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Testing Primer Specificity



» Most important factor affecting PCR: Choosing appropriate
primers

» To amplify exactly the intended target and avoiding
undesired amplification

» Primers should not have matches to other targets in certain
orientations and within certain distances

Process of designing specific primers:

» Generating primers flanking the target region (manually or
using software tools)

» Searching primers against an appropriate nucleotide
seguence database
° to examine the potential targets
> to examine many details between primers and targets, such as:
- number and the positions of matched bases
- primer orientations and distance between forward and reverse primers

» Target specificity: critical primer property




Primers dictate the successfulness of a PCR

PCR : Polymerase Chain Reaction

30 - 40 cycles of 3 steps :
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» Mismatches towards the 3’ end affect target
amplification much more than mismatches towards the
5 end

» a two base mismatch at the 3’ end generally prevents
amplification

» A single base mismatch (even at the very 3’ end), as
well as a few mismatches in the middle or toward the 5
end, still allows amplification, though at a reduced
efficiency for some cases




When is a “primer” a primer?
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Primer BLAST

Basic Local Alignment Search Tools




» Searching primers against an appropriate nucleotide
sequence database
> potential targets
> number and the positions of matched bases
o primer orientations and distance between forward and reverse

primers

» time-consuming and very difficult task for users, especially

when the primers have a large number of hits

» Similarity Searching using BLAST program has been widely

used for primer target detection
> to compare a query sequence against a sequence database




Now: Primer Blast

» to design target-specific primers for PCR

» In-Silico PCR and Reverse ePCR vs Primer Blast:
> Do not design primers
> Not sensitive enough

- to detect targets with a significant number
of mismatches (potentially amplifiable)




Primer-BLAST

» Incorporates BLAST with a global alignment algorithm
» a full primer-target alignment

» sensitive enough to detect targets that have a significant
number of mismatches to primers

» design new target-specific primers in one step

» check the specificity of pre-existing primers

» very sensitive in detecting potential amplification targets

» capability to place primers based on exon/intron boundaries
» and excluding SNP sites In primers



http://www.ncbi.nlm.nih.gov/tools/primer-blast
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highly sensitive default parameters to
find seq potentially amplifiable in PCR

» Detect a target with up to 35% mismatches to the primer
sequence

» default BLAST expect value cutoff is 30,000 for the primer-
only case (3000 times higher than the standard BLAST
program default)

» the higher the expect value cutoff, the more sensitive the
search

» word size of seven (standard BLAST uses 11),

» 50,000 for the maximum number of database sequences
(standard BLAST uses 250)

» 1 for match reward to mismatch penalty ratio (standard
BLAST uses 1.5)




Check primers specificity

Go to the submission form.

Enter one or both primer sequences in the Primer
Parameters section of the form
o If only one primer is available, a template sequence is also required

In the Primer Pair Specificity Checking Parameters section,
select the appropriate source Organism and the smallest
Database that is likely to contain the target sequence.

> For broadest coverage, choose the nr database and do not specify an
organism.

Click the "Get Primers" button to submit the search and
retrieve template and specificity information.
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Checking the specificity of pre-existing primers

Primer pair 1

Sequence (5'->3") Length Tm GC% Self complementarity Self 3' complementarity
Forward primer GTAGGACTGCTCAGTTCAAACAT 23 52.81 43.48 6.00 2.00
Reverse primer ACAGTTACTACACCCGTAAGGC 22 53.90 50.00 5.00 2.00

Products on target templates

>NM_001098494.1 Homo sapiens zinc finger protein 419 (ZNF419), transcript variant 5, mRNA

product length = 444

Forward primer 1 GTAGGACTGCTCAGTTCAAACAT 23
Template Q9T i e A R S 515
Reverse primer 1 ACAGTTACTACACCCGTAAGGC 22

Template 936 e s wnvisnsiesssanarasas ez s e ATIYS 915

product length = 780

Forward primer 1 GTAGGACTGCTCAGTTCAAACAT 23
Template L S 515
Reverse primer 1 ACAGTTACTACACCCGTAAGGC 22
Template 1272 i CG:oGueis T s vaavanae 1251

>NM 001098491.1 Homo sapiens zinc finger protein 419 (ZNF419), transcript variant 1, mRNA

product length = 444

Forward primer 1 GTAGGACTGCTCAGTTCAAACAT 23
Template D92}  cimi e e R RSO RO 614
Reverse primer 1 ACAGTTACTACACCCGTAAGGC 22
Template 1035 L. 1014

product length = 780

Forward primer 1 GTAGGACTGCTCAGTTCAAACAT 23
Template 592 i 614
Reverse primer 1 ACAGTTACTACACCCGTAAGGC 22
Template 1371 oo (o (RRN - PN oo JORRERRS 1350

>NM_198542.1 Homo sapiens zinc finger protein 773 (ZNF773), mRNA

product length = 444
Forward primer 1 GTAGGACTGCTCAGTTCAAACAT 23

Template 453 oo o BeB e ol ORI osaresesezeod G. 475
Reverse primer 1 ACAGTTACTACACCCGTAAGGC 22
Template 896 ..... Clinsmsmanaviaiarond Rosrsvanirans 875

Default specificity parameters

Perfect matches to the ZNF419 gene
transcript variant 5 and would
generate a 444 base amplicon.

Some other potential amplicons:
780 base amplicon: in ZNF419 transcript

444 base amplicon: a different gene (i.e.,
human zinc finger protein 773, Genbank
accession NM_198542.1)

However, there are up to 5 mismatches
between at least one of the primers and
the targets, which is probably sufficient
to prevent amplification interference or
non-specific amplification
Users can analyze this result and
make judgment based on their own

experimental experiences.



Comparison to other primer design tools

4

offers the ability to specify the number of mismatches that a specific
primer pair must have to unintended targets

custom 3’ end region: number of mismatches must be present

the specificity of a primer is typically judged by the number of mismatches

It has to unintended targets

o higher number of mismatches offer more specificity

> the locations of such mismatches (mismatches closer to 3’ end offer
more specificity)

place primers on different exons (i.e., to span an intron) to avoid

amplification of genomic DNA

customization of the number of nucleotide matches on either side of an
exon/exon junction

Primer-BLAST presents detailed alignments between the primers and
targets found




high detection sensitivity

capable of detecting potential amplification targets that have up to 5
mismatches to a primer

by using highly sensitive BLAST parameters

Primer-BLAST (with default parameters) will miss any targets that

have 6 or fewer consecutive matches to a primer (since Primer-BLAST

uses a word size of 7 by default).

> For example, if a target has mismatches to a primer of 20 bases at positions 7
and 14 (assuming the 5’ end is position one), the target will be missed by Primer-
BLAST (with default parameters) even though it has only 2 mismatches.

> Assuming a random distribution of mismatch locations, it is possible to calculate
the number of possible arrangements of 18 matches and 2 mismatches.

> There are 20*19 different ways to place the 2 mismatches among the 18
matches, but only 2 of these result in a word size shorter than 7, so the

probability of missing a target with 2 mismatches to a primer of 20 bases is
2/(20*19) or about 0.5%.
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» NCBI/ Primer-BLAST : results: Job id=JSID_01_88396_130.14.22.21_9003 more..

Input PCR template none

Specificity of primers
Homo sapiens)

Other reports B Search Summary

¥ Detailed primer reports

Primer pair 1

Target templates were found in selected database: Genome databasze (reference assembly only) for selected species (Organism limited to

Products on target templates
=MT_0300589.13 Homo sapiens chromosome 10 genomic contig, GRCh37.p10 Primary Assembly

product length = 241
Features associated with this product:
cytochrome P450 2CY precursor

Forward primer 1 AGSTAGAAACGCCGEATCTCCTTACE 26
Template dxhaleded SErEni Rl E s C.. 47506439
Reversge primer 1 GAGCTAACAGAGCZATTTGGTAGETETGS =28

Tenplate 47506224 L. e 47506251

Sequence (5'-»3") Length Tm GC% Self complementarity Self 3' complementarity
Forward primer AGGTAGAMCGCCGGATCTCCTTACA 26 65.17 50.00 7.00 1.00
Reverse primer GAGCTAACAGAGGATTTGGTAGGTGTGC 28 62.29 90.00 .00 2.00




Primer pair 1

Sequence (5'-»3% Length Tm GC% Self complementarity
Forward primer AGGTAGAAACGCCGGATCTCCTTACA 25 6517 8000 7.00
Reverse primer GAGCTAACAGAGGATTTGGTAGGTGTGE 28 65.25 50,00 5.00

Products on target templates
=MT_030059.13 Homo sapiens chromasome 10 genomic contig, GRCha7.p10 Primarny Assembly

product length = 241
Features associated with this product:
cytochrome P450 ZCY% precursor

Forward primer 1 AGGTAGAAACGCCGEATCTCCTTACA 26
Template 47506464 A (2 47505439
Feverze primer 1 GAGCTAACAGAGGATTTGETAGETETGS 28
Temnplate EREOITETESEL e mmomies e e i ot 47506251

product length = 2389
Features associated with this product:
cytochrome P450 ZC19 precursor

Forward primer 1 AGETAGRAACGCCEEATCTCCTTACA 26
Template B .. 47339837
Feverse primer 1 GAGCTAACAGACGATTTGETAGETETGS 28

Template T 47339451

Self 3' complementarity
1.00
2.00



C [ www.ncbi.nlim.nih.gov/to
<, Primer-BLAST

sfprimer-blast/primertool.cgi

» NCBI/ Primer-BLAST : results: Job id=JSID_01_88405_130.14.22.21_9003 more...

Input PCR template none
Specificity of primers Target templates were found in selected database: Genome database (reference assembly only) for selected species (Organism limited to
Homo sapiens)
Other reports > Search Summary

¥ Detailed primer reports

Primer pair 1

Sequence (5'-»3) Length Tm GC% Self complementarity Self 3' complementarity
Forward primer AGGTAGAAACGCCGGATCTCCTTACA 26 65.17 50.00 7.00 1.00
Reverse primer GTGTGTGCCTCTTTGATGGATAAA 24 59.54 4167 4.00 4.00

Products on target templates
>NT_022778.16 Homo sapiens chromosome 4 genomic contig, GRCh37.p10 Primary Assernbly

product length = 733
Features flanking this product:
64708 bp at 5" sgide: trans-2,3-enoyl-CoA reductase-like
849323 bp at 3' zide: ephrin type-A receptor 5 isoform b precursor

Reverse primer 1 GTGTGTGCCTCTTTGATGGATAAA 24
Tenplate SSSLTTE . AR e . T ol i e s 5551152
Reverse primer 1 GTGTGTGCCTCTTTGATGGATAAA 24
Tenplate 5550443 .. A.A..... PoorsBoos Plsrvonns agams 5550466




» NCBI/ Primer-BLAST : results: Job id=JSID_01_88578_130.14.18.128 9003 more...

Input PCR template none
Specificity of primers Target templates were found in selected database: Genome database (reference assembly only) for selected species (Organism limited o
Homo sapiens)
Other reports BSearch Surmmary

¥ Detailed primer reports

Primer pair 1

Sequence (5'-»3" Length Tm GC% Self complementarity Self 3' complementarity
Forward primer AGALGGAGCATATAGTGGGCCTAGGT 25 G433 5000 £.00 4.00
Reverse primer GTGTGTGCCTCTTTGATGGATAML 24 9954 4167 4.00 4.00

Products on target templates
=MT 030055135 Homo sapiens chromosome 10 genomic contig, GRCHh37.p10 Primany Assembly

product length = &0

Features flanking this product:
27127 bp at 5' =zide: cvtochrome P450 2C18 isoform 2 precurscr
76 bp at 3" =zide: cytochrome P450 2C19 precursor

Forward primer 1 AGAAGGAGCATATAGT GEZCCTAGET 26
Template A ATRRONL R R R R R 47326816
Reverse primer 1 GITETETGCCTCTTTEATZGATAAS 24

Tenplate 47326850 i e 473268827




product length = &0

Features flanking this product:
85636 bp at 5' =ide: cytochrome P450 2C19 precursor
74 bp at 3" zide: cytochrome P450 ZC9 precursor

Forward primer 1 AGAACGAGCATATAGTZGGCCTAGET 26
Template R B e B L S B 47502795
Reverse primer 1 ETGTGTZCCTCTTTGATGEATARR 24
Template AZEE2BE8:  Srmbda e ey 47502508

=MT_022776 16 Homo sapiens chromosome 4 genomic contig, GRCh37 10 Primary Assembly

product length = 733
Features flanking this product:
64708 bp at 57 =zide: trans-Z2, 3-enoyl-Cod reductase-like
849323 bp at 3" =ide: ephrin type-A receptor 5 isoform b precursor

Reverse primer 1 GTETGTECCTCTTTGAT GZATARR 24
Template FERLLZE soRsREiE Tl aalisnmminis 5551152
Reverse primer 1 GTETGTECCTCTTTGAT GZATARA 24

Template 5550443 L AVA. ..., i STl e e 55504886




Primer pair 1

Sequence (5'-»3% Length Tm GC% Self complementarity
Forward primer AGAAGGAGCATATAGTGGGCCTAGGT 26 64.33 50.00 5.00
Reverse primer TATCTGTAGGATATTTCCAATCACTGGGA, 24 6132 3793 5.00

Products on target templates
=NT_030059 13 Homo sapiens chromasome 10 genomic contig, GRCh37 . p10 Primary Assembly

product length = 271
Features associated with this product:
cytochromse P450 ZC19 precursor

Forward primer 1 AGAAGEAGCATATAGT GEEOCTAGET 256

Template 473268791 e 47326816
Feverse primer 1 TATCTETAGEATATTTCCAATCACTGEEA 29
Template FAETINEN o swmers spemers spemore S Snomss e G 47327033

product length = Z&9
Features associated with this product:
cytochrome P450 ZC8H precursor

Forward primer 1 ACAAGEAGCATATACT ZEECCTAGET 26
Tenplate BHELIEEAY w0 sawees cromen s Doeme P inamins 47502795
Feverse primer 1 TATCTETACGGATATTTCCAATCACTGEEA 29

Tenplate HEnorlEgsel oo somomes ohmoide SOROEEE OMTOMGE DNONNG DEOEG SNEOuG 47503010

Self 3' complementarity
4.00
5.00



Primer pair 1

Sequence [5'-»3") Length Tm GC% Self complementarity
Forward primer TTTCAALT GGGALAAGGGAGACCCT GG 27 6512 4815 600
Reverse primer TTCTCATGAGCATCTCTGGGGCTGTTTTCC 30 g65.26 50.00 3.00

Products on target templates
=MT_030059.13 Homo sapiens chromasome 10 genomic contig, GRCh37.p10 Primary Assembily

product length = 328
Features flanking this product:

26264 bp at 5" side: cytochroms P450 2CI18 isoform 2 precursor
670 bp gt 3T sidser dytochiome PS50 BEIE preciESor

Forward primer 1 TTTCAMAT GEEAARACGEAGACCCTE: 27

Tenplate Br3REinE g oomcage EoENE DRCHEG SHEOENE DRCHEG MO R 47326230
FEeverse primer 1 TTCTCATGAGCATCTCTGEEGCTETTTTCS 30
Template L L Tl 47325957

product length = 230
Features flanking this product:
84809 bp at 5" side: cytochrome P450 Z2C19 precursor

671 bp at 3" side: cytochrome P450 ZCY precursor

Forward primer 1 TTTCAAATEGEAAMACCCACACCCTG: 27
Template by RSeands o S SR WS PinhE DEREN g 47502208
Feverse primer 1 TTCOTCATEAGCATCTCTGEEECTETTTTCS 30

Template 47501943 L. e T s s C..  4750187E

Self 3' complementarity
3.00
0.00
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NCBI/ Primer-BLAST : results: Job id=JSID_01_88610_130.14.18.128_9003 more. ..

J @ Please correct the following errors: Specified right primer exceeds built-in maximum of 36.




Sequence (5'»3') Length Tm  GC% Self complementarity Self 3' complementarity
Forward primer TTTCAAAT GG GAALAGGGASACCCTGG 27 62.12 4815 6.00 3.00
Reverse primer TTCTCATGAGCATCTCTGGE 20 26.70 20.00 3.00 4.00

Products on target templates
=MT_030059.13 Homo sapiens chromosome 10 genomic contig, GRCh3Y p10 Primany Assembly

product length = 3289
Features flanking this product:

26264 bp at 5% gide: cytochrome P450 2C18 isoform 2 precursor
670 bp at 3 gide: cytoachrome 'B450 218 precursor

Forward primer 1 TTTCAAATGEEAARACCCAGACCCTGE 27
Template AT REEHEE  serba sdnbs odnEn sinba sdREs saEs o 47326230
Reverse primer 1 TTCTCATCAGCATCTCTGEE 20

Template SFEZE0EE sommi eUmed EEeEd SERD Eamamd 47325947

product length = Z2%0

Features flanking this product:
B4809 bp at 5" side: evtochrome P450 2C19 precursor
671 bp at 3" side: cytochrome P450 2C9 precursor

Forward primer 1 TTTCAAATGEEAARAACGEEAGACCCTEE 27
Template 47502232 L e e e 47502206
Reverse primsr 1 TTCTCATGAGCATCTCTGE:E 20

Template e 1 N i T 475019862




product length = 295

Features flanking this product:
20855 bp at 5" =zide: cytochrome P450 2C19 precursor
64620 bp at 3" side: cytochrome P450 2C38 precursor

Forward primer 1 TTTCAAATGGGAAAAGGGAGACCCTGE 27
Template 47437989 L. T..G.T.... 47438015
Reverse primer 1 TTCTCATGAGCATCTCTGGE 20

Template 47438283 ..... Moins apwmins apwmers agesy T 47438264

>NT_011512.11 Homo sapiens chromosome 21 genomic contig, GRCh37.p10 Primary Assembly

product length = 4870
Features flanking this product:
195895 bp at 5" =side: protein C-ets-2 isoform 1
151939 bp at 3" zide: proteasome assembly chaperone 1 isoform a

Reverse primer 1 TTCTCATGAGCATCTCTGGE 20
Tenplate 26057447 C....... G..T...G.... 26057428
Reverse primer 1 TTCTCATGAGCATCTCTGGE 20
Temnplate 26052578  Gxs oCuilBuumie s aemee 26052597

=NT_008183.19 Homo sapiens chromosome 8 genomic contig, GRCh37.p10 Primary Assembly

product length = 1041
Featurezs flanking this product:

17127 bp at 5" gide: hydroxyvacid-oxocacid transhydrogenase, mitochondrial
7130 bp at 3" =zide: uncharacterized protein CBorfdé




Reverse primer 1 TTCTCATGAGCATCTCTGGE 20
Template 47438283 ..... Poars svames avaess vl T 47438264

=NT_011512.11 Homo sapiens chromosome 21 genomic contig, GRCh37.p10 Primary Assembly

product length = 4870
Features flanking this product:
195895 bp at 5' gide: protein C-ets-2 isoform 1
151939 bp at 3" side: proteasome assembly chaperone 1 isoform a

Reverse primer 1 TTCTCATGAGCATCTCTGGE 20
Tenplate 26057447 Cuoun s G..T...G.... 26057428
Reverse primer 1 TTCTCATGAGCATCTCTGGG 20
Tenplate 26052578  :Gu: sCuAr o sona s 26052597

=NT_008185.13 Homo sapiens chromosome 8§ genomic contig, GRCh37.p10 Primary Assembly

product length = 1041
Features flanking this product:

17127 bp at 5" =side: hvdroxyvacid-oxoacid transhydrogenase, mitochondrial
7130 bp at 3" side: uncharacterized protein CBorfdé

Reverse primer 1 TTCTCATGAGCATCTCTGGGE 20
Template 19263154 GCAG: ¢ Cuwis davi svivi 19263135
Reverse primer 1 TTCTCATGAGCATCTCTGGG 20

Tenmplate 19262114 AAA.......... Ca puwsl: 19282133




~ C | [ www.nebinim.nih.gov/tools/primer-blast/primertool.cgifctg_time=13617708708job_key=15ID_01_90747_130.14,18.128_9003 @, 7
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»NCBI Primer-BLAST : results: Job id=JSID_01_90747_130.14.18.126_9003 more...

Input PCR template none
Specificity of primers Target templates were found in selected database: Genome database (reference assembly only) for selected species {Organism limited to
Homo sapiens)
Other reports B Search Summary

¥ Detailed primer reports

Primer pair 1

Sequence (5'->3") Length Tm  GC% Self complementarity Self 3' complementarity
Forward primer ALAATGAGGAACAATCAGGAGACGGLA 26 6461 46.15 3.00 0.00
Reverse primer ATCTTGGGATGCTGAGTGCCTGGAGT 26 6761 5385 300 1.00

Products on target templates
=MT_004487.19 Homo sapiens chromosome 1 genormic contig, GRCh37 p10 Primary Assembly

product length = 7893
Features asscociated with this product:

filaggrin
Forward primer 1 AAATCAGEAACAAT CAGEAGACSGCA 26
Template B 3774263
Reverse primer 1 ATCTTGGEATECTGACTECCTGEAGT 26

Template AL o monms smoss Cmamd SEos oS S BEFANE




product length = 4604
Features assocliated with this product:

filaggrin
Forward primsr 1 AAATGAGGAACAATCAGGAGACCGGCA A
Template FEFAZHT s R e R e R R e 3T 4263
Reverse primer 1 ATCTTEEEAT GCTEGAGT GCCTEEAGT 26
Tenplate bRk i s = FEePe3d

product length = 1765
Features assoclated with this product:

filaggrin
Forward primer 1 AAATCGAGEAACAAT CAGEASZACGECA 26
Temnplate DD B e e e e 3774263
Reverzse primer 1 ATCTTGEEEAT GCTGAGTGCCTEEAGT 26
Template FifgEsal EhaERna e T e e i 372549

product length = 37085
Features assocliated with this product:

filaaqrin
Forward primer 1 AAATCAGEAACAATCAGGAGACCECA 26
Tenplate o T 2k T g e T 3774263
Reverse primer 1 ATCTTEEEAT GCTEAGT GCCTEEAGT 26

Template A A - G (7 A S E




product length

gl

Features assoclated with this product:

filaggrin
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26
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product length

4681

Features assoclated with this product:

Frldgarin

Forward primer
Template

Feverse primer
Template

product length

Fegtures apgsociatad wvith

filaggrin

Forward primer
Template

Feverse primer
Template

product length

Feature=s as=soclated with

A = s 8 e

Forward primer
Temnplate

Feverse primer
Template

el
Efaiapa] 1)

1
27666805

T e

1
o P B

1
FTEE533

750

15
37687478

Il
270665 %

AAATGAGCARACAAT CAGCAGACGECA

this product:

ABATGAGEARCAAT CAGSZAGRCHECA

thisz product:

AAATGAGCEARCAAT CAGSAGACGECA

ATCTTGEEEAT GCTGAGT GCCT GGEAGT
o e R R e R e R e R Z

26
3771344

2B
3766714

B
Sk dd

26
I BEOSE

26
T S e

26
3766714



product length = 1762
Features assoclated with this product:

filaggrin
Forward primer 1 ARATCAGGAACAAT CAGGAGACGECA 26
Template TS S i ] U S <o SRS S B o S S e S S T 37e%4b3
Reverse primer 1 ATCTTEGEEATGCT GAGTGCCTZEAGT 26
Tenplate Frah T B pRng & e o 3765742

product length = 2734
Features assoclated with this product:

filaggrin
Forward primer 1 ARATCAGGAACAAT CAGGAGACGECA 26
Template Serhiabr I PRERE RN NS GRS R iR T 376453
Reverse primer 1 ATCTTEEEATECT CAGTGCCTZEAGT 26
Tenplate 3764745 C.L... ... BBE rmn mimemn Rt s . 3764770

product length = 3709
Features assoclated with this product:

a1 lagegrin
Forward primer 1 AAATSAGGAACAAT CAGEAGACGECA 26
Template BFTEELEE T pwss sosims e we Al ... T 37F3IZ88
Reverse primer 1 ATCTTEEEATECT GAGTGCCTZEAGT 26

Temnplate FIRElEr B coowo coomy casns coes emacs oo Srnoedl




product length = 753
Featuresz associated with this product:

filaggrin
Forward primer 1 AAATEAGEAACAAT CAGEAGACEECA 26
Template SRl S o B e sttt b 4L P T
Reverse primer 1 ATCTTEEEATECTGAGT SCCTEEAGT 26
Template TREBEEEERR e e iR 2 o

product length = 2737
Featureszs associated with this product:

filaggrin
Forward primer 1 ARATEAGEAACAAT CAGEAGACEECA 26
Template i A i oy L TR e — L v B R
Reverse primer 1 ATCTTEEEATZCTGAGT GCCTEEAGT 26
Template o T T g g s

product length = 750
Features associated with this product:

filaggrin
Forward primer 1 AAATEAGEAACAAT CAGCAGACEECA 26
Template e e L B T 3HS3288
Reverse primer 1 ATCTTEEEATECTGAGT SCCTEEAGT 26

Template BT o R ST R P N e Pt @ 3 Pteadl




UCSC In Silico PCR

Testing Primer Specificity



In-Silico PCR:

Genomes - Blat Tables Gene Sorter - PCR - VisiGene Proteome - Session FAQ -

UCSC In-Silico PCR

Genome: Assembly: Forward Primer: Reverse Primer:

| Human v| | Mar. 2006 v _‘—\ | submit |

Max Product Size: 4000 | Min Perfect Match:[15 |  Min Good Matct: [15 | Clip Reverse Primer: 7

g S e I e Ct g e n O m e Configuration Options
} E nte r p ri m e rS Genome and Assembly - The sequence database to search.

Forward Primer - Must be at least 15 bases in length.
} M i n i m u m 1 5 bases Reverse Primer - On the opposite strand from the forward primer. Minimum length of 15 bases.
Max Product Size - MMaximum size of amplified region.
Min Perfect Match - Number of bases that match exactly on 3' end of primers. IMinimum match size 1s 15.

} F I i p reve rse p ri m e r? Min Good Match - Number of bases on 3' end of primers where at least 2 out of 3 bases match.
» Submit

Flip Reverse Primer - Invert the sequence order of the reverse primer and complement it.




Home Genomes Blat Tables Gene Sorter Session FAQ Help

UCSC In-Silico PCR

Genome: Assembly: Forward Primer: Reverse Primer:

| Mouse v ITGCACCACCAaCTGCTT (GGATGCAGGGATGATG]
Max Product Size: Min Perfect Match: Min Good Match: Flip Reverse Primer: []

About In-Silico PCR
In-Silico PCR searches a sequence database with a pair of PCR primers, using an indexing strategy for fast performance.

Configuration Options

Genome and Assembly - The sequence database to search.

Forward Primer - Must be at least 15 bases in length.

Reverse Primer - On the opposite strand from the forward primer. Mintmum length of 15 bases.

Max Product Size - Maximum size of amplified region.

Min Perfect Match - Number of bases that match exactly on 3' end of primers. Minimum match size is 15.
Min Good Match - Number of bases on 3' end of primers where at least 2 out of 3 bases match.

Flip Reverse Primer - Invert the sequence order of the reverse primer and complement it.

Output

When successful, the search returns a sequence output file in fasta format containing all sequence in the database that lie between and include the primer pair. The fasta header describes the region
in the database and the primers. The fasta body is capitalized in areas where the primer sequence matches the database sequence and in lower-case elsewhere. Here is an example:

>chr22:31000551+31001000 TAACAGATTGATGATGCATGARATGGG CCCATGAGTGGCTCCTAARGCAGCIGC
TtACAGATTGATGATGCATGRAAATGGGgggtggccagggogtggggggtga
gactgcagagaaaggcagggctggttcataacaagetttgtgegteocaa
tatgacagctgaagttttoccaggggotgatggtgageccagtgagggtaag
tacacagaacatcctagagaaaccctcattccttaaagattaaaaataaa

0\

sc.edu/cqgi-bin/hgPcr?db=mm9



http://genome.ucsc.edu/cgi-bin/hgPcr?db=mm9
http://genome.ucsc.edu/cgi-bin/hgPcr?db=mm9
http://genome.ucsc.edu/cgi-bin/hgPcr?db=mm9
http://genome.ucsc.edu/cgi-bin/hgPcr?db=mm9

About In-Silico PCR

» In-Silico PCR searches a sequence database with a pair of
PCR primers

» Configuration Options

(@)

(¢}

O

Genome and Assembly: The sequence database to search
Forward Primer: Must be at least 15 bases in length

Reverse Primer: On the opposite strand from the forward primer.
Minimum length of 15 bases.

Max Product Size

Min Perfect Match: Number of bases that match exactly on 3' end
of primers. Minimum match size is 15.

Min Good Match: Number of bases on 3' end of primers where at
least 2 out of 3 bases match.

Flip Reverse Primer - Invert the sequence order of the reverse
primer and complement it.



» When successful, the search returns a sequence output
file in fasta format containing all sequence in the
database that lie between and include the primer pair.

» The fasta header describes the region in the database
and the primers.

» The fasta body Is capitalized in areas where the primer
sequence matches the database sequence and In lower-
case elsewhere.

» The + between the coordinates In the fasta header
Indicates this is on the positive strand.




In-Silico PCR Results

UCSC In-Silico PCR

>chr4:75082832-750832 6]! GCCACAGTGCTICCGGA AGA’I’TACTGA’I’CA’I’TTI
- e e

cca ccgeg agcge

tga cgcge ccccg

ttgtgCcgcgetoliggtgectgectgotgotgotgacgcagecagggocca

cgccagcggtgagagcgecatggcgcocgegggacgcactcgecactcgggeac
agaggtgcatcccagcctctgeggggtcgetgegttccagggaactctee
cagcaacctgccctataaagggtgtctctctttcttccccagetggtect
gccgectgctgtgttgagagagectgegttgogtttgtttacagaccacgea
aggagttcatcccaRARTGATCAGTAATCT

Primer Melting Temperatures

Forward: 60.5 C gccacagtgctccgga
Reverse: 34.6 C aaatgatcagtaatct

The temperature calculations are done assuming 50 mM salt and 50 nM annealing oligo
concentration. The code to calculate the melting temp comes from Primer3.

» Genomic location shown, links to Genome Viewer
= Product size shown
= Your primers displayed, flipped if necessary

Ledicted genomic sequence shown | |
meralting temperatures provided — oemedctorvitont

41  express written consent




In Silico PCR Results

Home Genomes Blat Tables Gene Sorter FAG Help

UCSCISHlio PR [y oy o] primer keverse primer

=chrPF:3FEFO0534+32629508 450bp II'AACAGATTGATGATGCATGMTGGq |l:CCATGAGTGGCTCCTMGCAGCTGC|

TCLACAGATTGATGAT GCAT GAAAT CEGFoyat gy cagyyot gy oo oot ga
mmm@t‘c‘mtataac aagctbttgbgogtcoccaa
tatgacagotgaagtbtttoccaggyyot gat got gagc cagt qaggat asag

tacacagaacatcctagagaaaccctcattoccttaaagattaaaaataaa \ /I atCh in upperCaSe

yacttgobgbcbgtaaqygattgyattatcoctatttqagaaattotgtta
tocagaatgyottacooccacaat ot yaaaagtgtgtacootaatctocaa
agoaagotoctoctoayacadadasacaccagocyt cacagyaagoaasad

aaattgyocttoacttttaaygt gaat ccagaacccagat gt cagagot oo MismatCh in lowercase

aagoactttgot ot cagot oo ac‘ GCAGCTGCTTTAGGAGCCACTCAT Gaz |

=

Primer Meling Temperatures

Forvard: | c6.7 C|taacagattgatgatgoatgaaatgog
Reverse:| V2.8 C|coccatgagbggotoctasagoagotgo
The termperatoe calrmations are done assurndng 50 wld salt and 50 nlvl annealing oligo concentration. The code to caleulate the melting terop commes frorm Priter3.

Melting temperature




TMOre w2

) GENOmes GEname Browser Tools Mirrars Downloads My Data

About Us Help

UCSC In-Silico PCR

Mo matches to aggtagaaacgecggatctccttaca agotagaaacgecggatctccttaca in Human Feb. 2008 (GRCh27/hg19)

Primer Melting Temperatures

Forward: 67.8 C aggtagasacgocggatctocttaca
Reverse: 67.8 C aggtagasacgocggatctocttaca

The temperature calculations are done assuming S0 mkd salt and 50 nh annealing oligo concentration. The code to calculate the melting temp comes from Primer3.

UCSC In-Silico PCR

Fohrl0i9652832 7496524538360 60bp AGAAGGAGCATATAGTGGGCCTAGGT GTGTGTECCTCTTTGATGGATARLD
AGAAGEAGCATATAGTGGGCCTAGGTgattoggecac TTTATCCATCARALG
AGGCACACAC

UCSC In-Silico PCR

Fohrl0: 9652232749652 2597 271bhp AGAAGGAGCATATAGTGGFECCTAGGT TATCTGTAGGATATTTCCAATCACTGGGL
AGAAGGAGCATATAGTGGGCCTAGGTgattggocactttatococatcaaag

agyracacacacttaattagoatgyagtgttataaaaagot togagtgoa
agotocacguttgtottaacaagagyagaagyottoaatyyatoott ooyt
gtocttgtgototgtototocatgtttgottotoct ttoaat ot ggagac

agagotoctgggagaggaaaactocctectggocctactoectoc TCCCAGTG
ATTGGAAATATCC TACAGRATR




&= C | [Y genome.ucsc.edufcgi-bin/hgPorPhgsid=32735119380rg=Humanfdb=hg 198wp_target=genomeafwp_f=TT TCAAATEGGAMAGGGAGACCCTGERWD r =T TCTCATGAGCATC]

GENDMES Sename Bri i Tools hirrors Downloads

About Us Help

UCSC In-Silico PCR

>chrif:96521464-96521792 3Z9%p TTTCAAATGGGAAAAGSGAGACCCTGSE TTCTCATGAGCATCTCTGSGGCTGTTTTCC
TTTCAALATGGGRAALALGGGLAGACCCTGGgagaacaggacacctgttggtge
cacacagotoatagotgyoagaactygygatttgage tgagytoct totgat
goooatogdtduegtattatCtotLacatCayagat ot LT gagaac agas
gacacaaatttgaaaaaaaaaatogbttyctaaqac Lt gttt tagoaas
acaasacaacticcasacattaghtattoctgaatatataccacattoate
ctgttoataaaacagycttoacattaaatayaaccacttatttatetaas

GARARACAGCCCCAGAGATGC TCATGAGRL

Primer Melting Temperatures

Forward: 71.5 C tttogastgygasasagdyagacootod
Beversze: 74.4 C ttotoatgagoatctotggyyotgooooon

The temperature calculations are done assuming 50 mh! salt and 50 nhd annealing oligo concentration. The code to calculate the melting temp comes from Primer3.

UCSC In-Silico PCR

Mo matches to agaaggaatatatagtgggectagdt tatcaataggecatttccaatgactggg in Human Feb, 2009 (GRCh37/hg19)

Primer Melting Temperatures

Forward: 60.0 C agaaguaatatatagtgooootacgt
Reverse: 69.0 C tatcastaggooatttooaatgactogg

The temperature calculations are done assuming 50 miv salt and 50 nk annealing oligo concentration. The code to calculate the melting temp comes from Brimer3.




UCSC In-Silico PCR

Fochri0:96637473-966377658 Z290bp TTTCRAATGGGAARAGGGAGACCCTGG TTCTCATGAGCATCTCTGS

TTTCALATGGGAALLAGGGAGACCCTGGyagaacagyacacctgttggoge
cacacagotoatagotyytadyasactoyyatttyago tgagytc Lot gat
goocatogtggtgtattatctot tacaccagage oot tyagaacaatt
LLAagrassatasasacasactLoCaaacattayttattotgaatatacacse
acatttattotgttoataaaacaggottoacattaastagascoocttat
Lttt o taagyyasacageaCCAGAGATGC TCATGAGLA

Fochri10:96521464-96521792 3290p TTTCRAATGGGAARAGGGAGACCCTGG TTCTCATGAGCATCTCTGS

TTTCALATGGGAAAAGGGAGACCCTGGyagaacagyacacc gttty
cacacagotoatagotgyoayaactgyyat ttyagotgagytottotgat
goocatcgtgyogoattatctot tacatcadgayardot L Lyagaacagas
gacacaasttbyaasasaaasatogbttgotasaactttgttttagoaas
acasaacaactLocaaacattajttattotgastatataccacattoacs
ctyttoataaasacaggottoacattaaatagaaccacttatttatctaay
gaaaacagqoecCCAGAGATGC TCATGAGLL

Primer Melting Temperatures

Forward: 71.5 C tttcaaatgdgoassagoaadaccotod
Revrerse: 54.7 C ttectcatgagoatctotgg

The temperature calculations are done assuming 50 mh salt and 50 nhd annealing oligo concentration. The code to calculate the melting temp comes from Brimer3.
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UCSC In-Silico PCR

Fohrl0:86697464-96697 Y68 305hp TTTCRAATGGGARALGGGAGACCCTGS GAGAACTCTTATTTTTTCTCATGAGCATCTCTGG
TTTCAALATEGGAALLGGGAGACCCTGGagaacaggacacctgttggtge
cacacagotocatagotygtayaact yUygatt tyagctgadyt ot totgat
gooecatogbhggtgtattatetocttacaccagagotgoct tgagaacsatt
CLaytaafatasasacagactiocoafacattadttattctgaatatacacc

acatttattctgttoataaaacaggottocacat taaatagaaccocttat

ctgtototaagyyaaacageaCCAGAGATGC TCATGAGLAGAARTAAGHG

aTCTC

Fochrl0:896521449-96521792 344bhp TTTCAAATGGGARAAGEGAGACCCTGS GAGLACTCTTATTTTITTCTCATGAGCATCTCTGG
TTTCAAATGGGAALAGGGAGACCCTGGyagaacaggacacctgttggtge

cacacagqotoatagotygtayaact yUgatttagetgadyt ot totogat
gooecatogbhggegeattatctocttacatcagagatgotttgagaacagas
Jacacaaatttaaaafaaaaatediitgetaqaaactttgt L Lt agoans
acassacaacttocaaacattagttattoctgaatatataccacattoate
CLgttoataaaacadyottoacattaaatagaaccacttattcatctaad

gaaaacagecCCAFAGATGC TCATGAGALALAATARGAGTTCTC

Primer Melting Temperatures

Forward: 71.3 C tttoasatgggassagggagacoctog
Reverse: 65.4 C gagaactottattttttotoatgagoatototogy

The temperature calculations are done assuming 50 mh salt and 0 nh annealing oligo concentration. The code to calculate the melting temp comes from Primer3.




Primer pair 1

Sequence (5'-»3") Length Tm  GC% Self complementarity
Forward primer  TTTCAAATGGGAAAAGGGAGACCCTGG 27 65.12 48.15 6.00
Reverse primer GAGAACTCTTATTTTTTCTCATGAGCATCTCTGG 34 64.09 38.24 3.00

Products on target templates
=MNT_030059.13 Homo sapiens chromosome 10 genomic contig, GRCh37.p10 Primary Assembly

product length = 344

Features flanking this product:
26249 bp at 5" gide: cytochrome P450 2C18 isoform 2 precursor
670 bp at 3" side: cytochrome P450 2C19 precursor

Forward primer 1 TTTCAAAT GGGAARAGGGAGACCCTGG 27

Template ATFROZDE  coves weoms senns cesne casns o o 47326230
Reverse primer 1 GAGAACTCTTATTTTTTCTCATGAGCATCTCTGE 34
Template EIIREVAT  ipvvere anemens ewoiss epvsene aavsvys GLemds ERUSNAS GAVSTE anW 47325946

product length = 305

Features flanking this product:
84794 bp at 5" gide: cytochrome P450 2C19 precursor
671 bp at 3" side: cytochrome P450 2C9 precursor

Forward primer 1 TTTCAAAT GGGAARAGGGAGACCCTGGE 27
Template AZED2232  simva sinys sNnPR SOTI Vi EAmEs s 47502206
Reverse primer 1 GAGAACTCTTATTTTTTCTCATGAGCATCTCTGG 34

Tenplate dpS0LDZ28  saesdTnEs sy B ©F SaUsd PEUSR BRNSE NS B 47501961

Self 3' complementarity
3.00
2.00



Sequence [5-»3") Length Tm GC% Self complementarity
Forward primer  TTTCAAATGGGAALMAGGGAGACCCTGG 27 6512 4815 5.00
Reverse primer GAGAACTCTTATTTTTTCTCATGAGCATCTCTGGEE 35 6541 40,00 5.00

Products on target templates
=NT_0530059.13 Homo sapiens chromosome 10 genomic contig, GRChaY .p10 Primary Assembly

product length = 344

Features flanking this product:
26249 bp at 5% =side: cytochrome P450 Z2CI18 isoform 2 precursor
670 bp at 3" =zide: cytochrome P450 2C18 precursor

Forward primer 1 TTTCAAATZGEAAAAGSEAGACCCTG: 27

Template TR oo e A T R 47326230

Fever=se primer 1 CAGAACTCTTATTTTTTCTCAT GAGCATCTCTGSGE 35
Template e L T 47325947

product length = 305

Features flanking this product:
84794 bp at 5% gide: cvtochrome P450 2C19 precursor
671 bp at 3" =zide: cytochrome P450 ZCS precursor

Forward primer 1 TTTCAAATZEEAAAAGSEAGACCCTG: 27
Template dinn @R R s R e 47502206
Fever=ze primer 1 CAGAACTCTTATTTTTTCTCAT GAGCATCTCTGEE 35

Template 47501928 ... T.Co..... EHh e mmon o mmn e o s s T 47501%82

Self 3' complementarity
3.00
4.00



& C | [ genome.ucsc.edu/cgi-bingPor thgsid=3273964 3 18org=Human&db =hg 198wp_target=genar
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UCSC In-Silico PCR

>ohrl:1522081938 1522085646 3V0% p AAATGAGEAACAATCAGSAGACGGCA ATCTTGGGATGCTGAGTGCCTGRAG
AAATGAGGAACAATCAGGAGACGCACcagyractocagggtocacgtoate
abtgaagottoctotocaggotgacagqotetagacactoacaggtgggooag
goacaatcatocggggoocaggacaagtaggaaccagggatoccagtbgttag
coagacagbgacagtoagygacactoagaagactotgagaggtggtotg
gtoctgottocagasaaccatocatggatotgotocaggagoagteaagagat

gootocagacaccocaggboocatoacgaagacagagqo tggteatgggoa
ctotguagacagotocagaaaatcagqgoactogtoacacacagaattoot
ctagtggacaggotgogbtocatoccatgaacaggoaagatcaagtgoagga
gqaaagqacatggatocoogooaccagqotoccagtocagoagacagotocagaca
ctocaggoactgggoacggacaagqottoatotgoagtocagagacagt ggac
accgagggtocagtgytagtcaggoeactgacagtgagygacattocagasa
gactocagacacacagbtocagtgbocaggoecatggacaggotggteaccatoa
goagagocaccaagagtococgoacgbgacoggtocaggggaaagqgtotogac
gttocagggtotttoctotaccaggbgagoactoataaacagtetgagtoe
toococatggatggacagggoocagoactggagtaagacaaggatooccacca
tgagoaguoacgagacaactocagyoactoagoatoocaagatggtoagg
acaccattocgbggacacoogggutoaagquagaagagqoaagogoagooggtoe
caccacgagoaatocggtagataggbectggacactocagqggtoccatoacag
coacaccacatcocagggaagytotgatgoctococgbgggoagtoaggat
coagaagtgoaagoagaacaacacgtaatgaggaacaatcaagagac oo
toocagogoactocagygbocacgtoaccatgaagottoctotoatgoogacat
ctotagacactocacaggoaggocagygacaatcagaggygtocaggacas
gquaggqogocagggatccagbtgttagocaggacagtgacagtgagggacat
toacgaadgactoetgagagotoggbotgogotetocttocagaaaccatoe gt oo




= el B | genome.ucsc.edufcgi-bingPorthgsid=3273964 3 18org=Hum antudb=hg 198wp_target=gencmeg

atagagccagtcatgggcactctgcagagagctccagacaatcaggcact
cgtocatgoagagacttooctotggbggacaggotgoatocatococaggaaca
gooaagqotocaagtocaggagaaadqacatggatcocgocaccagoagtoag
cagacagotocacagactecaggoactgggogoagacaagattocatctgta
gtoggagacagtggaaaccgagggtocagtgytagoocaggocagtgacag
cgagggacactocagqaagagtcagacacacagtoagtgbeagocoac ggac
aggotgggococcatoagoagagocaccaagagtocacacgtggocagtoa
goooaaagqutoctggacgttoaggototttoctotaccagytgagoactoa
tgaacagtotgagbocogoooatggacgoacagoooococagoac tggagogaa
gacaaagatcocogooacgagoaggoacgagacagqC TCCAGECACTCAG o
TCCCAAGAD

>ochrl:15220838082-152285646 1765bp AARATGAGGAACAATCAGGAGACGGCA ATCTTGGGATGCTGAGTGCCTHGAG
AAATGAGEAACAATCAGEAGACGZCACaggeactocaggyteacgtoato
atgaagqottooctotoaggotgacagqotetagacactocacaggtggogocag
goacaatcatcggouooccaggacaagtaguaaccaggogatoccagtgttag

cocaggacagtgacagtocagggacactoagaagactotgagaggtggtotg
gotctgottocagaaacocatoatggatetgotoaggagqoeagtoaagagat
gootoocagacacooccaggbooccatoacgaagacagagotggtocatgggoa
ctotbtgoagacagotocagaaaatoaggoactogbtocacacacagaattoot
ctagtggacagqootgogteateoccatgaacaggoaagateaagtgoagoga
gaaagacatggatcocogooaccagotococagtocagqoagacage toocagaca
ctoaggoactgggoacggacaagotbocatetgoagtocagagacagtggac
accgagggtocagbtggtagtocaggocactgacagtgagggacattoagaa
gactoagacacacagtocagtgtocaggoocatggacaggotggtocaccatoa
gquadgagooaccaadqagtocgoacgtgaccggtocaggogaaagqgtotogac
gttocagggtoctttoctotaccaggtgagoactoatasacagtectgagtoo
toocabtggatggacagogoooocagoactggagtaagacaaggatoocacoa
Egagoaggoacgagqacaactocaggoactoagoatcococaagatggtoagg
acaccattogtggacacooggoiboaagoagaagagoaagqgoagggotoc
caccacgagquastoggtagatagtotggacactecagggtoccatocacag
cocacaccacatcocagogaagqototgatgootococecgtgggoagteagogat
cocagaagtgoaagoagaacaacacgbaatgaggaacaatocaagagacogo

tocagoroactocagoogtocacgtcaccatgaagqottocteteatgoogacat



tetgeagtecagagacagtggacactgggggteccagtggtagtecaggecag
tgatagtgagggacattecagaggagtcagacacacagtcagtgtecaggeo
atggacaggatgggoccocatcageagagocaccaagagtecgoacgtgac
tggtcagggggaaggtectggacgttecagggtettteatetaccaggtgag
cactcatgaacagtctgagtectgoccatgggoggaccaggaccageactg
gacgaagacaaggatcocaccacgageaggeacgagacagCTCCAGGCAC
TCAGCgTCCCAAGAY

>chr1:152284854-152285646 793bp AAATGAGGAACAATCAGGAGACGGCA ATCTTGGGATGCTGAGTGCCTGGAG
ARATGAGGAACAATCAGGAGACGGCAccagygcactcagyggtecacgteate
atgaagettectetecaggetgacagetectagacactecacaggtgggocag
ggacaatcatcggggoccaggacaagtaggaaccagggateccagtgttag
cecaggacagtgacagtecagggacactecagaagactetgagaggtggtety
ggtctgoettecagaaaccatecatggatectgeteaggageagtecaagagat
ggctocagacaccecaggtoccatcacgaagacagagetggtecatgggea
ctetgoagacagetocagaaaatcaggoactegtecacacacagaattect
ctagtggacaggectgegtecateccatgaacaggoaagatcaagtgeagga
gaaagacatggatcocogocaccagetecagtocageagacagetococagaca
ctecaggecactgggeacggacaagetteatetgeagteagagacagtggac
accgagggtecagtggtagtecaggecactgacagtgagggacattecagaa
gactcagacacacagtcagtgtecaggocatggacaggetggtecaccatea
goagagecaccaagagteccgoacgtgaccggtecaggggaaaggtectegac
gttcagggtectttectetaccaggtgageactecataaacagtetgagtee
tececcatggatggacagggeccageactggagtaagacaaggateccacca
tgagecaggoacgagacaaCTCCAGGCACTCAGCATCCCAAGAT

Primer Melting Temperatures

Forward: 69.7 C aaatgaggaacaastcaggagacggos
Reverse: 70.6 C atcttgggatgectgagtgoctggag

The temperature calculations are done assuming 50 mM salt and 50 nM annealing oligo conceil
Primer3.
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