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Tutorial on how to estimate best PCR conditions and uniqueness of primers. 
This case focuses on primers used to amplify the bacterial 16S rDNA genes, which are shared in prokaryotes and archaea. 

We have two goals:
1. Make sure the primers work in E coli (our optimization genome)
2. Use the primers in human oral samples, so estimate the amount of bacterial DNA contributing to the total. Because of this we need primers that work across species, which means we are using some mixtures. This can make some of the tools we use choke – they don’t all accept mixed bases as something they can handle – you may have to try each of the individual sequences separately with some of the tools. 



How did I find this? I looked at the description of the genomic DNA we bought, which says this is E coli K-12, substrain W3110. 
In the NCBI Genome section I enter this information and get the following:


[image: ]
Click on the branch of the tree that has my substrain and you get the following: 

[image: ]If I click on the GenBank link I will get the ncbi Reference Sequence identifier, NC_0007779.1, which is a useful bit of information. 


This tells me that the whole genome is indeed sequenced – I could BLAST my primers against this genome to find what region of the genome I am in and if my primers match. 
If I take my first primer and do a BLAST search against 62 complete bacterial genomes, I get this output:
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You can see that I put in one of my 27F primers, and this screen lets me compare it to the set of E coli genomics (Organism, with the taxon id). 
The output is shown below, I had to split it into 3 screens. 
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The above shows how conserved the primer sequence is across these genomes. 
If you look at the alignment in one of the genomes, you will see there are several per genome – this is because most bacteria have multiple copies of the ribosomal RNA genes (usually identical). 
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I can also try the PrimerBLAST option, which lets me align two short sequences instead of one. In this case I need the accession number for this organism (noted during the Genome search).  I decided to see what hits I get in the larger group of bacteria that E coli belongs to, which is the Gammaproteobacter (I can get this by looking at a taxonomic tree in NCBI). 
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Here is the output:
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Well, rats. Even though I was invited to try this, it turns out that I cannot start with the whole genome. 

So, I need to find a different starting point. In this case, I do know what gene I am looking for, the ribosomal RNA gene for 16S. The code for these operons  is rrs[a,b,c,d..] etc.. 

So I can use the Gene option from NCBI .

Here I am looking for the rrsA gene in E coli K-12, substrain W3110. 
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If you click on the top return you will get the following

[image: ]If you click on FASTA you will get the sequence you need. 
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You can double-check the information: W3110 has accession NC_007779 and the ribosomal operon has gi:388476123







The sequence itself is 
AGAGAAAGCAAAAATAAATGCTTGACTCTGTAGCGGGAAGGCGTATTATGCACACCCCGCGCCGCTGAGA
AAAAGCGAAGCGGCACTGCTCTTTAACAATTTATCAGACAATCTGTGTGGGCACTCGAAGATACGGATTC
TTAACGTCGCAAGACGAAAAATGAATACCAAGTCTCAAGAGTGAACACGTAATTCATTACGAAGTTTAAT
TCTTTGAGCGTCAAACTTTTAAATTGAAGAGTTTGATCATGGCTCAGATTGAACGCTGGCGGCAGGCCTA
ACACATGCAAGTCGAACGGTAACAGGAAGAAGCTTGCTTCTTTGCTGACGAGTGGCGGACGGGTGAGTAA
TGTCTGGGAAACTGCCTGATGGAGGGGGATAACTACTGGAAACGGTAGCTAATACCGCATAACGTCGCAA
GACCAAAGAGGGGTACCTTCGGGCCTCTTGCCATCGGATGTGCCCAGATGGGATTAGCTAGTAGGTGGGG
TAACGGCTCACCTAGGCGACGATCCCTAGCTGGTCTGAGAGGATGACCAGCCACACTGGAACTGAGACAC
GGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCCATGC
CGCGTGTATGAAGAAGGCCTTCGGGTTGTAAAGTACTTTCAGCGGGGAGGAAGGGAGTAAAGTTAATACC
TTTGCTCATTGACGTTACCCGCAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAG
GGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCACGCAGGCGGTTTGTTAAGTCAGATGTGAAAT
CCCCGGGCTCAACCTGGGAACTGCATCTGATACTGGCAAGCTTGAGTCTCGTAGAGGGGGGTAGAATTCC
AGGTGTAGCGGTGAAATGCGTAGAGATCTGGAGGAATACCGGTGGCGAAGGCGGCCCCCTGGACGAAGAC
TGACGCTCAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGAT
GTCGACTTGGAGGTTGTGCCCTTGAGGCGTGGCTTCCGGAGCTAACGCGTTAAGTCGACCGCCTGGGGAG
TACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAAT
TCGATGCAACGCGAAGAACCTTACCTGGTCTTGACATCCACGGAAGTTTTCAGAGATGAGAATGTGCCTT
CGGGAACCGTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTGTGAAATGTTGGGTTAAGTCCCGC
AACGAGCGCAACCCTTATCCTTTGTTGCCAGCGGTCCGGCCGGGAACTCAAAGGAGACTGCCAGTGATAA
ACTGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGACCAGGGCTACACACGTGCTACAAT
GGCGCATACAAAGAGAAGCGACCTCGCGAGAGCAAGCGGACCTCATAAAGTGCGTCGTAGTCCGGATTGG
AGTCTGCAACTCGACTCCATGAAGTCGGAATCGCTAGTAATCGTGGATCAGAATGCCACGGTGAATACGT
TCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTGGGTTGCAAAAGAAGTAGGTAGCTTAACCT
TCGGGAGGGCGCTTACCACTTTGTGATTCATGACTGGGGTGAAGTCGTAACAAGGTAACCGTAGGGGAAC
CTGCGGTTGGATCACCTCCTTACCTTAAAGAAGCGTTCTTTGAAGTGCTCACACAGATTGTCTGATGAAA
ATGAGCAGTAAAACCTCTACAGGCTTGTAGCTCAGGTGGTTAGAGCGCACCCCTGATAAGGGTGAGGTCG
GTGGTTCAAGTCCACTCAGGCCTACCAAATTTGCACGGCAAATTTGAAGAGGTTTTAACTACATGTTATG
GGGCTATAGCTCAGCTGGGAGAGCGCCTGCTTTGCACGCAGGAG

This screen also lets me pick primers (now I have a short enough sequence that it should work).


The primers I want to check include
27f
	We have 27f-2_1, which is 	AGA GTT TGA TCC TGG CTC AG *
	And 27f-YM which is a combination of 
					AGA GTT TGA TYM TGG CTC AG

					AGA GTT TGA TCA TGG CTC AG **
					AGA GTT TGA TCC TGG CTC AG *
					AGA GTT TGA TTA TGG CTC AG
					AGA GTT TGA TTC TGG CTC AG

 
338R_V2_BMC
					GCT GCC TCC CGT AGG AGT		

536R_BMC
GTA TTA CCG CGG CKG CTG
GTA TTA CCG CGG CGG CTG
GTA TTA CCG CGG CTG CTG

Other pairs that should give us products, but they will be larger,  include 27F with 1492R, and 519F_BMC with 1492R.

Note that unlike using BLAST, when you pick primers, you have to have an exact match (that is the point of the exercise – to have the best possible primers). Since our primers are mixtures that aim to amplify a number of species, and we don’t know beforehand which ones are to our genome, I like to do a quick screen for the primers that work. You can simply use FIND in Word. I usually enter just the first 6 bases, then keep adding more until I get a perfect match, or figure out where the mismatch is and correct it. Note that spaces are also considered, so if my query has no spaces I need to leave them out of the primer sequence). Then I can put in the sequences that match in PrimerBLAST and see what other information I get. 
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This is how I figured out that in this genome I could not use 27f-2_1.

Using the two I did find, I can go back to the Pick Primers at the ncbi web site.
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Results are:
 [image: ]

The primary information shows that the product length is 348bp, that the Tm of the first is 55C and the second is 60.7 C (marginal since ideally they would be less than 5C apart). You can also look to see what other organisms will amplify – such as the Pseudomonas. If we were trying to amplify a unique gene out of a mixture this would be bad, but since we want all bacteria, this is fine, it will work in our pure DNA and also in our oral stuff. 

This Pick Primer software is not very sophisticated, so you can use other programs to determine how well the primers might work. For example FastPCR (which you can download) shows the following in a Primer Test (note that you are allowed to put in mixed bases, so you don’t have to do them one at a time). 
I put in the template sequence here along with PCR conditions. 
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You can see that the primers are still about 7C apart, and that depending on which equation you use you get somewhat different results for the Tm than ncbi – this takes buffer conditions into account. I like the fact that this gives you an estimate of the efficiency of the PCR  primers. 




I can also use FastPCR to do in silico PCR (you have to hit Run, or F5) and check the product:
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This predicts a 348bp product and has a combined annealing temperature of 58C. 

There are a lot of other programs you can run – many will give you slightly different values because they use somewhat different models or parameters in those models. 

The next bit is my results using FastPCR and the primers I have listed above. 

1. 27f_YM with 536R_BMC
The forward primer stays the same, the reverse primer shows a Tm of 66.7 and an efficiency of 60%. The product is 529bp with a Ta of 59C. 




2. 27f_YM with 1492R (these are our possibilities)
			1492R			TAC CTT GTT ACG ACT T
			1492R_Wiki	 	AGA GTT TGG ATC MTG GCT CAG
			U1492R		GGT TAC CTT GTT ACG ACT T
			1492R_BMC_11Y	TAC CTT GTT AYG ACT T

The Forward primer has a Tm of 60.5 and an efficiency of 80%. 

For 1492R, we have a Tm of 51 for the reverse primer and a product size of 1500bp. The reverse primer has an efficiency of 75%. 

For 1492R_Wiki there are a lot of mismatches – this is not a good reverse primer for our test gDNA. 

For U1492R  the Tm is 58C and the product size is 1503bp. The efficiency is 73%.

For 1492R_BMC_11Y the product is 1500 bp. The Tm of the reverse primer is 50C and the efficiency is 70%. 

So the best-matched primers are 27f_YM and U1492R. Since this makes a very long product, we will not pursue this set. 


3. 519F_BMC with 1492R
			519F_BMC		CAG CMG CCG CGG TAA TAC


The forward primer has a Tm of 66.7 and an efficiency of 58%. It is not going to be a particularly good pair of primers. The product is 989bp, which is also pretty long – we will not pursue this. The best reverse primer would be U1492R again. 

For other primers that I just ordered, you can see the spreadsheet for this information. 

If you want to check the oligos for hairpin and dimer formation, the IDT tools are fine:
http://www.idtdna.com/analyzer/Applications/OligoAnalyzer/ 

Here I just show the 27f_YM and 338R_V2_BMC  and 536R since they are the ones that appear to be useful (348 and 529bp products). 

27f_YM		AGA GTT TGA TYM TGG CTC AG 
338R_v2_BMC		GCT GCC TCC CGT AGG AGT
538R_BMC		GTA TTA CCG CGG CKG CTG

For 27f_YM
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The mean Tm is consistent with the Tm FastPCR predicted. 
One hairpin is predicted with a Tm of 37C:
[image: ]

For self-dimer we get one with 6bp (which is normally over my limit)
[image: ]

To check for heterodimers, you put in the reverse primer (338R in this case) 
[image: ]
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This part looks fine. 
When I make a heterodimer with 538R I also don’t see a mjor problem, although with 3bp they do line up end to end, which can dispose towards making concatamers. 
[image: ]

Here ends the tutorial. As you can see, it can take a lot of tools, but once you have the workflow figured out it will go fairly quickly (for example, once  you have a target sequence from a genome, you are better off not using NCBI Primer BLAST on an organism, go to the Gene level, or just use a tool like FastPCR).  
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TETCTGGGARACTGCCTEATGGACEGERATARCTACT GEARACGCTAGCTARTACCGCATAACGTCECAR
GACCARAGAGEGETACCTTCGGECCTCTTGCCATCGRATGTGCCCAGATGEGATTAGCTAGTAGETGEGE
TAACGECTCACCTAGGCEACGATCCCTAGCTGGTCTGARAGGATGACCAGCCACACTGEAACTGAGACAC
GGTCCAGACTCCTACGGGAGECAGCAGTGGRCAATATTCCACAATGEGCECARRCCTGATECAGCCATGE
CGCGTGTATGAAGAAGGCCTTCGECTTGTARAGTACTTTCAGCGECEAGGAACECAGTARAGTTARTACC
TTTGCTCATTGACGTTACCCGCAGAAGARGCACCEGCTAACTCCGTGCCAGCAGCCGCGRETARTACGEAG
GGTGCAAGCGTTARTCGGAATTACTGGECGTARAGCGCACGCAGGCEGTTTGTTAAGTCAGATGTGARAT
CCCCEGECTCAACCTGRGAACTGCATCTGATACTGGCARGCTTGAGTCTCGTAGAGGGECETAGARTTCC
AGGTGTAGCGETGARATGCGTAGAGATCTGCAGGAATACCGETGECEAAGECEECCCCCTGRACGARGAC
TGACGCTCAGETGCGARAGCETGCECAGCARACAGGATTAGATACCCTGETAGTCCACGCCGTARACGAT
GTCGACTIGEAGGTIGTGCCCTTGARGCETEECTTCCEGAGCTAACECGTTARGTCGACCECCTGRGEAG
TACGGCCGCAAGGTTARAACTCARATGAATTGACGGEGECCCGCACAAGCEETGEACCATGTGETTTAAT
TCGATGCAACGCGAAGAACCTTACCTGGTCTTGACATCCACGGARGTTTTCAGAGATGAGARTGTGCCTT
CGEGAACCGTGAGACAGGTGCTGCATGECTGTCGTCAGCTCETGTTGTGARATETTGGETTARGTCCCGE
AACEAGCGCAACCCTTATCCTTTGTTGCCAGCGGTCCGECCAGRARCTCARAGGAGACTECCAGTGATAR
ACTGGAGGAAGGTGGECATGACGTCARGTCATCATGECCCTTACGACCAGEGCTACACACGTGCTACAAT
GGCGCATACARAGAGAAGCCACCTCECEAGAGCARGCEEACCTCATARAGTGCETCATAGTCCRGATTGE
AGTCTGCAACTCEACTCCATGAAGTCGRARTCECTAGTARTCGTGEATCAGARTGCCACGGTGARTACET
TCCCGEGCCTTGTACACACCACCCETCACACCATGGRACTGEGTTGCARAAGAAGTAGGTAGCTTARCCT
TCGEGAGGECECTTACCACTTTGTGATICATGACTGEGETGAAGTCGTAACAAGGTAACCGTAGGGEAAC
CTGCEGTIGEATCACCTCCTTACCTTARAGAAGCGTTCTTTGAAGTGCTCACACAGATTGTCTGATGARA
ATGAGCAGTARAACCTCTACAGGCTTGTAGCTCAGGTCETTAGAGCGCACCCCTGATARGGGTGAGETCE
GTGETTCAAGTCCACTCAGGCCTACCARATITGCACGGCARATTIGAAGAGGTTTTAACTACATGTTATG
GGECTATAGCTCASCTGGEASAGCGCCTGCTTIGCACGCAGRAR
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Navigation
AGAGTTTGATC

1 match
NS

This document does not
cantain headings,

To create navigation tabs,
create headings in your
document by applying
Heading Styles.

AGAGARAGCARAAATARATGCTTGACTCTGTAGCGGGAAGGCGTATTATGCACACCCCGCGCCGCTGAGA
ARAAGCGAAGCGGCACTGCTCTTTAACAATTTATCAGACAATCTGTGTGGGCACTCGAAGATACGGATTC
TTAACGTCGCAAGACGAARAATGAATACCAAGTCTCAAGAGTGAACACGTAATTCATTACGAAGTTTAAT
TCTTTGAGCGTCARACTTTTARATTGARGAGTTTGATCATGGCTCAGATTGAACGCTGGCGGCAGGCCTA
ACACATGCAAGTCGAACGGTAACAGGAAGAAGCTTGCTTCTTTGCTGACGAGTGGCGGACGGGTGAGTAA
TGTCTGGGARACTGCCTGATGGAGGGGGATAACTACTGGARACGGTAGCTAATACCGCATAACGTCGCAR
GACCARAGAGGGGTACCTTCGGGCCTCTTGCCATCGGATGTGCCCAGATGGGATTAGCTAGTAGGTGGEG
TAACGGCTCACCTAGGCGACGATCCCTAGCTGGTCTGAGAGGATGACCAGCCACACTGGAACTGAGACAC
GGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCCATGE
CGCGTGTATGAAGAAGGCCTTCGGGTTGTARAGTACTTTCAGCGGGGAGGAAGGGAGTARAGT TAATACC
TTTGCTCATTGACGTTACCCGCAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAG
GGTGCAAGCGTTAATCGGAATTACTGGGCGTARAGCGCACGCAGGCGGTTTGTTAAGTCAGATGTGAAAT
CCCCGGGCTCARCCTGGGAACTGCATCTGATACTGGCAAGCTTGAGTCTCGTAGAGGGGGGTAGAATTCC
AGGTGTAGCGGTGAAATGCGTAGAGATCTGGAGGAATACCGGTGGCGAAGGCGGCCCCCTGGACGAAGAC
TGACGCTCAGGTGCGARAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTARACGAT
GTCGACTTGGAGGTTGTGCCCTTGAGGCGTGECTTCCGGAGCTARCGCGTTAAGTCGACCGCCTGGGGAG
TACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACARGCGGTGGAGCATGTGGTTTAAT
TCGATGCAACGCGAAGAACCTTACCTGGTCTTGACATCCACGGAAGTTTTCAGAGATGAGAATGTGCCTT
CGGGAACCGTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTGTGARATGTTGGGTTAAGTCCCGC
AACGAGCGCAACCCTTATCCTTTGTTGCCAGCGGTCCGGCCGGGARCTCARAGGAGACTGCCAGTGATAR
ACTGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGACCAGGGCTACACACGTGCTACAAT
GGCGCATACARAGAGAAGCGACCTCGCGAGAGCAAGCGGACCTCATARAGTGCGTCGTAGTCCGGATTGG
AGTCTGCAACTCGACTCCATGAAGTCGGAATCGCTAGTAATCGTGGATCAGAATGCCACGGTGAATACGT
TCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTGGGTTGCARAAGAAGTAGGTAGCTTAACCT
TCGGGAGGGCGCTTACCACTTTGTGATTCATGACTGGGGTGAAGT CGTAACAAGGTAACCGTAGGGGAAC
CTGCGGTTGGATCACCTCCTTACCTTARAGAAGCGTTCTTTGAAGTGCTCACACAGATTGTCTGATGARR
ATGAGCAGTARAACCTCTACAGGCTTGTAGCTCAGGTGGTTAGAGCGCACCCCTGATAAGGGTGAGGTCG
GTGGTTCAAGTCCACTCAGGCCTACCARATTTGCACGGCARATTTGAAGAGGTTTTAACTACATGTTATG
GGGCTATAGCTCAGCTGGGAGAGCGCCTGCTTTGCACGCAGGAG
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» NCBI Primer-BLAST: Finding primers specific to your PCR template (using Primer3 and BLAST)

More.. Tips for finding specific primers

PCR Template

Enter accession,

ce

S

Or, upload FASTA file

Primer Parameters

Use my own forward primer
(553" on plus strand)

Use my own reverse primer
(5->3 on minus strand)

PCR product size

# of primers to return

Primer melting temperatures
(Tm)

Exon/intron selection
Exon junction span

Exon junction match

Intron inclusion

Intron length range

highlighted in yellow

Specificity check

Database

Organism

Exclusion (opional)

Entrez query (optional)

Primer specificity stringency

ed product size

Splice variant handling

 Getprimers )

P Advanced parameters
highlighted in yellow

CTCOTTCAAGTCCACTCAGGCCTACCARAT TTGCACGECARRT T TGAAGACETTTTAACTACATGTTA [

GEGCTATAGCICAGCTEREACACCECCTECTTTECACECACEAS

Resetpage Save search parameters Retrieve recent results
, or FASTA sequence (Arefseq record s preferred) @ Clear Range
ATCAGCAGTARRACCTCTACAGGCTTGTAGCTCAGGTGOTTAGAGCGCACCCCTGATARGOCTGAGET  ~ From o

Forward primer

~ Reverse primer

No file selected

AGA GTT TGA TCA TGG CTC AG @  Clear
GCT GCC TCC CGT AGG AGT @ e
win Wax
0 1000
5
Win opt Max  MaxTmdiference
1 50.0 60.0 66.0 || E @

Arefseq MRNA sequence as PCR template input s required or options i the section &
No preference @

Exon at 5'side
7 4

Minimal number of bases that must anneal to exons atthe &' or 3 side of the junction g

Exonat3' side

IF] Primer it must be separated by atleast one Inron o he corresponding genomic ONA©)
win wax
1000 1000000

Note: Parameter values that differ from the default are

Primer Pair Specificity Checking Parameters

nable search for primer pairs specificto the intended PCR template &)

ke

Gammaproteobacteria (taxid 1236)
‘Enter an organism name, taxonomy id or selectflom the suggestion st as You tipe. @

‘Add more organisms
[T Exclude predicted Refseq transcripts (accession with Xi, XR prefix) [l Exclude uncultured/environmental
sample sequences &

o
Primer must have at least 2+ total mismatches to unintended targets, including

atleast 2~ mismatches withinthe last 5~ bps atthe 3 end. @

Ignore targets that have 6 ~ or more mismatches to the primer. &
4000 o

[ Allow primer to amplify mRNA splice variants (requires refseq mRNA sequence as PCR template input) @

L stiow resaitsina ow winow B Use new graptic view @)

Note: Parameter values that differ from the default are
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Primer-BLAST

» NCBI Primer-BLAST : results: Job id=JSID_01_200050_130.14.18.128_8002_primertool _more.

Input PCR template

Range  1-2004
Specificity of primers  primers may not be specific to the input PCR template as targets were found in selected database:Reference
chromosomes (Organism limited to Gammaproteobacteria)...help on spedific primers
Other reports > Search Summary

'V Graphical view of primer pairs

55 1:1.20K(20K0p) | Find n Sequence: MO - ——— + @m R Toos- | £ Contre @ 2 -

riner pairs for submitted sequence %

[Py N ——

'¥ Detailed primer reports

Primer pair 1

Templat Self Self 3

Sequence (5->3) eMPIAte | ength Start StopTm GC% . . i 3
strand complementarity  complementarity

Forward

ot AGAGTTTGATCATGGCTCAG Plus 20 23 257 56.1445.006.00 300

':i"’;'fe GCTGCCTCCCGTAGGAGT  Minus 18 585 568 60.7666.675.00 300

Product o

length

Products on potentially unintended templates
>NC_023149 1 Pseudomonas eruginosa SCV20265, complete genome

product length = 342
Features associated with this product
IRNA-16S ribosomal RNA

Forward primer 1 AGAGTTTGATCATGGCTCAS 20
Template 705850 705869
Reverse primer 1 GCTGCCTCCCGTAGGAGT 18
Template 706191 706174
product length = 342
Features associated with this product:

IRNA-165 ribosomal RNA
Forward primer 1 AGAGTTTGATCATGGCTCAS 20
Template 6496462 6495443
Reverse primer 1 GCTGCCTCCCGTAGGAGT 18
Template 406121 6496138
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VA1) ReA) ATy S=(1C) Y=(CIT)Ke(GT1) V(A1) He(AIG)Dm(AIGT)8(CIGT e AGICT), U= and

POR Primer Design | in slicoPGR._Primer Tst | primers Lst Analsis | Resticton | usterng | Searching | LTR Search | WITE Search| s8R Search | Toois | Oligos Assemaly|

Type or paste (Cir-V) sequence of oligo with universal degenerate DNA code (5-3):
[aca GrT TeA TYM TGG CTC AG

[ecT Gec Tec coT Ace AsT

Tm of olgo calculation parameters: Amount of oligo:
K (or Nav, NHé+, Tris+) total concentration (miy| 50 oo a0 1000 Target concentration (| 1
Mg2+ concentration x| 2 Mass (ugy| 33488
Oligo concentration (uM)| 020 nmot:| 6098

| SEGUERCESTT 7007 Pre-designed primers list 2: 38 | In siico PCR Result

1
2gagasagcansaatasatgctigactetgTagEOggaagIC AT TATgCACACECCgCgCCTgagaRaRagcgaagcggCactgC et i TaRcaa L i TATCAgaCAR Lot T TggCaCTCgaagaTacggaTTeTtascTey
caagacgasaatgaataccaagrctcaagagtgaacacytaaticattacyaagtETRRLECTLIgRgCgTCRRACT L L TaR T EgRRCAGT T TGATCATGRCTCAGa Lo gaaCqCTggeggeaggeetaacacatqeaagtegaacy
e M s s s s s S N S e e S e N
tgccatcggatgtgeecagatgagattagetagtagytagggtaacagCeaCeTagICgacgateectagetggtetgagaggatgaccagecacactggaactgagacacagtecagh eI CCTACEAEASECAGCagtagagaata
ctgcacaatgggcgcaageCtgatgragecatgecge Tt tatgargaagIcCtiCgggt i TaRagTACT L ECAgCggdgaggaagdgagTaRag LA aCC L L LR T I gacq T raCCegCagaRgaRg aceggeTaRcteey
tqccageageegeggtaatacagaguatacaagcgTtasteggaattaCtgggC TaRa0CdCACICAgICIg T L L T TaRg Teaga T TgaRR teCCeggg et eaaCetgggaactgCatetgatactggCaRgetigagtetegTag.
2090900tagaattecagytotageagtgasatgcgtagagatetggaggaataccagtagCgaa0dcageeCCCtggacyaagactgacdeteaggtacgasagegtagdgagcaracaggattagataceetggtagtecacacegt
222cg2tgTCgRCTt0ga00TEOTOCCCttgagICaTOgC T ecggagCTaRcoC T taRg TegaccgeetggggagtacdgcegCaagg T iaRaaCTCaRaTgRaTigacdggggCCCgCacaRgeggTagageatgtggtitaate.
oatacaacataaagaacottacetagtottaacatooacagaagttLtCagadatIagaatataCettogggaaceataagacagutICtaCatIgttategteagetogtattataaaatatiaggttaagtooeataacaagtataa
ccctratcetttgtigecageggtecageegugaactaragyagactCcagtgataeactagyaagytggggatgacyteaagteaTCaTggeeC T TaCgaccaggg TaCacaC T TacRatgg g CaTaCRRRgagRage]
acetegegagageaageggacttatasagtacgtegtagtecggattggagtetgCaaCegaCteratgaagTeggaategetagtaRtegTagateagaatgCacqgTgaatacg T iCeegggeCTigacacacegeeegTeac
2ccatqggagtaggtigcasaagaagtagItagCttaRCCTECgIga0IgCgC T TACCACT L L TgatECATgaCtggg Tgaag g TaacaRg TaRCCO TAgIggaaCeTOCgg T EggateaCCIeCTTaCC T TaRRgRRggTEe.
tttgaagtgctcacacagattgtetgatgasaatyageagtaseaceetacagICttgtAgCECAgItOgttAgRgCgCaCeCtgataRgggtaagIteggtagticaRgtocacteaggeetaccaRatEEgCaCggCaRa LG
2gaggtertaactacatqrratggggctatageteagetgagagagegectetigeacacaggag

1:2004 1t A=528.0 T=428.0 G=600.0 C=443.0 R=525.0 Y=676.0 RIY=0,603 CG=523% Tm=86.0°C | Open Raw (TextPlain) Sequence ¥ Reading sequence(s)

Currenttask: Primer Test 1,659M0 RAM Free (from 2,048HB) 821AM [ 1202014
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POR Primer Design | in siico PGR._Prmer Tst | primers Lst Analsis | Resticton | Gusterng | Searching | LTR Search | WITE Search | s8R Search | Tools | ligos Assembly

Type or paste (Cir-V) sequence of oligo with universal degenerate DNA code (5-3)
[aca GrT TeA TYM TGG CTC AG

[eeT Gee Tec cot Ace AGT

Tm of oligo calculation parameters: Amount of oligo:
K (or Nav, NHé+, Tris+) total concentration (miy| 50 oD (a260)[ 1000 Targetconcentration (M| 1
Mg2+ concentration (x| 2 Mass (uoy| 33488
Oligo concentration (w020 nmot.| 6098

Sequences: 1: 2004 | Addiional sequence(s) or pre-designed primers (probes) list Oligo analysis

5'-agagtergatymeggctcag-3"

Length=20 A=4.5 G=6.0 T=6.5 C=3.0 CG=45.0%
Linguistic complexity = 89%

Brimer's BCR efficiency = 26%

a6 = -23.3 kcal/mel dH = -150.9 kcal/mol dS = -411.2 cal/K mol

ITn = 60.3°C (Allawi's thermodynamics parameters (Biochemistry,1997, 36:10581-10594)
ITm = 50.7°C (Tm = 77.1 + 11.7Log[K+] + (41(G + C) - 528)/L)

ITm = 49.7°C (Tm = 64.9 + 41(G + C - 16.4)/L)

Excinction coefficient = 195800 L/ (mol-cm)
Molecular weight = 6168 g/mol|

on260 = 1.000

g 51.502

omo1 = 5.107

151 = dissolve in 5107.3 ul of Mg-water or TE buffer

s'-getgecteecgtaggagt-3"

Lengen=18 0 G=6.0 T=4.0 C=6.0 CG=66.7%
Linguistic complexity = 86%

Primer's BCR efficiency = 77%

a6 = -24.6 kcal/mol aH = -139.9 kcal/mol dS = -371.6 cal/K mol

ITn = 67.3°C (Allawi's thermodynamics parameters (Biochemistry,1997, 36:10581-10594)

ITm = 65.7°C (Tm = 77.1 + 11.7Log[K+] + (41(G + C) - 528)/L)
ITn = 56.9°C (Tm = 64.9 + 41(G + C - 16.4) /L)

Extinction coefficient = 164000 L/ (mol-cm)
holecular weignt = 5492 g/mol

o260 = 1.000

g 33.488

mol = 6.098

151 = dissolve in 6097.6 ul of Mg-water or TE buffer |

1:2004 nt A=628.0 T=428.0 G=600.0 C=448.0 R=528.0 Y=876.0 RIY=0.603 CG=52.3% Tm=86.0°C | Open Raw (TextPlain) Sequence ¥ Reading sequence(s)
Currenttask: Primer Test 1,659Hb RAH Free (from 2,048HB) s11AM [ 11202014
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Maximal PCR product size (bp): | 5000 Mismatches allowed in 3-end, 0.5 nt.
¥ PCR product prediction I Probe search
I™ Circular sequence I™ Link search

I™ Restrict analysis to F/R primer pairs
I corve [ Show primers alignment

Sequences: 1: 2004 | Pre-designed primers list 2 38 [in Siico PCR Resii |

Tn silico Primer(s) search fo
£ 5'-agagtrtgatymeagetcag

Position: 238->257 96%  Tm = 50.4°C

5-agagtrtcatymtageteag->
e
caagagtrigatcatggetcagatty

= 5'-getgecteccgtaggagt
Position: 568<-585 1008 Tm = 59.1°C

<-tgaggatgecotecgteg-5
VUL
agactectacgggaggcageagty

>£ 2385257
5'-agagteroatymeagcteag.

>r ses<-ses
5'-getgecteecgtaggagt

ECR product size: 348bp Ta=58°C

1:2004 nt 00.0 C=448.0 R=528.0 Y=676.0 RIY=0.603 CG=523% Tm=86.0"C | Open Raw (TexPlain) Sequence ¥ Reading sequence(s)

28.0

128.0

Curenttask insilico PCR  F5-Run 1,659Hb RAM Free (from 2,048MB) S1TAM 1202014
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RESULTS
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‘SEQUENCE:

5 AGA GTT TGA TYM TGG CTC AG -3'
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5 CTG AGC CAK RAT CAA ACT CT -3

LenGTH: 20
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s7.60c  s9sec  eiseC

MOLECULAR

it 6167.6 g/male

EXTINCTION
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MELTING TEMPERATURE SETTINGS.
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dnTP= CONC 0.2 mM nucleotide triphosphate.
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Results

| General Information

| Batch Date: 1/20/2013
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Dimer Sequence

5'- AGAGTTTGATYMIGGCICAS —3'

Maximum Delta G -35.08 keal/mole

DeltaG  -5.65 keal/mole
&

5'  AGASTTTGATYMIGGCICAS
i
3" GACICGGTMYTAGTTTGAGA

DeltaG  -5.38 keal/mole
Base Pairs 4

' AGAGTTTGATYMIGGCICAS
E T
3'  GACICGGTMYTAGTTIGAGA

-3.55 keal/mole
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TargetType DA +
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e

Clear Sequence.

‘Add To Order

Default Settings

Results | 5'mods | internal Mods

3'mods | Mixed Bases

Analyze

Hairpin

Sel-Dimer

Hetero-Dimer

NCBI Blast

M Mismatch

HETERO-DIMER ANALYSIS
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Calculate

Create
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HETERO-DIMER ANALYSIS

Primary Sequence

57~ AGAGTTTGATYMIGGCICAS —3'

‘Secondary Sequence

5"~ GCIGCCICCCGTAGGAST —3'

um Delta G -37.31 keal/mole

DeltaG  -6.21 keal/mole
Base Pairs 3

5" AGAGTTTGATYMIGGCICAG
1
3" TGAGGATGCCCICCEICE

DeltaG  -5.19 keal/mole
Base Pairs 4
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Base Pairs 3
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Primary Sequence

'~ AGAGTTTGATYMIGGCICAS —3'

Secondary Sequence

5"~ GIATTACCCGGCKSCTG 3"

Maximum Delta G -39.47 keal/mole

DeltaG  -3.55 keal/mole
Base pairs 3

Base Pai
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1
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A well-studied enteric bacterium
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Escherichia coli. This organism was named for its discoverer, Theodore Escherich, and is one of the premier model

organisms used in the study of bacterial genetics, physiology. and biochemistry. This enteric organism is typically

present in the lower intestine of humans, where it is the dominant facultative anaerobe present, but it is More
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| Search | See more

Recent activity =
TumOff Clear

Escherichia coli
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Genome Genome -1
Limits  Advanced
Display Settings: (%) Ovenview

Retur to Escherichia coli
Organism Overview : Genome Project Report : Genome Annatation Report

Escherichia coli str. K-12 substr. W3110

Escherichia coli str. K-12 substr. W3110 RefSeq Genome

Lineage: Bacterial4497]; Proteobacteria[1813]; Gammaproteabacteria[83]; Enterobacteriales[172]; Enterobacteriaceac[172];
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