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DNA Primers

Why do we use them?

What are DNA primers?

Factors to consider when designing primers
Where and how to design and order DNA primers

Primer Design example using Benchling and IDTDNA.com



Why do we use DNA Primers?
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thermo scientific
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* PCR or... Polymerase Chain Reaction Explor
: : : : -
* Mentioned in our previous webinar, “DNA parts e 10° DNA
and basic molecular biology” (Week 2b, Part 3). =l ¥ PCR 1 reucion

* If you are a bit fuzzy on PCR, | would
recommend heading back to that webinar and
the linked video.

 There are many different types of PCR with different
purposes, but all of them employ DNA primers.

DNA Polymerase is
than Taq polymerase.

* The primer(s) you design vary greatly, depending on it — .,
the type of PCR and the template DNA.

Learn more at thermofisher.com/tsmolbio

For Resoarch Use Oty Notfo use in dagnosti procedures

Exploring PCR, ThermoFisher.com


https://2020.igem.org/Measurement/Webinars#week_2B

What are DNA Primers?

DNA primers are short “oligonucleotides” that
can base pair to a strand of DNA.

DNA primers are complementary to the DNA
template that they bind to.

In the example on the right, the DNA primer
(“Red FP Forward Primer”) is bound to the DNA
template. Notice that the primer ends with a
half-arrow, denoting directionality.

Remember that a primer binds to the
complementary strand of DNA. Thus, in this
case, the primer is actually binding to the
reverse strand, the strand on the bottom.

Type IlIs restriction enzymes

Red FP Forward Primer
—
GCATCGTCTCATCGGTCTCATATGTCCCTGTCGAAACAAGTACTGCCA
5' GCATCGTCTCA{t CGGTCTCATATGTCCCTGTCGAAACAAGTACTGCCACGTGATGTT 3’
3' CGTAGCAGAGTAGCCOAGAGTATACAGGGACAGCTTTGTTCATGACGGTGCACTACAA S
Recognition 2 4 6 8 10 12

BsmBI Bsal

Site for M S TS XD Q NEED P DN
BsmBI \Red FP
Amino Acid Coding Sequence

Sequence

Primer bound to template. Image generated using
Benchling.




Factors to consider when creating DNA Primers

Fully complementary primer?

Common for sequencing, amplification from

genomes, various diagnostics

Partially-complementary primer?

When designing the actual sequence of the primer,

Common for mutagenesis, cloning, various

diagnostics

you need to take into account:

Length and GC-content

Melting temp (T, ) and Annealing temp
Secondary structure of primer

Other factors depending on your purpose

geatCGTCTCAGTCAGACGGTAGT ceggat tecagtegtcact
cacaagettttgecattetecageGtetyacctaatyateGTCTCGACGETAGT cegratteagtertcactea
lctgttegaaaacgetaagagtecCagactegattactagCAGACTGCCATCAggcctaagtcageagtragty

EEtcgaaaacggtaagagtﬂtcagtctggattactagcagﬂtCTCTGchta

184 186 188 198 192 194 196 193 200 202 204 206
HK L EF EFS 6 S0 LH T ¥~ R« 5 ¢S R H S5

To...d SC...2
Inserted AAs
Loop for Insertion

Partially-complementary primers...
pointing in the wrong direction?
Image made with Benchling




Where to design and order primers

There are many options.

Note: iIGEM has partnered with several

companies to provide YOU with free DNA, which
could include primers as well as full genes.

Go to the iGEM partners page!!!

We will use Benchling and IDT during
this webinar to demonstrate how to
make your own primers.

We will make 1-2 example primers.

Integrated DNA Technologies (IDT)

IDT is a leader in development and manufacturing of products
for research and diagnostic life science markets. The world's
largest supplier of custom nucleic acids, IDT serves academic

research, biotechnology, and pharmaceutical development
communities with products that support applications including:
next generation sequencing (NGS), gene amplification, SNP
detection, expression profiling, gene quantification, and
synthetic biology. Platform-independent NGS products (xGen®
Lockdown®Probesfor improved target capture, custom
adaptors, fusion primers, Molecular Identifier tags—MIDs) are
available in addition to DNA and RNA oligonucleotides, gPCR
assays, siRNA duplexes, gBlocks® Gene Fragments for gene
construction, and custom gene synthesis.

With many thanks
to IDT's generous
offer of 20,000
bases of FREE
DNA synthesis to
all IGEM teams,
teams can now
live in the future of
synthetic biology:
focusing on project
design and
characterization,
not cloning and
cost. See more
about IDT's
ground-breaking
offer at the IDT
partner page.

IGEM partners page. IDT offer on the right.



https://2020.igem.org/Sponsors

Let’s make a primer!

* Benchling.com
 IDTdna.com

Benchling Template sequence:
https://benchling.com/s/seq-e81GjK8N7VnP8asHrxFi
* You won’t be able to edit this file, but you can select all, and
then copy and paste the DNA into your own sequence file.
* You can rewatch this webinar later and make your own primers,
if interested.
 We made two example primers (assuming time)

Example of PCR Product sequence:
https://benchling.com/s/seq-3Z300Yy0CVIQeYajEjwO

e measurement@igem.org [ask for me!]



https://benchling.com/s/seq-e81GjK8N7VnP8asHrxFi
https://benchling.com/s/seq-3Z30OYy0CVIQeYajEjwO
mailto:measurement@igem.org

Questions?

From this portion of the webinar, hopefully you learned about some of the
important factors affecting primer design.

Utilize the free resources! They want you to succeed. It’s okay to order “gblocks”
or whole-gene synthesis.

We will get to our next part of the webinar in a few minutes, after questions. |
will introduce Golden Gate Assembly.

measurement@igem.org [ask for me!]



mailto:measurement@igem.org
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—en Gate Assembly
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An assembly method that works efficiently
with standardization and parts!

First introduced in 2008: A one pot, one step,
precision cloning method with high throughput capability

C Engler, R Kandzia, S Marillonnet - PloS one, 2008

Many pieces of DNA can be assembled in a
single “pot”, combining not just multiple
pieces of DNA but also the digestion AND
ligation steps... all in one tube.

Requires “Type IIS” restriction enzymes


https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0003647
https://scholar.google.com/citations?user=qY20ZJMAAAAJ&hl=en&oi=sra

Golden Gate Assembly

Step 1 Step 2
BsmBlI
OO+ - - .
New Part
+
First-Stage Plasmid 2
S g +
Part Plasmid 3

H
Backbone
Step 1: Take PCR product and assemble into a plasmid = Part Plasmid.
Step 2: Take multiple part plasmids and assemble into a

functioning plasmid = “First-Stage Plasmid” or “Assembly Plasmid”.
Step 3: Combine “First-Stage Plasmids” to create more complex circuits.

Second-Stage Plasmid

Barrick lab wiki



Golden Gate Assembly: The Magic of Type lis

Type Il restriction enzyme:
BioBrick cloning/assembly

i Yo & o e Ko N NISTRIN W

Type lls restriction enzyme:
Golden Gate cloning/assembly



T-nzymes: Lose the recognition site

Part
_;me

=2

\V) Recognition site
drops out

During the assembly reaction, the DNA containing the
recognition site is removed, creating a product that
lacks a cut site.




Type lIs Restriction Enzymes

Type lIs restriction enzymes allow for:

\,mﬂl 5‘GGTCTCNNNNN3'I TNDTN

 Seamless or scarless cloning

e Varying of the cut site nucleotides,
allowing you to generate multiple
distinct overhangs in a single reaction.

* This allows you to assemble many
pieces of DNA together in a predictable
order.




Assembling multiple parts at once

BsmBl

Level 0 Level 1 Level 2
Single genetic part. Transcriptional unit (TU) Multigene casette
built out of level 0 parts. built out of level 1 plasmids.

Notice the overhangs between one part and the next match identically



Golden Gate Assembly

Collection of parts, where each part type has a
specific overhang, designed to be
complementary to the “adjacent” part type.

Leads to Modular Cloning, which Rene will
speak about in the third part of this webinar.

Most common Type lls enzyme include BsmBI
(also, Eps3l), Bsal, and Bbsl [note: some are
replaced with newer, more efficient enzymes].

Many web Apps have “assembly wizards” that
will allow you to design a Golden Gate
Assembly reaction.

Assembly

Assembly  S. cerevisiae S. cerevisiae

E. coli

Connector Promoter Coding Sequence Terminator Connector marker origin marker and origin
1 2 3 4 . 6 -
ConLS PTDH3 mTurquoise2 tENO1 ConR1 URA3 CEN6/ARS4 AmpR-ColE1
pCCW12
ConL1 PPGK1 Venus tSSA1 ConR2 LEU2 2micron KanR-ColE1
ConlL2 pHHF2 mRuby2 tADH1 ConR3 HIS3 SpecR-ColE1
pTEF1
ConL3 pTEF2 I-Scel (ORF) tPGK1 ConR4 KanR )
E. coli
ConlL4 PHHF1 Cas9 ENO2 ConRS NatR 3 homology ~markerand 5’ homology
pHTB2 origin
ConL5 tTDH1 ConRE HygR
PRPL18B
Gont.5' PALDS N-terminal cDps Cierminal L o or ConRE" ZaoR
pPAB1 CDS CDS
PRET2
pre=r= [ > ||| > || > T URA33 Hom | | AmpR-ColE1 | | URA3 5' Hom
PSAC6 3a 3b 4a 4b LEU23'Hom | | KanR-ColE1 | | LEU2 5' Hom
PRNR2
i 2 i 2 i 1 » = y
PPOPG mTurq mTurq mTurq tENO HO 3’ Hom SpecR-ColE1 HO 5 Hom
PpRAD27 Venus Venus Venus tSSA1
pPSP2 i i
mRuby2 mRuby2 mRuby2 tADH1 E. coli marker and origin
PREV1
PMFAT 3xFLAG-6xHis 3xFLAG-6xHis tPGK1
MFa2
pr Ubi-M (ENO2
PGAL1
pCUPT Ubi-Y tTDH1 AmpR-ColE1
Ubi-R

Miscellaneous

v/

234

GFP dropout

Spacer

|-Scel recognition site

sgRNA dropout

ConLS’

URA3
§'Hom

KanR
ColE1

GFP dropout

ConRE’

URA3

URA3
3 Hom

pre-assembled
integration vector

GFP dropout

CamR-ColE1

part plasmid
entry vector

ME Lee, 2015



Golden Gate in your Lab

® Pipette all your parts together

. Golden Gate assembly allows for cloning in a one pot reaction.
Assembly reaction Parts, restriction enzyme, and ligase are pipetted together and
put into a thermocycler.

== ® Cyclic/thermocycler reaction
= Step 1 37°C 2 min
Step 2 16°C 5 min ‘[LXSO

— Cyclesteps1&2 x50
H Step 3 50°C 10 min
Step 4 80°C 10 min
. Total Time ~6h (370min)
@ Transformation
(webinar 6b)

37°C for the restriction enzyme

16°C for the ligase
« - 50°C as a final digest (to remove original plasmid)
. 80°C for enzyme inactivation



Golden Gate Assembly: Key Takeaways

* DNA pieces are combined using a Type lls restriction enzyme
(commonly, BsmBI or Bsal).

 Each “part type” has a specific prefix and suffix sequence.

* The prefix/suffix identity dictates the sequential ordering of the
DNA being assembled.

 The single reaction includes both digestion and ligation steps,
without the need for DNA purification or gel extraction.

 Advantages — Many pieces of DNA can be assembled
simultaneously in a single reaction = very fast and powerful.

 Disadvantages — It can be more difficult to initially plan and
master the techniques.



Questions?

* From this portion of the webinar, hopefully you learned about the key concepts
and purpose of Golden Gate Assembly.

 Mastering Golden Gate Assembly take practice. | recommend using the “wizards”

that your favorite Web App has. Rene will hopefully have time to run through an

example during his portion of the webinar

 We will get to our next part of the webinar in a few minutes, after questions.
Rene will talk about “Modular Cloning” (MoClo).

Example of PCR Product sequence that is Golden Gate compatible (if time):
https://benchling.com/s/seq-3Z300Yy0CVIQeYajEjwO [insert]
https://benchling.com/s/seq-wzAHPJOO5esrFFTv9Z3H [backbone]

e measurement@igem.org [ask for me!]



https://benchling.com/s/seq-3Z30OYy0CVIQeYajEjwO
https://benchling.com/s/seq-wzAHPJOO5esrFFTv9Z3H
mailto:measurement@igem.org

Next up:
Modular Cloning
with Rene Inckemann




MoClo
Webinar




Why should you use
MoClo?

® Applications

* Modular designs with exchangeable parts
* Metabolic engineering

* Genetic circuits

* Multi gene constructs

® Advantages

* Upto 24 part cloning in one pot reaction

* Sequencing not necessary (if parts are sequenced)
* No time consuming primer ordering for new designs
* High throughput very easy achievable

e (Can be automated



What has been done before?

® Origin of Modular cloning (Moclo)

A Modular Cloning System for Standardized assembly of
multigene constructs (Weber, Marillonnet et a/, 2011)
Based on many vectors as a toolkit

Signal
Peptides CDSs

Level 0 [F1] [F2] [F3] (] -- (571 [5PA (sP9 [CDST)[cD57 (C0S3| [ 2] (]
ofbasic -ﬁ- (78] 0] @;- Ezlez]E ICUS4IIQD35|ICDssl i T
modules

m@-m-- @-@ l—ml—|cns o5 )

Promoters 5’'UTRs Terminators

Ig_r\:g:coen?lldules - . @

- ey
Level 1 «-.\‘ \\ \\'r II , ,":4",4
transcription | P2 luzlsP2] cpsz
units (TU) 1 i

! 1

Level 2 —{ p1 Jui[sPi[cost [H P2 Juz[sPa[cos2 [i@l-{ 3 Jus[SPa[cDsa el P [u4[SP4[cDs4

multigene Position 1 Position 2 Position 3 Position
constructs
p5 us[SP5] cpss Pe |ue]SPe] cDss [feH P7 [u7[SP7] cosy i - ----
Position 5 Position 6 Position 7

B

GGAG TACT  TACT  AATG AATG  AGGT AGGT GC‘I'I' GC‘I‘I’

T

FwE
C m [aaTc][aceT] cGeT] GGAg] cGeT]

—4 p J uTsp| cbs —{ p Tul [

Secreted protein Cytosolic protein



What has been done before?

; OpenPlant

sharing tools for a sustainable future
® Origin of MoClo

* A Modular Cloning System for Standardized Assembly of
Multigene Constructs (Weber, Marillonnet et al, 2011)
* Based on many vectors as a toolkit

1. Design of customized expression vectors 2. Pick up parts from the library
using EMMA platform

ABCDEFG HHal JKLMNO PQRS T UVWXYZ

1.2:3 4567 a 9 10111213 14 15 1617 18 10 20 21 2223 24 25

~

o 05D » DATOCDT o D= DTEo0

=0 » Lt =] — @

@ =25 =
8a'8b

Pathway engineering Protein production and purification

® Different Variants/ A o
Chassis Organisms 3

* common standard for plant/phototrophic chassis
* Bacterial (E.Coli/Vibrio), bakers yeast, pichia, yarrowia,
mammalien cells, cyanobacteria

23114
trep(ll
Protein
SOS-PAGE
sssssssssss
Crystatography
PTUZAABCOE

Cell-free transcription-translation DNA part characterisation
H H H H H 1000003 - 5 — Terminator (in vivo)
* lterative cloning / hierarchical cloning TEE e R
- SIMOTT u" ooactnane
10000: Pt

GFP (RFU)

0 100 200 300
Time (min)




What has been done before?

A. Source DNA ——
PCR templates, DNA synthesis, aligonuclactides T e e

BamBl assambly
into part plasmid entry vector

B. Part plasmids
Part Types have predefined flanking overhangs, ensuring interchangeability

1

2

3 4

L—

—

]

G 7

=[] i [ © | I S

Bsal assembly
of parts into a cassette plasmid

C. Cassette plasmids
Fully assembled “transcriptional unils™ enable expression of single genes in yeast.

D. Multigene plasmids
Large plasmids contain multiple transcriptional units for expressing many genes at ance

m

r*C C

LOOP Assembly

.

FewpT FempT
P -T L™ -T

N

Level 0 Parts

. Bacterial
Assembly Coding ) Assembly  Yeast Yeast &
P T - ~
Connector foEnoRel Sequence ENEIROf Connector marker origin a:;a;i:ri W

Sapl

°
| y N %
I_I
[ -
BsmBl assembl
Iﬁﬁﬂesinlnamulligeielﬂj@ﬂ A -~ ) ( ' 4 ‘ ‘ ‘
—

T
T 7 'a




The Modular cloning
principle

Connector ﬁ Teminator Bsal
r" Promoter Connector

- ©O-
ws N%

Level 0 Level 1 Level 2
Single genetic part. Transcriptional unit (TU) Multigene casette
built out of level 0 parts. built out of level 1 plasmids.
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101 Golden Gate

5{;‘:{;‘;‘;33” Promotor 5UTR |5UTRICDS Coding sequence (CDS) | 3'UTR +Term
A1 A0 A2 BH A3 B1 B2 B3 | .| B4 |/ BS 10

TGAC Tcce

3’Homology/
Connector Marker +

.

® Modular Cloning

Fusion sites are standardized
Allows exchangeability of parts (level 0, e.g promoter)

with other labs/groups



101 Golden Gate

SCI-::?\rr?glctor Promotor + 5'UTR Coding sequence (CDS) Terminator 3&%’2@;‘;{9’?"
A1 A2 5N A3 B8 B1 3| | B4 || B5 B6 [N C1
a
1 3 E 6 7 > B 11
D

E’IO
oD B a
7
d = b
2 P
®
5 W7ZZEG 9 77




The Modular cloning
The iGEM standard(s)

PLANT PARTS >)ROMOTER CODING SEQUENCE

Met Met Ala Ser Stop
GGAG TGAC TCCC TACT CCAT(g) AATG AGCC TTCG  (*)GCTT  GGTA CGCT
RFC106 DIST PROX | CORE 5UTR NTAG CDS$1 CDSZ| CTAG |3UTR TERM
Leu Stop
GGAG TACT AATG TTCG  GCTT(*) CGCT
PROMOTER S5UTR/ NTAG CDS HCTAG | 3UTR/ TERM
GGAG AATG GCTT(*) GGTA CGCT

PROMOTER / 5UTR / NTAG CDS (or CDS / CTAG) ' 3UTR TERM

_—e e e e s s s S S S S S SEe S S S SRS NS NS S SRS SES SES SES SES NS NS NS EED GES SES SES SES NS SN NS NS BN NS SES SES SE S S S S A S S e S e S S S s B S s Sms Sms Ems Ems Emm Ems



The Modular cloning
The iGEM standard(s)

BACTERIAL PARTS
(based on E. coli)

Met

CGCT

GGAG TGAC TCCC TACT AATG
DIST PROX CORE RBS CDS
GGAG TACT AATG
PROMOTER RBS
GGAG TACT AATG
PROMOTER RBS CDS
Met
GGAG TACT AATG GATG
PROMOTER RBS NTAG

CCAGAGnnﬂnn; .

prefix

1234 must = GGAG, TGAC,
TCCC,TACT,AATG, GATG,
AGCC,TTCG,GCTT or GGTA

Ala Ser Leu Stop
AGCC TTCG  GCTT(*)
LINKER| | FUSION TERMINATOR
GCTT(*)
cDs TERMINATOR
AGCC TTCG GCTT(*)
LINKER| |FUSION TERMINATOR
GCTT(*)
CDS TERMINATOR
suffix
nnnni5678nGAGACC
| ||HHHHMCTCTGG
S
Bsal

5678 must = TGAC, TCCC,
TACT,AATG, GATG, AGCC,
TTCG,GCTT,GGTA or CGCT



The Modular cloning
The iGEM standard(s)

Transcriptional Unit (TU) | Fusion Site 3'

Level 0 Basic Promoter, RBS, CDS, Termintaor, etc. pOdd (Level 1) Bsal

Level 1 Composite  Transcriptional units (devices, reporters, etc.) pEven (Level 2)  Sap1 GCA TAC
Level 2 Composite  Multi-transcriptional units (up to 4) pOdd (Level 3) Bsal TAC CaG
Level 3 Composite  Multi-transcriptional units (up to 16) pEven (Level 4) Sap1 CAG GGT

® Loop assembly standard

Level 1 Assembly Introduced (planned) just last year.

GGAG Qalulio @ TACT AATG GCTT MEEICIE CGCT

GGAG Transcriptional Unit CGCT




Golden Gate in your Lab

® Pipette all your parts together
Golden Gate assembly allows for cloning in a one pot reaction.
Parts, enzyme and ligase are pipetted together and put into a
thermocycler.

® Cyclic/thermocycler reaction

Step 1 37°C 2 min

Step 2 16°C 5 min } x50
Cyclesteps1&2 x50

Step 3 50°C 10 min

Step 4 80°C 10 min
Total Time ~6h (370min)

37°C for the restriction enzyme

16°C for the ligase

50°C as a final digest (to remove original plasmid)
80°C for enzyme inactivation



Practical part
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