
Biomolecules 2022, 12, x FOR PEER REVIEW 3 of 21 
 

quorum quenching (QQ) can disturb the QS pathway by targeting QS signals [29]. The 
TraM protein, a QQ regulator, binds to the TraR protein, occupying the binding site of 
OC8-HSL [28], thus, disrupting the QS pathway. Plants have developed defense systems 
to modulate bacterial QS systems by releasing inhibitors [30]. For instance, plant-derived 
gamma-aminobutyrate (GABA) is a signal jammer for the QS pathway [31]. It takes ad-
vantage of the ATP binding cassette (ABC) transporter, Bra, and a periplasmic binding 
protein, Atu2422, to enter Agrobacterium [31]. GABA is transformed into succinic semial-
dehyde (SSA) inside bacterial cells, which inhibits BlcR, a transcriptional repressor of the 
blcC gene. Thus, when blcC is up-regulated, it encodes BlcC lactonase, which cleaves OC8-
HSL, thus, strengthening the QQ process [28,32]. 

Some impact factors that affect the transformation efficiency of Agrobacterium have 
been recognized. For instance, the plant-derived phenolic acetosyringone (AS) is com-
monly added to induce vir genes before transformation [33] because it is recognized by 
the VirA/VirG two-component system, located in the Ti plasmid, as a host-specific signal, 
and activates vir gene expression. Surprisingly, while the induction of VirA/VirG proteins 
is the most popular targeted step, modifications of the subsequent steps are rarely ex-
plored [15]. Besides, numerous functional genes have not been identified or studied, due 
to the complex prokaryotic regulatory networks and multifaceted, dynamic host–patho-
gen interactions [34]. 

To understand the molecular mechanisms involved in the low efficiency of AMT in 
tea plants, we analyzed the gene expression profiling in Agrobacterium co-cultivated with 
tea leaves, using tobacco leaves as a control due to their high (95%) AMT efficiency [35]. 
At the same time, scanning electron microscopy (SEM) was performed to evaluate the 
effect of the tea-leaf surface environment (phylloplane) on agrobacterial growth and at-
tachment to host cells. Understanding the biological mechanisms that result in low AMT 
efficiency in tea will help enhance transformation techniques for improved AMT effi-
ciency, which is critical for future tea breeding. 

 
Figure 1. The process of Agrobacterium-mediated transformation in plants. Agrobacteria sense the 
plant-derived signals and swim towards the wounded plant cells. VirA protein on the membrane 
of A. tumefaciens cell recognizes the wound-triggered plant signals and phosphorylates the se-
quence-specific DNA-binding protein VirG, which in turn regulates the expression of other vir genes 
required for the infection process. Pathogen–plant attachment is established through the production 
of pilin, adhesins, unipolar polysaccharides (UPP) and the formation of biofilm. T-complex consists 
of T-DNA and various Vir proteins and it enter plant cells through a type IV secretion system (T4SS). 
Finally, T-DNA is transferred into the plant nucleus and inserted into the plant genome. 

  




