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Primer Design
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A Primer on Good Primers

* 5" ATCGCGGCCGTAAGTGGC 3
3' TAGCGCCGGCAATCACCG 5

TTTC 3

5 ATCGCGGCCGTAAG
3' TAGCGCCGGCATTC AAAG S

Primer Sequence
DNA

Primer

DNA



A Primer on Good Primers

A) Primer self annealing

A
57 — ACATACTGTG G
NENERRRRN A
37 — TGTATGACAC A
A

BE) Primer-primer annealing

57 ACTAGTACGTAGATCATTCG 37

Firer Il
37 GGATGCATACACGGAGAGAT 57

C) Primet-dimer formation

57 ACTAGTACGTAGATCATTCG 3’

el
37 GCATCTACCAGCGATAGCTA 57

Rouchka, Eric & Khalyfa, Abdelnaby & Cooper, Nigel. (2005). MPrime: Efficient large scale multiple primer and
oligonucleotide design for customized gene microarrays. BMC bioinformatics. 6. 175. 10.1186/1471-2105-6-175



A Primer on Good Primers

* Tm of both primers close enough to each other

* GC content



Primer3



Primer3Plus More... Source Code

pick primers from a DNA sequence Help About
Load server settings: = Default Activate Settings Select primer pairs to detect the given template . .

: r seguence. Optionally targets and Pick Primers  Reset Form
Task: generic —

includediexcluded regions can be specified.
Main General Settings Advanced Settings Internal Oligo Penalty Weights Advanced Sequence

Sequence 1d:

Paste template sequence below Or upload sequence file: Choose File No file chosen Upload File
o
Mark selected mgiﬂn: < [1 {} Clear Save Seqguence
Excluded Regions: < >
Targets: [ ]
Included Region: { +
Primer overlap positions: -
Pair OK Region List:
Pick left primer ~ Pick hybridization probe Pick right primer

or use left primer below. (internal oligo) or use oligo below. or use right primer



Web interfaces
Primer3Plus, Primer3web

Output in /\ Input in
boulder IO boulder IO
format format
primer3_core < /
Write Read Settings
boulder IO  boulder IO file
libprimer3 < :: Repeat
library
Alignments SR
(dpal, thal) 9

Aritii!r;eas Untergasser, loana Cutcutache, T6riinu Koressaar, Jian Ye, Brant C. Faircloth, Maido Remm, Steven G. Rozen; Primer3—new capabilities and interfaces, Nucleic Acids Research, Volume 40, Issue 15,1 August 2012, Pages
ell5, hnps-zzd:g .0rg/10.1093 /nar/gks59


https://doi.org/10.1093/nar/gks596

PRIMER MISPRIMING LIBRARY=incerta mispriming library.fasta

PRIMER OPT SIZE=22

PRIMER MAX LIBRARY MISPRIMING=16.00

PRIMER MAX TEMPLATE MISPRIMING=12

PRIMER LIB AMBIGUITY CODES CONSENSUS=0

PRIMER INTERNAL MIN GC=50

PRIMER TASK=generic

PRIMER PICK LEFT PRIMER=1

PRIMER PICK INTERNAL OLIGO=0

PRIMER PICK RIGHT PRIMER=1

PRIMER PRODUCT SIZE RANGE=250-900

PRIMER MAX SIZE=22

PRIMER GC CLAMP=3

PRIMER MAX END GC=3

PRIMER THERMODYNAMIC PARAMETERS PATH=/scratch/research/tmp apps/primer3-2.3.7/src/primer3 config/

SEQUENCE ID=g2524.t1|PACid:26899432

SEQUENCE TEMPLATE=ATGGCGAGTTTGCAGTCCGCGGGTGCCCCGEGCAGCETCCCTCCCCTCCTGGATCCCAGCARGCTAAGCATTGEACGAGTGCTTGECCGEEECGCCTTTGCCACAGTGTAC
CTTGCAACTTACGAAGGCATCGGCCCAGCAGCGCTCAAGGTTGCCGTCCCCGCCTCTAAGCGCCTACCGCCTGTGTTTGAAAGACTGT TCATGAACGAGGTTTCCCTCCTTTGTCGCCACAGGCACAGG
CGCCTGGTGARATGCTATGGGECTTCTAAGGCTGCCGLCGEEETGECTGCCTGEAATCCAAGCT CAGGCAGCTCCGATACCCGCATGLCTGCTGEAGCTGTGTGAGGGT GAGACGCTGCGEGATGTGGTA
CTACACGCCAAGGCCGGCCGCCGTCCCTACAGCGACGCCACAGCGLTGTCGCTGCTGCGTGACGTGACAGAGGCGCTGECGECETTECACGCGGLGETCGCCGCCCGCCATTCACCGCGACGTGARAGCT
GAGAACATTCTGCTCAAGCGCGAGGGACTTACGCCGGCAGCAGCAGGCGCCGGLGGETGECTGCGCCGCGTCATCGLTGCCGGCGETGGCATCTGEAGGTGGCGAGGGGCAGGAGCAGCCGTACCAGCAG
CTGACGGLGOGGGETGGECGEATCTGGETCTGCACGTGCGEETGGAGCAGCATCGLTCCGTGATGLTGCGACGLCGCGELECGECCTCECTGGACGGCTCCGCCTTTGTGGCCATCTCGCGCCACAACTCC



SEQUENCE_ID=g6136.t1|PACid: 26892997
SEQUENCE_TEMPLATE=ATGAAGCGCCCTGACACCTTGGGTGACAGGATATGACGETCAGTCGATARGAGCGTGGACCAGAGETACCGCGRCCTGCTGCTGETGETGTCCATCCCGGTAATTCTANTC
CTGGCGGTCATCACGCTGETGCCACGTTCAACGOCTTTCCACGCGRAGCGCACCCACACGCTGAAGGAGCTACGCCATACAGGCGCGGCGCCAAAG TTCGCGATTGTGTTTGATGCGRGCAGCACAGGE
AGCCGCATCCACGTGTTCAAGTTTGAGCAGGCCGGCGGAGAGCTCAAGC TCATTAGCGACACCTTTGAGCAGC TGAAGCCCGGGTTGAGCTCCTICGCGRACTCCCCCGAGARGGCGRCCGLCTCCCTE
CAGCCACTAATTGACACCGCGCTGARGACGGTGOCCCAGAAC TTGCAGAGCTCCACTCCCATCTCCCTCARAGCCACRGCCRCCTROGCCTGCTGCCCGGTCATARGGCTGACAATATCCTGARGGCC
6TGGAGGCGCTGCTGCGEAAGCAGCCCT T TAAGC PTG CCCCTG66G0CGT6RCCATCATGRACGGCARGGACGAGGGTGCGTTCaCCTGRCTGACGCTCAACTACCTCCTTGRC0GCCTGTCTGAGECE
6TGGGCAAGACCGTGGCTGCCATTGACATGRETGGCEGCTCRATTCAGGAGGCGT TIGC6CTGRAGGACACGAATGCAARACTGGCGCCCACGGACTACGTTGTTCAGCTGCACGGAGGCGGCARGACE
TTCAACGTGTACGTGCACTCGTACCTGGGCTACGGCCTCATEGCCEGCCG0GCCAAGCTGATTGATGCCGGCGAGRAGGGCAAGCCGCACAGCTGCATCCATGAGEGCGCTGCCOGCACGTACGCCTAC
GCGGGCAAGGAGTACACCTTCTCOGGCGECGAGACGRACTTCGATGOGTGOGCCGAGATCOGCGECAGCGCGCTGCARGCCAACTTGACCTGCGGCACCAAGCCGCARACGGAGTGCTCTTICAACGGT
GCGTGGCGTGGCAACGGCCTAAGCARGGGCCGTGACTACTTTGTGTCGTCATATTTCTGGGACCECGCCTCCGAGACCGGCAT TATTGAGGATGAGCAGGCGGCTATGTGGGAGGTCACCGCGOGGGAC
TTTGCTGACAAGGCCGATRAGGTC TG TCCAGTC A TGACGACATTGCARGG TG TATAAGAAGG TGCAGGGCGAGARCACCARGT ICC TG TGC TTGGACC TGACC TACTGCCACGTCATGCTGACS
CAGGGCTTCAAGCTGGACGAGAAGATGAAGCTGACGCTGGTGAAGCAGGTGGAATACAACGGACAGCGCATTGAGGCGGCGTEGCCCCTRRGCGLTGCCATTAACGACCTCTCCTCATEA

SEQUENCE ID=Cre06.g290250.t1.3|PACid: 26893818

SEQUENCE TEMPLATE=ATGAAGGACGCGGGCCCCTECCCCTTCCCRECGECCCACGEECEAGLECETRGLECCCAGCACGLECTEETECCTGTERCACGTECTGAGCARGCACCCRGAGGLECTGLCG
TIGGGECARGCTGGTGCAGCTGETGACGGAAGAGAARAAGGAGTTCAACTATARGARCCCCACGRGLGCEATCTCTGRGRAGCTATCGCGCGACAAGGAGCACTTTTETAAGGCCEGLGGCGGECECTER
GCGCTCAGCGTGETTTGGGECCETTCOAGLLEAGLEGECEEEAGLEELEGEGELGCEECLCCATCAGGLLCTECAGTCEECGTCAGCACCCGLGLECACGCGCACGCCGLCACCELRETECCAGRGECTGLT
GECGEEGAGGECGGLEGEEAGECCATGEACTTGEATGAGGCAGCAGCCEEGLATGAGGGCAACGECEATGCCATGACGLEGEAGEACGLCGECECTETAGAAGCCGECGETTGLOGCGECAGCGELAGT
GATAGTGATGATGATGACCTGCCARTCGGEGGLCGLCGLCELGEEGECEETGECCELTCAGGECGLEECEECEECCECTGLGECEECEGCEACEETGAAGCGGGCGGCCAGCACATCAGCAGAGCCLGEG
GACGEAGCGGLCGAGGLEECTEGEECEEEGEETGEEECEECEECTEEEEECEECARGELELCECCECCCARGCGLCAGLECACCEACGLLGLCECCEGLEACGCCCGEEEAAGGCETAGLGECAGCGLCE
CCTGCGGRAGGCGARGGLECGECCECEEAGEECEEEEEEEEECCAGCGECGLCCACAGLCGLGETGCCEETGECEECTCCEECTGLAGCTGEEEECEGCCGEEECCEEEEEEGEEEECEAGGLCEGEET



C.reinhardtii-Specific Primers

- highly specific to C. reinhardtii --> used C. incerta as mispriming library

PRIMER MISPRIMING LIBRARY=incerta mispriming library.fasta
PRIMER OPT SIZE=22

PRIMER MAX LIBRARY MISPRIMING=16.00

PRIMER MAX TEMPLATE MISPRIMING=12

PRIMER LIB AMBIGUITY CODES CONSENSUS=0

PRIMER INTERNAL MIN GC=50

PRIMER TASK=generic

PRIMER PICK LEFT PRIMER=1

PRIMER PICK INTERNAL OLIGO=0



%%bash
#primer3 doing its work on reinhardtii input for C.reinhardtii-specific primers

{scratch/research/tmp apps/primer3-2.3.7/src/primer3 core < reinhardtii input2.txt > primer3 output reinhardtii selectis
= J.J.'J.L'n].'\._.Ll.EnJZ‘ J._L"'d UL"'J._.I"i.J'_'n LSRN LI— 0
PRIMER RIGHT NUM RETURMED=5
PREIMEE INTERMNAL NUM RETURNED=0

PRIMER_PATR_NUM_ RETURNED=5 41_
PRIMER_PATIR 0 PENALTY=5.801451 txt
PRIMER LEFT (0 PENALTY=0.158696

PRIMER RIGHT 0 PENALTY=5.642755 ”/////

PRIMER_LEFT_ 0 SEQUENCE=AGGCTGACAATATCCTGAAGGC Ai_

PRIMEER RIGHT 0 SEQUENCE=AAGAGCACTCCGETTTGCG
PRIMER LEFT 0=475,22

PRIMER RIGHT 0=1005,18

PRIMER_LEFT 0 TM=60.159

PRIMER_ RIGHT 0 TM=58.357

PRIMER LEFT 0 GC PERCENT=50.000

PRIMER_ RIGHT 0 GC PERCENT=55.556
PRIMER_LEFT 0 SELF_ ANY TH=0.00

PRIMER RIGHT 0 SELF ANY TH=0.00

PRIMER LEFT 0 SELF END TH=0.00
PRIMER_RIGHT 0 SELF END TH=0.00

PRIMER_ LEFT 0 HATRPIN TH=34.44

PRIMER RIGHT 0 HAIRPIN TH=45.15

PRIMER LEFT 0 LIBRARY MISPRIMING=14.00, startgeneg5578 Aﬁ—
PRIMEER_RIGHT 0 LIBRARY MISPRIMING=11.00, comp startgeneg20&63é
PRIMER_ PAIR 0 LIBRARY MISPRIMING=24.00, startgeneg5578
PRIMER LEFT 0 END STABILITY=4.3500

PRIMER RIGHT 0 END STABILITY=4.B8500

PRIMER_ LEFT 0 TEMPLATE MISPRIMING=T7.0000

PRIMER RIGHT 0 TEMPLATE MISPRIMING=8.0000

PRIMER PAIR 0 COMPL ANY TH=0.00

PRIMER_ PATIR 0 COMPL_END_ TH=0.00
DRTHEFRER DATE O PROODOITCT ST7=57%1 (\——/



Broad Range Primers

Query= startgeneg5578

Length=1392

Score E
Sequences producing significant alignments: (Bits) WValue
g6136.t1|PACid:26892997 1506 0.0
>g6136.t]1|PACiIid: 26892997
Length=1392
Score = 1906 bits (1032), Expect = 0.0
Identities = 1272/13%2 (91%), Gaps = 0/1392 (0%)
Strand=Plus/Plus
Query 1 ATGARGCGCCCTGACACCTTGGGETGACAGGATATGGCEGGTCAGTCGATAAGAACGTGGALC 60
CLETEEEEEEEr e e e e e e e e e e e e e e e e e e e e e e e e Perriy
Sbijct 1 ATGARGCGCCCTGACACCTTGGGETGACAGGATATGGCGGTCAGTCGATARGAGCGTGGAC 60
Query 61 CAGAGGTACCGTGGUGTGCTGCTGETEGETGTCCATCCCGETCATTCTCATCCTGECGETC 120
LLETEEEE e P errre e e e e e e e e e e rer e teeer Terr ey
Sbijct 61 CAGAGGTACCGCGEUGTGCTGCTGETGETGTCCATCCCEGETAATTCTAATCCTGECGETC 120

Query 121 ATCATGCTAGTACCCCGCTCTACGCCTTTCCATGOGGAGCGCCCGCACACCTTGRAAGEA: 180

Sbijct 121 ATCACGCTGETGCCACGTTCAACGCCTTTCCACGOGGAGCGCACCCACACGCTGRAAGEA: 180

Query 181 CTGCGCCATACGEEOECEECECCGAAGTATGCAATTGTGTTCGATECEGGCAGCACCEET 240

Sbijct 181 CTGCGCCATACAGGCGCGECECCARAGTTCOGCEGATTGTGTTTGATGCEGGCAGCACAGET 240



Primer3Plus More... Somree Code

pick primers from a DNA sequence Help About

Load server settings: | Default Activate Settings Select primer pairs to detect the given template ) )
Task: | generic - sequence. Optionally targets and Pick Primers  Reset Form
et 1] W

includedexeluded regions can be specified.

Main General Settings Advanced Settings Internal Oligo Penalty Weights Advanced Sequence

Sequence Id:

Paste template sequence below Or upload sequence file: Choose File  No file chosen Upload File

Mark selected rc:giﬂn: < = (114} Clear Save Sequence

Excluded Regions: < >

Targets: [ 1

Included Region: { +

Primer overlap positions: -

Pair OK Region List:

Pick left primer | Pick hybridization probe Pick right primer

or use left primer below. (internal oligo) or use oligo below. or use right primer



B oo O O O N OO
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* Query= startgeneg/1/9
* Cre03.g161400.t1.2| PACid:26901868

OLIGO start len tm gck  any 3' seq
LEFT PRIMER 574 14 59.27 G6.6T7 5.00 2.00 CGACGCCCCTGTACTACCC
RIGHT PRIMER 1026 14 59.55 1.11 7.00 0.00 CACCATCATGCGGTAGCG

—— - — . —— —— o — - il o

Query 555 GGACTACGTGGGCCGCGAGACGCCCCTGTACTACGCGGAGCGCCTGTCGGCGAACTACAA 614

LELLLETEREEE TRRRRREEERREEE Fee Feer PEe e Feren

619 Sbjct 555 GGACTACGTGGGTCGCGAGACGCCCCTTTACCACGCCGAGCGCCTGTCGGCGCACTACAA 614

L

(e
=] o N e

CEEEErrereerere tereerrr teereer e e e e e e e e e ey |

[+

Query 975 CCACTACATCCTGEGLTCGELCGCOGGCCCCCACCCCTACCCCATGATGETGCGCGAGTT 1034

Sbjct 975 CCACTACATCCTGGGETCGGCCGCTGGCCCCCACCCCTACCCCATGATGETGCGCGAGTT 1034



PCR
|.Primer Eval with Lab Strain DNA extract






PCR
l. Primer Eval with Lab Strain DNA extract

KCl

2.5ulLin25ulL Buffer

2.0 or 2.5 mM Mg2+ N (NH4)2S04
0.125uLin 25 uL Taq Polymerase

200 mM dNTPs

1 ng/ulL gDNA

0.5ulLin25ulL Forward Primer

0.5ulLin 25 uL Reverse Primer

1M Betaine - Additive



C.reinhardtii-specific
11223344 667788991010

2 mM MgCl

(NH4)2S0a,
2.5 mM MgCl

Bold numerals: C. reinhardtiiamplicon
Else: C. incerta amplicon
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Soil Sampling



Riverwood Conservancy, Mississauga

e Culham trail
* Two samples from two very different soil types
e Upper Culham (UC) : clay/loam like

e Lower Culham (LC) : drier, shallower.



A- Raspberry Fields

B- Sunflower Fields

C- Seedlings

D- Blueberry Fields R
E- X g i

Andrew's (very) Scenic Acres, Milton
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To Culture or Not to
Culture

Direct Culture

DNA extraction from
Soil

Point of using PCR? Will | get enough
DNA?

Faster- contamination Primer specificity

not anissue requirement less
stringent than it would
be with indigenous
soil DNA composition

Chlorella may
outcompete
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