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PBG/HORT/CSS 513 (3 credits): 
Genetic Engineering in Plants

Principles, methods, and recent 
developments in the genetic 
engineering of higher plants

Recommended (BI311 and BOT311) or (CSS430 or 
CSS530) or (HORT 430 or HORT 530) or (PBG 430 or 

PBG 530).

WINTER 2020 On Campus 
MWF - 2-2:50 PM

INSTRUCTOR: 
Laurent Deluc

Learn how to 
Genetically Engineer a 

Plant 

Apply the knowledge 
for crop improvement 

Evaluate several 
genetic engineering 

methodologies  

Understand the 
societal impact of GE 

plants

Plant genetic engineering and advances in biotechnology in the last 30 years have 
allowed for groundbreaking findings in plant biology that revolutionize our 

understanding of plant growth and their adaption to many environments. The 
course will cover the Principles, Methods, and recent Tools developed in the genetic 
engineering of higher plants, their potential application for crop improvement, and 

the impact of genetic manipulation on society. Class will consist of lectures and 
seminars given by guest speakers, and recitations to discuss seminal research 

articles related to the topic.

Gelvin et al., 2017

Genome editing Tools and DNA repair mechanisms 
(Zhang et al., 2018)

segregated out, there is no way to distinguish between a
‘naturally occurring’ mutation and a gene edit. Thus, the
introduction of genome editing into modern breeding
programs should facilitate rapid and precise crop
improvement.

Zinc-finger nucleases
ZFNs are fusions of zinc-finger-based DNA-recognition
modules and the DNA-cleavage domain of the FokI
restriction enzyme (Fig. 1a). Each individual zinc fin-
ger typically recognizes and binds to a nucleotide trip-
let, and fingers are often assembled into groups to
bind to specific DNA sequences [11]. To date, ZFNs
have been used to modify Arabidopsis, Nicotiana, maize,
petunia, soybean, rapeseed, rice, apple, and fig (reviewed
in [12, 13]). In one example of the application of ZFNs to
crop breeding, the endogenous maize gene ZmIPK1 was
disrupted by insertion of PAT gene cassettes, and this re-
sulted in herbicide tolerance and alteration of the inositol
phosphate profile of developing maize seeds [14]. As a

proven technology, ZFN-mediated targeted transgene in-
tegration was also used for trait stacking in maize, that is
for assembling a number of useful traits together to create
an even greater potential for crop improvement [15].
Later, Cantos et al. [16] used ZFNs to identify safe regions
for gene integration in rice, and these identified sites
should serve as reliable loci for further gene insertion and
trait stacking. Nevertheless, the design of ZFNs remains a
complicated and technically challenging process, and one
that often has low efficacy.

Transcription activator-like effector nucleases
Like ZFNs, TALENs are fusions of transcriptional
activator-like effector (TALE) repeats and the FokI re-
striction enzyme (Fig. 1a) [17]. However, each individual
TALE repeat targets a single nucleotide, allowing for
more flexible target design and increasing the number of
potential target sites relative to those that can be tar-
geted by ZFNs. Genome editing by TALENs has been
demonstrated in a wide variety of plants including
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Fig. 1 a Genome editing tools and DNA repair mechanisms. ZFNs and TALENs on the left panel use FokI endonuclease to cut DNA double
strands. Since FokI functions as a dimer, when two ZFNs or TALENs bind their targets and bring the FokI monomers into close proximity,
cleavage occurs. CRISPR/Cas9 system on the right panel employs sgRNA for DNA binding and Cas9 protein for DNA cleavage. While CRISPR/
Cpf1 system uses crRNA for DNA binding and Cpf1 protein for DNA cleavage. On the middle panel, when DSB was produced by genome
editing techniques, the plant’s endogenous repair systems fix the DSB by NHEJ or HR. NHEJ introduces small indels (red line) into the DSB and
results in frame-shift mutations or premature stop codons. HR can cause gene replacements and insertions (yellow line) in the presence of a
homologous donor DNA spanning the DSB. b Illustration of CRISPR/Cas9-mediated base editing. In the CBE system, nCas9 was fused to CD
and UGI, and this complex could convert cytosine (C) in the targeting region to uracil (U), then U is changed to thymine (T) in DNA repair or replication
processes, creating a C•G to T•A substitution. In the ABE system, nCas9 was fused to AD, and this system converts adenine (A) in the targeting region to
inosine (I), which is treated as guanine (G) by polymerases, creating A•T to G•C substitutions. ABE adenine deaminases-mediated base editing, AD
adenine deaminases, CBE cytidine deaminase-mediated base editing, CD cytidine deaminases, CRISPR clustered regularly interspaced short palindromic
repeats, crRNA CRISPR RNA, DSB double-strand break, HR homologous recombination, nCas9 Cas9 nickase, NHEJ non-homologous end joining, sgRNA
single-guide RNA, TALEN transcription activator-like effector nuclease, UGI uracil glycosylase inhibitor, ZFN zinc-finger nuclease
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GMO-free RNA Silencing technologies 
(Dalakouras et al., 2019)

Key Figure

Nanoparticle (NP)-Mediated Genetic Cargo Delivery to Animals and Plants

(A)
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Carbon-based NPs
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 • Gold
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(B)

NPs classes commonly employed in geneƟc cargo delivery

Modes of NP-mediated cargo delivery

 • Silica spheres  • Polyethylene-glycol (PEG)

 • Polyethylenimine (PEI)

 •Poly(lacƟc-co-glycolic acid)
(PLGA)

 • Mesoporous silica NPs
(MSNs)

 • Silicon carbide

Figure 1. (A) NPs commonly used for biomolecule delivery in both animal and plant systems cover !ve major categories: bio-inspired, carbon-based, silicon-based,
polymeric, and metallic/magnetic. We provide a visual comparison of delivery of various genetic cargo [DNA, RNA, proteins (site-speci!c recombinases or nucleases),
and ribonucleoprotein (RNP)] with each of the !ve NP types across animal and plant systems. It is evident that NP-mediated delivery has been utilized with a greater
variety of genetic cargo in animals than in plants. (b) NP-mediated cargo delivery is conducted via [321_TD$DIFF]several means. Physical methods include [322_TD$DIFF]creating transient pores in
the cell membrane with electric !elds, soundwaves, or light, magnetofection, [323_TD$DIFF]microinjection, and biolistic particle delivery[324_TD$DIFF]. Nonphysical methods include [325_TD$DIFF]the use of
cationic carriers, incubation, and in!ltration. a[64], b[86], c[87], d[88], e[89], f[68], g[90], h[91], i[45], j[92], k[58], l[93], m[94], n[95], o[96], p[97], q[98], r[99], s[81], t[100], u[63],
v[101], w[102], x[54].
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Contact: 
laurent.deluc@oregonstate.edu

Modes of nanoparticle mediated cargo 
delivery (Cunnigham et al., 2018)
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