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Innovation in life sciences 
 

Rubi3 Promoter and 
Regulatory Sequences 

 
High expression monocot promoter – 

avoiding non-native N-terminal amino acids 
 

The rubi3 promoter and regulatory elements are a ready-to-use, highly convenient  and 

well tested system for protein expression in monocot plants. Professor Rongda Qu and Dr. 

Elumalai Sivamani at North Carolina State University have identified novel 5' expression 

control elements from the rice rubi3 poly-ubiquitin gene. These regulatory elements 

include the rubi3 promoter, a 5’ UTR intron sequence, and a downstream enhancing 

element located at the start of the rubi3 coding sequence. The promoter has been studied 

with reporter genes in rice, corn and grasses (Festuca arundinacea). The studies have shown that the promoter has a near-

constitutive expression pattern and drives strong expression of genes.  

 

High expression in corn (3 fold greater then maize ubiquitin): 

Studies in corn have compared the rubi3 promoter expression with the maize ubiquitin promoter (pAHC27). Plants transformed with 

the rubi3 promoter had a higher transformation efficiency and GUS expression (on average the rubi3:GUS plants had a two- to 

three-fold higher level of GUS) compared with the maize ubiquitin promoter. Expression with the rubi3 promoter was strong in 

leaves, silks and pollen of transformed plants, and in contrast to the maize ubiquitin promoter GUS was also expressed at high level 

in roots. 
 

 

GUS expression of rubi3 constructs in mature leaves of maize (discs and sections shown) 

 

Studies in single-copy transgenic rice plants confirmed earlier results with rice suspension cultures that the rubi3 promoter drives 

strong gene expression. Expression is near constitutive and is especially strong in root apical mersitem, leaf mesohphyll cells, 

embryos and parenchyma cells in the vascular system. 
 

  

Evaluation and Licensing 
Opportunities 
 

For further information on this 
technology and evaluation / 
licensing opportunities please 
contact: 
 

Dr Lars von Borcke 
lars@pbltechnology.com 
Tel:  +44 (0)1603 456500 
 

Tech ID: 04.345 

Patent Literature 
 

US Patent No. 8,022,271 

Expression of GFP with rubi3 promoter 
in single-copy rice plants 
Panels (GFP and bright field images were 
taken simultaneously):  
 
a: root tip  g: young leaf 
m: stem inside   p: stem surface 
 
Labels: am – apical mersitem, co – cortex, 
ed – epidermis, mp – mesophyll cells, pc –
procambium, pd – protoderm, vb – vascular 
bundle 
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Previously the rubi3 promoter and related regulatory elements have been characterized in rice suspension cultures. The sequences 

first identified consist of a 808bp promoter fragment, a 67bp non-coding exon (exon1) and a 1140bp intron within the 5’ untranslated 

region (the 5’ UTR). 

 

Promoter: The rubi3 promoter has been characterised in transformed rice suspension cells using a GUS reporter gene (see table 

below). The original rubi3 promoter with its 5’ UTR intron exhibits more than a 10-fold higher level of activity than the CaMV 35S 

promoter. 

 

Rubi3 Promoter Activity Enhancement: By adding the first 9 nucleotides of the rubi3 coding sequence next to the 5’ UTR intron, 

the GUS activity is enhanced over 5-fold. By mutating the first ATG codon (changing G to C), the GUS activity was further enhanced 

by over 50%. After enhancement by the modifications, the overall rubi3 promoter activity is 2.4 fold of the maize ubi1 promoter and 

over 30 fold of CaMV 35S, and expresses the native proteins without adding amino acids at the N termini.  This modification is 

important, as usually the short coding region is not cleaved by the plant ubiquitin specific proteolytic enzyme yielding proteins with 

non-native amino acids resulting from these 9 nucleotides. The modification ensures that the translation start site is from the correct 

AUG start codon. 

 

Intron: The rubi3 5’ UTR intron has a significant, positive effect on heterologous gene expression. For example 20-fold higher level 

of expression of GUS has been achieved with constructs containing the rubi3 intron. When the rubi3 intron was placed downstream 

of the rice actin promoter, the enhancement of transient GUS activity was nearly 18-fold more than that of an Act1 promoter 

construct lacking the intron. The intron also strongly enhances (9-fold) the rice H3A promoter.  

 

Constructs 
uMole MU 

released/min/mg 
total protein 

uMole MU 
released/min/mg 

total protein (value 
minus control) 

X over 
maize 
ubi1 

X over 
rubi3 WT 

X over 35s 
X over 

rice Act1 

35S::GUS 0.9 0.4 0.1 0.3 1.0 0.3 

rice Act1(promoter + intron1)::GUS 1.7 1.3 0.2 0.8 3.0 1.0 

riceAct1 promoter + rubi3 intron::GUS 1.6 1.2 0.2 0.7 2.8 0.9 

maize ubi1::GUS 6.1 5.7 1.0 3.5 13.3 4.4 

rubi3 (promoter + intron)::GUS 2.1 1.6 0.3 1.0 3.8 1.3 

(rubi3 + 9 nt)::GUS 9.1 8.6 1.5 5.3 20.3 6.7 

(rubi3 + 9 nt with G to C mutation)::GUS 14.1 13.7 2.4 8.4 32.1 10.6 

Control 0.5 0.0     

 

Further studies carried out with the above regulatory elements in transgenic rice have demonstrated that the enhancements in the 

GUS reporter activity are both pre-translational and translational with the main increase through an increase in the GUS mRNA 

level. The enhancement attributed to the inclusion of the first nucleotides of the ubiquitin coding sequence is completely due to 

translational enhancement. 

 

Studies in Festuca arundinacea: Rubi3 showed the same tissue expression profile as in corn plants, but expression levels were 

lower then in corn. 

 

The rubi3 promoter and associated regulatory sequences are the subject of a pending patent application licensed to PBL. 
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