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Significance 
Gene editing technologies hold promise for ushering a new Green Revolution that could avert the 
impending global food crisis being driven by climate change, population growth, water scarcity, 
etc. This is due to the potential they afford for more quickly, easily, and inexpensively developing 
crops with greater yield, improved resilience, and novel traits than would be possible using 
traditional breeding and transgenic approaches. In doing so, these technologies are also poised 
to help democratize the agricultural biotechnology industry by driving innovation and reducing 
barriers to market entry. However, there is widespread recognition that full realization of this 
promise will be constrained by limitations inherent to the prevailing approaches used for delivering 
gene editing reagents to plant cells. Consequently, delivery remains a critical bottleneck to further 
innovation and progress. The objective of this proposal is to begin addressing this bottleneck by 
establishing proof-of-concept (PoC) for a new approach for creating gene edited plant cells, which 
will leverage a disruptive gene delivery technology pioneered by one of our team members (Co-
PI Rao), Deterministic Mechanoporation (DMP). 
Innovation 
The DMP technology was originally developed to address the limitations of prevailing gene 
delivery techniques for mammalian cells.1 Specifically, as shown in Fig. 1, it was developed to 
enable, for the first time, opportunity for mechanical poration of cells en masse, importantly, at a 
single site in each cell, and with the potential for delivering virtually any cargo directly to the 
nucleus. In doing so, DMP maximizes delivery efficiency, versatility, and uniformity, while also 
preserving cell viability. This stands in contrast to other non-viral delivery approaches for 
mammalian cells, where delivery efficiency and cell viability are typically traded, cargo versatility 
is limited, and treatment uniformity is often poor, due to the intrinsic stochasticity of their poration 
processes, coupled with their inability to achieve direct intranuclear delivery. We have shown that 
these key differentiators enable realization of transfection performance that exceeds a state-of-
the-art electroporation protocol by 4-fold for primary human T cells (Fig. 1c). Consequently, this 
has motivated the recent spin out of a VC-funded startup from Co-PI Rao’s lab, Basilard BioTech, 
which is commercializing DMP for use in the engineering of ex vivo cell and gene therapies. 

Building on this success, the proposed project now seeks to establish PoC for DMP’s use in plant 
cell engineering. We believe that DMP’s innovative nanomechanical mechanism of action will 
provide equal, if not greater promise in this application, since it will enable delivery of gene editing 
reagents (e.g., plasmids, DNA templates, ribonucleoproteins (RNPs), etc.) directly to the nucleus 
of any plant cell (&/or other organelles), with high efficiency and uniformity, without compromising 
viability and downstream functionality (e.g., cell differentiation and plant regeneration potential), 

 
Fig 1. a) The DMP gene delivery concept, illustrated for a single capture site within a much larger array (10k 

currently; up to 200M possible). Cells are captured using negative aspiration flow, porated by impingement upon 

the penetrator, and released by reversal of flow, after which intracellular delivery occurs via diffusive influx of 

exogenous cargo through the singular transient pore. b) Electron micrograph of portion of device array, with inset 

showing higher magnification image of single Capture Site (scale bar = 5 μm). c) GFP plasmid transfection yields 

for DMP vs. conventional bulk electroporation (BEP) of Jurkats (JRKT), K-562, and primary human T cells (PRIM). 

Transfection yield is percentage of treated cell population that is both viable and GFP+. [1] 
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