= : . THE UNIVERSITY
,.f (@a‘* Indian Institute of
Ci/ Technology Delhi OF QUEENSLAND

AUSTRALIA

IDENTIFICATION OF TRANSGENIC
PLANT SPECIES USING NON-INVASIVE
THz SPECTROSCOPY FOR ADVANCING

NATURAL AND ORGANIC FARMING

PRACTICES

URBI KUNDU

THE INDIAN INSTITUTE OF TECHNOLOGY DELHI
&
THE UNIVERSITY OF QUEENSLAND
June 2024


https://orcid.org/0000-0002-7386-3283

©Indian Institute of Technology Delhi (IITD), New Delhi, 2024



—%
g N} Indian Institute of % g;llaQ[dgé\;ii?:;;
V:M) Technology Delhi

AUSTRALIA

Identification of Transgenic Plant Species
using Non-Invasive THz Spectroscopy for
Advancing Natural and Organic Farming

Practices

Urbi Kundu
MS RNA Sciences, B.Tech Genetic Engineering

0000-0002-7386-3283

A thesis submitted

in fulfilment of the requirements for the joint degree of
DOCTOR OF PHILOSOPHY

to
THE INDIAN INSTITUTE OF TECHNOLOGY DELHI
&
THE UNIVERSITY OF QUEENSLAND
June 2024


https://orcid.org/0000-0002-7386-3283

Supervisor Certification

This is to certify that the thesis entitled “Identification of Transgenic Plant Species using Non-
Invasive THz Spectroscopy for Advancing Natural and Organic Farming Practices” is being
submitted by Ms. Urbi Kundu to the Indian Institute of Technology Delhi and The University of
Queensland for the award of the degree of Doctor of Philosophy is a record of bonafide research work
carried out by her. Ms. Urbi Kundu has worked under our guidance and supervision and has fulfilled
the requirements for the submission of this thesis, which to our knowledge has reached the requisite
standard. The results contained in this thesis are original and have not been submitted, in part or full,

to any other University or Institute for the award of any other degree or diploma.

- Digitally signed by
Amartya Sengupta

Date: 2024.06.11 o,
16:30:20 +05'30' N\
Professor Amartya Sengupta Professor Aleksandar D. Raki¢
Department of Physics Faculty of Engineering, Architecture
and Information Technology
Indian Institute of Technology Delhi The University of Queensland

Hauz Khas, New Delhi - 110016, India St. Lucia, Australia - 4076



Abstract

With growing concerns over food security and plant genetic diversity conservation, we aimed to
develop a non- invasive, rapid, robust, and high-fidelity technique to discriminate between genetic
variants. Our study focused on Terahertz (THz) spectroscopy and imaging to distinguish between
genetic variants of the Allium genus rapidly and accurately. This was done by measuring the cellular
water dynamics in the epidermal tissues as it interacts with the biomechanics and the biomolecules
within the cells over a period of time through THz time domain spectroscopy, continuous wave
THz frequency domain spectroscopy and by using laser feedback interferometry with THz quantum
cascade lasers. The evaporation profiles of the samples were then processed to determine that the
biomechanical breakdown was frequency independent and unique to each type of genetic variant
based on their biochemistry and biomechanics. We were able to show that the water dynamics, when
considered in the form of the temporal evolution of the trajectory of the plant’s response to terahertz
radiation probe, and measured by a coherent terahertz detector, provides unique signature of the genetic
makeup of the plant. Therefore by exploring these trajectories, we discriminate between closely related
variants of the same genus. The effectiveness of THz spectroscopy and imaging allowed us to capture
these time lapse changes in high resolution, leading for us to deem this technique to be suitable for
real-time observation of minute changes in cellular water dynamics, and in the future, could be used

for swift and efficient genetic discrimination in agricultural and genome conservation applications.
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DIC Differential Interference Contrast

LT Low temperature

RD-SOS Radiation-damaged silicon on sapphire
PCA Principal component analysis

DA Discriminate analysis

DLS Partial least squares

GM(O) Genetically modified organism

WT Wild type

CTAB Cetyltrimethylammonium bromide
EDTA Ethylenediaminetetraacetic acid

HCl Hydrochloric acid

XixX



XX

ATR

LIST OF ABBREVIATIONS AND SYMBOLS

Attenuated total reflectance

Symbols

um micrometer
nm nanometer
fs femtosecond
ps picosecond
dB Decibels

K Kelvin

kV Kilo volts
mm millimeter
GHz Gigahertz
MHz Megahertz
mW milliwatts
uw microwatts

M pixel Mega pixel

A Absorbance

o Normalized phase

rpm Revolutions per minute
M Molar

°C Celsius

g grams

ul microliter

% percentage

kb kilo basepairs

ng nanogram
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