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Learning Goals
To understand:

• Which sections of constructs require design input

• Plasmid backbones and how to select them

• Overexpression constructs

• Transcriptional control and how it can be manipulated

• Using plant promoters for tissue-specific expression

• Synthetic transcription factors and promoters
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Plasmid Features

origin of 
replication
(E.coli)
e.g. ColE1 or pUC

bacterial 
selectable

 marker
e.g. spectinomycin, kanamycin 

origin of 
replication
(A. tumefaciens)
e.g. pRK2, pVS1

cloning selection
cloning site

cloning selection
e.g. 
lacZ (blue/white)
rfp (pink/white)
ccdB (lethal)

cloning site

left 
border

right 
border

overdrive

origin of 
replication
(E.coli)
e.g. ColE1 or pUC

bacterial 
selectable

 marker
e.g. spectinomycin, kanamycin 

plant
selectable

 marker gene (P-CDS-T)
e.g. kanamycin, bialaphos 
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Selecting plasmids

• Delivery method (protoplasts, Agrobacterium)

• Cloning site / method – Gateway, Golden Gate etc.

• Other features



SYNTHETIC CIRCUITS – THE BASICS

Overexpression Constructs

origin of 
replication
(A. tumefaciens)
e.g. pRK2, pVS1

left 
border

right 
border

overdrive

origin of 
replication
(E.coli)
e.g. ColE1 or pUC

bacterial 
selectable

 marker
e.g. spectinomycin, kanamycin 

(plant selectable marker)
(e.g. NOSP_NPTII_OCST)

e.g. 
CaMV53SP_G.O.I._35sT

( (



Where?

When?

In response to?

Time-limited?

Periodical/cyclic?

How quickly?

How much?

how often?
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Generalised Gene Structure

Image: Thomas Shafee (CC-BY)
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Recruitment of regulatory proteins

Images: Thomas Shafee (CC-BY)
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Using Plant Promoters - spatial control

PIN1P     PIN1:GFP    ?T

Red = Propidium iodide
Green = GFP
Raya-González et al 2014 PMID: 24784134
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MC3P   VENUSER  ?T

METACASPASE 3 (MC3, At5g64240)
Identification of novel companion-cell 
genes from single-cell transcriptomics, 
validated in reporter lines. 
Otero et al 2022. PMID: 35927456

Using Plant Promoters - spatial control



Inducible control – external, chemical
L = ligand binding domain (e.g., estradiol)
D = DNA-binding domain (e.g., LexA)
E = effector domain (e.g., VP16)

Tune amplitude by modulating:
• # binding sites in Psyn
• DNA-binding affinity
• type/identity effector 

domains
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TSS
TATA

OPERATORS
(binding sites)

CORE 
PROMOTER

C.D.S (GOI)

T
L : D : E

T

e.g. Zuo et al 2000. PMID: 11069700.



Inducible control - optogenetics

Figure: Christie and Zurbriggen (2021) New Phytol. 
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Inducible - endogenous
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DR5v2 (Liao et al, 2015. PMID: 25643149)
Auxin-inducible expression / Auxin biosensor 

TSS
TATA

9 x  TGTCGG 
(ARF binding sites)

CORE 
PROMOTER

(binding sites)



END OF PART.

Synthetic Circuits. The Basics

• Which parts of constructs require design input

• Plasmid backbones and how to select them

• Overexpression constructs

• Transcriptional control and how it can be manipulated

• Using plant promoters for tissue-specific expression

• Synthetic transcription factors and promoters
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Manipulating Endogenous Expression

35sTdCas9:
GCN

35sP UBI10P scFv:
VP64

OCST sgRNA:TU6P

TSS

GOIsgRNA
recognition

site

35sTdCas935sP UBI10P MCP:
VP64

OCST sgRNA:
MS2:T

U6P


