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Carol W. Greider 
 

 
 

 
 
Prof. Carol W. Greider, an American molecular biologist and a Nobel laureate, is a distinguished 
Professor and Director of Department of Molecular Biology and Genetics at Johns Hopkins University. 
She discovered the enzyme telomerase in 1984, while she was a graduate student of Elizabeth 
Blackburn at the University of California, Berkeley. Greider has done pioneering research on the 
structure of telomeres, the ends of chromosome. She was awarded the Nobel Prize for Physiology or 
Medicine in 2009, along with Elizabeth Blackburn and Jack W. Szostak, for their discovery that 
telomeres are protected from progressive shortening by the enzyme telomerase. 

 

 
Carol Greider was born on April 15, 1961 in San Diego, California in the United States. Both of her 
parents were in academics. Her mother died when Carol was only seven years old, which gave her 
an independent nature at an early age. Initially, Carol Greider had a difficult time at school, however 
an enthusiastic teacher later aroused her interest in biology. While her high school classmates 
descended on the University of California, Davis, or nearby Berkeley for college, she decided to move 
down the coast to attend the University of California, Santa Barbara, “I didn’t want to do what everyone 
else was doing”, she says. Originally interested in marine biology, she enrolled in the university’s 
college of creative studies. Greider’s mentor, a dynamic researcher named Bea Sweeney, insisted 
that she should try out research right away, to find out whether hands on science would suit her as 
much as textbook learning did. Greider sampled a few laboratories as a freshman, but, when she 
landed in a biochemistry laboratory, she knew she had found her home. Greider stayed in the 
biochemistry laboratory for two and a half years and then she applied to molecular biology graduate 
programs across California. Her application package was a bit unusual, Greider says, “I had great 
research experience, great letters of recommendation, and outstanding grades, but I had poor GREs”. 
Although she did not know it growing up, Greider suffers from dyslexia, which affected her scores on 
standardized tests. Only two schools, the California Institute of Technology (Pasadena, CA) and the 
University of California, Berkeley, offered her an interview. She met Elizabeth Blackburn, the cell 
biologist in Berkeley and joined her lab. 

 
Throughout the late 1970s and early 1980s, Blackburn and other researchers had found that



telomeres show unusual behavior and structure. The chromosome caps consist of multiple repeats of 
a simple motif, which in the pond ciliate Tetrahymena was six nucleotides long. When she started work 
in Blackburn’s laboratory in April 1984, Greider set out to find this hypothetical enzyme in Tetrahymena. 
Greider worked 12-hour days and supplemented her existing biochemistry knowledge with DNA 
cloning techniques and other skills needed for the project. 
 
Nine months after she began the project, and after much trial and error finding the right substrate and 
assay, Greider identified the first signs of her enzyme. On Christmas Day in 1984, she developed one 
of her gels and saw a ladder of the characteristic Tetrahymena 6-base telomeric repeats exactly the 
pattern that would be expected from a telomere-synthesizing enzyme. But she and Blackburn did not 
celebrate right away. Greider says, “When you find something that is really exciting that you think may 
be something new, the first things that go through your mind should be, What else could it be?” How 
could I be being fooled?” In June 1985 came the persuasive experiment, which showed that yeast 
telomeres functioned in Tetrahymena and indicated that they were seeing a new enzyme activity. 
Publishing in December 1985, Greider and Blackburn originally called the newly discovered activity 
“Tetrahymena telomere terminal transferase” because it seemed to add telomere repeats in a manner 
similar to terminal transferase. Deciding that this name was a mouthful, “Greider says, they later 
shortened it to “telomerase”. For the next two and a half years, Greider purified and further 
characterized telomerase. 

 
On the advice of her thesis committee, Greider sought a postdoctoral fellowship at Cold Spring Harbor 
Laboratory in Long Island, New York, in 1987. The laboratory gave her the option to bypass the usual 
process of working in one researcher’s laboratory and instead to work completely independently in 
her own laboratory as a Cold Spring Harbor Fellow. “That was a really good position for Carol, given 
her interest and her high abilities,” Blackburn says. When she moved to Cold Spring Harbor, Greider 
continued work to clone the gene that encoded the RNA component of telomerase. She published the 
results of this work in 1989. In 1990 Greider was promoted to Assistant Investigator. During this time, 
Greider began work with Calvin Harley at McMaster University (Hamilton, Ontario, Canada). The 
collaboration combined Harley’s interest in cellular senescence and Greider’s interest in telomeres. 
Together, in 1990, they provided early evidence that telomere length was related to cellular aging. 
Greider’s laboratory also collaborated with Harley’s to investigate telomere shortening in cancer cells. 
They found that the gene for telomerase is activated in cancer cells, which allows these cells to bypass 
cellular senescence and continue growing as immortalized cells. Both of these results posed great 
implications for understanding aging and treating cancer. 

 
Over time, Greider became increasingly interested in the physiological effects of telomerase in 
mammals and how the biochemistry of mammalian telomerase differs from that of microorganisms. 
Her laboratory created a knockout mouse allowing them to address such questions. One group within 
Greider’s laboratory has continued her original biochemistry research, working to establish the 
structural and functional regions within the telomerase RNA. Another group was exploring genetic 
questions with yeast. Her laboratory has performed experiments studying the role of telomeres in 
genomic stability, DNA damage, and cell death. Greider’s latest line of research takes advantage of 
the structural studies for a clinical application to dyskeratosis congenita, a rare, inherited disorder 
related to stem cell failure. Recently, various forms of the disease have been identified which are



linked to mutations in proteins that bind to telomerase RNA or in telomerase RNA itself. Persons with 
dyskeratosis congenita cannot maintain the telomerase in their bone marrow and eventually die of 
bone marrow failure. Greider mentions “Suddenly, the studies that we had done on the structural 
function of the RNA, were pertinent to this disease. It’s another example of curiosity- driven research 
ending up having a direct medical implication.” 
 
Prof. Carol W. Greider has been honored as Member of American Society for Cell Biology in 1999, 
Fellow of the American Academy of Arts and Sciences in 2003, Member of the National Academy of 
Sciences in 2003, Member of the American Society for Biochemistry and Molecular Biology in 2004 
and Member of the Institute of Medicine in 2010. Greider married Nathaniel C. Comfort, a fellow 
academic, in 1992. She has two children. 
She plans to keep following her research instincts wherever they take her. “It’s going to be hard work 
whether you think it’s fun or not, so you might as well have fun while you’re doing the hard work.” 

 
 
 
 
 
 
 
 

 
Source Reference: 

 
• Nuzzo, R. (2005). Biography of Carol W. Greider. Proceedings of the National Academy of 

Sciences USA 102: 8077-8079.





 

 
 

Jagadish Chandra Bose 
 
 
 

 
 
 
 
 

Sir Jagadish Chandra Bose, an Indian plant physiologist and physicist, rather an Indian polymath 
was the first Indian scientist to gain recognition from Royal Institution, London for being a pioneer 
in the area of microwave optics technology. Bose’s experiments on the quasi-optical properties of 
very short radio waves (1895) led to the invention of very sophisticated instrument called the 
crescograph, which could detect minute responses of organisms to external stimulants and thus 
to anticipate the parallelism between animals and plants. It was capable of magnifying the motion 
of plant tissues to about 10,000 times of their actual size. 

 
Jagadish Chandra Bose, son of Bhagawan Chandra Bose, a leader of the Brahmo Samaj who 
worked as an assistant commissioner was born on 30 November, 1858 at Mymensingh 
(Bangladesh). He got his elementary education from a vernacular school, because his father 
thought that Bose should learn his own mother tongue, Bengali, before studying a foreign 
language like English. In 1869, he enrolled at the Hare School before moving on to St. Xavier’s 
School at Kolkata. He joined the St. Xavier’s College in 1875 where he became acquainted with 
the Jesuit Father Eugene Lafont who instilled in him a deep interest in natural sciences. After 
finishing his education in India, he went to England and joined the University of Cambridge where 
he studied natural sciences after graduating with a physics degree from Calcutta University. He 
returned to India in 1884 after completing his B.Sc. degree from Cambridge University and was 
appointed professor of physical science at Presidency College, Calcutta (now Kolkata) on the 
request of Lord Ripon to the Director of Public Instruction. In his first job, Bose became a victim of 
racism as his salary was fixed at a much lower level than that of the British professors. As a 
protest, Bose refused to accept the salary and taught at the college for three years without 
payment. After some time, Bose’s skill in teaching and his lofty character was recognized by the 
Director of Public Instruction and the Principal of the Presidency College and then they made him 
permanent and paid him his full salary for the previous three years, which he later used for paying 
his father’s debts.



Bose often had to buy equipment with his own money and conducted experiments late into the 
night after he had finished his arduous daily tasks. He married Abala, the daughter of the renowned 
Brahmo reformer Durga Mohan Das, in 1887. She was a renowned feminist in her own right and 
fully supported her husband throughout his busy scientific career. 
 
Starting from 1894 he experimented on the Hertzion waves in India and created the shortest radio-
waves of 5mm. He conducted the first communication experiments in 1895 becoming the pioneer 
in multimedia communication. He presented his first scientific paper, “On the polarization of 
Electric Rays by Double Reflecting Crystals” before the Asiatic Society of Bengal in May 1895. 
His papers were later published by the Royal Society of London in 1896. In 1896 he met Marconi 
who was also working on wireless signaling experiment and in 1899 he developed the “iron-
mercury-iron coherer with telephone detector” which he presented at the Royal Society. 

 
The famous experiment that led Bose to become one of the famous scientist of India was on May 
10, 1901. The central hall of the Royal Society in London was jam-packed with famous scientists. 
Everyone seemed to be curious to know how Bose’s experiment will demonstrate that plants have 
feelings like other living beings and humans. Bose chose a plant whose roots were cautiously 
dipped up to its stem in a vessel holding the bromide solution, which is considered a poison. He 
plugged in the instrument with the plant and viewed the lighted spot on a screen showing the 
movements of the plant, as its pulse beat, and the spot began to and fro movement similar to a 
pendulum. Within minutes, the spot vibrated in a violent manner and finally came to an abrupt 
stop. The whole thing was almost like a poisoned rat fighting against death. The plant had died 
due to the exposure to the poisonous bromide solution. Later the event was greeted with much 
appreciation and applause. Using the crescograph, he further researched the response of the 
plants to fertilizers, light rays and wireless waves. The instrument received widespread acclaim, 
particularly from the Path Congress of Science in 1900. 

 
One of his biggest accomplishments is research into wireless technology and short radio waves. 
He publicly demonstrated the wireless radio in 1895, in the presence of the Governor of Bengal 
but the credit for this discovery was largely given to the Italian Guglielmo Marconi, who made a 
demonstration in 1897. He also invented an improved version of a “coherer” which is a device 
used to detect radio waves. Despite his own scruples about patenting it, he succumbed to the 
pressure of his family and friends and submitted his device for a US Patent. This he successfully 
received on March 29, 1904 for inventing a “detector for electrical disturbances”, making him the 
first Indian to receive a US Patent. 

 
Bose authored two illustrious books; “Response in the Living and Non-living” (1902) and “The 
Nervous Mechanism of Plants” (1926). Bose devised another instrument called “Coherer”, for 
detecting the radiowaves. Bose set up the Bose Institute at Calcutta in 1917 when he left his 
professorship and which was initially devoted principally to the study of plants. He remained as its 
director for twenty years until his death. He was made Companion of the Order of the Indian 
Empire in 1903 and Companion of the Order of the Star of India in 1912 in recognition of his 
contributions to science. He was elected the Fellow of the Royal Society in1920 for his amazing 
contributions and achievements and his work in radio technology being named an IEEE Milestone 
in Electrical and Computer Engineering in 2012.

https://www.famousscientists.org/
https://www.famousscientists.org/


He died on November 23, 1937, in Giridih, India. Dr. Jagdish Chandra Bose was a creative and 
imaginative scientist, a connoisseur of literature and a great lover of nature. 

 

 

After Jagadish Chandra Bose’s death in 1937, one of India’s greatest poets, the Nobel laureate 
Rabindranath Tagore, had this to say about his friend: “Years ago, when Jagadish Chandra, in his 
militant exuberance of youthfulness, was contemptuously defying all obstacles to the progress of 
his endeavour, I came into intimate contact with him, and became infected with his vigorous 
hopefulness. There was every chance of his frightening me away into a respectful distance, 
making me aware of the airy nothingness of my own imaginings. But to my relief, I found in him a 
dreamer, and it seemed to me, what surely was a half-truth, that it was more his magical instinct 
than the probing of his reason which startled out secrets of nature before sudden flashes of his 
imagination.” 

 

 

Source Reference: 
 
• www.famous inventors.org 

 
 

• www.telegraphindia.com 
 
 

• www.thoughtco.com





 

 
 
 
 

Preface 
 

 

नमसे्त सदा वत्सले मातृभूमे, त्वया हिन्दुभूमे सुखं वहधितोिम् । 
मिामङ्गले पुण्यभूमे त्वदरे्थ, पतते्वष कायो नमसे्त नमसे्त ।।१।। 

 

िे परम वत्सला मातृभूहम! मै तुझे हनरंतर प्रणाम करता हु, तूने सब सुख दे कर मुझको बडा हकया. िे मिा 
मंगला पुण्यभूहम! तेरे िी कारण मेरी यि काया, तुझको अहपित, तुझे मै अनन्त बार प्रणाम करता हु.I 

 

 
 

We are here celebrating our 31st annual symposium of Department of Plant Molecular Biology. 
The journey of this department started on 1988 with a vision “for the advancement of plant 
molecular biology”. It is Prof. S. C. Maheshwari who carried on the baton of this institution with 
resolute dedication and continued to lead the institution since its inception. Today we have ten 
laboratories putting efforts for decoding different aspects of molecular biology. This is tribute to 
our teachers for their guidance throughout the year. 
This event is a two day program each with scientific talk on different aspect of plant biology. These 
talks are categorized in eight different sessions. Thirty four excellent students will share their side 
of interest on plant biology. 
We begin with the first session on “Innovations” which will be chaired by Dr. Poonam Mehra. 
Sanchi will start session with talk on theatre of fluorescent marker in cell. This will be followed by 
talk on role of genetically modified plants as scavengers of volatile organic compounds which will 
be given by Ankit. Then, Aatreyee will be talking about the viral consignment- horizontal gene 
transfer in plants. This session will be wrapped up by talk on spicy tomatoes-engineering tomato 
plants into capsaicinoid biofactory by Ankita. 
The Second session “Role of light in plant development” will be chaired by Dr. Amarjot Kaur. 
Aakriti will start this session by exploring the role of light in phosphate acquisition. Monika will 
speak about different tactics of engineering the photobiology. Session will end by a talk from 
Aishwarye delineating about role of phytochrome B in thermo-signaling. 
A quick tea break and then, we will begin our third session “Plant architecture and development” 
which will be chaired by Dr. Naveen sharma. Chanchal will be starting this session by giving talk 
on disordered auxin sensor named ETTIN. Then Deeksha will talk how life and death go hand in 
hand: understanding root cap sloughing. Then, Himanshi will speak about the antagonistic role 
of HD-ZIP III and PEAR proteins to prime cambial growth. Then, Nidhi will make us count wheat 
cell number by speaking on wheat cell number regulator gene. Finally, the last talk of this session 
will be talk on evolution of Rubisco activase genes in plants by Arunima.



We will then proceed towards the much-awaited group photograph, after which we will satiate our 
souls with a sumptuous lunch. 
Session four “Reproductive development” will be chaired by Dr. Priyanka Deveshwar. Himanshi 
will start this session by explaining how Arabidops is HUA ENHANCER 4 delays flowering by 
upregulating the MADS - box repressor genes FLC and MAF4. Then, Ridhi will introduce us to 
holy grail for plant agriculture. Komal will put light on programmed cell death in tapetum. Then, 
Vaishali will speak on memory mechanism in flowering of plants unraveled. Shivam will end the 
session by describing about trans golgi network biogenesis and pollen tube growth. After quick 
evening tea, we will begin last session of the day. “Plant pathogen interaction” chaired by Dr. Israr 
Ahmed. Sanskriti will start this session by explaining about the effect of arbuscular mycorrhizal 
symbiosis on tomato fruit ripening. Then, Vishal will tell us how stem parasite transmits herbivory 
signals across host plants. Finally, Rohit will wrap up this day by debunking the role of chloroplast 
in plant virus interaction. 
Day two of this sagacious jamboree begins with Session six “Lets indulge into signalling” which 
will deal with the signaling events conveying information within and between cells from receptor 
systems till response. This session will be chaired by Dr. Pooja Verma. Shruti and Nikita will 
open up the session by describing about auxin regulation and response with a special reference 
to role of auxin in regulation of anthocyanin biosynthesis and AtCstF77 and alternative poly(A) 
affect auxin signaling and modulate auxin responses. Pavithran will then, talk about Ca2+ and 
glutamate in systemic wound signaling. Soma will explain about interplay between CNGCs and 
calmodulins. Barkha will indulge us in fast auxin signaling in roots with respect to AUX1 mediated 
calcium signaling and finally Gayatri will introduce us to water productive wheat. The session 
ends and we will head for a short tea break. 
Rejuvinated, we proceed with session seven which will take us towards “RNA world and 
Epigenetics” chaired by Dr. Adwaita Parida. This session will provide an insight to RNA world 
and role of epigenetics controlling various cellular aspects. To begin with, Yashika will talk about 
characterization of IncRNA- SVALKA. Shipra will enlighten our minds with miR397: Linking yield-
associated changes and indica rice domestication followed by Ringyao who will discuss 
epigenetic role as memory box of plant in improving stress tolerance. Shivam will end the session 
describing about role of miRNA in regulation of promoter activity. We will then, emanate towards 
delectable lunch. 
Finally, the last session will be chaired by Dr. Neelam Sarkar on “Heat/cold stress”. This session 
deals with how plants respond under various stress conditions and their strategies and adaptation 
to combat stress. The first speaker of this session Rinchuila will introduce us to the new 
dimension towards autophagy that resets thermomemory. Lisha and Harsha will discuss about 
the way heat modulates RNA structure and interplay of NPR1 and HSFA1 in cold acclimation. 
Sarvesh, will end the two long days of myriad talks with an exposure on cold stress tolerance in 
plants.



The immense aura of sharing and reciprocating knowledge marks its end with a session of Quiz 
conducted by Harsha, Shipra and Neelima. Finally, all the winners will be awarded in “Prize 
Distribution Ceremony”. The juncture will be wrapped with concluding remarks and a vote of 
thanks. 

 
 
 

 

We were honoured to be a part of organising committee in commemorating 31st DPMB Annual 
Symposium celebrating glory of Department of Plant Molecular Biology. 

 
 
 

Rohit 
Ankita 
Harsha 
Himanshi 
Neelima 
Rinchuila 
Shipra 
Soma 
Utkarsh 
Vaishali 
Yashika 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

We present our sincere gratitude to Prof. Akhilesh. Kumar. Tyagi, Prof. Paramjit Khurana 
(Head of the Department) and all faculty members of the department for their constant support, 
assistance and guidance. We are highly obliged to all the teachers for providing their valuable 
time and judgement for Cover page and photography competition. We also thank the non-
teaching staff in the organization of the event. 



31st DPMB ANNUAL SYMPOSIUM 2019 
 

Day 1: March 14, 2019 
 
Welcome Tea 09:30-09:50 AM 

Welcome Address by Advisor 09:50-10:00 AM 

Session I: Innovations 10:00-11:00 AM 

Chairperson: Dr. Poonam Mehra  
 
1. Sanchi Bhimrajka: The theatre of fluorescent markers in a cell 
 
2. Ankit: Exploring the role of genetically modified household plants as scavangers of volatile organic compounds 
 
3. Atreyee Sardar: The viral consignment-horizontal gene transfer in plants 
 
4. Ankita Prusty: Spicy tomatoes engineering tomato plants into capsaicinoid biofactory 
 

 Session II: Role of light in plant development 11:00-11:45 AM 

Chairperson: Dr. Amarjot Kaur  

5. Aakriti Jain: Role of light in phosphate acquisition  

6. Monika Shrivastava: Engineering the photobiology  

7. Aishwarye Sharma: Role of phytochrome B in thermo-signaling  

 Tea break 11:45-12:00 PM 

 Session III: Plant architecture and development 12:00-01:15 PM 
  
Chairperson: Dr. Naveen Sharma 
 
8. Chanchal Singhal: ETTIN-disordered auxin sensor 
 
9. Deeksha Singh: Life and death go hand in hand: Understanding root cap sloughing 
 
10. Himanshi Gautam: HD-ZIP III and PEAR proteins antagonistically prime the cambial growth 
 
11. Nidhi Yadav: Wheat cell number regulator gene 
 
12. Arunima Singh: Evolution of Rubisco activase genes in plants 
 

Group Photograph and Lunch 01:15-02:30 PM 

Session IV: Reproductive development 02:30-03:45 PM 

Chairperson: Dr. Priyanka Deveshwar   
13. Himanshi Choudhary: Arabidopsis HUA ENHANCER 4 delays flowering by upregulating the MADS-box repressor 

genes FLC and MAF4 

14. Ridhi Khurana: BABY BOOM 
 
15. Komal: Programmed cell death of tapetum 
 
16. Vaishali: Memory mechanism in flowering plants unraveled 
 
17. Shivam Sharma: Trans-Golgi network biogenesis and pollen tube growth 
 
 
 

Tea break 03:45-04:00 PM 

Session V: Plant pathogen interaction 04:00-04:45 PM 
 
Chairperson: Dr. Israr Ahmed 
 
18. Sanskriti Ravi: Effect of arbuscular mycorrhizal symbiosis on tomato fruit ripening 
 
19. Vishal Vashisth: Stem parasite transmits herbivory signals across host plants 
 
20. Rohit Kumar: Chloroplast in plant virus interaction 



Day 2: March 15, 2019 
 

 
Welcome Tea 09:30-10:00 AM 

Session VI: Lets indulge into signalling 10:00-11:30 AM 

Chairperson: Dr. Pooja Verma  
 
21. Shruti Saini: Role of auxin in regulation of anthocyanin biosynthesis 
 
22. Nikita Sharma: AtCstF77 and alternative poly(A) affect auxin signaling and modulate auxin responses 
 
23. N. Pavithran: Ca2+ and glutamate in systemic wound signaling 
 
24. Soma Ghosh: CNGCs and calmodulins 
 
25. Barkha Ravi: Fast auxin signaling in roots: AUX1 mediated calcium signaling 
 
26. Gayatri Tripathi: Water productive wheat 
 

Tea break 
 

Session VII: RNA world and epigenetics 

 
Chairperson: Dr. Adwaita Parida 
 
27. Yashika Dhingra: Characterization of IncRNA-SVALKA 
 
28. Shipra Singh: miR397: Linking yield-associated changes and indica rice domestication 
 
29. Shivam Chaudhary: Role of miRNA in regulation of promoter activity 
 
30. Ringyao Jajo: Epigenetic Role as memory box of plant in improving stress tolerance 

 
Lunch 

 
Session VIII: Heat/cold stress 

Chairperson: Dr. Neelam Sarkar 
 
31. Rinchuila Shimphrui: Autophagy resets thermomemory 
 
32. Harsha Samtani: Interplay of NPR1 and HSFA1 in cold acclimation 
 
33. Lisha Khungar: Heat modulates RNA structure 
 
34. Sarvesh Jonwal: Exploring the new dimensions in cold stress tolerance in plants 

 
Quiz 
 
Prize distribution 
 
Concluding remarks by Head of the Department 
 

High Tea 

 
11:30-12:00 PM 

 
12:00-01:00 PM 

 
 
 
 
 
 
 
 
 
 
 
 
 

01:00-02:00 PM 

 
02:00-03:00 PM 

 
 
 
 
 
 
 
 
 

 
03:00-04:00 PM 

 
04:00-04:30 PM 

 
04:30-05:00 PM 

 
05:00-05:30 PM 



 
 
 
 
 
 
 
 
 
 

Session I 
 
 
 
 

 

INNOVATIONS 
 
 
 
 

 
 
 
 
 

Chairperson 
 

 

Dr. Poonam Mehra



The theatre of fluorescent markers in a cell 
Laser….Camera….Action….!!! 

Sanchi Bhimrajka 
 

 

The unearthing of green fluorescent protein from Aequorea victoria, and the subsequent 
determination that they can be expressed in other organisms, opened a new door for studying 
cellular and molecular functions through optical imaging. Recent developments and advances 
have rendered fluorescent proteins to be the most powerful tools in biological imaging 
experiments. They provide a high level of labeling specificity and also enable stable transformation 
while giving near-native expression levels if expressed under the precise gene promoter. 
Subsequently, there has been a constant flow of evolution of new fluorescent proteins with 
increased photostability, folding efficiency, and brightness. Here, I would like to discuss the extent 
to which these proteins have been manipulated in plant biology with the help of few examples of 
recent research articles. The fluorescent proteins (coupled with the power of imaging 
instrumentation) have now been explored and modified such that they are able to sense the 
transcriptional output of phytohormones to provide detailed analysis of static as well as dynamic 
protein-protein interactions, creation of probes that can determine locations of certain molecules 
and to switch optical properties upon excitation at different wavelengths. 

 

 

Suggested readings: 
 

 

• Ckurshumova, W., Caragea, A., Goldstein, R. and Berleth, T. (2011). Glow in the dark: Fluorescent 
proteins as cell and tissue-specific markers in plants. Molecular Plant 4: 794-804. 

 Andersen, T., Naseer, S., Ursache, R., Wybouw, B., Smet, W., De Rybel, B., Vermeer, J. and Geldner, 
N. (2018). Diffusible repression of cytokinin signalling produces endodermal symmetry and passage 
cells. Nature 555: 529-533. 

• Shaw, S. and Ehrhardt, D. (2013). Smaller, Faster, Brighter: Advances in optical imaging of living plant 
cells. Annual Review of Plant Biology 64: 351-375. 

• Ishitsuka, Y., Savage, N., Li, Y., Bergs, A., Grün, N., Kohler, D., Donnelly, R., Nienhaus, G., Fischer, R. 
and Takeshita, N. (2015). Superresolution microscopy reveals a dynamic picture of cell polarity 
maintenance during directional growth. Science Advances 1: e1500947. 

 Zürcher, E., Liu, J., di Donato, M., Geisler, M. and Müller, B. (2016). Plant development regulated by 
cytokinin sinks. Science 353: 1027-1030.



Exploring the role of genetically modified household plants as 
scavengers of volatile organic compounds 

A green road towards air purification 
Ankit 

 

 
 
 

In the urban homes of developing countries, Indoor air is contaminated with significant level of 
volatile organic carcinogens (VOCs), such as formaldehyde, benzene, and chloroform. 
Continuous exposure to indoor air is inevitable owing to the nature of work lifestyle in today’s 
scenario. Besides, children and our homemaker women usually spend 50-90% of their time 
indoors and are particularly more susceptible to indoor air pollution. There is a need for a practical, 
sustainable technology for the removal of VOCs in homes. Indoor plants have been widely touted 
as having the ability to remove air pollutants from indoor air. This approach is known as the “green 
liver” concept and is a central idea of the field of phytoremediation. In a recent study, a detoxifying 
transgene, mammalian cytochrome P450 2e1 has been expressed in a houseplant, Epipremnum 
aureum, (Pothos ivy), and that the resulting genetically modified plant has been found to possess 
sufficient detoxifying activity against benzene and chloroform. It is thus, indicative that biofilters 
using transgenic plants could remove VOCs from home air at useful rates. The application of 
green technology is thus need of the hour and savior of the future. 

 
 

 
Suggested readings: 

 

 

• Zhang, L., Routsong, R. and Strand, S. (2018). Greatly enhanced removal of volatile organic carcinogens 
by a genetically modified houseplant, Pothos Ivy (Epipremnum aureum) expressing the mammalian 
cytochrome P450 2e1 gene. Environmental Science & Technology 53: 325-331. 

• Legault, E., James, C., Stewart, K., Muiznieks, I., Doty, S. and Strand, S. (2017). A field trial of TCE 
phytoremediation by genetically modified poplars expressing cytochrome P450 2E1. Environmental 
Science & Technology 51: 6090-6099. 

• Nian, H., Meng, Q., Zhang, W. and Chen, L. (2012). Overexpression of the formaldehyde dehydrogenase 
gene from Brevibacillus brevis to enhance formaldehyde tolerance and detoxification of tobacco. Applied 
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The viral consignment- horizontal gene transfer in plants 
Fickle Footprints 
Atreyee Sardar 

 
 
 

Horizontal gene transfer (HGT), also known as lateral gene transfer is the transmission and 
acquisition of genetic material beyond normal mating barrier i.e., between unrelated species. This 
has been known as a major driving force in the evolution of both prokaryotic and eukaryotic 
genomes, more so in the genomics era. However, the underlying mechanisms, the physiological 
or ecological factors and the vectors involved remain largely unclear. Viruses because of their 
remarkable ability to capture genes from their hosts have been recognized as possible vectors of 
HGT. The paper presented here, has uncovered in real-time, a possible mechanism of HGT 
involving virus. Investigation of curly top disease of sugar beet (B. vulgaris) in Iran, infected with 
Beet curly top Iran virus (BCTIV)- a geminivirus with single stranded, circular, 2.8Kb long DNA 
genome has unveiled the presence of hybrid virus/host minicircles. These minicircles have been 
shown to be host specific, implicating the requirement of host derived factors and thereby the 
direction of information flow. Also, the minicircles, only upon co-infection with its supporting virus, 
can replicate, transcribe and spread systemically. The captured B. vulgaris DNA in minicircle was 
shown to transcribe in case of co-infection with BCTIV. This happens to be a definitive evidence 
tracing the initial steps of one of the several mechanisms that lead to HGT. 
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“Spicy tomatoes” - engineering tomato plants into 
capsaicinoid biofactory 

Makeover of humble Tomato 
Ankita Prusty 

 
 

 
Capsaicinoids are valuable neutraceutical product components originally found in Capsicum 
species. Capsaicinoids have anti-inflammatory, antioxidant, antitumoral and weight-loss 
properties. Capsaicinoid consist of at least 23 different chemical species of which capsicum and 
dihydrocapsicum account for around 90% of total capsaicinoid content. These alkaloids are 
synthesized in fruit placenta through integration of two biochemical pathways, the one is the 
phenylpropanoid pathway and the other is the branched chain fatty acid pathway. The genomes 
of Capsicum and tomato are well preserved, and have major conserved syntenic segments 
between them. The average productivity of tomato is as high as 110 t/ha whereas hot pepper 
seldom yields > 3 t/ha in over 120 day cropping cycle. Comparison of Capsicum genome sequence 
with that of tomato has revealed the presence of genes for capsacinoid production in tomato 
genome. Some genes (e.gPAL, phenylalanine ammonia-lyase) have lower expression in tomato, 
others have lower expression levels with temporally restricted expression (like COMT, caffeoyl-
CoA 3-O-methyltransferase) and some have no expression at all (BCAT, branched- chain amino 
acid aminotransferase). Recently, two genome-engineering strategies have been proposed to 
activate capsacinoid  biosynthetic  pathway  in  tomato.  One is the use of transcriptional activator 
like effectors (TALEs), that allows multiplex activation of multiple genes in plants using 
MultiSitegateway recombination system. Whereas, the second strategy employs genome 
engineering for targeted replacement of tomato promoters with highly expressing fruit specific 
promoters. Tomato and chilli pepper sequencing in combination have paved the way for 
production of “hot tomatoes” as capsaicinoid biofactories through targeted gene manipulation. 
This approach has also helped to understand the evolution and divergence in different Solanaceae 
species. 
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Role of light in phosphate acquisition 
From light to root 

Aakriti Jain 
 
 

 
The criticality and essentiality of Phosphate (Pi) as a plant macronutrient has been well 
established over the years. It has thus, led to the exploration of factors affecting Pi uptake by the 
plants with the aim of maximising Pi acquisition. The physiological, genetic, molecular and 
biochemical analysis of phosphate starvation response mechanisms have been instrumental in 
delineating the role of endogenous plant factors in Pi acquisition. The pace of research in this 
horizon has now brought scientists to the challenge of demarcating the role of environmental 
factors in this process. The exploration of role of light in regulating phosphate starvation response 
is subject to integrated responses mediated via ethylene. Recently, identification of two natural 
accessions of Arabidopsis with low phosphate uptake in natural light replicated conditions 
accompanied with the presence of natural variants of phytochrome B in the same accessions has 
intrigued scientists vividly. The striking observations of decreased light sensitivity along with 
decreased phosphate uptake have thus, been credited to the alternative form of phytochrome B. 
The substantial role of variant phytochrome B has further been affirmed by the modulation of 
Phosphate starvation-responsive genes by Phytochrome Interacting Factors (PIFs). These 
insights along with light stimulated modulation of phosphate starvation genes have improved our 
understanding of the role of red light signalling in phosphate acquisition. This journey from light to 
phosphate would be interesting to delve in and possibly holds a lot many secrets yet to be 
uncovered. 
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Engineering the photobiology 
LOV biotechnology in action… 

Monika Shrivastava 
 

 
 

Flavin Kelch-repeat F-box 1 (FKF1) and GIGANTEA (GI) are the two major plant specific proteins, 
well characterized in Arabidopsis. These are involved in light-signal transduction, circadian clock 
functioning, photoperiodic flowering, hormone signaling and  also  stress signalling in Arabidopsis. 
Both the proteins hence exhibit redundant and/ or dependent as well as independent functions. 
The two proteins are known to hetero-dimerize, only in presence of blue light, i.e. blue light 
exposure is needed to stabilize their interaction, in the absence of which they dissociate from each 
other. The LOV (light, oxygen or voltage) domain of the FKF1 is responsible for this blue-light 
mediated interaction with GI. This interaction between the two proteins has been exploited to 
engineer several light inducible systems, both in plant as well as animal studies, to study 
transcriptional regulation as well as protein-protein interactions. Such a system would offer 
reversible, repeatable, tunable, controllable and a spatiotemporal control of gene expression and 
can be targeted to diverse DNA sequences (plants/ animals). In the first approach, a light inducible 
transcription system was generated using engineered zinc finger proteins (LITEZ), where an 
engineered zinc-finger protein containing the DNA binding domain was fused to GI and the LOV 
domain of FKF1 was fused to VP16 activation domain to achieve a fully programmable 
transcription system in human cells. Similar system was employed in another approach where 
GAL4 DNA binding domain was fused to GI, to achieve a unique protein-protein interaction 
system. In yet another approach, light inducible CRY2/CIB1 mediated transcription has also been 
developed for studying the same. These new approaches enable precise regulation of gene 
expression in biotechnology and medicine, and is instrumental in studying gene function, cell−cell 
interactions, and tissue morphogenesis. These studies set the stage for the development of light-
regulated signaling molecules for controlling receptor activation, synapse formation and other 
signaling events in organisms. 
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Role of phytochrome B in thermo-signaling 
A song of photobiology & thermosensing 

Aishwarye Sharma 
 

 

Photoreceptor are known to be important components for regulating photomorphogenesis. Also, 
plants are likely to encounter higher temperature in high intensity of light. In the recent years, 
attempts have been made to understand their role in thermosensing and thermomorphogenesis. 
Phytochrome B was one of the first plant photoreceptor that was discovered to play role in 
thermosensing. Pfr, the active form of phytochrome is known to convert into Pr due to increase in 
temperature in the dark. This also leads to increase in hypocotyl length as facilitated by central 
regulator of thermomorphogenesis- PIF4. It has been discovered that phytochrome play role in 
thermomorphogenesis during the daytime as well, via HEMERA (HMR)- a transcriptional activator 
in phytochrome signalling. HMR interacts with PIF4 in vitro and it was found that N- terminal region 
of PIF4 containing APB motif is essential for interaction and this region is sufficient to activate 
HMR. HMR over-expression plants did not cause significant change in expression levels of PIF4 
but enhanced its protein levels. Also, thermoresponsive auxin biosynthesis genes such as IAA19, 
IAA29 and YUC8 were found to be downregulated in hmr mutants in red light and long day 
conditions. The rescue of phenotype and PIF4 accumulation in loss-of-function mutant hmr-22 by 
transcriptional activating domain of VP16 further validated dependence of PIF4 and its target 
genes on HMR. 
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ETTIN - disordered auxin sensor 
Being perfect is not necessary 

Chanchal Singhal 
 

 
Auxin Response Factors (ARFs) are the major transcription factors that bind to auxin response 
elements and has an efficient role in regulating plant growth and development. ARFs regulates 
auxin signaling by dimerizing with modulating Aux/IAA repressors. ARF3 (ETTIN or ETT), a non-
canonical auxin sensor present in Arabidopsis thaliana is found to be different as it does not 
interact with Aux/IAA repressors. The unique C- terminal ETT specific domain (ES domain) was 
found to be poorly conserved and intrinsically disordered. The secondary structure predictors 
SOPMA showed low secondary structure content and indicated that ETTIN belongs to class of 
intrinsically disordered proteins (IDPs). Circular dichroism analysis identified disordering in ES 
domain.  However, a common property of IDPs is the presence of short linear motifs (SLiMs) that 
were found in ETTIN and justifies its functional importance in various plant development 
processes. Five such SLiMs were identified as being almost invariably present and always in the 
same linear order i.e., they are highly conserved. The major consequences of this property allow 
it to tolerate indels and mutations during the evolution. Using yeast two- hybrid system it was found 
that ETTIN interacts with another transcription factor INDEHISCENT (IND). This interaction 
together promotes correct female reproductive structure development in Arabidopsis without even 
binding to Auxin directly. The further characterization of ES domain will impart support for 
improving study and predictions about various auxin mediated responses in plants. 
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Life and death go hand in hand: Understanding root cap 
sloughing 

Turning an ending into a new beginning..… 
Deeksha Singh 

 

 

Remember the Basilisk snake shedding its skin in one of the Harry Potter movies? Well, it 
is a routine developmental process in the animal kingdom, especially in reptiles, where the 
organisms undergo “moulting” or “ecdysis” to naturally shed off their skin. Reading about 
an analogous process in the plant universe, one is bound to come across the phenomenon 
of root cap sloughing, i.e., the regular removal of root cap during root growth where the 
dead root cap cells are casted off to the soil. While ensheathing the root tip to provide 
crucial protection to the growing tip, the root cap acts as a dynamic sensory „hub‟, 
continuously communicating, interacting and responding simultaneously to the plant and 
the surrounding rhizosphere. Being the light-bearer for directing root growth, sensing 
gravity, perceiving abiotic and biotic stress signals, easing soil penetration and mucilage 
secretion, the root cap undergoes recurrent birth and death which is highly influential in 
regulating normal plant root growth and development. Rightfully considered as “the most 
wonderful and functional plant structure” by Charles Darwin, the root tip and cap present 
one of the most riveting plant developmental systems for understanding, envisaging and 
visualizing plant stem cell homeostasis and turnover. With the advent of science and 
technology, live tracking of root tip growth, in-vivo hormone gradient mapping and 
sophisticated laser confocal microscopy techniques have finally enabled us to get the gist 
of what this remarkable organ beholds in the future of root development and how it 
regulates overall plant growth. 
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HD-ZIP III and PEAR proteins antagonistically prime the cambial 
growth 

The restricted zone 
Himanshi Gautam 

 

 
 

Cambial growth in plants is initiated within the procambial tissues of the apical meristems through 
periclinal divisions that are associated with the formation of vascular tissues (xylem and phloem). 
There are distinct domains for high levels of auxin and cytokinin signalling in it, which mark regions 
for further development of xylem, phloem or procambium, respectively. In Arabidopsis, the 
initiation of radial growth occurs around early protophloem sieve element cell files of root 
procambial tissue. In this domain, cytokinin signalling promotes the expression of a pair of mobile 
transcription factors - PHLOEM EARLY DOF1 (PEAR1) & PHLOEM EARLY DOF2 (PEAR2) along 
with their four homologues (DOF6, TMO6, OBP2 and HCA2), which are collectively named PEAR 
proteins, while, in internal domain of radially non-dividing procambial cells, auxin functions. Here, 
HD-ZIP III proteins (PHB, CNA, REV) express that antagonizes the expression and function of 
PEAR proteins. These specific positional cues form a robust boundary that demarcates the zone 
of cell division. 

 

 
 

Suggested reading: 
 
• Miyashima, S., Roszak, P., Sevilem, I., Toyokura, K., Blob, B., Heo, J.O., Mellor, N., Help-Rinta- Rahko, 

H., Otero, S., Smet, W., Boekschoten, M., Hooiveld, G., Hashimoto, K., Smetana, O., Siligato, R., 
Wallner, E.S., Mahonen, A.P., Kondo, Y., Melnyk, C.W., Greb, T., Nakajima, K., Sozzani, R., Bishopp, 
A., De Rybel, B., and Helariutta, Y. (2019). Mobile PEAR transcription factors integrate positional cues 
to prime cambial growth. Nature 565: 490-494.



Wheat cell number regulator gene 
Increasing nutrition uptake along with stress tolerance 

Nidhi Yadav 
 

 
 

Industrialization leads to greater discharge of garbage as a result of which there is toxic metal 
contamination of soil and water bodies. This has negatively affected plant growth and 
development. Heavy metal accumulates in plant and enters in food chain affecting human health. 
Zinc (Zn) and Manganese (Mn) are essential microelements. They function as cofactors of many 
enzymes but excess or deficiency can affect plant height, leaf area, seedling growth and 
permeability of plasma membrane. Cadmium (Cd) derived mainly from pesticides and fungicides, 
is one of the most toxic pollutant present in soil that affects plant roots. Cell Number Regulator 2 
gene (TaCNR2) from common wheat (Triticum aestivum) show similarity to Plant Cadmium 
Resistance proteins (PCR), which are involved in heavy metal translocation. Overexpression of 
TaCNR2 in yeast, Arabidopsis and rice increases tolerance to Cd, Zn and Mn by translocating 
these heavy metals. These aspects could be used to improve crop yield under stress conditions 
thus ensuring food security. 
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Evolution of Rubisco activase genes in plants 
Journey of rubisco activase gene through wonderlands 

Arunima Singh 
 

 
 

Rubisco activase, a catalytic chaperone of Rubisco, removes the inhibitory sugars from Rubisco 
active sites by remodeling the enzyme’s conformation. RCA uses energy from ATP hydrolysis to 
modify Rubisco. It is a nuclear-encoded chloroplastal protein , generally consisting of two subunits 
,larger RCA-alpha and smaller RCA-beta. Rubisco activase of plants have evolved in a stepwise 
manner without loosing it’s function to adapt to the major evolutionary events including 
endosymbiosis and land colonisation. At least a single gene copy was maintained throughout plant 
evolution; but various genome and gene duplication events, which occurred during plant evolution, 
increased its copy number in some species. The exons and exon-intron junctions of present day 
higher plant's Rca, which is conserved in most species seem to have evolved in charophytes. A 
unique tandem duplication of Rca gene occurred in a common grass ancestor, and  the  two  genes  
evolved  differently  for  gene  structure,  sequence,  and  expression pattern. Understanding these 
evolutionary changes is important for engineering future plants with better and wide adaptability. 
The study have been done on changes at various level in RCA during the course of evolution and 
their implications on gene copy number, exon-intro evolution expression, and function in different 
plants. 
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Arabidopsis HUA ENHANCER 4 delays flowering by upregulating 
the MADS-box repressor genes FLC and MAF4 

 

HEN4: The mastermind, the man with the plan 
 

Himanshi Choudhary 
 

 
 
 

Onset of flowering is the major developmental transition that is critical to reproductive success of 
plants. In the model eudicot Arabidopsis thaliana, flowering is inhibited by MADS-box repressors 
of FLC/MAF clade. Besides transcription, posttranscriptional mechanisms are major determinant 
for flowering time regulation. The HUA-PEP activity comprises group of genes which encode for 
RNA binding protein (RBP) that facilitates pre-mRNA processing of MADS box genes AGAMOUS 
(AG) and its clade members SHATTERPROOF1 (SHP1), SHP2 and SEEDSTICK (STK), crucial 
for flower and ovule morphogenesis. HUA enhancer 4(HEN4), a HUA-PEP member encodes for 
a K-homology (KH) RBP which is previously shown to be involved in MADS-box floral homeotic 
gene regulation, as a modulator of flowering timehen4 mutants show reduced expression of FLC 
and its paralog MAF4 which correlates with early- flowering and reduced sensitivity to day length 
and low a temperature however other MAF genes remain unaltered in hen4 plants. HEN4 
positively regulates FLC and delays the vegetative phase change. HEN4 acts as a multifaceted 
regulator which may be critical for orchestrating flowering responses and its characterization 
should facilitate a better understanding on how such coordination is achieved. 
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BABY BOOM!!! 
The holy grail for plant agriculture 

Ridhi Khurana 
 

 
 
 

Fertilization and initiation of embryogenesis after fertilization is one of the most crucial aspects 
for survival of flowering plants. Molecular mechanisms regulating and preventing 
embryogenesis without fertilization are not yet well understood. Animals have defined maternal 
factors which are involved in initiation of embryogenesis. Similar factors have not yet been 
identified in plants. There are two prevailing lines of thoughts for plant systems, first, both the 
maternal and paternal genomes contribute equally towards initiation of embryogenesis and as 
per the second one the maternal genome occupies the primary role in early embryogenesis 
stages. Mutations in key genes in Arabidopsis induced mitosis instead of meiosis II, the 
progeny plants produced functional diploid gametes genetically identical to their mother plant. 
These were named MiMe plants where meiosis is completely replaced by mitosis. Most meiotic 
mutants in Arabidopsis, maize or rice result in almost complete male and female sterility, and 
unreduced gametes forming at low frequencies. Imtiyaz Khanday and co-workers have 
recently  shown  the  role  for  male-transmitted pluripoteny factors in requirement of fertilization 
in embryogenesis. They show that on combining MiMe with the expression of BABY BOOM1 
(BBM1) in the egg cell in rice, results in formation of clonal progeny which are capable of 
retaining genome-wide parental heterozygosity. The induced synthetic asexual-propagation 
trait is heritable through multiple generations of clones. Such work establishes the feasibility 
of asexual reproduction in crops, and could enable the maintenance of hybrids clonally through 
seed propagation. 
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Programmed cell death of tapetum: a stylish death 
Stylish Death 

Komal 
 

 
 

Tapetum is the innermost layer of anther wall present adjacent to the developing microspore, 
providing direct nourishment to the future pollen. Hence, development and differentiation of 
tapetum is essential for early development of male gametophyte. However, tapetal Programmed 
Cell Death (PCD) at later stages of pollen development is also critical for viable pollen formation, 
therefore, defects in its development at early and degeneration at later stages of anther 
development result in male sterility. Various transcription factors such as UDT1, GAMYB, EAT1, 
MS1 and lipid transfer proteins like CP1 and CP6 have been shown to be involved in PCD of 
tapetum and pollen exine formation in both Rice and Arabidopsis and therefore, act in a 
coordinated manner to regulate PCD of tapetum and hence anther development. 
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Memory mechanism in flowering plants unraveled 
Learning to breathe 

Vaishali 
 
 

 
Plants are fixed to the ground and can’t move, they need to evolve specifically to adapt and 
respond towards environmental changes. Recently, group of biologists have unraveled a 
mechanism that let the flowering plants to sense and memorize the changes in their environment. 
Plant’s memory function entitles them to coordinate their development in response to stress or to 
changing season. The report reveals potential new targets that can thereby adapt to different 
environmental conditions. For that, a group of proteins called PRC2 come together as a complex 
and switch plant to flowering mode during suitable conditions. The core component of the complex, 
an oxygen-sensitive N-terminal (N-) degron in the plant PRC2 subunit VERNALIZATION (VRN) 
2, a homolog of animal Su(z)12, that promotes its degradation via the N-end rule pathway is 
recently identified. Expansion of PRC2 function in flowering plants was facilitated via gene 
duplication and N-terminal truncation of N-degron early during angiosperm evolution. Ectopic 
VRN2 accumulation was prevented by proteolysis via the N-end rule pathway due to inhibition of 
VRN2 turnover via its N-degron. Furthermore, an overlap in the transcriptional responses to 
hypoxia and prolonged cold was identified showing VRN2 promotes tolerance to hypoxia. The 
report reveals a mechanism for post-translational regulation of VRN2 stability that could potentially 
link environmental inputs to the epigenetic control of plant development. 
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Trans-Golgi network biogenesis and pollen tube growth 
an independent sorting system 

Shivam Sharma 
 
 
 

The trans-Golgi network (TGN) plays pivotal roles as a sorting station of trafficking cargoes, 
trafficking/recycling of endosomal material, and as a signaling hub in plants. However, much is 
not known of how TGN biogenesis is regulated in eukaryotes. Forward genetics approach was 
utilized and a male gametophyte defective mutant lot (loss of TGN) was identified in Arabidopsis. 
The lot mutant is defective in Golgi-derived TGN formation and sterile due to impaired pollen tube 
growth in the style. The mutant exhibits overstacking of the Golgi cisternae and reduction in the 
number of the TGNs in pollen. The entire post-Golgi trafficking pathways are abolished. 
Subcellular localization study showed that LOT localizes on the periphery of the Golgi cisternae. 
Vesicular transport in eukaryotes is known to be maintained by a large family of Ras-related 
GTPases/Rab proteins and LOT could functionally act as a component of guanine nucleotide 
exchange factor (GEF) complex of Rab GTPase Ypt6 in yeast. This study sheds light on a Golgi-
localized component that can act as a potential RabGEF, its role in Golgi-derived TGN  biogenesis,  
Golgi  structure  maintenance  and  essentiality  for  the  entire  post-Golgi trafficking during pollen 
tube growth. 
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• Rosquete, M., Davis, D. and Drakakaki, G. (2017). The Plant Trans-Golgi Network: Not Just a Matter of 
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Effect of arbuscular mycorrhizal symbiosis on tomato fruit 
ripening 

From root to fruit 
Sanskriti Ravi 

 

 
 

Tomato establishes a symbiotic association with arbuscular mycorrhizal (AM) fungi in the roots. 
While the fungus provides the plant with mineral nutrients, the host provides organic carbon to the 
fungus. It has been reported that tomato plants colonized by the AM fungus show accelerated 
flowering, fruit development and increased fruit yield. This symbiotic association leads to plant-
wide modulation of gene expression. RNA-Seq profiling of tomato fruit from mycorrhizal plants 
revealed genes characteristic of a climacteric fleshy fruit, and that for mycorrhizal association like 
phosphate and sulphate transporters. Furthermore, mycorrhizal plants under low nutrient 
conditions produce fruits with a nutrient content similar to those obtained from non-mycorrhizal 
plants under high nutrient conditions, indicating that AM fungi can help replace exogenous fertilizer 
for fruit crops. Recent studies done on tomato ripening mutants have revealed unprecedented 
interactions between AM symbiosis and fruit ripening hinting towards a crosstalk between AM and 
fruit ripening involving genes from ethylene and light signaling pathways. 
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• Chialva, M., Zouari, I., Salvioli, A., Novero, M., Vrebalov, J., Giovannoni, J. and Bonfante, P. (2016). Gr 
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and fruit ripening. Planta 244: 155-165. 

• Zouari, I., Salvioli, A., Chialva, M., Novero, M., Miozzi, L., Tenore, G., Bagnaresi, P. and Bonfante, P. 
(2014). From root to fruit: RNA-Seq analysis shows that arbuscular mycorrhizal symbiosis may affect 
tomato fruit metabolism. BMC Genomics 15: 221. 

• Salvioli, A., Zouari, I., Chalot, M. and Bonfante, P. (2012). The arbuscular mycorrhizal status has an 
impact on the transcriptome profile and amino acid composition of tomato fruit. BMC Plant Biology 12: 
44.



Stem parasite transmits herbivory signals across host plants 
parasites alarming neighbours 

Vishal Vashisth 
 

 
Cuscuta australis or dodder is stem holoparasite belonging to family Convolvulaceae. Cuscuta is 
generalist parasite with wide host range, although it starts its germination in soil but completes its 
life cycle on host plant. It produces infectious structure called haustoria which connect it to the 
vasculature of host plant. Haustoria allow the parasite to transport water and minerals from host 
to parasite. Apart of that, it was observed that various macromolecules such as RNA, proteins and 
secondary metabolites also move from host to parasite via haustoria. Interestingly, Cuscuta 
bridges are also known to transfer viruses from one plant to another. Cuscuta spreads around the 
plant and connects neighbouring plants to form interconnecting clusters. New study suggests the 
role of Cuscuta in long distance systemic signaling where herbivory or/and wounding signals are 
transported from infested plants to uninfested plants via Cuscuta bridges. Notably, this 
phenomenon elicits herbivory resistance in interconnected uninfested plants. It was observed that 
this signaling is conserved, rapid and extends from intraspecific to interspecific parasite-host 
communication. Jasmonate signalling is proposed to be the mechanism underlying increased 
herbivory resistance in neighbouring uninfested plants. Amidst these evidences, vasculature 
interconnection across plant species via Cuscuta represents trade-offs between plant parasitism 
and herbivore resistance. 
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• Hettenhausen, C., Li, J., Zhuang, H., Sun, H., Xu, Y., Qi, J., Zhang, J., Lei, Y., Qin, Y., Sun, G. and 

Wang, L. (2017). Stem parasitic plant Cuscutaaustralis (dodder) transfers herbivory-induced signals 
among plants. Proceedings of the National Academy of Sciences USA 114: E6703-E6709.



Chloroplast in plant virus interaction 
A Trojan horse 
Rohit Kumar 

 
 
 

It has been known for approximately 70 years that chloroplast is involved in virus infection of 
plants. Recently, the subject of chloroplast-virus interplay is getting more and more attention. Apart 
from carrying out photosynthesis and synthesizing major phytohormones, chloroplast also plays 
an active part in the defense response and is crucial for inter-organelle signalling. Viruses, on the 
other hand, are extremely strategic in manipulating the internal environment of the host cell. The 
chloroplast, a prime target for viruses, under-goes enormous structural and functional damage 
during viral infection. Indeed, large proportions of affected gene products in a virus- infected plant 
are closely associated with the chloroplast and the process of photosynthesis. Although the 
chloroplast is deficient in gene silencing machinery, it elicits the effector-triggered immune 
response against viral pathogens. Also, Virus infection induces the organelle to produce an 
extensive network of stromules which are involved in both viral propagation and anti-viral defense. 
From studies over the last few decades, the involvement of the chloroplast in the regulation of 
plant–virus interaction has become increasingly evident. Here, the intricacies of chloroplast–virus 
interactions is highlighted and would try to explain the existing gaps in our current knowledge, 
which will enable virologists to utilize chloroplast genome-based antiviral resistance in 
economically important crops. 
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Role of auxin in regulation of anthocyanin biosynthesis 
Auxin- The Color Hater 

Shruti Saini 
 

 
 

Auxin is an important plant hormone which is responsible for regulation of various functions related 
to plant growth and development. Apart from its basic cellular processes such as cell division, cell 
extension, cell differentiation etc.; auxin also regulates secondary metabolic pathways, including 
those related to phenylpropanoid, flavonoid and anthocyanin metabolism. Regulation by auxin 
mainly depends on ARF-Aux/IAA signaling pathway. Anthocyanin constitute one of the main 
pigments responsible for fruit color. Its biosynthesis mainly regulated by MYB- bHLH-WD40 
complex. In apple (Malus domestica), MdMYB10, MdMYB1 and MdMYBA are the transcription 
factors which involve in anthocyanin biosynthesis. In earlier studies, it has been found that auxin 
(2,4-D) inhibits the anthocyanin biosynthesis in carrot suspension culture, but little is known in the 
case of apple. MdARF13 is an Auxin Response Factor (ARF) which has repressor domain and 
repress the anthocyanin biosynthesis. MdIAA121 is a protein, interacts with MdARF13 and 
promotes anthocyanin biosynthesis. Auxin induces the degradation of MdIAA121 via 26S 
Proteasome pathway. Degradation of MdIAA121 causes the release of MdARF13 and allows it to 
interact with MdMYB10 and MdDFR to inhibit anthocyanin biosynthesis. 

 

 
 

Suggested readings: 
 
• Wang,Y.,Wang,N.,Xu,H., Jiang, S., Fang,H., Su,M., Zhang, Z., Zhang,T. and Chen, X. (2018). Auxin 

regulates anthocyanin biosynthesis through the Aux/IAA–ARF signaling pathway in apple. Horticulture 
research 5:59. 

• Guilfoyle, T.J., Ulmasov, T. and Hagen, G. (1998). The ARF family of transcription factors and their role 
in plant hormone-responsive transcription. Cell and Molecular Life Sciences 54: 619–627.



AtCstF77 and alternative poly(A) affect auxin signalling and 
modulates auxin responses 

Someone is regulating the developmental regulator.. 
Nikita Sharma 

 
 
 
 
Polyadenylation is a crucial process that affects stability, transport and translatability of mRNA. In 
Arabidopsis the Polyadenylation Site (PAS) selection in some auxin responsive genes is affected 
by Cleavage Stimulation Factor 77 (AtCstF77), a component of 3‟-end polyadenylation machinery. 
It‟s role in mRNA polyadenylation is evolutionary conserved from yeast, Drosophila, to human and 
plants. It is ubiquitously expressed in embryos, seedlings and adult plants and the AtCstF77 
protein is localized in the nucleus. The cstf77 mutant displayed an auxin resistant phenotype, 
reduced DR5-GFP expression and the null mutants caused severe developmental defects. cstf77-
2 genetically interacted with transport inhibitor response 1 auxin signalling f-box2 auxin receptor 
double mutants, further supporting that polyadenylation affects auxin signalling. These double 
mutants have shifted PASs in transcripts of about 2,400 genes, including several Auxin signalling 
or homeostasis genes. The auxin resistant phenotype of cstf77-2 mutants is partially accounted 
by increased expression of AUXIN RESISTANT 2/ INDOLE-3-ACETIC ACID 7. Moreover, 
disruption of Atcst64, another component of polyadenylation machinery, also displayed auxin 
resistance and developmental defects similar to the cstf77 mutants. The conclusion of this study 
is that AtCstF77 affects auxin response, likely by controlling PAS selection of transcripts of some 
auxin signalling components. 
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• Zeng, W., Dai, X., Sun, J., Hou, Y., Ma, X., Cao, X., Zhao, Y., Cheng, Y. (2019). Modulation of auxin 
signaling and development by polyadenylation machinery. Plant Physiology 179: 686-699.



Ca2+ and glutamate in systemic wound signalling 
- Get High Under Stress! 

N. Pavithran 
 

 
 

Systemic signalling is a well-documented process in plants, especially in response to biotic 
stresses like pathogen infestation, where information about the stress is radiated out from the site 
of application. This long-distance communication depends on signals that travel, cell-to-cell, from 
one part of the plant to another. Common signals identified in this context are Jasmonoyl- 
isoleucine (bioactive form of Jasmonate), Salicylic acid (in Systemic Acquired Resistance or SAR), 
Reactive Oxygen Species (ROS), etc. Although the molecular mechanisms governing systemic 
signalling during microbial infection has been studied well, knowledge of the same under other 
biotic stresses like herbivore attack and abiotic stresses is sparse. Hence, in an effort to shed light 
on the leaf-to-leaf signalling during mechanical wounding, glutamate and calcium ions (Ca2+) have 
been shown to mediate this process through cation-specific Glutamate Receptor-Like (GLR) 
channel proteins. Further, the increase in cytosolic Ca2+ has been shown to be travelling through 
phloem tissues at a rapid pace, reaching the unaffected leaves within minutes of stress 
application. This finding holds particular significance in the light of Ca2+ ions having found to be 
mediating long-distance signalling in response to salinity stress and herbivory, which are also 
mediated through a cation-specific channel. Moreover, the role of glutamate in this process mimics 
its function as a long-distance signalling component in mammalian nervous systems, hinting at an 
evolutionarily conserved role for this amino acid. These studies pave the way to develop a more 
all-rounded understanding about long-distance communication in plants and the involvement and 
cross-talk of different signalling components in the same. 

 
Suggested readings: 
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(2018). Glutamate triggers long-distance, calcium-based plant defense signaling. Science 361: 1112-
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CNGCs and calmodulins 
-Let`s play together!!! 

Soma Ghosh 
 
 
 

Calcium is one of the most ubiquitous intracellular second messenger found in many signaling 
pathways. The cytosolic free calcium (Ca2+) is found to be involved in various physiological events 
such as light, touch, plant hormone, high salinity, drought, pathogens elicitor etc. Ca2+ signatures 
appear in cytosol during these events but the mechanism to measure the Ca2+ oscillation is largely 
unknown. Ca2+ oscillations regulate important reproductive phenomenon in plants such as pollen 
tube growth and fertilization in flowering plants. There is an astonishing report, which tells that 
pollen-tube-specific cyclic nucleotide gated channels (CNGC18, CNGC8, CNGC7) in close 
proximity with calmodulin 2 (CaM2) present a molecular switch that opens or closes the calcium 
channels on the basis of cellular Ca2+ levels. Ca2+ signatures normally appear because of influx 
and efflux of Ca2+  in cytosol. Under insufficient condition of Ca2+, calcium-free calmodulin 2 (Apo-
CaM2) binds with CNGC18-CNGC8 complex, which results in sudden increase in the level of Ca2+ because 
of influx of Ca2+ in the cytosol. Bound calcium-CaM2 dissociates from the complex CNGC18/8 results in 
closing the channels. It is reported that CNGC8 and CNGC18 interacts via C-terminal region that possess 
cyclic nucleotide-binding domain (CNBD) and CaM-binding domains (CaMBD). CNGC8 functionally alienate 
CNGC18 to regulate pollen tube growth. It can be hypothesized that net Ca2+ concentration in the cell is 
because of influx and efflux of calcium concentration, which is regulated by various channels, 
pumps and exchangers, ultimately plays a diverse physiological role in plant growth and 
development. 
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Fast auxin signallingin roots: AUX1 mediated Ca2+ signaling 
A Rapid fire 

Barkha Ravi 
 
 

 
Auxin is a plant hormone that serves as a key regulator of plant growth and development with a 
unique property of exhibiting polar transport in plants. The polar transport of auxin, from cell to 
cell, is mediated by specialized influx and efflux carriers. Amongst the early responses evoked by 
auxin, depolarization of the cell membrane represents one of them. However, the molecular 
mechanisms underlying auxin-induced early membrane responses have remained elusive. Using 
intracellular microelectrodes revealed that membrane depolarisation in response to Auxin works 
in a concentration and pH-dependent manner. Where AUX1 is the major transporter for auxin 
uptake in root hairs and auxin activated SCFTIR1/ AF receptor complex trigger the calcium transient. 
Genetically encoded calcium reporters defined that there is auxin induced transient calcium influx 
which ultimately leads to elevation of cytosolic calcium levels due to calcium influx from the 
apoplast possibly via the previously identified cyclic nucleotide gated channel CNGC14. Therefore 
auxin is perceived by the SCFTIR1/AFB auxin receptor complex and evokes a CNGC14 dependent 
Ca2+ signal indicating that auxin transport activity and cytosolic calcium changes are tightly 
coupled.  The calcium  signal  most  likely  resembles  calcium  waves propagates from the auxin 
stimulated root hair towards the center of the root and infact to the epidermal cells at the opposite 
side of the root. So AUX1-regulated local auxin signaling in root hairs triggers a Calcium wave that 
controls auxin action, both at short and long distances which may modulate auxin transport and 
therefore may help plants to change auxin responses in surrounding root epidermal cells to 
coordinate hair elongation. Nevertheless, the spatial and temporal resolution of 
electrophysiological based auxin transport measurements, combined with imaging dynamic 
changes in auxin and calcium abundance within and between root hair cells, provides insight into 
the auxin-dependent fast signaling events taking place in epidermal cells, at the interface between 
the root system and nutrient sources in the soil. 
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Water productive wheat 
…every drop counts: budgeting water use 

Gayatri Tripathi 
 

 
 

As a consequence of global change processes, plants are increasingly challenged by water deficit 
conditions, which affect their productivity and ultimately survival. Rising population requires higher 
food production thus posing a major threat to food security. Therefore, there is a need to increase 
crop productivity. Research over decades has shown that ABA plays an important role in 
regulation of stomatal movements and transpiration, thus maintaining water use by plants. 
Therefore, ABA receptors are good candidate genes for manipulating ABA sensitivity. Over-
expression of Wheat ABA receptor (TaPYL4) increases ABA sensitivity, lowers plant’s lifetime 
water consumption, regulates rate of transpiration and protects productivity during water deficit 
conditions. An interesting fact is that minimal effects on biomass under normal well-watered 
conditions accompany this over-expression. Since ABA signaling is a conserved pathway, this 
strategy can be used in other crop plants as well for maintaining productivity in water limited 
regions. 

 
 
 

Suggested reading: 
 

•  Mega, R., Abe, F., Kim, J. S., Tsuboi, Y., Tanaka, K., Kobayashi, H., Sakata, Y., Hanada, K., Tsujimoto, 
H., Kikuchi, J., Cutler, S. R., & Okamoto, M. (2019). Tuning water-use efficiency and drought tolerance 
in wheat using abscisic acid receptors. Nature Plants 5: 153.





 

 
 
 
 
 
 
 
 
 
 
 
 
 

Session VII 
 

 

RNA world and Epigenetics 
 
 
 

 

 
 

 

Chairperson 
 
 

 

Dr. AdwaitaParida



Characterization of lncRNA- SVALKA 
A new Sweater in plant market: SVALKA!! 

Yashika Dhingra 
 

 
 

Long  non-coding  RNAs (long  ncRNAs, lncRNA)  are  defined  as transcripts longer  than 200 
nucleotides that are not translated into protein. They have emerged as important regulators of 
gene expression and plant development. For instance, Arabidopsis genome encodes for 6,510 
lncRNAs under normal or stress conditions. Recently, role of lncRNA- SVALKA has been identified 
in Arabidopsis for perceiving cold stress. It provides a compelling example of local gene regulation 
by lncRNA transcription having a profound impact on the ability of plants to appropriately acclimate 
to challenging environmental conditions. 
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miR397: Linking yield-associated changes and Indica Rice 
domestication 

An explanation to unexplained QTLs 
Shipra Singh 

 
 
 
 

Domestication of rice is a dynamic process which is reflected in the early history of artificial 
selection of key agronomically important traits, such as seed shattering, plant architecture, yield, 
stress tolerance, and grain color. Domestication was accompanied by changes in genomes 
mediated mostly through changes in either sequences or expression levels of transcription factors 
and their cofactors and other key proteins such as enzymes. However, recently a group from India 
has demonstrated the role of miRNAs in major domestication-related phenotypes in Indica Rice.  
While domestication is a long-term process and continues today, these observations had 
demonstrated a previously unknown genetic and molecular basis for the domestication-associated 
phenotypes in indica rice. These new tools and markers can be exploited for further improvement 
of yield-related characters in indica rice to meet the global food security challenges. 
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Role of miRNA in regulation of promoter activity 
Small but effective 

Shivam Chaudhary 
 

 
 

MicroRNAs (miRNAs) are small non-coding RNA ~21-24 nucleotide in length that affect numerous 
biological processes. In plants, miRNAs regulate the expression of many transcription factors and 
stress-regulated proteins that control development, growth and abiotic stress responses. To 
regulate target gene expression, a miRNA is loaded onto an Argonaute (AGO) protein, the key 
component of RNA-induced silencing complex (RISC). Complementarity between a miRNA and 
the target mRNA directs the RISC to post-transcriptionally repress target transcription in the 
cytoplasm via mRNA degradation and translational inhibition. Several animal studies have shown 
that miRNA also target promoters, thereby activating expression. But in plants it was recently 
reported that plant miRNAs can activate target promoters. miR5658 was found to be present in 
the nucleus and activated the expression of AT3G25290 directly by binding to its promoter. This 
observation suggests that this mode of action may be a general feature of plant miRNAs, and thus 
provide insight into the vital roles of plant miRNAs in the nucleus. 
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• Yang, G., Li, Y., Wu, B., Zhang, K., Gao, L., Zheng, C. (2019). MicroRNAs transcriptionally regulate 
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Epigenetic role as memory box of plant in improving stress 
Tolerance 

Plant has memories 
 

Ringyao Jajo 
 

 
 
 

Inducible epigenetic changes in eukaryotes enable rapid adaptation to environmental fluctuation 
or stress. Pre-exposure to such stress alter plants‟ subsequent responses, indicating that plants 
has stress memory. Histone modification, H3K4me3, can acts as a reversible chromatin mark 
dynamically changing with transcript levels or as a persistent epigenetic mark associated with the 
transcriptional memory. Stress-mediated epigenetic memory through alteration in histone 
occupancy and H3 acetylation can also be transmitted to non-stressed progeny as in the case of 
stress effects following temperature and UV-B stresses on reporter gene silencing of A. thaliana. 
Plant also relied on DNA methylation for a highly dynamic maternal short-term stress memory with 
which to respond to adverse external events. DNA methylated targeted sequences function as 
distantly acting control elements of antisense long non-coding RNAs to regulate targeted gene 
expression in response to recurring stress. This capacity to act as memory box of epigenetic 
modification imply the possibility of improving stress tolerance in crops by enhancing the stress 
memory through priming or targeted modification of the epigenome. 
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Autophagy resets thermomemory 
-Forgetting the past 

Rinchuila Shimphrui 
 
 
 
 

 
Resetting (forgetfulness) and memory are two contradicting objectives that plants have to balance 

delicately, post-stress. Resetting „stressful‟ situations allow plants to focus on their growth and 

reproduction once stress vanishes, however, at the expense of compromised resistance while; 

memory provides plants with more effective defense to harsher stress that may arise in the future, 

disrupting growth and development in the process. Understanding the molecular mechanism that 

rule the different aspects of stress memory will help comprehend the overall fitness of plants in 

their ever-changing environment. Autophagy is a major catabolic process implicated in virtually all 

aspects of  plant  biology.  A negative regulation of thermomemory by autophagy leading to a 

reduction in thermomemory capacity has been reported. This reduced thermomemory capacity 

led to a higher accumulation of aggregated proteins and a compromised heat tolerance upon 

exposure to a post-recovery severe HS. Thereby, revealing a novel regulatory mechanism for HS 

memory in plants. 
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Interplay of NPR1 and HSFA1 in cold acclimation 
New roles of old actors 

Harsha Samtani 
 
 
 

Low temperature is one of the environmental stresses that adversely affect plant growth and 
development.  Particularly, plants in temperate regions are often prone to near-freezing 
temperatures and this allows them to develop a cold response prior to freezing, known as cold 
acclimation. Interestingly, several pathogenesis related proteins have been found to accumulate 
during cold acclimation thereby suggesting that cold signals are closely associated with defense 
responses. Non-expresser of Pathogenesis - Related Genes 1 (NPR1) functions as a master 
regulator of systemic acquired resistance in plants along with TGA transcription factors, however 
little is known about its role in abiotic stresses. Recently in Arabidopsis, it has been shown that 
NPR1 plays a central role in cold acclimation by regulating cold-induced gene expression, 
independently of salicylic acid and TGA factors. Moreover, in response to low temperature, it was 
observed that NPR1 protein accumulated in the nucleus in the monomeric form. Furthermore, it 
was found to interact with HSFA1 in the nucleus to activate the expression of HSFA1-regulated 
genes and thus promote cold acclimation. Consequently, these findings uncover an unanticipated 
function of NPR1 and HSFA1 in cold response, which ultimately facilitates cold acclimation. 
Hence, NPR1 seems to serve as a regulatory hub where pathways mediating biotic and abiotic 
stress responses converge and integrate to guarantee the precise development of Arabidopsis 
tolerance to adverse conditions. 
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Heat modulates RNA structure 
…regulating mRNA abundance 

Lisha Khungar 
 

 

The impact of high temperature on cellular proteostasis is widely known. It affects protein folding, 
trafficking, degradation etc. and therefore, regulates gene expression at translational and post-
translational level. In eukaryotes, HS is known to trigger RNA into stress granules. RNAs are labile 
molecules but not much is known about the impact of high temperature on its structure or stability. 
A recent report shares insights on how heat shock influences RNA structure. HS alters RNA 
structure inducing unfolding of secondary structures which facilitates access to RNA degradation 
machinery. This has an impact on the overall mRNA abundance which indirectly has a role in 
regulating gene expression at transcriptional and post- transcriptional level. 
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• Su, Z., Tang, Y., Ritchey, L. E., Tack, D. C., Zhu, M., Bevilacqua, P. C., and Assmann, S. M. (2018). 
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Exploring the new dimensions in cold stress tolerance in plants 
Thaaannnnnnddddiiiiiiiii! 

Sarvesh Jonwal 
 
 
 

Plants respond differently to varying extremes of climate, such as temperature and sunlight and 
have evolved several strategies to adapt in response to these conditions. When exposed to chilling 
temperature, increased tolerance to frost damage is observed, a process called chilling 
acclimatization. In recent studies it was found that OST1 (Open stomata 1) protein kinase plays a 
central role in regulating freezing tolerance. OST1 activity is inhibited by interaction with clade E 
growth regulating 2 (EGR2) phosphatase localized in plasma membrane under normal conditions. 
At 22⁰ Celsius N-myristolyation of EGR2 takes place by N-myristoyltransferases NMT1. Also this 
process is important for EGR2 functioning in plant freezing tolerance. When cold conditions 
prevail, the mechanism underlying the interaction of EGR2 and NMT1 is lost which supresses 
EGR2 myristolyation in plants. Consequently, plants produce unmyristolyated EGR2, which under 
cold stress has less binding affinity towards OST1 due to which EGR2- mediated inhibition of 
OST1 activity is released. This study suggests that myristolytic switch present on EGR2 controls 
plants adaptation under cold conditions. It was seen that mutations of EGR2 leads to freezing 
tolerance and overexpression of the same caused decreased freezing tolerance. These results 
will help in further understanding of plant adaptations and their responses to different conditions. 

 
 

 
Suggested reading: 

 

 

• Ding, Y., Jian, L.V., Yiting, S., Junping, G., Jian, H., Chunpeng, S., Zhizhong, G., and Shuhua, Y. (2019). 
EGR2 phosphatase regulates OST1 kinase activity and freezing tolerance in Arabidopsis. The EMBO 
Journal 38: e99819.
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