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Preface 
The advancements in plant sciences in the past few decades have been phenomenal. The emerging 
data are astonishing for the plant reproductive biology though innovations in other areas have also 
been remarkable. The identification of psychedelic genes in maize, which promote carbohydrate 
export from leaves, helps in increasing crop yields and the amount of biofuel that can be derived 
from each plant. The discovery of chromosome region linked with photoperiod in maize is incredible 
and will lead to higher crop yields, improved disease resistance, and healthier plants able to withstand 
severe weather. The discovery that how plants perceive temperature is remarkable and will help to 
explain how plants would respond in the face of climate change and offer scientists new leads to 
create crop plants which are better able to withstand high temperature stress. Such a knowledge 
regarding temperature sensitivity may prove to be critical for breeding more temperature-resistant 
crops. The sequencing of genomes of several crop species like soybean, rice, maize, wheat, strawberry, 
sunflower, groundnut, jatropha, Beta vulgaris, Brassica rapa, Carica papaya, watermelon, date palm, 
sweet cherry, cassava, muskmelon, watermelon, almond, oil palm, banana, grapes, tomato, apple, 
cocoa tree, barley and several plants of economic importance has been accomplished. This will 
accelerate their breeding program. The genome sequence will provide access to the resistance gene for 
the devastating diseases. 

Several new approaches are proposed for crop breeding and plant improvement. 
The present volume "Innovations in Plant Sciences and Biotechnology" has a collection of 

11 chapters contributed by different experts in their respective fields. Chapter 1 summarizes recent 
developments in different areas of Plant Sciences and Biotechnology. The main emphasis is on latest 
innovations during 2010-2014. Chapter 2 is Next generation sequencing: a revolution in gene 
sequencing, Chapter 3 illustrates overview of Recent Advances in induced resistance for plant disease 
management. Chapter 4 discusses Molecular approaches to enhance abiotic stresses tolerance , 
Chapter 5 reviews Molecular surveillance system at plant host-pathogen interface, Chapter 6 
describes in details the Botany, cultivation, chemical constituents and genetic diversity in Fennel 
(Foeniculum vulgare Mill) very important spice and drug plant. Chapter 7 gives detailed account of 
Pollination Mechanism in Pome fruits ,Chapter 8 discusses recent aspects of Mitochondrial impact 
on efficient photosynthesis. Chapter 9 gives detailed account on Brassinosteroids – As an Amelioretic 
Agent against Salinity Stress in Cereals. Chapter 10 reviews recent aspects of Plants as a Green Route 
for Nanoscale Engineering: An Eco-Friendly Approach, the last chapter is chapter 11 which describes 
Synergy: nanotechnology and Seed Science. 

We are confident that the present volume will prove extremely useful for those interested in 
knowing recent aspects of Plant and biotechnology. 



 

We are also grateful to all the scientists who have made the compilation of present volume 
possible. Though all the chapters were critically read and reviewed by the editors, the authors are 
ultimately responsible for the accuracy and completeness of their respective chapters. We (CPM, AH 
and RK) express our gratitude to Chancellor, Vice –Chancellor and Pro Vice-Chancellor of Jaipur 
National University, Jaipur and Shabir H Wani to Vice Chancellor SKUAST-Kashmir, Srinagar for 
encouragement, help and constant support. 

The present volume is intended for scientists, professionals and graduate students interested in 
crop improvement. The book will be extremely useful for plant breeders, agronomists, 
biotechnologists, geneticists, cytogeneticists, taxonomists, molecular biologists, nanotechnologists, 
nanobiotechnologists and plant physiologists. Post graduate students, honors students, in these 
disciplines having adequate background in genetics, molecular biology, and spectrum of other 
researchers interested in biology and agriculture will also find the book a worthwhile reference text. 
We sincerely hope that the information embodied in the book will stimulate Plant Scientists and 
Biotechnologist to ameliorate upcoming new information. 
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1 

What is New in Plant Sciences 
and Biotechnology 

C. P. Malik and Ritesh Kaur 
 

The life sciences comprise the fields of science that involve the scientific study of living organisms, 
such as microorganisms, plants, animals, and human beings, as well as related considerations like 
bioethics. While biology remains the center stage of the life sciences, technological advances in 
molecular biology and biotechnology have led to a burgeoning of specializations and new, often 
interdisciplinary, fields. 

Advances in life Sciences have helped in improving the quality and standard of life. Its 
applications in health, agriculture, medicine, pharmaceutical industry and food science industry have 
been enormous. 

Different aspects of Life Sciences have made tremendous progress in recent years and have 
aroused enormous public awareness and interest. 

The chief intent of this review is to provide latest information and example to furnish the reader 
with most updated knowledge of plant sciences in its various facets. It is not intended to furnish an 
encyclopedic coverage of the subject but give brief summaries of advances in the last 5 years (2010-
2014). The first review covered advances made during 2006-2007 (Kaur et al., 2007). Subsequently, 
Malik et al., (2008) summarized notable discoveries made during 2008-2009. Since than several 
breakthroughs, ranging across plants, pharma, biotech, etc have been published. There is also an 
added emphasis on nano sciences. 

In the present review we recapture some of the breakthrough, technologies, products, 
techniques, etc which have made news in the last 5 years. 

2010 

'Psychedelic' Maize May Help Increase Crop and Biofuel Yields 

The scientists from Pennsylvania State University have identified new genes in maize which promote 
carbohydrate export from leaves. These genes are called psychedelic because of the yellow and green 
streaks they cause in the plant's leaves. Manipulating these genes is expected to increase crop yields 
and the amount of biofuel that can be derived from each plant. 

This research discovery was published in the May 2010 issue of Genetics. 
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"This study shows that there is still a lot to learn about genes that control carbohydrate 
distribution in plants," said David Braun, a researcher involved in the work conducted at 
Department of Biology of Penn State's University. "By learning how these genes work, It is hoped to 
improve plant growth and crop yield to solve some of the serious challenges concerning sustainable 
food and fuel production." 

The movement of carbohydrates from leaves to roots, stems, flowers, and seeds is fundamental 
to plant growth and crop yields. Though the process has been studied for many years, relatively little 
was known about the genes that control it. This research shows that two previously unknown genes 
function together to help move carbon from leaves to other parts of the plant, ultimately resulting in 
the allocation of carbohydrates that are essential for growth. To make this discovery, scientists 
examined maize with yellow- and green-streaked leaves, a sign of mutation in genes responsible for 
the transport of carbohydrates within the plant. Once they identified the specific genes responsible 
for this coloring, they determined exactly which biological pathway they affected. Not only did the 
scientists found two new genes that work together in this process, but also discovered that these 
genes affected a pathway different from anything previously known. This finding raises hope that by 
manipulating this pathway, corn or other crops could yield more grain for food or feed, more 
biomass for fuel, or plants better able to withstand environmental stresses, such as drought. This 
work promises to contribute to a continuation of the Green Revolution." 

Chromosome Regions Related to Corn Flowering Time Discovered: 
Higher Yields for Food, Feed and Fuel Possible 

In a new research report published in the March 2010 issue of the journal Genetics scientists used 
tropical maize from Mexico and Thailand to discover chromosome regions responsible for detecting 
seasonal changes in flowering time (called the "photoperiod response"). This discovery may lead to 
higher crop yields, improved disease resistance, and healthier plants able to withstand severe weather. 
Corn is used for food, feed, sweetener, fuel, plastics, and more. 

"Photoperiod response is the major barrier to using tropical maize for the improvement of 
temperate maize varieties," said James B. Holland, a researcher involved in the work from the U.S. 
Department of Agriculture, Agricultural Research Service, Plant Science Research Unit at North 
Carolina State University. "By understanding the genetics of this barrier, we hope to overcome it 
more quickly to broaden the genetic diversity of temperate maize." 

To discover these important regions of the plant's genome, researchers interbred two tropical, 
photoperiod-sensitive corn lines (one from Mexico and one from Thailand) with two photoperiod-
insensitive corn lines from the US, and raised hundreds of progeny lines in North Carolina (long 
day-length summers) and in Florida (short day-length winters). Lines with strong photoperiod 
response were identified as those flowering much later in North Carolina, compared to Florida. 
Researchers then genetically mapped all of the lines and identified DNA markers associated with the 
photoperiod response. The genomic regions carrying the major photoperiod response genes were 
then identified. 

In addition to allowing for improved strains of domestic corn, the research also is important 
because it suggests that the genes controlling the photoperiod response in corn are at least partly 
distinct than those believed to control photoperiod response in model plant species such as 
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Arabidopsis and rice. Future studies to pinpoint specific genes involved in the photoperiod response, 
however, will be necessary to draw definitive conclusions. The future studies should lead to a better 
understanding of the extent of shared genetic pathways among distinct plant species and provide 
insights into how such pathways evolve and these could have significant implications for agricultural 
species around the world. 

"Corn is obviously an important crop, and geneticists and plant breeders are always looking for 
ways to improve it," 

How Plants 'Feel' the Temperature Rise 

Plants are incredibly temperature sensitive and can perceive changes as little as one degree Celsius. 
Now, a report in the January 8th issue of the journal Cell, shows how they not only 'feel' the 
temperature rise, but also coordinate an appropriate response - activating hundreds of genes and 
deactivating others; it turns out it's all about the way that their DNA is packaged. 

The findings may help to explain how plants will respond in the face of climate change and offer 
scientists new leads to create crop plants which are better able to withstand high temperature stress. 

"We've uncovered a master regulator of the entire temperature transcriptome," said Philip 
Wigge of John Innes Centre in the United Kingdom in reference to the thousands of genes that are 
differentially activated under warmer versus cooler conditions. 

Using the model plant Arabidopsis thaliana the researchers show that a key ingredient for plants' 
temperature sensing ability is a specialized histone protein, called H2A.Z, that wraps DNA into a 
more tightly packed structure known as a nucleosome. As temperatures rise, H2A.Z histones allow 
DNA to progressively unwrap causing loosening of nucleosomes. Hence, under warm condition the 
DNA unwraps causing some genes to switch on and others to switch off. They aren't yet sure exactly 
how all that happens, but Wigge suspects the altered nucleosome structure gives access to sites on the 
DNA where activators of some genes can bind along with repressors of other genes. Apparently, "In 
addition to H2A.Z containing nucleosomes having more tightly wrapped DNA, the degree of 
unwrapping may also be responsive to temperature. These results suggest a direct mechanism by 
which temperature may influence gene expression, since it has been shown that RNA Pol II [the 
enzyme responsible for transcribing DNA into messenger RNA] does not actively invade 
nucleosomes, but waits for local unwrapping of DNA from nucleosomes before extending 
transcription. In this way, genes with a paused RNA Pol II show increased transcription with higher 
temperature as local unwrapping is increased." The basic discovery could ultimately prove to have 
important implications for world food security, the researchers said. 

"It is assumed that world agriculture will have to increase yields by 70 to 100 per cent in the 
next 100 years," Wigge said. "Under climate change it will be challenging simply to maintain present 
yields, let alone increase them." Crops such as wheat are particularly vulnerable to very hot and dry 
summers as evidenced by the fact that wheat reserves recently fell to their lowest level in 30 years. 

Such a knowledge regarding temperature sensitivity may prove to be critical for breeding more 
temperature-resistant crops. His team plans to explore this possibility by studying the role of these 
H2A.Z histones in a model plant that is more closely related to crops. 

The intent is to engineer a plant where one could control the histones in particular tissues so 
that it is selectively 'blind' to different temperatures. 
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