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Precision Bio-Engineering: AI-Driven Genetic Design of
Anticholelithiatic Medicinal Plants

Shrutika Sharma INTRODUCTION
Maharishi Markandeshwar 1. The Challenge of Gallstone Management
(Deemed to Be University), Gallstones are primarily composed of cholesterol (75-80%) or
Ambala, Haryana bile pigments. Cholelithiasis occurs when the delicate balance

between bile salts and cholesterol is disrupted, leading to the
formation of crystals and, eventually, hard stones. Current non-
surgical dissolution therapies, such as the use of
ursodeoxycholic acid (UDCA), are limited by slow efficacy (6—
24 months) and high recurrence rates.

2. Al-Driven Discovery and Pathway Elucidation

The integration of Al platforms allows for the systematic
identification of bioactive compounds from vast ethnobotanical
datasets.

Predictive Modeling: Al algorithms categorize species by
examining trends in flower structure and leaf morphology to
expedite database construction.

Pathway Engineering: Al-driven metabolic engineering
enables the mapping of complex biosynthetic pathways for key
secondary metabolites, ensuring that genetic modifications
result in high-yield, stable production.
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3. Strategic Plant Profiles: Flowers, Leaves,
and Roots

To create a comprehensive pharmaceutical
crop portfolio, we target specific plants known
for their litholytic (stone-dissolving) and
choleretic (bile-stimulating) properties.

A. High-Potency Floral Sources

o Hibiscus sabdariffa (Roselle): The
calyces are rich in anthocyanins.
Genetic engineering aims to modulate
lipid metabolism receptors to lower

serum cholesterol, the
precursor to stones.

Silybum marianum (Milk Thistle):
The purple flowers contain silymarin.
Overexpression of the SmCHS gene
increases biliary excretion and the bile

salt pool.

primary

Taraxacum officinale (Dandelion):
Both flowers and
choleretics.

roots act as
Genomic editing of
laticifer cells facilitates the dissolution
of black pigment stones.

The following table outlines high-priority genetic targets for flowers with established antilithiasis

(anti-gallstone) potential:

Plant (Flower Key Bioactive Genetic Engineering Metabolic Function for
Focus) Target Strategy Gallstones
Overexpression Increases biliary
Silyb . . f SmCHSI & SmCHS3: . .
L - Ui Silymarin (Flavono otom " excretion and the bile
marianum lignans) Chalcone synthase genes salt ool fo prevent stone
(Milk Thistle) 8 responsible for the P t 111’. ;
. crystallization.
flavonoid backbone. Y
U lation of .
preguiation O. Modulates lipid
o Phenylpropanoid .
Hibiscus . metabolism and lowers
. Anthocyanins (DS Pathway: Target
sabdariffa . N serum cholesterol,
(Roselle) 3) candidate genes in the reducing stone
flavonoid metabolism g
precursors.
network.
G Editing of T. .
er‘lome l 1.ng y Acts as a choleretic
Taraxacum . officinale Laticifer Cells: . .
) Sesquiterpene : (stimulates bile flow)
officinale Focusing on the .. .
) Lactones ) and diuretic to facilitate
(Dandelion) metabolic flux of C
. stone elimination.
triterpene acetates.
Editing PAL (Phenylalani
ne ammonia-lyase): The Prevents cholesterol
Cynara scolymus . .
. Cynarin gatekeeper gene for supersaturation in the
(Artichoke) L
polyphenolic acid gallbladder.
production.

e Implementing CRISPR-Cas9 in "surgical" precision in the plant
Medicinal Floriculture genome without the need for
The use of CRISPR-Cas9 allows for interspecies gene transfer.
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Gain-of-Function (Floral Activators):
By increasing the expression of genes like
FT (Flowering Locus T) and AP1, we can
induce early and continuous flowering
under speed breeding conditions, ensuring
a year-round harvest of calyces or petals.
Loss-of-Function (Silencing
Repressors): Knocking out floral
repressors like TFL1 (Terminal Flower 1)
allows the plant to bypass traditional
seasonal cues, aligning perfectly with
artificial light regimes.

Metabolic Flux Redirection: Using Al to
identify "bottleneck" enzymes (like F3H
or F3'H in Milk Thistle), CRISPR can be
used to remove competing pathways,
redirecting all cellular energy toward the
synthesis of gallstone-dissolving
compounds.

Al Integration: The "Digital Twin"
Approach Before editing the physical
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plant, AI creates a Genome-Scale
Metabolic Model (GEM). This "digital
twin" simulates how a genetic knockout in
Hibiscus might affect the concentration of
hibiscus acid versus anthocyanins. This
predictive power reduces the experimental
timeline from years to months.

B. Essential Leaves, Roots, and Rhizomes

1. Phyllanthus niruri (The "Stonebreaker"):
Widely recognized in Ayurvedic and
Amazonian medicine, this plant is a "gold
standard" for lithiasis.

e Action: It interferes with the early
stages of stone formation by reducing
the aggregation of crystals.

e Genetic Goal: Using Al to identify and
overexpress the genes responsible for
lignans (like phyllanthin), which
provide the potent hepatoprotective
and anti-lithogenic effects.
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2. Andrographis paniculata (King of Bitters)
A powerful choleretic (bile-stimulating) plant.
Action: Increases the secretion of bile acids and
bile salts, directly improving the bile-to-
cholesterol ratio discussed in the pathology.
Speed Breeding Advantage: This plant
responds exceptionally well to extended
photoperiods (22-hour light cycles), which can
shorten its generation time from 120 days to 60
days.

3. Curcuma longa (Turmeric)

The rhizome contains curcumin, a potent anti-
inflammatory and gallbladder stimulant.
Action: It triggers gallbladder contractions,
preventing the "biliary sludge" that eventually
hardens into stones.

Al Integration: Al models can predict the

ISSN (E): 2583 — 1933

synergistic effect of curcumin when genetically
stacked with peppermint menthols to enhance
solubility in human bile.

4. Raphanus sativus (Black Radish)

Action: Contains raphasatin, which stimulates
the detoxification enzymes in the liver and
promotes the breakdown of cholesterol before
it reaches the gallbladder.

Engineering Strategy: Using CRISPR to
reduce the "pun gency" (bitterness) genes
without losing the medicinal glucosinolates,
making the extract more patient-friendly.
Mentha piperita (Peppermint): The leaves
produce menthol. Metabolic engineering of the
DXR gene redirects carbon flux to produce
high-yield terpenes that aid in stone
fragmentation.

Polyphenols

Coenzyme Q10

(-) Oxidative stress

Selenium

(+) Glutathione
peroxidase

Methanolic
extraction
(+) Antioxidants
(e.g., GSH, catalase)

Radish seeds

(+) Glucose uptake
(-) TNF-a

Copyright © June, 2026; Current Agriculture Trends

(+) Metal chelation
(-) ROS

Radish
(Raphanus sativus)

(-) Insulin

(-) Fasting blood glucose
(-) Oxidative stress

(-) Lipid peroxidation
(+) Energy metabolism

Anthocyanins
(-) ROS
(+) Antioxidant enzymes

Isothiocyanates

(+) Phase Il antioxidant
enzymes

Ethanolic
extraction

(+) Adiponectin

Radish leaves

(-) Intestinal glucose
absorption
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Non-Floral Medicinal Plant Targets for Gallstone Treatment

Th ti
Plant Species e;z;[; :u ¢ Key Metabolite Al/Genetic Target
. U lati f PnFLS: Enh
Phyllanthus Whole Quercetin & preguiation of T . rhanees
L . flavonol synthase to increase
niruri (Stonebreaker) | Herb/Leaves Rutin . . .
stone-dissolving flavonoids.
Andrographis Overexpression of ApCPS: A key
paniculata (King of Leaves Andrographolide enzyme in the diterpene lactone
Bitters) pathway for bile stimulation.
CRISPR-Cas9
Curcuma Rhizome . on DCS & CURS: Optimizes the
. Curcumin L.
longa (Turmeric) (Root) curcuminoid synthase genes for
higher purity.
Raphanus Silencing Myrosinase inhibitors:
sativus (Black Root/Tuber Glucosinolates Ensures stable sulfur-containing
Radish) compounds for bile flow.
Metabolic Engineering
Mentha Leaves Terpenes of DXR: Redirects carbon flux to
L . Vi 1
piperita (Peppermint) (Menthol) the plastidial MEP pathway for
higher oil yield.

C. Specialized Flowers and Fruits
e Gomphrena globosa (Globe
Amaranth): The vibrant flowers are
utilized for their saponin content. Al
models predict the optimization of
betacyanin pathways to enhance their
antioxidant-driven protective effects on
the gallbladder wall.

e Vitis vinifera (Grapes): The fruits
contain  high
resveratrol.

concentrations  of

Genetic  engineering
focuses on the VvSTS gene family to
increase the polyphenol ratio, which
has been shown to reduce cholesterol
gallstone formation.

e Citrus limon (Lemon): Rich in d-
limonene, a powerful stone-dissolving
terpene. Engineering focuses on
enhancing peel-oil gland density
through Speed Breeding.

D. Leaves, Needles, and Essential Oils
Pinus sylvestris (Scots Pine)

Copyright © June, 2026; Current Agriculture Trends

The needles (leaves) yield an essential oil rich
in a-pinene and B-pinene. Genetic design in
cultivars from Germany, Slovenia, and Poland
aims to stabilize these volatile terpenes for
inhalation or oral dissolution therapies.
Portulaca oleracea (Purslane)

The leaves are an exceptional source of Omega-
3 fatty acids and flavonoids. Upregulation of
the desaturase pathways aims to improve bile
solubility.

4. CRISPR-Cas9 and Speed Breeding
Integration
To meet pharmaceutical demands, Speed
Breeding utilizes 22-hour light cycles and
optimized humidity to shorten generation times
(e.g., reducing Andrographis cycles from 120 to
60 days).
e Gain-of-Function:
expression of floral activators like FT
(Flowering Locus T) ensures a year-

Increasing

round harvest of medicinal petals and
calyc es.

60



Current

Agriculture Al'ailable ()nline at

Trends:

ISSN (E): 2583 — 1933

Newslter http://currentagriculturetrends.vitalbiotech.org

e Metabolic Flux Redirection: Using
Al to identify "bottleneck" enzymes,
CRISPR-Cas9 removes competing
non-medicinal pathways, redirecting
cellular energy toward gallstone-
dissolving compounds.

5. Sustainable Agriculture and Future
Prospects

Al-powered agroecology ensures long-term
herbal production through sensor-based
monitoring. By combining Double Haploid
Breeding with Al-driven selection, researchers
can rapidly generate elite, homozygous plant
lines tailored for medicinal use.

CONCLUSION

The convergence of Al, CRISPR technology,
and Speed Breeding offers a revolutionary
pathway for the agricultural production of
precise, plant-based medicines. Utilizing a
diverse array of species—from the flowers of
Hibiscus to the roots of Phyllanthus—provides
a scalable, sustainable, and non-invasive
alternative for the global management of
gallstone disease.
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