your Time. You will be designing primers to amplify, from a single
template, a 1000 bp product & a nested set of products 100-500 bps in length in
100 base pair increments &. In other words we want (using 7 or more primers)
products of 100, 200, 300, 400, 500 bp, & 1000 [+/- as few bases as possible]. The
primers will be used in six different PCR reactions; the products of the reactions
will then be combined to make a 100 base pair ladder mix.

Suggested strategy:

Note that you can pair one primer with more than one partner to
generate different sized PCR products and to reduce the number
of primers needed

* Start with largest product and generate primers

* Pick one of these primers and look for nested sets (see drawing
below)

* if that primer isnt” working out, pick the other outside primer and look for
nested sets

—>
—>
—>

< .................. 500 bpS ............................ >



FIRST: GqET TEMPLATE SERUENCE

Go to National center for Bio’cechwoLogg nformation (NCBI)
http://www.nebi.nlm.nih.gov/

Choose Genome i the pull down menu

TYype tn Enterobacteria phage lambda
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Genome > Viruses > Enterobacteria phage lambda, complete genome

Lineage: Viruses ; dsDNA viruses, no RNA stage ; Caudovirales ; Siphoviridae ; Lambda-like viruses ; Enterobacteria phage lambda

Genome Info: Features: BLAST homologs: Links: Review Info:
Refseq: NC 001416 Genes: 90 Genome Project Publications: [13]
GenBank: J02459 E Protein coding: 71 Refseq FTP Refseq Status: Reviewed
Length: 48,502 nt Structural RNAs: None Seq.Status: Completed
GC Content: 48% seudo genes: None Sequencing center:
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Click here for Sequence Viewex presentation (base sequence and aligned amino acids) of selected region
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NCBI Sequence Viewer v2.0
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11: NC 001416. Reports Enterobacteria ph...[gi:9626243]

Comment Features Sequence
Locus NC_001416 48502 bp DHA linear
DEFINITION Enterobacteria phage lambda, complete genome.
ACCESSION NC_001416
VERSION NC_001416.1 GI:9626243
PROJECT GenomeProject:14204
KEYWORDS
S0URCE Enterobacteria phage lambda

ORGANISM Enterobacteria phage lambda

Viruses; dsDNA viruses, no RNA stage; Caudovirales;

Lambda-like viruses.

REFERENCE 1

AUTHORS
TITLE

Chen,C.Y.
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Scroll (way) dowwn to nucleotide sequence
Select and copy your assigned sequence block next page)
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gggcggcgac
ttottottog
acaggtgctg
ggaatgaaca
taccattecag
tgaggtgeott
tgagaacgaa
ccagcoccagga
ggaactgaag
gotgtogegg
goggogbtitt
agoccatgaac
cgaacagtca

ctogogggtt
tcataactta
daagcgagge
atggaagtca
aactggoagy
tatgactcty
aagoctgogoo
actattgagt
aatgccagayg
atcgoaggty
coggaactgy
aaagcagoog
ggttaacagy

ttegotattt
atgtttttat
tttttggoct
acaaaaageca
aacagggaat
cogocghtoat
gggaggtitga
acgaacgccoa
actcocgetga
aaattgeocag
aaaaccgaca
cgotggatga
ctgocggeatt
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atgaaaattt
ttaaaatacc
ctgtogttte
gobtggotgac
gocoghbotbtyg
aaaatggtat
agaactgocgy
tocgacttacy
agtggtggaa
tatteoteogac
tgttgattte
actgatacoyg
ttgtococgeoge
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(Go) "_ Clear |
Clipboard
all but gene, CDS and mRNA features

tcoggbtttaa
ctotgaaaag
ctttcteotgt
attttoggtyg
cgaggcggtyg
gocgaaagdy
caggocagog
cgtgogoagy
accgeattot
gggobtooooo
ctgaaacggg
gggttgotga
cgggoctitogo
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You caw directly copy the genbank

sequence (wumbers and all) and paste it into
the Primers sequence window. The program will
Lgwnore the numbers.
[also see appendix C for alternative way to download sequencel

ggocgtttooyg
aaaggaaacg
ttttgteocgt
cgagtatcog
goaagggkaa
atgectgaaat
aggecagatct
ccgacgcaca
gtactttocgt
tgtogghtaca
atatcatcaa
gtgaatatat
tcactgttea

qqqqqqqqq L



OPEN PRIMER =
http://frodo.wi.mit.edu/

PASTE LAMBDA SERIUENCE Ln to source sequence box

P . 3 |Chocks for mispriming in template. |E
rmer (v.0.3.0) Pick primers from a DNA sequence. |Ncw /beta (0.4.0) interface |E
Paste source sequence below (5'->3', string of ACGTNacgin -- other letters treated as N -- numbers and blanks ignored). FASTA
undesirable sequence (vector, ALUs, LINEs, etc.) or use a Mispriming Library (repeat librarv): | NONE )
1 gggcggegac ctcgogggtt ticgotattt atgaaaattt tccggtitaa ggogtitccg
61 ticticticg tcataactta atgtitttat ttaaaatacc cictgaaaag aaaggaaacg m

121 acaggtgetg aaagogagge mtggaoct crgiogitte crttctenge teegrocgt

181 ggaatgaaca atggaagica acaaaaagea golggeotgac atttteggty cgagtatcog
241 taccattcag aactggeagg aacagggaat goccgticty cgaggoggty gcaagggtaa
301 tgaggtgott tatgactctg ccgocgtcat aaaatggtat gocgaaagag atgctgaaat 1

* Tell program to pick right and Left primers and indicate product size
range

* Keep the size range narrow at first —open only if the program can’t
find primers in the range that you have set

* Leave defaults setting for other parameters

™ Pick left primer, 1 Pick hybridization probe (internal ™ Pick right primer, or use right primer below
ar use left primer below: oligo), or use oligo below: (5' to 3' on opposite strand):

Pick Primers \ f Reset Form_\

:1‘ uence 500bpproduct A string to identify your output.

Careets: —————— E.g. 50,2 requires primers to surround the 2 bases at positions 50 and 51. Or mark the source sequence with [ and J: e.g.
LAIZCLE: ATCT[CCCCITCAT.. means that primers must flank the central CCCC.

ixcluded —————————————————— E.g.401,7 68,3 forbids selection of primers in the 7 bases starting at 401 and the 3 bases at 68. Or mark the source
tegions: sequence with < and >: e.g. .. ATCT<CCCC>TCAT.. forbids primers in the central CCCC.

’roduct Size Ranges 495-5053|
_lick here to specify the min, opt, and max product sizes only if vou absolutely must. Using them is too slow (and too computationally intensive for our server).

Number To Return 5 Max 3' Stability 5.0

Max Repeat Mispriming 12.00  Pair Max Repeat Mispriming 24.00
vlax Template Mispriming 12.00 Pair Max Template Mispriming 24.00


http://frodo.wi.mit.edu

General Primer Picking Conditions:
The specificity of amplification of target sequences in a PCR reaction is controlled
by the length and sequence of the primer (which affecs Tm) and the annealing
temperature used in the PCR run. The sequence of the 3’ end of the primer is also
important.

* click on each parameter to view a description — just browse
through the info here -- we’ll come back and explore a couple
of these parameters more closely

* Start out using the default values for parameters in this section

* See appendix D for a definition of T

* lgwnore Other Per-Sequence tnputs and what follows...

General Primer Picking Conditions

Primer Size Min: 18  Opt 20 Max: 27

Primer Tm Min: s7.0 Opt eo.0 Max: e3.0 Max Tm Difference: 100.0

Product Tm Min: Opt: Max:

Primer GC% Min: ‘200 Opt: | | Max: 80,0 |

Max Self Complementarity: [8.00 | Max 3' Self Complementarity: 3.00 |

Max #N's: o | Max Poly-X: 5

Inside Tarpet Penalty: 7 Outside Target Penalty: 0| Note: you can set Inside Target Penalty to allow primers inside a target.

First Base Index: 1 CG Clamp: 0

Salt Concentration: '50.0  Annealing Oligo Concentration: |s0.0 | (Not the concentration of oligos in the reaction mix but of those annealing to template.)

™ Liberal Base (| Show Debuging Info @ Do not treat ambiguity codes in libraries as consensus

Pick Primers | [ Reset Form |

> Tell program to pick primers and thew carefully inspect the
primer-3 output — be sure to seroll down to the bottowm of the page

Primer3 Output

WARNING: Numbers in input sequence were deleted.

No mispriming library specified
Using l-based sequence positions

0OLIGO gtart _len tm ge% any 1" seg
LEFT PRIMER 2260 20 59.73 55.00 4.00 0.00 gtacggataccgocgaaagag
RIGHT PRIMER 2457 20 60.30 50.00 5.00 3.00 geottittitgeoetgteococcacagt

SEQUENCE SIZE: 4080
INCLUDED REGICON SIZE: 4080

PRODUCT SIZE: 198, PAIR ANY COMPL: 5.00, PAIR 3' COMPL: 3.00



NOTE info a bottowm of output page

ADDITIONAL QOLIGOS

1 LEFT PRIMER
RIGHT PRIMER
PRODUCT SIEE:

2 LEFT PRIMER
RIGHT PRIMER

PRODUCT SIEE:

3 LEFT PRIMER
RIGHT PRIMER
PRODUCT SIEE:

4 LEFT PRIMER
RIGHT PRIMER
PRODUCT SIZE:

Statistics
con
aid

ered

Left 31766

Right 32185

Pair Stata:

considered 20667, unacceptable

start _len tm gok any i’ ze
1556 20 60.53 55.00 &.00 2.00 croagraggagctggacttta
1760 20 59.93 45.00 2.00 1.00 cgtatcccctbtogttttca
205, PAIR ANY COMPL: 3.00, PAIR 3' COMPL: 1.00
625 20 59.50 45.00 6.00 2.00 cogacatgtbtgatttoctga
B23 20 59.89 45.00 6.00 2.00 taattagcatcogococcatte
199, PAIR ANY COMPL: 5.00, PAIR 3' COMPL: 2.00
1230 20 59.82 50.00 5.00 3.00 gtggecggettatgatgaact
1427 20 59.57 40.00 4.00 1.00 ggraacatgaaaacgcataa
198, PAIR ANY COMPL: 5.00, PAIR 3' COMPL: 1.00
1032 20 60.08 50.00 3.00 3.00 gatggtgatgcogagaactt
1227 20 60.54 55.00 4.00 1.00 ccaccgacttttecacggtag
196, PATIR ANY COMPL: 5.00, PAIR 3' COMPL: 1.00
too in in no tm tm high high high
many tar excl bad GC too too any i' poly end
Ns get reg GC% clamp low high compl compl X =stab ok
0 0 0 3139 0 3614 22272 0 16 105 760 4680
0 0 0 188 0 3243 23274 0 4 103 721 4652
product size 20643, high end compl 2, ok 22

primer3 release 1.1.0

* What do

to?

ﬂng

2|
’ ’

Pair any compl,

and

pair 3’ comple

refer

* How do the alternate primer picks (additonal oligos) differ
from the “chosen” primer?
* Note the statistics which indicates the number of primer
candidates examined and why the primer was rejecteo

> if you are OK with the primer pick, copy the info shown on
previous page and paste it into a word file — keep Courier 10 font
so the collums will stay aligned.

> Pick your second privmer pair
This time enter Your left or right priver from above, and tell
program to find the right or left primer
> Down't forget to enter a new product size



> Repeat instructions from above —don't forget to
copy the primer 3 output info for each priveer pair.

what Lf Primer 3 can't find acceptable an

acceptable priver or primeer paLr?

* Flrst examine the statistics to get clues as to what the
Limitations are

* Look at general primer picking parameters and make some
conservative adjustments

* Yow cawn opew the size range limits, but too big a size
winodow will make the 100bp ladder less useful

* Try the other outside primer

* NOTE: exert a Little effort here to generate nested PCR
products - the fewer primers you need for your ladder, the
better

> REpeat until you have primer pairs that will
generate 100,200,300,400,500 and 1000bp

Eroduots

2 n your word document, name your primers
anol make a list of each unique primer . n
Appendix B, there are primer design rules put
together by Jeff young. Do your primer sequences
wmeet the standards suggested in this appendix?
Briefly summarize Your assesment




Go to Sequence Extractor and align primers on sequence:

Sequence Extractor: Display primers on DNA sequence
http://bioinformatics.org/segext/

Sequence Extractor features
http://bioinformatics.org/segext/features.html

* First clear primer ano sequence box

* Paste in Your sequence and Your primer list as instructed
* Tell program that you don't want the sequence translated
* Don't allow any mismatches

Use the following options to alter the output of Sequence Extractor. For more details about individual
options, see the help.

» Genetic code: | standard [7).

« Restriction set: none 7).

Translate reading frame: "none 3.
Topology: [linear 7).

Allow primers to have mismatched: 5" tails, [ 3' tails.
Matching bases required when mismatching bases allowed: " 10 75].

Bases perline: 100+ ).

« Show #@reverse strand, @ number line, @ spacerline.

« Return_restriction summary, # primer summary, _ help information, — coding sequence links,
translation links, _ options selected.

-

-

e e P h oL B ARAR o Pl

carefully examing output:

miul msp.L
ggaggctcacggacgcgaagaacaggecacgegtgetggecagaaacccececggtatgaccgtgaaaacggeecegeegeatte
~5530 ~5540 ~5550 ~5560 ~5570 ~5580 ~5590

ccteecgagtgectgegettettgteegtgegeacgacegtetttgggggecatactggeacttttgecgggeggegtaag

5' CAGCACCACAGAGTGCACA 3' 200L

MboI Hpall
BssHII NdeII MspI
tggeecgeageaccacagagtgeacaggegegeagtgacactgegetggategtetgatgecagggggeaceggeacegetg
~5610 ~5620 ~5630 ~5640 ~5650 ~5660 ~5670

accggegtegtggtgtetcacgtgteegegegtecactgtgacgegacctagecagactacgteccecegtggecgtggegac

3' TCCATTGGGCCGTAGACTA 5' 400R \Pnsition:snz 100L >>> direction >>>\
HpaIl HineII
PstI MspI Hpal
gctgecaggtaaccecggeatectgatgecgttaacgatttgetgaacacaccagtgtaagggatgtttatgacgagecaaaga

~5690 ~5700 ~5710 ~5720 ~5730 ~5740 ~5750
cgacgteccattgggeecgtagactacggecaattgetaaacgacttgtgtggtcacatteectacaaatactgetegtttet

3' TTGTCACTGGGCCGAGTATG 5' 500R
Hpall Hpall
MspI MspI
aacctttacccattaccagecgecagggeaacagtgacceggeteatacegeaacegegeceggeggattgagtgegaaag

nspect alignments
* cCapture desktop picture of part of alignment (as above) ano
paste tnto word file
* Capture primer summary (below) and past Lnto word
document

100L ACGATTTGCTGAACACACCA: 5712.
200L CAGCACCACAGAGTGCACA: 5607.
300L TTATGGGGATCCTCAACTGT: 5499.
400R ATCAGATGCCGGGTTACCT: -5705.
500L GATGCACGTAAATCCCGTCT: 5308.
500R GTATGAGCCGGGTCACTGTI’: -5809.

quence Exlractor copynighl © 2008 Paul Stothard
mai slothald@ua\beﬂa ca



http://bioinformatics.org/seqext
http://bioinformatics.org/seqext/features.html

Aw Loeal set of primer should anneal efficiently with the target
template sequences ano not with other template segquences or with
each other. The Primer 3 program assesses the ability of primer
pairs to hydrogen bond with each other at the 3’ end (serving
potentially as templates for DNA pol) or generally with each other
at any position.

IVIAX COIMPIEMentariy
The maximum allowable local alignment score when testing a single primer for (local) self-complementarity and the maximum allowable local alignment score when testing
for complementarity between left and right primers. Local self-complementarity is taken to predict the tendency of primers to anneal to each other without necessarily causing
self-priming in the PCR. The scoring system gives 1.00 for complementary bases, -0.25 for a match of any base (or N) with an N, -1.00 for a mismatch, and -2.00 for a gap.
Only single-base-pair gaps are allowed. For example, the alignment

5' ATCGNA 3'

3' TA-CGT 5'

is allowed (and yields a score of 1.75), but the alignment
5' ATCCGNA 3'

3' TA--CGT 5'

is not considered. Scores are non-negative, and a score of 0.00 indicates that there is no reasonable local alignment between two oligos.

Max 3' Complementarity
The maximum allowable 3'-anchored global alignment score when testing a single primer for self-complementarity, and the maximum allowable 3'-anchored global
alignment score when testing for complementarity between left and right primers. The 3'-anchored global alignment score is taken to predict the likelihood of PCR-priming
primer-dimers, for example

5" ATGCCCTAGCTTCCGGATC 3'
3" AMGTCCTACATTTAGCCTAGT 5°
ar
5" AGGCTATGGGCCTCGCGA 3'
3" AGCGCTCCGGGTATCGCGA 5

The scoring system is as for the Max Complementarity argument. In the examples above the scores are 7.00 and 6.00 respectively. Scores are non-negative, and a score of
0.00 indicates that there is no reasonable 3'-anchored global alignment between two oligos. In order to estimate 3'-anchored global alignments for candidate primers and
primer pairs, Primer assumes that the sequence from which to choose primers is presented 5'->3'. It is nonsensical to provide a larger value for this parameter than for the
Maximum (local) Complementarity parameter because the score of a local alignment will always be at least as great as the score of a global alignment.

Aro Tl w

Go to Ggenewalker and analyze one pair of priveers L detatl

GeneWalker: analyze potential for primer artifacts/interactions
http://www.cybergene.se/primerdesign/genewalker/genewalker] 1.html
GeneWalker Manual

http://www.cybergene.se/primerdesign/help.html

Plck a primer pair that with nwon-zero values here and with
primers that have different any and =’ valugs. \Have Genewalker
show you primer dimeer tnteractions.

OLIGO start len tm gd%s any 3' seq

LEFT PRIMER 5309 20 59.96 50.00 6.00 .00 GATGCACGTAAATCCCGTCT
RIGHT PRIMER 5808 20 60.00 55400 8.00 1)\00 GTATGAGCCGGGTCACTGTT
SEQUENCE SIZE: 48502

INCLUDED REGION SIZE: 8000

PRODUCT SIZE: 500, PAIR ANY COMPL: 5.00, PAIR 3' COMPL: 2.00

10
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LEFT Primer annealing with itself — ask for primer dimer

HELP
Align comparative:

5 =
Clear results : 10 20 30 10
TCTGCCCTAAATGCACGTAG

Primer-1isequenc Primer dimer E“.l‘\"L‘CC!A‘DE“."L‘M}‘\"FE‘lCCCTDT 26

Clear primer R
5 Align comparative:
10 20 30 10
Rev compl 1 TCTGCCCTAAATGCACGTAG

2 ] GATGCACGTAAATCCCGTCT 20

Primer/Target alignn

| eaTecaceTA AATCCCGTCT

Primer 2 sequenc 5 Align comparative: 3
1 10 20 30 40 50 60
GATGCACGTA ARTCCCGTCT TCTGCCCTARATGCACGTA-G
LI

| GATGCACGTAAATCCCGTCT 26

}C\eal primer

Rev compl 2

2 M

GeneWalke

DNA analysis and
biolnfarmatics

For each tndicate the 5 and 3’ ends
which tnteraction would ampLifg L a PCR reactlon?
Repeat with RIGHT Primer annealing with Kself

Left and right primers with each othe
Format

Primer/Target alignn

Align comparative:

HELP
20 30 40

TCTGCCCTAAATGCACGTAC
Primer 1 sequenc N ” P T
q Primer dimer GTATGAGCCGEG==TCAC=TGTT 23

GATGCACGTA AATCCCGTCT
Clear primer .
5 Align comparative:

1 10 20 30 40
TCTCCCCTAAATG-CACCGTAG

GTATCGAGCCGGE--TCACTGTT 22

Primer 2 sequenc Align comparative:

1 20 30 10
GTATGAGCCG GETCACTGTT TCTGCCCTARNTGCACGTAG
L e
GTATGAGCCGGG==TCAC=TG==TT 25

GeneWalke

DNA analysis and
bioinformatics

11



PRIMER intrastrand STRUCTURE
Paste bn Your primer sequence and ask for primer structure
The structure will be coded as shown
Go to genewalker help and draw out the stxuctural meannig of this code -
first two lines

Target sequence

imer structure

[ GAGC [ ACGT ] AA[ATC | CCGTCT
GATGC[ACG |TA[AJA[T]CC[CGT]CT
GAT[G]C[A]CG[TAJAA[T]C[C]CCTCT
GA[ TGCA | CGTARATCCCGTCT
[GA]T[G]CACG[T]A[A]ATCC[C]G[TC]T
GAT[G]CAC[G]T[AJAA[TIC[C]CGT[CIT
GA[T]G[C]AC[G]T[A]AATCCCGTCT

Clear all

Clear target

Sequance G[A]T[G]CA[C]G[T]ARATCCCGTCT
GATGCACGTAAATCC[CG | TCT
Forrmat GATGCACGTAA[AT]CCCGTCT

Order oligo

HELP

Primer/Target alignn

Clear results

Primer 1 sequenc Primer dimer

GATGCACGTA AATCCCGTCT

Clear primer

A

Rev compl 1

2:ary struct 1

OPTIONAL for those who want to do more

Go to IDT-DNA Another site to analyze primer-primer interactions
Hey, this site will gives the Ag’s of the interactions!
http://www.idtdna.com/analyzer/Applications/OligoAnalyzer/Default.aspx



http://www.idtdna.com/analyzer/Applications/OligoAnalyzer/Default.aspx

Appendix A What is Tm and why is it important?

{a) {b)
= 1.0~ o
=2 Single-Stranded DNA =100
- a
E ,//J o 80F
c n
O ’1'(J E
g ",- = 60
o 075 - I‘ ®
=) /i Double-stranded DNA g’ 40 |
= ' )
© I s
= o o 20}
E e E Tm ;
@ 0.5 | ' I | o [ 1 I |
2 0.
< 75 80 85 a0 7080 90 100 110

T
Temperature (°C) m (°C)

Fig. {a) The absorption of ultraviolet light of 260-nm wavelength
by solutions of single-stranded and double stranded DNA. As
regions of ds-DNA unpair, the absorption of light by those regions

increases almost twofold. The temperature at which half the bases
in a ds-DNA sample have denatured is denoted Tm(for temperature
melting). Light absorption by single-stranded DNA changes much
less as the temperature is increased. (b) The Tpis a function of the

G + C content of the DNA; the higher the G + C percentage, the greater
the T,.

For primers shorter than 20 bases, T, can be calculated as
T.=4G+C)+2 (A +T).

* Single base mismatches can significantly lower the Tm of the primer-
template.

* Mismatch tolerance between template and primer -- is the 5’ or 3’ end the
most critical?

Read about annealing temp and primer design at this site
http://www.mcb.uct.ac.za/pcroptim.htm
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Appendix B Here is a slightly different take on designing
prime primers from Jeff Young:

Primers

¢ Length: Long (29 bp)

1. G's or C's allowed at positions number 28 and 29 (3' end of primer):

Zero or One

nnnnnnnnnnnnnnnnnnnnnnnnnnnGC - BAD
nnnnnnnnnnnnnnnnnnnnnnnnnnnGG BAD

nnnnnnnnnnnnnnnnnnnnnnnnnnn TG GOOD
nnnnnnnnnnnnnnnnnnnnnnnnnnnAT  GOOD

1. GC content of primer: 34% to 50 %

¢ TM: Don't worry about TM. If the primer is designed as above, TM
will be in operable range.

2. Use 65° annealing temperatures for these primers.
Avoid High G+C content at the 3' end of the primer

« avoid G+C > 50% in the 3" end (10 bp),
* avoid clusters of nucleotides, especially Gs and Cs.
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Appendix C

Downloading sequence from NCBI
OR select FASTA format and send to TEXT

B MO http: [ fwww.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&qty=1&c_sta...list_uid:
| < | | [ =+ | = http:/ /www.ncbi.nlm.nih.gov/entrez/viewer.fcgitdb =nucleotide&gty=1&c_start=

[T Summer Inst... - Modules WSUI AM 910 __ity of lowa Monthly Calendar Nasonia Genome Project

>gi|9626243 |ref|NC_001416.1| Entercbacteria phage lambda, complete genome
GGGCGGCGACCTCGCGGETTTTCGCTATTTATCAARATTTTCCEGCTTTARGCGCCTTTCCGTTCTTCTTCG
TCATAACTTAATGTTTTTATTTAARATACCCTCTGARAAGARACGGARACGACAGGTGCTGARMGCGAGGC
TTTTTGGCCTCTGTCGTTTCCTTTCTCTGTTTTTGTCCGTEGAATGAACAATGCAAGTCARCAMAAAGCA
GCTGGCTGACATTTTCGETCGCGAGTATCCGTACCATTCAGAACTGECACGGARCAGGCGARTGCCCGTTCTG
CCAGGCEGTCGCARCGETARTGAGCTCCTITATGACTCTGCCCCCCTCATARAATCGETATCGCCCARRGGE
ATCCTGAARATTCACARCCAMMAGCTEGCCCCCCCACGTTCARCARCTCGCEGCACCCCACGCCAGGCAGATCT
CCAGCCAGCAACTATTCACTACCGARCCCCATCCACTTACCCCGTCCCCACGCCCACCCACACCARCTCARG
AATGCCAGACGACTCCOCTCAACGTCETCCARACCCCATTCTGTACTTTCCTEGCTETCCCCCATCECAGETC
ARATTCCCAGTATTCTCCACCGGGCTCCCCCTCTCEGTECACCCECCTTTTCCCCAACTCCARRMRCCCGACA
TCTTGATTTCCTGARACGGEATATCATCARAGCCATGARCAAACGCAGCCGCEGCTGCATCARCTCGATACCE
GOGTTGCTGAGTGARTATATCGAACAGTCAGGTTARCAGGCTGCGEGCATTTTGTCCGCGCCGGGCTTCGE
TCACTGTTCAGGCCOGAGCCACAGACCOCCOTTGAATGEGCGOATCCTAATTACTATCTCCCGARAGART
CCGCATACCAGCARCGGGCGCTGEGAARCACTCCCCTTTCAGCGECGCCATCATCAATCGCCGATCGGEGCAGCGA
CTACATCCCTCACETCAATETGEGTCARACTCTGCCCGTETCCETTATTCCAARATGCTCGCTGEGETGTTTAT
CCCTACTTTATACACCATARCGCAGCCCAACACCCTTATCTCCTTCCCCACCGCATCOTCATECCCACRACT
TTATCARAACCCACCTTCACCCCACTATTCETCATATTCCCTCEGCTECTGEGCECTEECCCCETEETATCE
CARARARAMCCACCCCCATARCACGCTCACCATCARCGCGTTTCACTAATCEECCEGTCCCTTCTCETCGCCTCGEE
GCOTAAAGCCCCARARAACTACCGTCAARACGTCCETGGATCTGECCGEETTATCGATCGAARCTTGCTGCTTTTG
ATGATCGATATTGAACAGGAAGGCTCTCCGACGTTCCTGGETCGACAAGCGTATTGAAGGCTCGGTCTGGCC

If you paste the entire genome sequence in IN PRIMER 3,
a8ne Primer3 Input (primer3 /input.htm version 0.3.0 modified for W1)
(< »| @ |I]  http:/ /frodo.wi.mit.edu/#PRIMER_MAX_TEMPLATE_MISPRIMING 2

[0 Summer Inst.. - Modules WSUI AM 910 ity of lowa Monthly Calendar Masonia Genome Project Gene MNCEI Honey ...e Resources Genl

(Checks for mispriming in template.

(New/beta (0.4.0) interface

Primer3 (v.0.3.0) Pick primers from a DNA sequence.

Paste source sequence below (5'=>3', string of ACGTNacgtn -- other letters treated as N -- numbers and blanks ignored). FASTA format ¢

(vector, ALUs, LINEs, etc.) or use a Mispriming Library (repeat library): ' NONE B
»gil9626243|refINC_001416.1| Enterobacteria phage lambda, complete genome
GGGCGGCCACCTCGEGOGTTTTCGCTATTTATGAAAATTTTCCGGTTTAAGGCCTTTCCGTTCTTCTTCG m

TCATAACTTAATCTTTTTATT TAAAATACCCTCTCGAAAAGAAAGCAAACCACAGGTGCTCAAAGCCACGT

TTITTTCCCCTCTGTCCTTTCCTTTCTCTOTT I TTGTCCOTCCAATCAACAATCCAACTCAACAAAAACGCA .
CCTGOCTCACATTTTCGOTGCCACTATCCCTACCATTCACAACTCCCACCAACACCCAATGCCCCTTCTG +
CCACCCGCTGCCAACGOTAATCACGGTGCTTTATCGACTCTCCCCCCCTCATAMAATCCTATGCCGAAACCG b

then you will need to limit the primer sequence to your assigned sequence block as
follows:

Scroll down to other sequence input
Other Per-Sequence Inputs

Included 1002000 E.g. 20,400: only pick primers in the 400 base region starting at position 20. Or use { and } in the source sequence to mark the beginnin
Region: - and end of the included region: e.g. in ATC{TTC...TCT}AT the included region is TTC...TCT.

Start Codon —————

Position:
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