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ABSTRACT

Improving the quality and performance of plant products has significant and beneficial implications for food security and sustainable
agriculture. Accordingly, plant genetic modification is a key issue in agricultural research to achieve these goals. To date, conventional
breeding methods and genetic engineering have developed plants with higher yield and performance, better seed quality, and higher
resistance to pests and diseases. The process of gene transfer in genetic engineering refers to a series of genetic procedures through which a
specific segment of DNA, carrying a new gene or a novel structure of genes, is artificially inserted into the genome of a living organism
using laboratory techniques. In this genetic process, the recipient of the new gene is referred to as a transgenic organism. Two systems are
employed in this process: direct and indirect gene transfer methods. Gene transfer via Agrobacterium is one of the successful methods for
transferring genes in plants. This bacterium is regarded as nature's smallest genetic engineer. In the gene transfer technique to plants using
Agrobacterium, the natural system of this bacterium is utilised to facilitate the transfer of the target gene. The application of this method by
plant breeding researchers has led to beneficial genetic changes in various plant species. This technique offers numerous advantages over
other gene transfer methods, including the stability of transgenic plants, simplicity, and cost-effectiveness. However, there are limitations to
this technology, such as lower efficiency of transgene, limited effectiveness in monocotyledonous plants, and dependence on genotype and
explant. To address these limitations, genetic engineers are striving to overcome the complex mechanisms and challenges associated with
this method, aiming to provide effective solutions for the targeted insertion of DNA into appropriate plant genomic locations. Given the
importance of gene transfer via Agrobacterium and the need to enhance the efficiency of this method, investigating the mechanisms of gene
transfer with this bacterium is essential. A deeper understanding of Agrobacterium biology can facilitate the expansion of gene transfer
applications through this system. Furthermore, advancements in this gene transfer method require manipulation and iterative testing
throughout the biological process. Therefore, the upcoming review article offers comprehensive information on gene transfer methods, the
process of plant transgenics via Agrobacterium, the types of plants that have been modified using this technique, as well as the associated
challenges and issues. This article will be beneficial for individuals working on plant genome editing using Agrobacterium and the
CRISPR/Cas9 technique.
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Table 1. Transgened cereal using gene transfer direct methods (Wenbin and et al., 2023)
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Table 2. Transgenic monocotyledon Plants by agrobacterium(Wenbin and et al., 2023)
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Figure 3. Interaction between plant proteins and agrobacterium (adopted from online site:
https://2023.igem.wiki/sz-shd/plant)
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(Hensel, et el Lo o laslely, codlad b ansas s
calisee jlalely ez @08 anslie ( S3L4 al., 2011)
Gy o lapl cldld b >l G5l sleas) 5o
S plas Iy 688 (Sarer 53 )35 0ad p9duil s
sloyse;l @i o (Himmelbach et al., 2010)
collsd 550 o colazel BB Sledbl wiilgi o 1,38
zobw Ll s &l S5l HlalS jo slaslely oo
e, sl gy ol @ Ol 1) Ol (o5 Bllae
olals nlple 05 (i Sk ead peduils
Sy ol Sl plman Sl oad o shudls
Sy o Smdynr gy Lol i 5lailel, lelllas
wWas a5 Gl ehiga Wil el 3l
G oS b sl sla g 5l ykems (S8 iy
(Hensel, et al., <ol o5 oo lawlie Sledb!

2011)
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(Hensel, et al., 2011) g oo Cgmme e il bawdgisy gilolax Lyl b o)lse 4o

ot & 35 05 JUBl 8 sloasls 5 il
305 6y sle LAl a3 sl 38

53 55kos 1335 ol o903T 53 3 W5, 4153 a3 390 EME vy (slaplel 53 a5 slajlastel, F g
1598 oo sogy b as obajladlely T cuilons owlosl Hlaly Sy LS jo a5 gbjluslely S cailosls L
(YN (Ko g Hensel) wilass 5 51,8 iulojl 5,90

Table 4. Promoters shown to be functional in the cereals explants tested by transient expression
assay; S: promoter tested in stably transgenic plants; T: promoter tested by transient expression
assay (Hensel et al., 2011).

Promoter Specificity; Transgene Target species
259095, Inducer iy )y o3 Sun 4igS
obass | ouiss
Cauliflower Mosaic Virus 35S (35S) Ubiquitous bar Barley®
gfp Wheat®
ugarcane Bacilliform Virus (ScBV) Ubiquitous gus BarleyS, Wheat®
Maize ALCOHOL DEHYDROGENASE Ubiquitous gus BarleyS
1 (ADH1) Wheat$
Maize UBIQUITIN-1 (UBI-1) Ubiquitous gus, gfp, gus, bar, gfp  Barley®> WheatS Rye>
TriticaleS
Maize HISTONE 2B (H2B) Ubiquitous gus Wheat®
Maize SURESSOR MUTATOR (SPM) Ubiquitous phiC31 INTEGRASE Wheat®
Recombinant emu Mature embryo, protoplastsE, Gus Wheat"
ubiquitous pat, npt Wheat®
Ubiquitous
Rice ACTIN 1 (ACT1) Ubiquitous Gus, gfp Wheat®
gus BarleyS
Rice Tungro Bacilliform Virus Phloem, gus Wheat®
ubiquitous
Wheat BENZOXAZINONE 3 (BX3) Mesophyll, protoplastsF, luc Wheat"
ubiquitous
Wheat BENZOXAZINONE 4 (BX4) Mesophyll, protoplastskE, luc Wheat"
ubiquitous
Barley HORDEIN B1 (HOR-B1) Endosperm Gus, Gfp,gus Barley™ Barley® , Wheat®
Barley HORDEIN C (HOR-C) Immature, endosperm€, gus Barley™
Nitrogen-modulated
Barley HORDEIN D (HOR-D) Endosperm Gfp.gus Barley®, Wheat®
Barley Bifunctional - Pericarp, gfp Barley®
AMYLASE/SUBTILISIN embryo and
INHIBITOR (ISA) aleurone
Barleya -AMYLASE Aleurone HvXYN1 Barley™
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30 5 05 o Juale Bus e 4 Cas9-RNA ., 5
S )l chlhe Sylsen Jls L RNA a5 _l>
(Jinek et al., oS o obm! glats, g0 ( KwSs
e ST Gl oy s 5o 2979 L 2014)
s Sk Shie (Fp 4 s Glng
&l CRISPR sla 3l 555 5 ols slacyssame
Sagle olas 31 05 0525 (53,518 SV g S5ty
OT L CRISPR 5y (e o535 alpg SeisS a5 g0l
g oSSy p (e ST 0590 50 (ol la el axlse
el gy (! 5l ool b LU 5o d92se byl
ool Ll cslansly aswgs (g0l sgas U adsliogeds ()
O )0 g Med ig) (Al g0k 9> U ey,
aae) 50 Fhe ysb @ leee ) peis Rlng (il
(Ansari et o5 v,y Jpamen b0 a6, S35

al., 2021)

L )3 pgif sl g

o) b eaiiS Joe (5,08 SO gy Glalns
o Sl (65,9laS ezl i Sl s )kems 5o 512

Sy e @slaS SYsaxe See sl
51 ool (Armario  Najera et al., 2019)
el slaghy) nlo JoSa &5 pgij (lulng Sl SSS
I 65,eleS NHgazxe 5l g ke Wl oo ol (g3
Sonr (5 BB xR0 g wedia ol b
sl SsSs 55t (Sedeek et al., 2019) sz
slolilSs oS gile aile poiy Galny e
oosS Jld e lajlilSe ¢ (ZFNS)  (oq,0al
oM ,s CRISPR/Cas9s (TALENS)  sis,
4 CRISPR/Cas9 « .5 slaJls ;o .ailoads sl
3550 ket 35 Gl 3l ool 5 i A5e Ol
s 5l 00liul b poss lalng Conl i8S 15 4z g
5 ool o 4 by, o olsie 4 CRISPR/Cas9
S alexr 5l ol Ygaze (gl 0 3850
5 Sl ol (Bpme 92 g D)5 S mp wibe
5 el 00 00,91 O Jgax yo lalS ol 5l sla e
S gady 95 Ll Jlg (05 atie 5o
CRISPR/Cas  SuSs  (SNPS)  susstlS 55cSs
aoly glodes id O e Dlao dgugy 4o WilgY oo

oothe Glas 4 Slws lp goaxie UG 5wl
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(Ansari et al., 2020) e @Y qazmo y5 4> g5 I 5 Gwlpg Oladllae O Jgus
Table 5. List of significant gene editing studies in cereal crops (Ansari et al., 2020)

Plant Delivery Mode Target Genes Gene Fonction Vector used Promoter
Species Jol> g o5 ERCIPITIS O 9 ySdos oolasiw! ygusy 99095
LS 4gs oo
Maize Agrobacterium-  ZmIPK1A, ZmIP Phytic acid synthesis pEasy Blunt Used
transformation K and ZmMMRP4 vector
Maize Agrobacterium- ZmLG1, UB2, Development of a haploid- pCPB Zmu6
mediated and UB3 inducer mediated genome
transformation editing system
Wheat PEG4000-mediated TaDEP1, Inflorescence architecture and pJiT163 CaMV
transformation TaGASR7, TaLOX2, plant height regulator, 35S
TaNAC2, TaPINL1, lipoxygenase, and grain weight
TaGW2 negative regulator
Wheat Agrobacterium-  TaDREB2 and Ta Drought resistance pJIT163- TaU6
mediated ERF3 2NLSCas9
transformation
Rice Agrobacterium- OsSWEET11, sucrose efflux transporter pTOPO/D TauU6
mediated OsSWEET14
transformation
Rice Biolistic OsBADH?2, Responsible for aroma, a basic pJiT163 OsU6
OsMPK2 activated protein Kinase
Rice Biolistic OsMPK2, Yield under stress pJiT163 OsU3
transformation OsDEP1
Rice Agrobacterium- OsDERF1, Drought tolerance SgRNA-Cas9 OsU3
mediated OsPMS3,
transformation 5

Ngdioo dazy b cmsiy; e & e ol
(Brodersen and Voinnet, 2006; Borges and
buog o5 «ileosgels  Martienssen,  2015).
2 2839 3l e 0F Gileobsels plsie 4 SIRNA
Sl sy, 4 6,5l nl dgdee Sl lalS
Sloaiss ;s ohish 5 3,8ee Jolod 5w ol
(Travella et al., 2006; <ol sals Jros sl b
5l oaxe sl sl Gasparis et al., 2013)

9 97 S wile GlSS sladiss 3 0 (eels
(Chen et al., 2012; Butardo et s,ls ss>¢ &,

Ql)lS_ub 9 Fahim gGLo; Jle S Glgaeay al., 2011)

$54655 pl 5l (Fahim et al., 2012) Y-\ Y Jl o

OME 5 (4] (Mgols
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LMIRNA) LRNA 3 Koo Lol Sos5 sLRNA
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(Qssowski & et al., 2013; Rogers and 4%

Chen, 2013)
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