o

DO

5

Sole’

30
e}

iy

30C
e}

1O

oo aniBo anBo aniio ansie
o)

N
30
e}

wibe o

) guﬁg@ SRR SRR GRab G

1O
SIE
e}

O =
e

V‘Fg‘w

T =
o G

10
“‘Fg

s &

g)

VT“@?

63%;%5%3 g

o

cgnﬁéf@ c;hﬁér@ cgnﬁéf@ QIO C;ﬁﬁr@ C@ﬁr@ Qn
&

polel
I

©
TIEVO
)

mﬁéﬁ
70

IR &

O

£ théi c
=

mﬁéﬁ

Jo,

SIEO
&

Selife?

g }Q’ uV[F
2

TIEVO

00,
(=}

D WSO QSO

[
o G

C?:“ﬁ/
(S

paife]

CVIEY

o

&,

] Cg,‘w@

NS
JoC

O

5o)

$200 Q
o)

30
GV

] té‘w@

TOC,

Céhé%“@ an

3300
uﬁg@ G

oo anieo

“W&i C%mu?z@ =
oVREvO

it

2o qnsis

TOC

C@ﬁéﬁ@ Q
R ek &
o5 %‘

é?@
SO0 2
%‘w@ ez

N

Q

yel
o G

T
I8

%

S
DO

W
&

aee
o G

pole]

CW%N

GRI MAGAZINE

(International E-Magazine for Agricultural Articles)

Volume: 02, Issue: 01 (January, 2025)

Available online at http://www.agrimagazine.in
D blish with Pride & “Agri Magazine, ISSN: 3048-8656

Regulating & Tissue Specific Expression of Transgene for Crop

Improvement
(‘Dhairya V. Makwana®, Chirag P. Chandramaniya?and Divya S. Patel?)
'PhD Scholar, Department of Genetics and Plant Breeding, Navsari Agricultural
University, Navsari-396450, Gujarat, India
’PhD Scholar, Department of Genetics and Plant Breeding, Anand Agricultural

University, Anand-388001, Gujarat
“Corresponding Author’s email: dvmakwana531@gmail.com

Genetic engineering has revolutionized crop
im provement by enabli ng precise Conventional breeding Transgenesis Cisgenesis
manipulation of plant genomes to enhance
desirable traits. In genetically modified crops,
transgene expression is essential for introducing
novel traits such as herbicide tolerance, pest
resistance, and nutritional enhancement. Tissue-
specific expression refers to the selective
activation of transgenes in specific plant
tissues or organs, which is crucial for
achieving desired phenotypic outcomes while
minimizing unintended effects.

Importance of Regulating Transgene Expression

1. Optimal Gene Function: Proper regulation ensures that the transgene is expressed at the
right time and in the correct amount, maximizing its intended benefits without causing
detrimental effects to the plant.

2. Minimization of Off-Target Effects: Uncontrolled or excessive expression of transgenes
can lead to unintended interactions with native plant pathways, potentially causing
undesirable traits or reduced fitness.

3. Energy Efficiency: Plants have limited resources, and precise regulation ensures that
these resources are not wasted on unnecessary gene expression, allowing the plant to
maintain overall health and productivity.

Methods of Regulating Transgene Expression

1. Promoter Selection: The choice of promoter is critical in determining the expression
pattern of the transgene. Constitutive promoters drive continuous expression, while
inducible promoters allow gene activation in response to specific stimuli such as
environmental factors or developmental cues.

2. Gene Silencing Mechanisms: Techniques like RNA interference (RNAI) can be
employed to suppress transgene expression when it is not needed, enhancing control over
gene activity.

3. Enhancers and Suppressors: The use of genetic elements that enhance or suppress gene
expression in a context-dependent manner provides another layer of regulation.
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Transgene expression and stability factors

Transgene — 5 Transcription —————» Translation —p  Functional

/\ \ Protein

Driver Factors Boosting Transcript Level Factors Boosting
l Protein Level

Promoters g;g%'UTR TFs 5'UTR Codon

nos3UTR  |ME MARs Act1 5'UTR usage

MARs flanking High
Wheat VAN-1 RB7 gene G
0, o L Maize Adh1, Sh1 content
Constitutive Non-Constitutive Arabidopsis AG, STK

Rice Ostub A1

Viral Origin  Plant Origin
CaMV 35S Rice Act1

Maize Ubi

Tissue Specific _ Inducible
CaMV35S Domain A Egg;'?'::i?i‘:" Ethylene Le: E4_P1,P2
A rhizogenesrolD Potato SK2 Highlight Ab: ELIP2_P1
Lotus-tobacco glb3-uidA  Tomato Lat52
,'3°‘a’,?, %ATA' AT2 Apple ACC oxidase

ea rbcS-3, Cotton alpha-globulin
Arabidopsis CAB2 Wheat Bx-17

Regulatory Elements in Transgene Expression

1. Promoters (5’ Upstream region of gene): Core promoter element- TATA box (20-30bp
upstream)

2. Enhancers : Consensus DNA sequence motif & associated with level, place, timing of
expression in response to external factors

3. Transcription factors (TREs)

Polycistronic operon

Regulatory sequence Regulatory sequence

Enhancer Enhancer
/silencer Operator Promoter 5'UTR ORF UTR ORF 3'UTR /sllencer

Start Stop Start Stop Terminator

S W — e _Bn S m—

Transcription Protein coding region Protein coding region
RBS RBS

Transiation
Protein ‘

Types of Promoters

1. Constitutive promoters : Strong constitutive promoters can deliver a high-level
expression of transgenes to almost all tissues and development stages in plants. Which is
particularly useful for the expression of herbicide tolerance, insect resistance and selectable
marker genes.

Example: CaMV35S

The cauliflower mosaic virus (CaMV) 35S promoter (derived from a DNA viral genome) is
probably the most widely used plant promoter (Odell et al. 1985).

Limitations in the use of virus-derived promoters

» Risk to human health & Inactivation of transgene.

Plant origin promoters

» Act2 of Arabidopsis, rice Actl promoter, Maize ubiquitin 1 promoter (pUbi) etc
Drawback of constitutive action of a promoter

» Expression or overexpression in off target tissue
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» Effect on growth & development

» Development of resistance by target insects against overexpressed toxins like, e.g., Bt
toxin (Huang et al. 1999).

2. Inducible promoter : These promoters allow for the controlled expression of transgenes

in response to specific environmental or chemical stimuli.

Positive inducible
Inducer Transcription
activator G addition

- S l.)(_’ e ! ,_’ activated

Negative inducible
Inducer . Transcription
repressor addition activated

& » —> _

Types of Inducible Promoter :

i. Chemical-Inducible Promoters:

Tetracycline-Inducible Promoters: Activated by tetracycline or its derivatives.

Ethanol-Inducible Promoters: Activated by ethanol.

Steroid-Inducible Promoters: Activated by steroids such as dexamethasone.

ii. Stress-Inducible Promoters:

Heat Shock Promoters: Activated by high temperatures.

Drought/Water Stress Promoters: Activated by water deficiency.

Pathogen-Inducible Promoters: Activated by pathogen attack or related signals.

iii. Light-Inducible Promoters

3. Tissue specific promoter : Tissue-specific promoters drive gene expression in particular

tissues such as roots, leaves, flowers, seeds, or fruits. Some commonly used tissue-specific

promoters include:

e Root-Specific Promoters: e.g., RCc3, a promoter from rice that drives expression in roots.

e Leaf-Specific Promoters: e.g., CAB, which drives expression in leaves where chlorophyll
a/b-binding proteins are abundant.

e Flower-Specific Promoters: e.g., APETALA3 (AP3), driving expression in floral organs.

e Seed-Specific Promoters: e.g., 2S albumin, a promoter active in seed storage tissues.

e Fruit-Specific Promoters: e.g., E8 from tomato, active during fruit ripening

Tissue-Specific Expression of Transgenes

1. Targeted Trait Improvement: Tissue-specific expression allows for the improvement of
particular plant traits without affecting the overall plant physiology. For example,
expressing a pest-resistant gene only in the leaves where pests attack minimizes the
energy cost to the plant.

2. Minimized Risk of Pleiotropic Effects: By restricting transgene expression to specific
tissues, the risk of unintended side effects in non-target tissues is reduced, enhancing the
overall safety and stability of the genetically modified crop.

Strategies for Tissue-Specific Expression

1. Tissue-Specific Promoters: Promoters that are active only in certain tissues, such as
root-specific or leaf-specific promoters, can direct the expression of transgenes to desired
locations within the plant.

2. Spatial Control Using Regulatory Elements: Enhancers or silencers that respond to
tissue-specific signals can be incorporated to fine-tune the spatial expression patterns of
transgenes.
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3. Use of Marker Genes: In some cases, tissue-specific marker genes can be used alongside
transgenes to monitor and verify the precise expression patterns in target tissues.

Applications in Crop Improvement

1. Stress Tolerance: Tissue-specific expression of stress-responsive genes, such as drought
tolerance genes in roots, can help plants better manage adverse conditions without
compromising growth in other parts.

2. Nutritional Enhancement: For crops aimed at nutritional improvement, transgenes can
be expressed in the edible parts, such as seeds or fruits, ensuring that the nutritional
benefits are maximized where they are most needed.

3. Pest and Disease Resistance: Genes conferring resistance to pests or pathogens can be
expressed in tissues most vulnerable to attack, enhancing plant defense mechanisms
without affecting overall plant health.

Conclusion

Regulating and achieving tissue-specific expression of transgenes is pivotal for the success of
genetically modified crops. By leveraging precise genetic control mechanisms, scientists can
tailor transgene expression to optimize crop performance, ensure environmental safety, and
improve agricultural sustainability. As biotechnology continues to advance, these strategies
will play an increasingly significant role in meeting the global demand for food security and
sustainable agriculture.
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