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Dedication

Dr. Norman Ernest Borlaug,1

the Father of Green Revolution,

is well respected for his contri-

butions to science and society.

There was or is not and never

will be a single person on this

Earth whose single-handed ser-

vice to science could save

millions of people from death

due to starvation over a period

of over four decades like Dr. Bor-

laug’s. Even the Nobel Peace

Prize he received in 1970 does

not do such a great and noble

person as Dr. Borlaug justice.

His life and contributions are

well known and will remain in

the pages of history of science.

I wish to share some facets of

this elegant and ideal personality

I had been blessed to observe dur-

ing my personal interactions with

him.

It was early 2007 while I was

at the Clemson University as a

visiting scientist one of my lab

colleagues told me that “some-

body wants to talk to you; he

appears to be an old man”. I took the telephone receiver casually and said hello.

The response from the other side was – “I am Norman Borlaug; am I talking to

Chitta?” Even a million words would be insufficient to define and depict the exact

feelings and thrills I experienced at that moment!

1The photo of Dr. Borlaug was kindly provided by Julie Borlaug (Norman Borlaug Institute for International Agriculture, Texas

A&M Agriculture) the granddaughter of Dr. Borlaug.
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I had seen Dr. Borlaug only once, way back in 1983, when he came to New Delhi,

India to deliver the Coromandal Lecture organized by Prof. M.S. Swaminathan on the

occasion of the 15th International Genetic Congress. However, my real interaction

with him began in 2004 when I had been formulating a 7-volume book series entitled

Genome Mapping and Molecular Breeding in Plants. Initially, I was neither confi-
dent of my ability as a series/book editor nor of the quality of the contents of the book

volumes. I sent an email to Dr. Borlaug attaching the table of contents and the

tentative outline of the chapters along with manuscripts of only a few sample

chapters, including one authored by me and others, to learn about his views as a

source of inspiration (or caution!) I was almost sure that a person of his stature would

have no time and purpose to get back to a small science worker like me. To my utter

(and pleasant) surprise I received an email from him that read: “May all Ph.D.’s,

future scientists, and students that are devoted to agriculture get an inspiration as it

refers to your work or future work from the pages of this important book. My

wholehearted wishes for a success on your important job”. I got a shot in my arm

(and in mind for sure)! Rest is a pleasant experience – the seven volumes were

published by Springer in 2006 and 2007, and were welcome and liked by students,

scientists and their societies, libraries, and industries. As a token of my humble

regards and gratitude, I sent Dr. Borlaug the Volume I on Cereals and Millets that
was published in 2006. And here started my discovery of the simplest person on Earth

who solved the most complex and critical problem of people on it – hunger and death.

Just one month after receiving the volumes, Dr. Borlaug called me one day and

said, “Chitta, you know I cannot read a lot now-a-days, but I have gone through only

on the chapters on wheat, maize and rice. Please excuse me. Other chapters of these

volumes will be equally excellent, I believe.” He was highly excited to know that

many other Nobel Laureates including Profs. Arthur Kornberg, Werner Arber,

Phillip Sharp, G€unter Blobel, and Lee Hartwell also expressed generous comments

regarding the utility and impact of the book series on science and the academic

society. While we were discussing many other textbooks and review book series that

I was editing at that time, again in my night hours for the benefit of students,

scientists, and industries, he became emotional and told me to forget about my

original contributions and that I deserved at least the World Food Prize, if not

Nobel Prize for peace like him. I felt honored but really very ashamed as I am

aware of my almost insignificant contribution in comparison to his work, and was

unable to utter any words for a couple of minutes!

In another occasion he wanted some documents from me. I told him that I will

send them as attachments in emails. Immediately he shouted and told me: “You

know, Julie (his granddaughter) is not at home now and I cannot check email myself.

Julie does this for me. I can type myself in type writer but I am not good in computer.

You know what, I have a Xerox machine and it receives fax also. Send me the

documents by fax.” Here was the ever-present child in him.

Another occasion is when I was talking with him in a low voice, and he immedi-

ately chided me: “You know that I cannot hear well now-a-days; I don’t know where

Julie has kept the hearing apparatus, can’t you speak louder?” Here was the fatherly

figure who was eager to hear each of my words!

I still shed tears when I remember during one of our telephone conversations he

asked: “You know I have never seen you, are you coming to Texas in the near future by

chance?” I remember wewere going through a financial paucity at that time and I could

not make a visit to Texas to see him, though it would have been a great honor.
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In late 2007, whenever I tried to talk to Dr. Borlaug, he used to beckon Julie

to bring the telephone to him, and in course of time Julie used to keep alive

communications between us when he slowly succumbed to his health problems.

The remaining volumes of the Genome Mapping and Molecular Breeding in

Plants were published in 2007, and I sent him the volumes. I wished to learn about

his views. During this period he could hardly speak and write. Julie prepared a letter

on his behalf that read: “Dear Chitta, I have reviewed the seven volumes of the series

on Genome Mapping and Molecular Breeding in Plants, which you have authored.

You have brought together genetic linkage maps based on molecular markers for the

most important crop species that will be a valuable guide and tool to further

molecular crop improvements. Congratulations for a job well done.”

During one of our conversations in mid-2007, he asked me what other book

projects I was planning for Ph.D. students and scientists. I told him that the wealth

of wild species already utilized and to be utilized for genetic analysis and improve-

ment of domesticated crop species have not been deliberated in any book project. He

was very excited and told me to take up the book project as soon as possible. By that

time I had a huge commitment to editing book volumes and could not start the series

he was so interested about.

His sudden demise in September 2009 kept me so morose for a number of months

that I did not even communicate my personal loss to Julie. But in the meantime,

I formulated a ten-volume series on Wild Crop Relatives: Genomic and Breeding

Resources for Springer. Andwhomelse to dedicate this series to other thanDr. Borlaug!

I wrote to Julie for her formal permission and she immediately wrote me: “Chitta,

Thank you for contacting me and yes I think my grandfather would be honored with

the dedication of the series. I remember him talking of you and this undertaking quite

often. Congratulations on all that you have accomplished!” This helped me a lot as

I could at least feel consoled that I could do a job he wanted me to do and I will

always remain grateful to Julie for this help and also for taking care of Dr. Borlaug,

not only as his granddaughter but also as the representative of millions of poor people

from around the glove and hundreds of plant and agricultural scientists who tries to

follow his philosophy and worship him as a father figure.

It is another sad experience of growing older in life that we walk alone and miss

the affectionate shadows, inspirations, encouragements, and blessings from the

fatherly figures in our professional and personal lives. How I wish I could treat our

next generations in the same way as personalities like Dr. Norman Borlaug did to me

and many other science workers from around the world!

During most of our conversations he used to emphasize the immediate impact of

research on the society. A couple of times he even told me that my works on

molecular genetics and biotechnology, particularly of 1980s and 1990s, have high

fundamental importance, but I should also do some works that will benefit people.

This advice elicited a change in my approach to science and since then I have been

devotedly endeavored to develop crop varieties enriched with phytomedicines and

nutraceuticals. Inspiration, advices, and blessings of Dr. Borlaug have influenced

both my personal and professional life, particularly my approach to science, and

I dedicate this series to him as a token of my regards and gratitude, and in remem-

brance of his great contribution to science and society and above all his personal

affection for me.

I emailed the above draft of the dedication page to Julie for her views and I wish to

complete my humble dedication with great satisfaction with the words of Julie who

Dedication vii



served as the living ladder for me to reach and stay closer to such as great human

being as Dr. Borlaug and expressing my deep regards and gratitude to her. Julie’s

email read: “Chitta, Thank you for sending me the draft dedication page. I really

enjoyed reading it and I think you captured my grandfather’s spirit wonderfully. . ..

So thank you very much for your beautiful words. I know he would be and is

honored.”

Clemson, USA Chittaranjan Kole
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Preface

Wild crop relatives have been playing enormously important roles both in the

depiction of plant genomes and the genetic improvement of their cultivated counter-

parts. They have contributed immensely to resolving several fundamental questions,

particularly those related to the origin, evolution, phylogenetic relationship, cytolog-

ical status and inheritance of genes of an array of crop plants; provided several

desirable donor genes for the genetic improvement of their domesticated counter-

parts; and facilitated the innovation of many novel concepts and technologies while

working on them directly or while using their resources. More recently, they have

even been used for the verification of their potential threats of gene flow from

genetically modified plants and invasive habits. Above all, some of them are con-

tributing enormously as model plant species to the elucidation and amelioration of

the genomes of crop plant species.

As a matter of fact, as a student, a teacher, and a humble science worker I was, still

am and surely will remain fascinated by the wild allies of crop plants for their

invaluable wealth for genetics, genomics and breeding in crop plants and as such

share a deep concern for their conservation and comprehensive characterization for

future utilization. It is by now a well established fact that wild crop relatives deserve

serious attention for domestication, especially for the utilization of their phytomedi-

cines and nutraceuticals, bioenergy production, soil reclamation, and the phytoreme-

diation of ecology and environment. While these vastly positive impacts of wild crop

relatives on the development and deployment of new varieties for various purposes in

the major crop plants of the world agriculture, along with a few negative potential

concerns, are envisaged the need for reference books with comprehensive delibera-

tions on the wild relatives of all the major field and plantation crops and fruit and

forest trees is indeed imperative. This was the driving force behind the inception and

publication of this series.

Unlike the previous six book projects I have edited alone or with co-editors, this

time it was very difficult to formulate uniform outlines for the chapters of this book

series for several obvious reasons. Firstly, the status of the crop relatives is highly

diverse. Some of them are completely wild, some are sporadically cultivated and

some are at the initial stage of domestication for specific breeding objectives recently

deemed essential. Secondly, the status of their conservation varies widely: some have

been conserved, characterized and utilized; some have been eroded completely

except for their presence in their center(s) of origin; some are at-risk or endangered

due to genetic erosion, and some of them have yet to be explored. The third constraint

is the variation in their relative worth, e.g. as academic model, breeding resource,

and/or potential as “new crops.”
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The most perplexing problem for me was to assign the chapters each on a

particular genus to different volumes dedicated to crop relatives of diverse crops

grouped based on their utility. This can be exemplified with Arabidopsis, which has

primarily benefited the Brassicaceae crops but also facilitated genetic analyses and

improvement in crop plants in other distant families; or with many wild relatives of

forage crops that paved the way for the genetic analyses and breeding of some major

cereal and millet crops. The same is true for wild crop relatives such as Medicago

truncatula, which has paved the way for in-depth research on two crop groups of

diverse use: oilseed and pulse crops belonging to the Fabaceae family. The list is too

long to enumerate. I had no other choice but to compromise and assign the genera of

crop relatives in a volume on the crop group to which they are taxonomically the

closest and to which they have relatively greater contributions. For example, I placed

the chapter on genus Arabidopsis in the volume on oilseeds, which deals with the

wild relatives of Brassicaceae crops amongst others.

However, we have tried to include deliberations pertinent to the individual genera

of the wild crop relatives to which the chapters are devoted. Descriptions of the

geographical locations of origin and genetic diversity, geographical distribution,

karyotype and genome size, morphology, etc. have been included for most of

them. Their current utility status – whether recognized as model species, weeds,

invasive species or potentially cultivable taxa – is also delineated. The academic,

agricultural, medicinal, ecological, environmental and industrial potential of both the

cultivated and/or wild allied taxa are discussed.

The conservation of wild crop relatives is a much discussed yet equally neglected

issue albeit the in situ and ex situ conservations of some luckier species were initiated

earlier or are being initiated now. We have included discussions on what has

happened and what is happening with regard to the conservation of the crop relatives,

thanks to the national and international endeavors, in most of the chapters and also

included what should happen for the wild relatives of the so-called new, minor,

orphan or future crops.

The botanical origin, evolutionary pathway and phylogenetic relationship of crop

plants have always attracted the attention of plant scientists. For these studies

morphological attributes, cytological features and biochemical parameters were

used individually or in combinations at different periods based on the availability

of the required tools and techniques. Access to different molecular markers based on

nuclear and especially cytoplasmic DNAs that emerged after 1980 refined the

strategies required for precise and unequivocal conclusions regarding these aspects.

Illustrations of these classical and recent tools have been included in the chapters.

Positioning genes and defining gene functions required in many cases different

cytogenetic stocks, including substitution lines, addition lines, haploids, monoploids

and aneuploids, particularly in polyploid crops. These aspects have been dealt in the

relevant chapters. Employment of colchiploidy, fluorescent or genomic in situ

hybridization and Southern hybridization have reinforced the theoretical and applied

studies on these stocks. Chapters on relevant genera/species include details on these

cytogenetic stocks.

Wild crop relatives, particularly wild allied species and subspecies, have been

used since the birth of genetics in the twentieth century in several instances such as

studies of inheritance, linkage, function, transmission and evolution of genes. They

have been frequently used in genetic studies since the advent of molecular markers.

Their involvement in molecular mapping has facilitated the development of mapping
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populations with optimum polymorphism to construct saturated maps and also

illuminating the organization, reorganization and functional aspects of genes and

genomes. Many phenomena such as genomic duplication, genome reorganization,

self-incompatibility, segregation distortion, transgressive segregation and defining

genes and their phenotypes have in many cases been made possible due to the

utilization of wild species or subspecies. Most of the chapters contain detailed

elucidations on these aspects.

The richness of crop relatives with biotic and abiotic stress resistance genes was

well recognized and documented with the transfer of several alien genes into their

cultivated counterparts through wide or distant hybridization with or without

employing embryo-rescue and mutagenesis. However, the amazing revelation that

the wild relatives are also a source of yield-related genes is a development of the

molecular era. Apomictic genes are another asset of many crop relatives that deserve

mention. All of these past and the present factors have led to the realization that the

so-called inferior species are highly superior in conserving desirable genes and can

serve as a goldmine for breeding elite plant varieties. This is particularly true at a

point when natural genetic variability has been depleted or exhausted in most of the

major crop species, particularly due to growing and promoting only a handful of so-

called high-yielding varieties while disregarding the traditional cultivars and land-

races. In the era of molecular breeding, we can map desirable genes and poly-genes,

identify their donors and utilize tightly linked markers for gene introgression,

mitigating the constraint of linkage drag, and even pyramid genes from multiple

sources, cultivated or wild taxa. The evaluation of primary, secondary and tertiary

gene pools and utilization of their novel genes is one of the leading strategies in

present-day plant breeding. It is obvious that many wide hybridizations will never be

easy and involve near-impossible constraints such as complete or partial sterility. In

such cases gene cloning and gene discovery, complemented by intransgenic breed-

ing, will hopefully pave the way for success. The utilization of wild relatives through

traditional and molecular breeding has been thoroughly enumerated over the chapters

throughout this series.

Enormous genomic resources have been developed in the model crop relatives, for

example Arabidopsis thaliana and Medicago truncatula. BAC, cDNA and EST

libraries have also been developed in some other crop relatives. Transcriptomes

and metabolomes have also been dissected in some of them. However, similar

genomic resources are yet to be constructed in many crop relatives. Hence this

section has been included only in chapters on the relevant genera.

In this book series, we have included a section on recommendations for future

steps to create awareness about the wealth of wild crop relatives in society at large

and also for concerns for their alarmingly rapid decrease due to genetic erosion. The

authors of the chapters have also emphasized on the imperative requirement of their

conservation, envisaging the importance of biodiversity. The importance of intellec-

tual property rights and also farmers’ rights as owners of local landraces, botanical

varieties, wild species and subspecies has also been dealt in many of the chapters.

I feel satisfied that the authors of the chapters in this series have deliberated on all the

crucial aspects relevant to a particular genus in their chapters.

I am also very pleased to present many chapters in this series authored by a large

number of globally reputed leading scientists, many of whom have contributed

to the development of novel concepts, strategies and tools of genetics, genomics

and breeding and/or pioneered the elucidation and improvement of particular plant
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genomes using both traditional and molecular tools. Many of them have already

retired or will be retiring soon, leaving behind their legacies and philosophies for us

to follow and practice. I am saddened that a few of them have passed away during

preparation of the manuscripts for this series. At the same time, I feel blessed that all

of these stalwarts shared equally with me the wealth of crop relatives and contributed

to their recognition and promotion through this endeavor.

I would also like to be candid with regard to my own limitations. Initially

I planned for about 150 chapters devoted to the essential genera of wild crop

relatives. However, I had to exclude some of them either due to insignificant progress

made on them during the preparation of this series, my failure to identify interested

authors willing to produce acceptable manuscripts in time or authors’ backing out in

the last minute, leaving no time to find replacements. I console myself for this lapse

with the rationale that it is simply too large a series to achieve complete satisfaction

on the contents. Still I was able to arrange about 125 chapters in the ten volumes,

contributed by nearly 400 authors from over 40 countries of the world. I extend my

heartfelt thanks to all these scientists, who have cooperated with me since the

inception of this series not only with their contributions, but also in some cases by

suggesting suitable authors for chapters on other genera. As happens with a mega-

series, a few authors had delays for personal or professional reasons, and in a few

cases, for no reason at all. This caused delays in the publication of some of the

volumes and forced the remaining authors to update their manuscripts and wait too

long to see their manuscripts in published form. I do shoulder all the responsibilities

for this myself and tender my sincere apologies.

Another unique feature of this series is that the authors of chapters dedicated to

some genera have dedicated their chapters to scientists who pioneered the explora-

tion, description and utilization of the wild species of those genera. We have duly

honored their sincere decision with equal respect for the scientists they rightly

reminded us to commemorate.

Editing this series was, to be honest, very taxing and painstaking, as my own

expertise is limited to a few cereal, oilseed, pulse, vegetable, and fruit crops, and

some medicinal and aromatic plants. I spent innumerable nights studying to attain the

minimum eligibility to edit the manuscripts authored by experts with even life-time

contributions on the concerned genera or species. However, this indirectly awakened

the “student-for-life” within me and enriched my arsenal with so many new concepts,

strategies, tools, techniques and even new terminologies! Above all, this helped me

to realize that individually we know almost nothing about the plants on this planet!

And this realization strikingly reminded me of the affectionate and sincere advice of

Dr. Norman Borlaug to keep abreast with what is happening in the crop sciences,

which he used to do himself even when he had been advised to strictly limit himself

to bed rest. He was always enthusiastic about this series and inspired me to take up

this huge task. This is one of the personal and professional reasons I dedicated this

book series to him with a hope that the present and future generations of plant

scientists will share the similar feelings of love and respect for all plants around us

for the sake of meeting our never-ending needs for food, shelter, clothing, medicines,

and all other items used for our basic requirements and comfort. I am also grateful to

his granddaughter, Julie Borlaug, for kindly extending her permission to dedicate this

series to him.

I started editing books with the 7-volume series on Genome Mapping

and Molecular Breeding in Plants with Springer way back in 2005, and I have since
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edited many other book series with Springer. I always feel proud and satisfied to be a

member of the Springer family, particularly because of my warm and enriching

working relationship with Dr. Sabine Schwarz and Dr. Jutta Lindenborn, with whom

I have been working all along. My special thanks go out to them for publishing this

“dream series” in an elegant form and also for appreciating my difficulties and

accommodating many of my last-minute changes and updates.

I would be remiss in my duties if I failed to mention the contributions of Phullara –

my wife, friend, philosopher and guide – who has always shared with me a love of the

collection, conservation, evaluation, and utilization of wild crop relatives and has

enormously supported me in the translation of these priorities in my own research

endeavors – for her assistance in formulating the contents of this series, for monitor-

ing its progress and above all for taking care of all the domestic and personal

responsibilities I am supposed to shoulder. I feel myself alien to the digital world

that is the sine qua non today for maintaining constant communication and ensuring

the preparation of manuscripts in a desirable format. Our son Sourav and daughter

Devleena made my life easier by balancing out my limitations and also by willingly

sacrificing the spare amount of time I ought to spend with them. Editing of this series

would not be possible without their unwavering support.

I take the responsibility for any lapses in content, format and approach of the

series and individual volumes and also for any other errors, either scientific or

linguistic, and will look forward to receiving readers’ corrections or suggestions

for improvement.

As I mentioned earlier this series consists of ten volumes. These volumes are

dedicated to wild relatives of Cereals, Millets and Grasses, Oilseeds, Legume Crops

and Forages, Vegetables, Temperate Fruits, Tropical and Subtropical Fruits, Indus-

trial Crops, Plantation and Ornamental Crops, and Forest Trees.

This volume “Wild Crop Relatives: Genomic and Breeding Resources – Plantation

and Ornamental Crops” includes 13 chapters dedicated to Antirrhinum, Camellia,
Coffea, Cola, Digitallis, Elaeis, Euphorbia, Gladiolus, Lilium, Nicotiana, Petunia,

Rosa, and Theobroma. The chapters of this volume were authored by 65 scientists from

18 countries of the world, namely Belgium, Brazil, Bulgaria, France, Germany, India,

Malaysia, Mexico, Netherlands, People’s Republic of China, Poland, Republic of

Korea, Romania, South Africa, Spain, Sweden, the USA and West Indies.

It is my sincere hope that this volume and the series as a whole will serve the

requirements of students, scientists and industries involved in studies, teaching,

research and the extension of plantation and ornamental crops with an intention of

serving science and society.

Clemson, USA Chittaranjan Kole
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génétique des espèces à multiplication vegetative, TA A-75/02, Avenue Agropolis,

34398 Montpellier Cedex 5, France, sebastien.ricci@cirad.fr

K.E. Rusanov AgroBioInstitute, bul. Dragan Tsankov 8, 1164 Sofia, Bulgaria,

krusanov@abv.bg

Anuradha Sane Division of Plant Genetic Resources, Indian Institute of Horticultural

Research, Hessaraghatta Lake, Bangalore 560089, India, anusane@yahoo.com

Juan Segura Dpto. Biologı́a Vegetal, Facultad de Farmacia, Universidad de

Valencia, Avda. Vicente Andrés Estellés s/n, 46100 Burjassot, Valencia, Spain,

Juan.Segura@uv.es

Arwa Shahin Plant Breeding, Wageningen University and Research Center,

P.O. Box 386, 6700, AJ, Wageningen, Netherlands, arwa.shahin@wur.nl

Rajinder Singh Advanced Biotechnology and Breeding Centre, Biology Division,

Malaysian Palm Oil Board, 6, Persiaran Institusi, Bandar Baru Bangi, 43000 Kajang,

Selangor, Malaysia, rajinder@mpob.gov.my

xxvi List of Contributors



M.J.M. Smulders Plant Breeding, Wageningen UR, P.O. Box 16, 6700, AA,

Wageningen, The Netherlands, rene.smulders@wur.nl

Jayalakshmi Subramanian State Horticulture Department, Government

Botanical Gardens, Ooty 643001, Tamil Nadu, India, sjeiyuhort@rediffmail.com

Janakiram Tolety Division of Floriculture and Landscaping, Indian Agricultural

Research Institute, New Delhi 110012, India, tolety@iihr.ernet; intolety07@

gmail.com

J. Van Huylenbroeck Plant Sciences Unit, Applied Genetics and Breeding,

Institute for Agricultural and Fisheries Research, Caritasstraat 21, 9090 Melle,

Belgium, johan.vanhuylenbroeck@ilvo.vlaanderen.be

Jaap M. van Tuyl Plant Breeding, Wageningen University and Research Center,

P.O. Box 386, 6700, AJ, Wageningen, Netherlands, jaap.vantuyl@wur.nl

Jegadeeswari Vellaichamy Horticultural Research Station (TNAU), Ooty

643001, Tamil Nadu, India, jegadeeswari.v@gmail.com
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Chapter 1

Antirrhinum

Janakiram Tolety and Anuradha Sane

1.1 Introduction

“Antirrhinum has always allowed new, and frequently

surprising, insights to be made into the nature, varia-

bility and manifestation of genetic substance and, even

today, the rich variety of appearance in the genus

Antirrhinum offers an inexhaustible resource for

genetics-based studies in developmental biology, bio-

chemistry, and evolution” (Stubbe 1966). This state-

ment regarding Antirrhinum is as valid today as it was

half a century ago. In fact, Antirrhinum was used in

the earliest studies of inheritance by Mendel and

Darwin, and became established as a model by Erwin

Baur during the first decades of the twentieth century.

Despite the tremendous success of Arabidopsis thali-
ana, no single model can represent the vast range of

form that is seen in the ~250,000 existing species of

flowering plants (angiosperms). Antirrhinum is con-

sidered as an alternative angiosperm model. Wide

diversity of Antirrhinum species, combined with clas-

sical and molecular genetics – the two traditional

strengths of Antirrhinum – provide an opportunity for

developmental, evolutionary, and ecological appro-

aches (Schwarz-Sommer et al. 2003a).

The cultivated Antirrhinum majus is grown in

tropical, subtropical, and temperate countries. Mag-

nificent and charming flowers are borne on terminal

long spikes of many colors except blue, and

with numerous shades. It is one of the excellent cut

flowers, which have long lasting qualities. These

are also used as garden plants, bedding plants, in

rockeries or herbaceous borders and as potted plants.

Plants can be grown for cut flowers in an open

field or under protection depending on the climate.

The varieties in plant height in different types and

groups widen its scope for use in the garden for

different purposes.

1.1.1 Uses

An edible oil is extracted from the seeds and has been

cultivated in Russia for this purpose (Grieve 1984).

The leaves and flowers are antiphlogistic, bitter,

resolvent, and stimulant (Chiej 1984). They have

been employed in poultices on tumors and ulcers.

Also effective in the treatment of all kinds of

inflammation and is also used on hemorrhoids. The

plant is harvested in the summer when in flower

and is dried for later use. A green dye is obtained

from the flowers, which does not require a mor-

dant. Dark green and gold can also be obtained if

a mordant is used.

1.1.2 Scope for Domestication
and Commercialization

The Russians used to cultivate snapdragons on a large

scale to extract oil from its seeds, which is equal to

olive oil (Genders 1969). If women want to restore

their beauty and youthfulness, washing the face with

the water in which snapdragon seeds are soaked is

recommended. The plants possess bitter and stimulant

properties. They are used as diuretic, for scurvy,
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tumor, as detergent and astringent. In olden times, it

was valued as a preservative against witchcraft.

1.1.3 Distribution

A. majus (Snapdragon) is a species of Antirrhinum

(Family Scrophulariaceae) native to the Mediterra-

nean region, from Morocco and Portugal north to

southern France, and East to Turkey and Syria. Most

species are found around the Mediterranean Sea and

in North America (Stubbe 1966). Among them, only

A. majus has been domesticated as an ornamental.

The progenitor of the modern snapdragon is from

the Mediterranean region and, more specifically, it is

native to southern France. It was believed that the

snapdragon reached Britain with the Romans at an

early date, where it has been naturalized on mountain-

ous regions. Thereafter, it spread to different parts of

the world from Britain. Antirrhinum glandulosum is a

native of California.

Antirrhinum siculum Miller and A. tortuosum

Bosc, are widespread taxa, distributed through a

vast area in the Mediterranean basin, while A. latifo-
lium Miller, A. litigosum Pau, A. cirrhigherum welw

ex rothm., A. majus L, and A. linkianum Boiss. et

Reut. have small ranges. While A. cirrhigherum
grows on sands, all other species grows on limestone

crevices, roadsides, walls, and roofs. The genus

Antirrhinum (Thompson 1988) consists of 36 species

in three sections. In section Saerorhinum, 15 small-

flowered, mostly annual species are distributed in

western North America. Section Antirrhinum, which
includes the model organism A. majus, comprises 19

perennial species with relatively large flowers that

are native to the western Mediterranean regions,

with most of the species occurring as narrow ende-

mics in the Iberian Peninsula (Tutin et al. 1972). The

two species in section Orontium also occur in the

Mediterranean region. The species in section Saer-

orhinum are geographically centered in California,

though some species occur as far South as Baja Cali-

fornia Sur, as far North as southern Oregon, and as far

East as western Utah. They are found on a variety of

substrates including shale, serpentine, salt flats, and

recently burned soils.

1.2 Basic Botany of the Species

1.2.1 Taxonomy and Relatives
of A. majus

Antirrhinum is a member of the asterid clade of flow-

ering plants. The more commonly used model species

Arabidopsis is a member of the second major clade of

broad-leaved plants – the rosids – from which asterids

diverged an estimated 120 million years ago (Mya).

Within the asterids, Antirrhinum belongs to the order

Lamiales, a close relative of the order Solanales,

which includes other model species such as petunia

and tomato. Antirrhinum was recently placed in the

family Plantaginaceae (syn. Veronicaceae) following

a revision of the classical family Scrophulariaceae based

on DNA sequence variation (Olmstead et al. 2001).

Other aspects of Antirrhinum taxonomy remain

controversial. The generic epithet “Antirrhinum” is

now usually reserved for the monophyletic group of

Old World perennials with a diploid chromosome

number of 16. However, it is still applied to a broader

monophyletic group that includes species with differ-

ent chromosome numbers, such as the New World

Sairocarpus and the annual Misopates, with which

Antirrhinum species are unable to form fertile hybrids

(Oyama and Baum 2004). Within Antirrhinum sensu

stricto, a variable number of different species have

been proposed, and relationships between taxa are

currently unresolved. These taxonomic problems

largely reflect the young age of the genus (<5 million

years) (G€ubitz et al. 2003) and the effects of hybridi-

zation (see, e.g., Whibley et al. 2006); thus, attempts to

reconstruct phylogenies based on nuclear or chloro-

plast DNA sequence variation have so far been unsuc-

cessful (Jiménez et al. 2005). In the absence of a

taxonomic revision based on a resolved phylogeny,

the descriptions of approximately 20 species and

their likely hybrids in Flora Europaea (Webb 1972)

provide a realistic working guide.

The genus has traditionally been divided into

three subsections or morphological groups (Rothmaler

1956) that have received support from studies of

isozyme and DNA polymorphism. The subsection

Antirrhinum includes the close relatives of A. majus
and consists of species with similar upright growth,
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