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Preface to the Fourth Edition


Long before tissue culture was widely practiced, Timber Press recognized the need for a tissue culture primer that could serve the general public and commercial horticulture. To fill that need, Plants from Test Tubes was published in 1983. Author Lydiane Kyte drew from her practical experience in the industry to create an accessible yet thorough review of micropropagation techniques, along with hands-on projects. For the third edition, she collaborated with microbiologist John Kleyn to enhance sections related to contamination, as she noted, “the bane of all tissue culture.”


Plants from Test Tubes now celebrates its 30th year in print and has gone through numerous printings with a worldwide distribution. Mark Bridgen and I have sought to update the science and resources while retaining much of Lydiane and John’s original explanations and trademark conversational, non-technical style.


My contribution to the fourth edition comes on behalf of nursery and greenhouse propagators and growers. New plant introductions drive the market, and the importance of micropropagation cannot be overstated in bringing new and improved plant selections to the ornamental plant market. Mark brings years of laboratory and teaching experience. We have also sought to thoroughly update the resources presented, accounting for corporate mergers and other changes, and have included web URLs.


I thank those in academia and industry who graciously contributed to this revision: research technician Suzanne Piovanno, Gary Seckinger of PhytoTechnology Laboratories, and George Chan of LumiGrow. Thanks also to my patient partner, Joel Shuman. Mark Bridgen thanks his friend and colleague, plant pathologist Margery Daughtrey. To those who contributed illustrations for this new edition we express our appreciation, especially to AG3, Briggs Nursery, Terra Nova Nurseries, and Thermo Fischer Scientific. Award-winning scientific artist Marjorie Leggitt provided the many new drawings. Finally, our thanks to the many devotees of previous editions, and those who continue to utilize and recommend Plants from Test Tubes as a gateway to the fascinating world of micro-propagation.


HOLLY SCOGGINS




Preface to the Third Edition


The first edition of Plants from Test Tubes came about as a result of the realization by Timber Press that there was a need for a tissue culture primer that could serve the general public and commercial horticulture, areas where tissue culture was not yet widely practiced. The response was overwhelming. The book found its way beyond the United States and Canada, appearing in Egypt, in Brazil, in Australia, in India, and in Europe, where it was even translated into Danish.


The basics of tissue culture have changed very little in the past 20 years. A reliance on sterile technique and on variations of Murashige and Skoog’s medium formula continue to be focal points of successful micropropagation. But even in the academic world, where sterile technique is commonplace and articles in technical journals are readily available, the book has proven useful as an introductory text.


This third edition was launched due to an outcry of demand when the second edition went out of print. (The demand echoed in a tissue culture network.) It seemed appropriate to widen the scope of the book and to touch on the explosion in the related field of biotechnology, a field that depends on the use of tissue culture in such areas as the multiplication of transformed plants. Cell culture is also introduced in this edition, as further research suggests the numerous applications of that procedure in industry.


Without the encouragement and contribution of John Kleyn, my collaborator, this edition would not even have been attempted. As a microbiologist, professor, commercial tissue culturist, and consultant, he brings a new dimension to the book. Specifically, he suggests to the reader methods of preventing and identifying microbial contaminants, the bane of all tissue culture.


For their encouragement and helpful suggestions, I would like to thank the many devotees of previous editions and my associates in the International Plant Propagators’ Society. John Kleyn joins me in gratitude for the patience of our respective spouses, Bob Kyte and Jan Kleyn.


LYDIANE KYTE




Preface to the First and Second (Revised) Editions


This book was born out of a personal need for such a book when I started into tissue culture. It is, at best, a starting point and, hopefully, a partial answer for those who ask, “What is tissue culture? As a grower, is micropropagation something I can and want to do? And, how do I do it?”


I would like to acknowledge with gratitude Hudson Hartmann (University of California at Davis) for so generously reading this work, providing useful suggestions, and writing the Foreword; Dale Kester (University of California at Davis) and Gayle Suttle (Microplant Nurseries), who so kindly read the manuscript and assisted with helpful comments; Bruce Briggs (Briggs Nursery), Sarah Upham (Native Plants), and countless others for their encouragement and willingness to share hard-earned information; Richard Abel, editor, for his patience reinforcement, and untiring effort to help make this book a credible reality; and Bob, my husband, for his support assistance, and encouragement.


LYDIANE KYTE




ONE


THE BASICS OF TISSUE CULTURE
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Figure 1-1. The 5 stages of micropropagation.




1 Overview


Plant tissue culture is a field of many facets. Its applications vary from the curious gardener multiplying plants in a modest home kitchen to the renowned scientist working in an elaborate laboratory. It reaches from the orchid hobbyist who has learned to multiply a few personal favorites to a million-dollar industry producing houseplants, ornamentals, and secondary products. Tissue culture is the ever-ready tool for specialists who hybridize plants by either sexual or asexual means. It is a clean and rapid way for genetic engineers to grow material for identifying and manipulating genes or to transfer individual characteristics from one plant to another. It plays a role in a wide array of fields, such as botany, chemistry, physics, genetic engineering, fecular biology, hybrid development, pesticide testing, and food science.


The term tissue culture is borrowed from the field of animal studies. It is actually a misnomer because plant micropropagation is concerned with the whole plantlet and not just isolated tissues, although the explant may be a particular tissue. In fact, the term plant tissue culture has a much broader definition. First, it is both an art and a science. It is an art because to be successful there are procedures to be learned and practiced; the more that you do it, the better you will be at using these techniques. Plant tissue culture is also a science because it requires training and education to understand what can be accomplished and how to attain the results that you desire. Second, by definition tissue culture includes the aseptic culture of plant cells, tissues, organs, protoplasts, and whole plants. Aseptic means that the plants are free from living contaminants such as microorganisms, insects, mites, thrips, and so forth; fungi and bacteria are major pathogens that need to be conquered in tissue culture. The third and final part of tissue culture’s definition is that the plants need to be grown under controlled conditions where temperature, humidity, photoperiod, light intensity, and the nutrient medium all supply the ideal growing environment.


Plant tissue culture has many uses: rapid clonal propagation or micropropagation, disease elimination, anther culture for the production of haploid plants, protoplast isolation for hybrid production, embryo culture, production of botanical substances, cell selection and mutation, studies in fundamental plant anatomy, development, and nutrition, plant biotechnology, somatic embryogenesis, synthetic seed production, callus culture, and flower culture. For the purpose of this book, however, tissue culture can be thought of as plantlet culture, or micropropagation. Whether we call it cloning, tissue culture, micropropagation, or growing in vitro, the process remains the same: it is a vegetative method for multiplying plants. This method of propagation is commonly accepted by the nursery trade and it has had a significant impact on commercial horticulture.


The number of nurseries and specialists engaged in plant propagation by tissue culture has rapidly escalated from the 1970s onward. The basic scientific principles of plant tissue culture were established—one might say that commercial plant tissue culture had come of age. This exciting technique was a result of active research and was employed by progressive growers, students, hobbyists, and gardeners, while still serving as a valuable tool for the plant scientist. The 2009 Census of Horticultural Specialties administered by the USDA reported 117 tissue culture operations in the United States with more than 94.5 million plantlets sold with a value of $65 million. Hundreds of commercial laboratories are currently involved in micropropagation with some laboratories producing tens of millions of plants per year (Bridgen 1992). Previously there had been doubts about the feasibility of using tissue culture to propagate woody plants (trees and shrubs), but it is estimated that by the mid-1980s “woodies” accounted for about 16 percent of total worldwide tissue culture production (George and Sherrington 1984).


Tissue culture was first used on a large scale by the orchid industry in the 1950s. Some fortuitous early discoveries opened the door to tissue culture for quality orchids, where previously growers had struggled with unpredictable seed or difficult-to-propagate, virus-infected stock. Later, it became clear that nearly any plant would respond to tissue culture as long as the right formula and the right processes were developed for its culture.


With the widespread acceptance of the technique in the nursery business, it is surprising how many people are still not aware of plant tissue culture. Some people ask when they hear or read about tissue culture, What is it? How is it done? Who is doing it and why? You may ask, Can I do this myself? or, Should I even try? What are the costs of building a laboratory? What are the potential financial returns? Some want to know who invented it or where it came from. This book helps answer some of these questions.


Although plant science has become increasingly complex with the explosion of biotechnology, the procedures of tissue culture are not complicated (Figure 1-1). A piece of a plant, which can be anything from a portion of stem, root, leaf, or bud to a single cell, is placed in that tiniest of greenhouses, a test tube. In an environment free from microorganisms and in the presence of a balanced diet of chemicals, that bit of plant, called an explant, can produce plantlets that, in turn, will multiply indefinitely, if given proper care. The medium (plural, media) is the substrate for plant growth, and in the context of plant tissue culture, it refers to the mixture of certain chemical compounds to form a nutrient-rich gel or liquid for growing cultures, whether cells, organs, or plantlets.


The process of shoot culture, from selecting the explant to transplanting to a greenhouse involves 5 basic stages: Stage 0, stock plant selection and preparation; Stage I, establishment of aseptic cultures (disinfection); Stage II, multiplication; Stage III, in vitro rooting; and Stage IV, transplanting and acclimatization, or hardening off. These stages can overlap in certain cases, and the requirements of each stage vary widely from plant to plant.


When new material is started in culture, grown in vitro (literally, “in glass”), it develops very small juvenile shoots, which are reminiscent of seedlings. A plantlet continues to produce and maintain small stems and leaves throughout its duration in culture. This is fortunate because most mature material would be too unwieldy for micropropagation to succeed in a test tube (Figure 1-2). After multiplication in culture and when transferred to soil outside the laboratory, the plantlets will produce leaves of normal size and assume the mature features of the plants from which they originated.


When plants are multiplied vegetatively (not from seed), whether by tissue culture or by cuttings, all the offspring from a single plant can be classified as a clone. This means that the genetic make-up of each offspring is identical to that of all the other offspring and to that of the single parent. In contrast, plants propagated by seed, resulting from sexual reproduction, are not clones because each seedling and the resulting plant have a unique genetic make-up—a mixture from 2 parents, different from either parent and different from one seed to another. The term cloning, with respect to tissue culture, refers to the process of propagating in culture large numbers of selected plants with the same genotype (the same genes or hereditary factors) as the parent plant.


Some problems in plant propagation can originate with the stock plants from which seeds or cuttings are taken. Oftentimes, however, diseases that are normally transmitted from parent to offspring can be eliminated through tissue culture procedures. Cleaning explants removes external contaminants, such as bacteria, fungi, spores, and insects, and using the apical meristem as the explant for the tissue culture eliminates some internal contaminants, such as viruses.


The apical meristem is the new, undifferentiated tissue at the microscopic tip of a shoot. These meristematic cells, which are not yet joined to the plant’s vascular system, often are virus free, even in diseased plants, and perhaps they grow faster than the viruses. Thus, removing the few virus-free cells that make up the microscopic dome of the plant’s apical meristem and placing them in a culture allows them to grow and produce healthy, disease-free plants. This technique is known as meristem culture, a term sometimes wrongly used to denote micropropagation or tissue culture, but which should be limited to indicate cultures started from an apical meristem.


A valid concern arises concerning the genetic stability of tissue cultured plants. Thousands of plants could be cultured at one time, only to reveal some defect when they are planted and growing in the field—a defect resulting from a chemical imbalance or a mutation that was multiplied in culture. As a practical matter, however, cultures have been known to remain healthy and normal for decades, showing no aberrations. Some species are more prone to mutation than others are. Cell and callus cultures are more likely to be genetically unstable than those grown as plantlets. With limited experience in a particular species, a tissue culturist should start with numerous explants, transfer them frequently, limit the number of subcultures, consider the levels of growth regulators that are used in the media, and start with new material annually or as often as experience dictates.


Tissue culture can serve a number of purposes, and growers have started their own commercial production laboratories for a variety of reasons. Growing certain plants from seeds or cuttings can be unacceptable or impractical due to some of the following (and other) factors:


• Seed-grown products lack uniformity


• Seed-grown products are not true-to-type


• Seeds take too long to grow to mature plants


• Seeds are difficult to handle


• Seeds are not available


• Cuttings grow too slowly


• Cuttings have poor survival rate


• Cuttings require too much care
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Figure 1-2. If tissue cultured plants did not revert to a juvenile state, most material would never fit into a test tube or jar and plants would be too unwieldy to micropropagate.


• Cuttings are too vulnerable to disease


• There is a shortage of stock plants from which to take cuttings because there is only one hybrid, only one virus-free plant, or only one desirable mutant


• Insufficient space for stock plants


• Not cost effective to maintain the stock plants


 


Tissue culture is often the only practical way to produce the large numbers of plants required. If an ample supply of seeds is available or if plants from cuttings are acceptable and cutting stock is available and not a problem to maintain, then tissue culture may not be the most practical option because it can be an expensive and labor-intensive process. If plants from seeds are acceptable but there are not enough seeds, then seeds or excised embryos can be used as starting material for tissue culture.


Every year excessive amounts of a grower’s time, labor, and space are spent on unproductive seeds, cuttings, and grafts. Significant numbers of young plants are lost to pests, diseases, or other environmental factors. Tissue cultured plantlets are less subject to such attacks and disasters because in the sterile environment of the laboratory they are not exposed to the pathogens or extreme conditions that afflict many plants grown in the field or greenhouse. Material usually comes out of culture as well-started plantlets or microcuttings with a stockpile of nutrients and vigor often superior to that of conventional cuttings. It is no secret that healthy plants are the first line of defense against disease.


Most conventional nursery-grown seeds and cuttings must be grown and propagated during a particular season, and consequently, work schedules in the nursery must revolve around this factor. Controlled-environment greenhouses can alleviate some of these restrictions. Although explant material may be limited to the season in which it can be taken, established tissue cultures can be grown at any time of year, regardless of weather. Propagation conditions in the tissue culture laboratory are close to ideal, and therefore conducive to year-round production, a situation that promotes maximum labor efficiency.


When using conventional propagation methods, one cutting produces one plant, and one seed produces one seedling. In contrast, one explant—one piece of stem, leaf, bud, root, or seed, one meristem, or even one cell—theoretically can produce an infinite number of plants (Figure 1-3). Consequently, fewer stock plants are required to provide the explants needed to produce thousands of new plants. With the ever-increasing value of land and plants, more than ever the grower needs to put a monetary value on every bit of ground and every stock plant. Because tissue culture requires a minimal amount of plant material to start with, substantial savings can be realized not only by allocating less money to the acquisition and maintenance of stock plants, but also in the space and time required to maintain the stock plants.


In the greenhouse, cuttings can take weeks or months to grow and root. The relatively rapid multiplication typical of tissue culture often makes it possible to produce and sell true-to-form plants quicker and in greater numbers than you could by other means. The actual production time for tissue cultured plants varies depending on the particular plant. Whereas houseplants can start multiplying in culture within a matter of days or weeks, a woody plant can take several months before it begins to multiply. To give one conservative example, a single Rhododendron explant might take 4–6 months to start multiplying.


Once multiplication gets underway, assuming exponential multiplication (a doubling of material every month), from a single explant you would have 1024 plants after 10 months, 2048 plants after 11 months, and so on. Of course, you would hope to have more than one successful explant, and you should expect the explants to do more than double each time they are transferred to new cultures. In any case, while cultures are multiplying in such great numbers in the laboratory, greenhouse space is available for growing other crops.


Tissue culture avoids an enormous amount of the daily care that is required with cuttings and seedlings. Cultures usually need to be divided and transferred to a fresh medium every 4–6 weeks, but between transfers, there is no need to water or tend to the cultures other than casual surveillance. How different this is from the daily watering and fertilizing requirements accompanying greenhouse growing! Many people who work in tissue culture laboratories enjoy this benefit because it allows for weekends off and vacations away without worrying about day-to-day maintenance.


For anyone who likes plants and wants a hobby, tissue culture can be a satisfying avocation. People can find great pleasure in watching and caring for plants in culture. It is an inviting field for the elderly or the handicapped because there are very few physical demands and the laboratory climate is generally comfortable. Hobbyist breeders can easily use this technique to assist with their hybrid production. Retirees, especially gardeners who want to take life a little easier, can find many hours of interest and satisfaction in discovering how their favorite plant responds to tissue culture, all with a relatively small cash outlay and minimal training.


Most large laboratories involved in tissue culture have their own research and development (R & D) departments to support the production operation. There are refinements of nutrients to be worked out and procedures for plants to be outlined. The research department may be responsible for detecting and identifying contaminants in the production cultures, or it may be responsible for “fingerprinting,” the identification of plants by separating genes or proteins in an electric field (electrophoresis).


The spectacular and often proprietary achievements that have been made behind the closed doors of elite laboratories do not prevent the curious minded from indulging in greater exploration, however. Hobbyists, amateurs not bound by the constraints of production, are free to pursue any avenue their aptitude, time, and budget will allow. Each will approach the field with unique background and insight, whether it is from academic or practical experience. Some will have studied chemistry, botany, or microbiology, others will have studied the ways of plants in the field, greenhouse, or garden, but all will have 2 characteristics in common: wonder and curiosity.


Much remains to be learned and studied in the field of plant tissue culture. Culture media are always subject to change and improvement. Techniques need to be improved upon and carefully described. Information needs to be made readily available to potential tissue culturists (except, of course, for priority information and patents, which is another subject). Countless plants have never been tissue cultured, many of which are in danger of extinction. What better legacy than to save some of these plants by means of tissue culture? These and many other areas are increasingly open to the amateur.
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Figure 1-3. Tissue cultured fern clones at Casa Flora, Dallas, Texas. One explant has the potential to produce an infinite number of plants.


The simplest tissue culture hobby is the multiplication of easy, fast-growing plant material, such as Kalanchoe, Boston fern (Nephrolepis), African violet (Saintpaulia), or Begonia; next in order of complexity are carnation (Dianthus), strawberry (Fragaria), or Syngonium. The chemist looking for a tissue culture hobby may be challenged to explore the field of plant by-products, such as dyes, flavorings, medicinals, and oils. The more studious hybridizer might be attracted to hybridizing plants by using embryo culture, anther culture, mutation breeding, or even the difficult process of fusing protoplasts (cells without cell walls). These procedures require more knowledge and equipment than simple micropropagation, but again, today they need not be confined to commercial laboratories or academia.


Gardening is one of the most popular hobbies. Conventional gardening is limited by the seasons of the year, but tissue culture knows no season. Gardeners who propagate by tissue culture will delight in year-round micropropagation. If successful, they may find they have even more plants than anticipated. Excess plants can be shared with friends or offered for sale, and many ventures that start out as hobbies may turn into businesses.
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Figure 1-4. A clear plastic berry cup makes an inexpensive greenhouse for the hobbyist and amateur tissue culturist.


The hobbyist or amateur gardener need not feel restricted in tissue culture pursuits for want of a transfer hood and a laboratory or any other fancy equipment, such as is required by commercial operations. Small-scale tissue culture is often carried out without benefit of a laboratory or special equipment. It can be done by almost anyone in almost any house. Material can be transferred on a desk or table in a clean, dust- and draft-free room of a home. Transferring cultures in a homemade chamber, with a glass or clear plastic front and just enough room for gloved hands to enter, is a reasonable method for the hobbyist. Furthermore, commercially available premixed culture media, plus a pressure cooker or a microwave, forceps or tweezers, a paring knife, a few test tubes or jars, household bleach solution, and a lighted shelf, along with a lot of determination, are enough to bring about exciting discoveries for the amateur tissue culturist.


In contrast to the hobbyist, the commercial grower is compelled to make tissue culture a profitable enterprise. Growers with limited resources who must make a living from a small operation are finding that a large number of plants can be propagated by tissue culture with a minimal amount of space and outlay of capital. Oftentimes growers employ tissue culture techniques for 1 or 2 cultivars consistent with their operation, and then build a reputation for these cultured specialties. A few such plants that have made reputations for growers include tropical plants such as cannas, bananas, and elephant ears, carnations, ferns, iris, fruit-tree rootstock, orchids, lilacs, and rhododendrons. In most cases, these growers used tissue culture propagation for plants to grow on to field-ready size; in other words, to develop rooted plantlets that will grow-on in the field to full-sized plants. Purchasing plants that are already started allows for a quicker return on capital for the commercial grower. On the other hand, in-house growing-on of plantlets from one’s own laboratory is important to a nursery’s normal market and precludes the competition that may be generated by selling the plantlets to other nurseries.


Growers, plant brokers, salespeople, greenhouse suppliers, and others interested in marketing plants have a variety of new products to offer:


 


1. Plantlets still in culture.


2. Plants directly out of culture, rooted or unrooted (microcuttings).


3. Plants hardened-off, or acclimatized, to greenhouse conditions.


 


Plants that have been tissue cultured correctly are true-to-type and vigorous; they can also be disease-free and less expensive than conventionally propagated material.


Sometimes a grower welcomes the opportunity to buy rooted tissue cultured plantlets from other sources. In lieu of building their own laboratories, some small-scale growers with growing-on capability (that is, the ability to take rooted plantlets and grow them to fuller size) will buy rooted plantlets from established commercial tissue culture laboratories, especially in the case of hard-to-start or -root or newly introduced plants. Many growers with the proper controlled-environment facilities can buy plantlets just out of culture (Stage III) from a commercial laboratory and then harden them off to finish and sell the plants (Figure 1-5). The wary tissue culturist, however, will guard against opportunists who might buy young tissue cultured plantlets, only to return the material to culture themselves, thus avoiding start-up costs while becoming an active competitor.


Before starting a laboratory, it is very important to make sure there is a market for the proposed tissue cultured products, and then proceed gradually. It can be all too easy to buy quantities of equipment and supplies, only to discover that there is insufficient market demand for the product, that the plant will not respond to culture, or that contamination is too difficult to remedy, or any other unforeseen problems. Many pitfalls can be avoided with a well-thought-out plan.


Pathogen-free plants from culture open the door to a freer exchange of plants between states and between countries. Plant tissue cultures have gained acceptance in world trade because the danger of introducing disease is very limited. Border restrictions on entrance of plants in soil and soil-less media do not apply to plantlets in culture. The foreign exchange of plants will likely increase as new hybrids are developed asexually from feats of genetic engineering and hybridization. The free exchange of tissue cultures will have a significant impact on global food problems by allowing more improved cultivars to be brought more rapidly to growers worldwide.


Although the application of tissue culture to farm crops is not as common, progress has been made, especially in the area of small fruits and tree fruits. For example, in apple, to maintain clonal characteristics, desirable scions (pieces of stem) are grafted onto special rootstocks, which are usually propagated by layering or cuttings. The rootstocks are cloned to maintain those that are known to influence certain aspects of scion growth, such as hardiness, disease resistance, or dwarfing. Commercial tissue culture laboratories are currently culturing rootstocks with great success. If tissue cultured rootstocks prove economical, they will likely replace layered rootstocks. In fact, fruit trees are already being tissue cultured and grown on their own roots. If these efforts continue to be successful, grafting may come to be a cumbersome process of the past.
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Figure 1-5. A healthy plantlet of Canna ‘Australia’ at the successful conclusion of Stage III culture.


Whether the motivation for growing plants by tissue culture is profit, research, or personal satisfaction, the potential is there to produce a significantly greater number of healthier plants in less space, with less labor, and at less cost than by other means of vegetative propagation. The potential of plants is far greater than we know. It is as if the grower were a potter, little knowing what could be molded from the clay.




2 The Botanical Basis for Tissue Culture


The remarkable diversity of naturally occurring vegetative reproduction reflects the amazing capability and potential of plants for multiplication. The same factors that are involved in multiplication and growth initiation in nature are involved in the greenhouse and in tissue culture. The natural capability of plants to multiply by asexual means is the basis for multiplication in vitro. No new phenomena have been invented for these processes. There is no mixing of gene traits, as occurs in sexual reproduction. Vegetative reproduction, whether occurring naturally or through human intervention, is initiated in stems, buds, roots, or leaves.


There are both positive and negative aspects to asexual reproduction when compared to sexual reproduction. Valuable characteristics are retained in clonal propagation, but at the cost of genetic diversity. The mixing of gene traits is the driving force behind biodiversity. The end use of the plant may help determine if vegetative propagation is suitable. Environmental restoration or reintroduction programs benefit from genetic diversity, thus seed-grown plants are desirable. Plants bred or selected for specific foliage, flower, or fruit characteristics must be clonally propagated to ensure consistency. Genetic resources (germplasm) for horticultural and agronomic crops are preserved via clonal means.


Throughout history, careful observation of plant behavior and the study of plant anatomy and physiology have revealed a seemingly limitless amount of information that has taught us to manipulate certain natural phenomena to serve our own purposes. We take cuttings, we make divisions, we layer, we make grafts, and we tissue culture—in short, we promote vegetative reproduction mimicking a natural phenomenon (Figure 2-1).


Many plant parts are suitable for some form of tissue culture (Figure 2-2). Stems, leaves, nodes, buds, roots, and reproductive parts have all been utilized in tissue culture protocols, one way or another.
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Figure 2-1. Spider plant (Chlorophytum comosum ‘Variegatum’). Any time a plant reproduces itself vegetatively, it produces a clone.


Plant stems have tremendous potential for regeneration. They grow in many different forms and habits: long or short, slender or stout, round, flat, or square, above ground or underground, trailing or upright. One of the methods of vegetative propagation used most often by growers is that of growing new plants from stem cuttings (Figure 2-3). Stem cuttings are shoots or sections of stems that root when they are inserted into a potting mix, which may be a mixture of peat, soil, or bark with an aggregate such as sand or perlite. Often an auxin (a growth regulator) is applied to the base of the shoot to hasten and enhance rooting. Roots usually grow from the nodes (the part of the stem from which buds or leaves originate) when placed below the surface of the medium, although some plants can generate roots straight from the stem, as with coleus (Solenostemon). Woody cuttings are sometimes encouraged to root by wounding. To wound a cutting, a thin slice of epidermis (outer layer of tissue) is peeled away with a knife on 1 or 2 sides of the lower part of the stem. This will often cause the stem to grow callus, which can help root initiation.


Small stem cuttings are frequently used as starting material for micropropagation. Microcuttings, tiny cuttings taken from in vitro material, are a product of tissue culture that can be planted and grown-on to mature plants. The size of microcuttings can be critical to the success of growth; 1–2 in. (2.5–5 cm) is usually best (more on microcuttings in chapter 8).


Layering is another form of vegetative reproduction. It occurs frequently in nature and is widely used by growers as well. A branch is said to layer when it comes in contact with the soil, forms roots, and grows on to become a new plant. Wild blackberries (Rubus) rapidly expand their territory by layering. Layering is used commercially to propagate filberts (Corylus), grapes (Vitis), black raspberries and trailing blackberries (Rubus), currants (Ribes), apple (Malus) rootstocks, and some ornamentals such as Forsythia and vine-type foliage plants such as Swedish ivy (Plectranthus), Philodendron, pothos (Epipremnum), and so on, although the majority of tropical foliage plants are now products of tissue culture). Air layering is a method whereby a stem is induced to root without it being in contact with the soil. The stem is wounded, auxin is applied, a layer of moss is wrapped around the area, and the entire site is covered in plastic and tied to prevent water loss. When roots are formed, the stem section can be cut away from the main plant and planted. Many tropical ornamentals with upright habit are suitable for layering such as rubber plant (Ficus), croton (Codiaeum), Dieffenbachia, and Hibiscus. The process of layering further demonstrates the ability of stems to root.
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Figure 2-2. A hypothetical plant (left) and leaf detail (above).


Nature can also be manipulated by growers in the process of grafting. In grafting, growers attach a scion (a shoot or bud) of one plant onto the understock or rootstock (rooted stem) of another plant to obtain the desired traits of both. The more closely the scion and rootstock are related, the greater the chance of a successful graft. Many woody ornamentals and fruit trees are produced via grafting; the latest frontier is grafting of herbaceous plants like tomatoes and pumpkins. A great deal of work and research concerning the compatibility or incompatibility of various plants has provided better understanding of which scions will graft successfully with which rootstocks. Several different methods can be employed in grafting, but whatever method is used, it is important that the cambial layers match—the cambium is the thin layer of tissue between the wood and the bark of a stem. Micrografting involves the grafting of tissue cultured material in aseptic conditions, a craft that requires great skill.


True bulbs, such as those of lilies (Lilium), tulips (Tulipa), and daffodils (Narcissus), are underground storage organs that function as modified stems. A bulb consists of scales (modified leaves) attached to a basal plate (a flat modified stem at the base of the bulb and the source of roots). Bulbs multiply naturally by growing bulblets in the axils of their scales. Growers can encourage bulblet formation in some bulbs (such as daffodils and squills [Scilla]) by cutting the bulbs from top to bottom, then further dividing them laterally. Each segment will produce bulblets if it contains a piece of the basal plate. Growers can promote bulblet formation in lilies by scaling, a process whereby the scales are removed from mature bulbs, dipped in a rooting hormone, and placed under growing conditions in which they will produce bulblets. Scoring and scooping are the means by which bulblet formation can be promoted in hyacinths (Hyacinthus) and squills. Scoring is merely making cuts across the basal plate. Scooping is the process of cutting a cone-shaped piece out from the base. These methods induce the adventitious formation of more bulblets than would occur naturally without intervention.
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Figure 2-3. Grower-assisted clones from stem cuttings. Growers have been cloning by cuttings for centuries.


Corms are swollen underground stems, complete with nodes, internodes (the section of stem between 2 nodes), and lateral buds; they do not have scales like true bulbs. Plants that produce corms, such as Gladiolus and Crocus, multiply naturally by producing cormels (miniature corms).


In addition to bulbs and corms, several other modified stem structures function in vegetative reproduction. Among these are rhizomes (horizontal underground stems) and tubers (swollen or thickened fleshy parts of a rhizome). Potatoes (Solanum tuberosum), Caladium, and gloxinia (Sinningia) produce stem tubers. A piece of tuber or fleshy rhizome will generate a new plant if it contains an “eye,” or bud. Other rhizomes are long and slender, such as those of lily-of-the-valley (Convallaria), Inca lily (Alstroemeria), false Solomon’s seal (Polygonatum), bearded irises, and most perennial grasses. These rhizomes have long internodes with terminal and lateral buds, which allow the plants to multiply effectively. Stolons, or runners, are long, prostrate, aboveground, modified stems. Examples of stoloniferous plants are creeping dogwood (Cornus canadensis), perennials such as bugleweed (Ajuga reptans) and spotted dead-nettle (Lamium maculatum), strawberry (Fragaria), Bermuda grass (Cynodon dactylon), and white clover (Trifolium repens). The sole purpose of stolons or runners is the production of new plants.


Roots take up water and nutrients from soil and anchor plants firmly in the ground, but they also serve as useful structures for vegetative reproduction, both in nature and in commercial growing. Growers use root cuttings to propagate gooseberries (Ribes), raspberries (Rubus), horseradish (Armoracia rusticana), flowering quince (Chaenomeles), bayberries (Myrica), and aspen (Populus), to name a few. The tuberous roots of sweet potatoes (Ipomoea batatas), Dahlia, and tuberous Begonia are modified roots; buds form on the stem end of these root tubers and take nourishment from the food stored in the tubers as they grow into new plants. Tissue culture of roots is an important research tool for studying root development, mycorrhizae (beneficial fungi that associate with roots), and other soil organism–root interactions.


Leaves too will occasionally produce new plants. Leaf cuttings are made from rex begonias, rhizomatous begonias, Sedum species and hybrids, African violets (Saintpaulia ionantha), and Sansevieria, among others. In a few cases, new plants will grow from leaves without being separated from the parent plant; this happens in the piggyback plant (Tolmiea menziesii), American walking fern (Asplenium rhizophyllum), and the Bryophyllum group of the genus Kalanchoe. Leaves and parts of leaves are a common source of explants in tissue culture.


The foregoing examples from garden, field, and greenhouse illustrate the inherent potential, the power, and the inclination of plants for vegetative multiplication. These examples help to reveal the diverse anatomy of plants and some of their reproductive habits, and they serve as clues to areas and structures from which explants may be taken.


The multiplication of plants in vitro does not establish any new processes within the plants. Tissue culture simply directs and assists the natural potential within the plant to put forth new growth and to multiply in a highly efficient and predictable way. In contrast to plants produced from seeds via sexual reproduction, new plants produced through vegetative reproduction are severed extensions of the original plants. Micropropagation is merely another way to propagate plants vegetatively.


New growth is usually initiated in meristematic tissues, which are undifferentiated cells that have not yet been programmed for their ultimate development (Figure 2-4). These cells are located at the tips of stems and roots, in leaf axils, in stems as cambium, on leaf margins, and in callus tissue. Under the influence of genetic make-up, location, light, temperature, nutrients, hormones, and probably many other factors, meristematic cells can differentiate into leaves, stems, roots, and other organs and tissues in an organized fashion. Meristematic tissue is the basis of plant growth and development.
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Figure 2-4. Meristematic zones in shoot and root tips.


Parenchyma cells, the most common type of plant cell, are thin-walled cells that have the capacity to regenerate and differentiate, to initiate the growth of new and varied tissues or organs for specialized functions. These and other cells that can dedifferentiate, or revert to an undifferentiated state, account for adventitious growth. Adventitious growth refers to the development of new shoots, buds, roots, flowers, or leaves from atypical locations. Adventitious buds are distinctly different from axillary buds because the latter are preformed whereas adventitious buds arise de novo (anew). Examples of adventitious growth are aerial roots (roots that emerge from aboveground parts of the plant), buds from roots, plantlets from leaves, and shoots and roots from callus.


Callus is a mass of undifferentiated cells (Figure 2-5). In propagation by stem cuttings, callus forms at the base of the cutting prior to root initiation in some species. Callus can also form in tissue culture. The callus mass can contain embryoids (embryo-like somatic structures capable of developing into whole plants), or it can contain shoot or root primordia (the earliest developmental stage of an organ or cell). Callus can also develop cells with an abnormal number of chromosomes; plant breeders often encourage this, but micropropagators who want clones, avoid it. For example, some plants differentiating from a callus culture may be tetraploid (4n, or double the normal number [2n] of chromosomes in vegetative cells), but plants cultured from shoot tips or other organized growing points, without a callus stage, usually do not show this variability. Treating callus with colchicine in vitro can increase ploidy; in the case of some ornamentals such as daylily (Hemerocallis), polyploidy is desirable because tetraploids are more vigorous, with larger, more substantial flowers (Van Tuyl and Lim 2003).
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Figure 2-5. Tobacco (Nicotiana tabacum) callus.


There are 2 kinds of plant cell division: mitosis and meiosis. Every somatic cell (all cells except reproductive cells in the flowers) is diploid (2n), containing 2 sets of chromosomes. During mitosis, the chromosomes duplicate and then segregate. From this, 2 new cells form, each with chromosomes identical to those of the original cell. (See chapter 13 for further discussion of these processes.)


Meiotic division, or reduction division, is the process of forming sexually reproductive cells. This process occurs in flowers during the formation of seeds. In meiosis, each chromosome of a 2n cell splits in 2. The chromosomes segregate such that one chromosome from each set of 2 goes to each of the 2 new sex cells, or gametes, each of which has, thus, only one set of chromosomes (n). This process allows for the genetic diversity of plants that was discussed in chapter 1.


Whenever cells divide there is the possibility of genetic variability. If a mutation (a change in the genomic sequence) occurs during cell division, and assuming the cell survives the mutation, the mutation is carried in all future divisions. A mutation is a sudden, abnormal change in genetic order that will alter some characteristic, or it can be a change in chromosome number. The effects of mutations are not always noticeable. Most mutations will cause a plant to die or to produce undesirable qualities, such as misshapen fruit or abnormal shoots. However, mutations can be desirable for food and fiber crop improvement or new plant introduction of ornamentals. Mutations can occur naturally as a product of cell division or can be induced by treating a plant with gamma rays or chemicals. Induced mutations are used widely in plant breeding programs. Mutation induction is used not only in plant breeding programs but also in genetic research, including functional genomics and gene discovery. When mutations occur in tissue culture, whether induced or not, the process is called somaclonal variation. Inducing mutations in vitro will be further discussed in chapter 13, Biotechnology.


One desirable mutation is the chimera, where genetically dissimilar tissue grows adjacent to one another. Some variegated plants, such as rex begonia, have “heritable” patterns that are not produced by mutations, but many popular variegated ornamental plants are the result of chimeras. Variegated Hosta, geraniums (Pelargonium), Sansevieria, and Croton are just a few examples of ornamental chimeras (Figure 2-6). Any tissue cultures that are made from sections of variegated plants will exhibit only those characteristics of the section of the plant from which the explant was taken. For example, if cultures arise from the white, variegated part of a plant, they will grow albino. When they are removed from the tissue cultures, they lose their sugar source, cannot photosynthesize, and eventually die. Some thornless blackberries (Rubus) are chimeras, in which the aberrant characteristic (that is, the lack of thorns) is limited to the epidermal tissue and can only be reproduced from stem tissues; new stems growing from roots or divisions will have thorns. When utilizing tissue culture to propagate chimeral shoots, care must be taken to use organized growing points like shoot tips and not to encourage callus formation, which leads to adventitious shoots arising from a limited number of cells. Slow rates of propagation and limited use of growth regulators can help maintain clonal integrity (Skirvin and Norton 2008).
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Figure 2-6. Hosta is one of the most popular garden perennials, and tissue culture is the most common method of propagating it. Most of the more than 5000 cultivars registered with the American Hosta Society are variegated (chimeras).


Navel oranges (Citrus), which are seedless, and seedless grapes (Vitis) originated as sports (spontaneous mutations) and can only be reproduced vegetatively if they are to maintain their seedless characteristic. Some abnormal divisions give rise to tetraploids (4n), as in the case of some giant apples (Malus)—a mutation that proved desirable. Such mutations, however, that are not desirable include the huge, unfruitful grapevines that appear in some vineyards.


The principles of tissue culture are all around us—in nature, in the field, and in the greenhouse. We learn from experience, from other growers, or from reading. We learn about the normal requirements for soil composition, nutrients, light, and temperature for a particular plant species. We study its form, its growth habit, and its method of reproduction. These are only some of the clues that we can utilize in learning how to tissue culture plants. With this background information, we can turn to specific formulas and principles unique to tissue culture. First, we will review how these principles developed—a fascinating history, a story without end.




3 History


To some degree, the history of tissue culture involves the entire history of botany, the origin of which is lost in antiquity. A search through the years, however, finds the unique contributions of a certain few individuals especially relevant, and the events with which they were associated come together to provide us with an understanding of and appreciation for the past, as well as for the current state of the art.


Most early botany focused on the therapeutic value of plants, real or imagined. Throughout history, the merchants, missionaries, and crusaders who traveled near and far, returning to Europe with gold and fabrics, perfumes, herbs and spices, and many other goods from foreign cultures, also brought with them amazing stories of plant cures and remedies. With the advent of printing in the 15th century, knowledge and information began to spread as never before. In Europe, the medical traditions of Persia, Egypt, and Greece were studied and taught, focusing on the works of Hippocrates, Aristotle, Theophrastus, Pliny, Dioscorides, Galen, and Avicenna.


Dioscorides was one of the most important figures in this early history of botany. He traveled throughout the Middle East during the first century AD, observing and experimenting with plants. He made salves, extracted poisons, and found antidotes. He collected pistachio (Pistacia) resin and heated it for incense. He advocated the study of live plants as opposed to dried ones, as was the custom of most students at the time. He carefully described and recorded in detail the shapes, growth habits, fragrance, color, and beauty of the plants he observed. He also recorded in a lengthy work much of the botany that had preceded him.


The knowledge of Dioscorides and these other ancient scholars inspires awe, respect, and wonder even today. Without benefit of microscopes or modern chemistry, their studies relied on observation, reason, experience, tradition, and occasionally, magic and superstition. In their works can be found elements of today’s botany: classification (taxonomy), form (morphology), dissection (anatomy), and function (physiology). There were also growers among these scholars—horticulturists, gardeners, and farmers. In all these individuals and all these fields lie the roots of plant tissue culture.


The microscope, an essential tool for examining and understanding cells and cell structure, is credited as having been invented by Zacharias Jansen, an eyeglass maker in Holland, in 1590. The following century, microscope lenses were significantly improved by Antonie van Leeuwenhoek, a Dutch merchant, linen draper, politician, and inventor, who turned his glass-blowing hobby to the making of lenses. Using a single-lens microscope, which he invented, Leeuwenhoek was the first to observe and describe one-celled microorganisms (Figure 3-1). He observed them in a drop of pond water using a microscope with a magnification of approximately 100×. What Leeuwenhoek observed was one of the most astonishing sights ever seen—the first view of spectacular microscopic life forms, the microbial world. From his careful drawings, we know now that what he observed were protozoans, algae, and bacteria. He examined scrapings from his teeth, in which he observed microscopic forms darting back and forth through the water. In 1695 he recorded, “I then most always saw, with great wonder, that in said matter there were many very little animalcules very prettily a moving” (Robbins et al. 1965). His initial findings were submitted to the Royal Society of London in 1674. Because of his pioneering work, Leeuwenhoek is known as “the father of microbiology.”


A contemporary of Leeuwenhoek, Robert Hooke, an English physician, mathematician, and inventor, invented a compound microscope consisting of 2 lenses—an objective lens and an ocular lens (Figure 3-2). His findings also were reported to the Royal Society of London. He observed and illustrated the fruiting structures of molds and mosses, as well as parts from insects and small animals. Hooke was the first to apply the term cells, and he identified cells as nature’s building blocks of all living tissues, an idea that has come to be a cornerstone of biology. He counted—or perhaps more likely, calculated there to be—1259 cells in 1 in.3 (16 cm3) of cork.
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Figure 3-1. Model of a late 17th-century Leeuwenhoek microscope. Early hand-held microscopes were usually smaller than 6 in. (15 cm) long. The object to be viewed was placed on the holding pin and brought into focus with the adjusting screws.


A controversy surrounding how Leeuwenhoek’s animalcules and Hooke’s cells originate lasted for more than 150 years and had a devastating effect on the progress of biology. Some people argued that these microbes originated from other living cells, but others maintained that they generated spontaneously from nonliving matter (abiogenesis). Several early scientists tried to disprove the theory of spontaneous generation. Among them were Francisco Redi, who in the late 17th century proved that maggots came not from the decaying meat but from flies, and Lazzaro Spallanzani, who, nearly a century later, found that when broth was boiled and sealed in jars, microbes did not develop. Nevertheless, the controversy continued, and it was not until the mid-19th century that the theory of spontaneous generation was disproved.
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Figure 3-2. Early compound microscope of Hooke’s time. Note the absence of a condenser lens.


In 1858 Rudolf Virchow declared that cells arise only from preexisting living cells—a theory that now seems so obvious—but people were not convinced until about 6 years later and the work of Louis Pasteur, a French chemist determined to improve France’s wines. Before Pasteur, people generally believed that air alone could introduce microorganisms; Pasteur’s swan-necked flask experiment, however, proved to the contrary. Pasteur demonstrated that sterilized sugar or yeast broth could remain sterile indefinitely, even with air present in the flask, so long as no external bacteria or other microorganisms were introduced into the flask. In an effort to improve the flavor and lasting quality of France’s wines, Pasteur developed a process of heating wine just enough to kill most of the bacteria—a process we now call pasteurization.


The experiments of John Tyndall, an Irish physicist and friend of Pasteur, reinforced Pasteur’s conclusions and helped to silence those who claimed that unheated air, or the infusions themselves, contained a “vital force” that produced microscopic organisms. Demonstrating that different solutions or infusions require different lengths of boiling time for sterilization, Tyndall concluded that some cells were able to exist in 2 forms, one form that was sensitive to boiling and another that was resistant to boiling. These heat-resistant forms are now known as bacterial endospores.


Tyndall showed that the endospores could be destroyed if the hay infusion was boiled at 3 different intervals. The first boiling killed all but the endospores. Following an incubation period in which the endospores could grow, a second boiling killed the germinating endospores. After another incubation period, a third boiling killed any late-germinating endospores. This process of sterilization is called tyndallization.


Tyndallization is a tool useful for tissue culture in that it helps to determine the best method for sterilizing media for the growth of certain cultures. Through tyndallization, it can be determined if it is preferable to use a boiled medium or a medium more conventionally sterilized in an autoclave (an enclosed chamber in which to sterilize equipment using high pressure steam to heat substances above their boiling points). Autoclaving can cause problems for some media ingredients because certain chemicals will degrade or change under heat or pressure. For some of his experiments, Tyndall also constructed a chamber, the first recorded forerunner of present-day tissue culture hoods (boxes or chambers in which cultures are transferred aseptically).


During the 1830s Matthias Jacob Schleiden, a botanist, and Theodor Schwann, a zoologist, further studied and speculated on the nature of cells. They observed that among lower plant forms a cell could be detached from the plant and continue to grow on its own. “We must, therefore,” wrote Schwann (1839), “ascribe an independent life to the cell as such.” Such was the beginning of the theory of cell totipotence, which states that any plant cell has the capability to regenerate the entire plant.


In spite of these inventions, theories, and discoveries, progress was slow, due in part to the use of microscopes that today would be considered primitive. In 1883, Ernst Abbe developed another important advance in the microscope. He greatly improved upon Jansen’s binocular microscope by adding a third lens, the condenser lens, located below the microscope stage. By focusing this lens up or down it was possible to concentrate the light on the underside of the specimen, thus increasing image clarity. Abbe further improved image definition by introducing the use of lens immersion oil, which helps to deflect light rays into the lens, essential for magnification with the oil immersion lens (100×).


In any discussion of the history of the field of biology, one must pay tribute to Charles Darwin, the king of all observers and author of On the Origin of Species, the famous work on the theory of evolution. In 1880, Darwin and his son Francis first deduced the presence of a hormonal substance in grass coleoptiles (the sheath covering the seedling shoot tip). They observed grass stems bending toward light, yet when the tips were shaded, the stems no longer bent. They proposed that some “influence” controlling the rate of growth flowed from the shoot tip to the growing region located some distance from the tip. Five years later German biochemist Ernst Salkowski was the first to isolate this hormone found in plant shoot tips, but its growth-promoting properties were not fully recognized until years later.


English surgeon Joseph Lister provided the next important development in the field during the latter part of the 19th century. He applied the new theory of the time, which argued that certain microbes (germs) cause disease, to medicine. Using carbolic acid (now better known as phenol) to clean surgical instruments, Lister was the first person to use disinfectants.


Robert Koch, a German physician, further advanced the practice and understanding of bacteriology and sterile technique, the art of working with cultures in an environment free from microorganisms. He proved that specific organisms were responsible for causing specific diseases; anthrax, he demonstrated, is caused by Bacillus anthracis, and tuberculosis by Mycobacterium tuberculosis.


Justus von Liebig, a German physical chemist, theorized in 1840 that the minerals found in soil were essential to plant growth. His particular contribution was the concept of limiting factors, which stated that if any one essential plant nutrient is missing, all the others are of little benefit. Twenty-five years later, Wilhelm Knop (1865) developed a nutrient solution based on soil analysis. This solution was used by early experimenters in soil-less culture, and it is still used today.


In 1902 German botanist Gottlieb Haberlandt used Knop’s medium, supplemented with sucrose, asparagine (an amino acid), and peptone, to grow cells, but the cells lived only a few weeks. Haberlandt also correctly predicted that plant cells in culture would be able to vegetatively divide and form embryos and whole plants. Two years later E. Hanning, another German botanist, anticipating the procedure of embryo rescue, successfully cultured premature, excised crucifer embryos. He observed the embryos produce small, weak plantlets in culture instead of developing into normal embryos. He called this precocious germination.


As the 20th century progressed, the field of plant tissue culture embarked on an era of exponential growth (see Table 1). Of early commercial significance was the germination of orchid seeds and seedling growth on a medium composed of agar, a polysaccharide gel derived from certain algae, in aseptic culture. This feat was reported independently but almost simultaneously by Lewis Knudson, Nöel Bernard, and Hans Burgeff in the early 1920s. At about the same time, Walter Kotte, a student of Haberlandt’s, and William J. Robbins independently accomplished limited success in the culture of root tips.


Early experiments confirmed that tissue cultured plants while in culture were heterotrophic (unable to manufacture their own food from inorganic substances), as opposed to autotrophic (capable of manufacturing their own food). Unlike plants that are growing in soil, plants in culture cannot manufacture proteins and carbohydrates from inorganic nutrients. Perhaps empirically, it was discovered that sugar and undefined substances such as coconut milk, yeasts, and fruit juices were able to support culture growth, but inorganic chemicals alone could not. Robbins reported that tomato (Lycopersicon) root tip cultures were aided by the addition of yeast (Saccharomyces) to the medium. Later analysis revealed that yeasts contain certain desirable vitamins, particularly thiamine (vitamin B1).


Table 1. Highlights in plant tissue culture from 1900 to 2010









	1900


	Theoretical basis for totipotency described





	1920


	Successful root and shoot tip culture





	 


	Ectogenesis/embryo rescue demonstrated





	 


	First true tissue culture (from cambium of Acer pseudoplatanus and other woody plants)





	1940


	Callus growth maintained in culture





	 


	Coconut water first used for culture of young embryos; later with monocots and other recalcitrant tissues





	 


	Manipulation of auxin and kinetin ratios influences root and shoot formation





	 


	Single cells successfully cultured from shaken callus cultures





	 


	Induction of somatic embryos from callus





	 


	Cell suspension in carboys used for large-scale culture





	 


	Use of meristem culture to obtain virus-free dahlia





	1960


	Meristem culture used for propagation of orchids





	 


	Creation of the highly effective Murashige and Skoog (MS) salt medium, suitable for many species





	 


	In vitro pollination and fertilization achieved with poppy





	 


	Haploid Datura plants resulting from anther culture (androgenesis)





	 


	Totipotency realized as whole tobacco plant produced from a single cell





	 


	Investigations into production of secondary metabolites in vitro





	 


	Creation of interspecific hybrid of tobacco via protoplast fusion





	 


	Micropropagation described as three stages: establishment of explant, multiplication, rooting and hardening of plantlets





	1980


	Somaclonal variation described as a method of plant improvement





	 


	Multiplication of DNA sequences in vitro via polymerase chain reaction (PCR)





	 


	Tumor-inducing (Ti) plasmid (Agrobacterium tumefaciens) used as a vector for transformation; kanamycin resistance gene used in selection of transformed cells, resulting in transformed plants





	 


	Initial work on transformation by various methods including DNA microinjection, particle bombardment (biolistics), and Agrobacterium





	 


	Cryopreservation of cell cultures





	 


	Planting of the first commercial transgenic crops including “Roundup-ready” cotton





	2000


	First complete plant genome (Arabidopsis)





	 


	Transgenic rice containing beta-carotene (golden rice) is developed to combat severe Vitamin A deficiencies prevalent in some developing countries





	 


	StarLink Bt corn (includes gene sequence of Bacillus thurigiensis as a systemic pesticide) developed for ethanol production, not human consumption, is found in taco shells





	 


	World acreage for biotech crops: soybean 57%, maize 25%, cotton 13%, and canola 5%







Callus culture of carrots (Daucus carota), a classical subject of investigation, was reported by 2 physicians, Ferdinand Blumenthal and Paula Meyer, in 1924. They were primarily interested in the pathological implications of such a study, comparing callus to tumor growth, but in 1927, L. Rehwald demonstrated the cultivation of callus from carrot slices, irrespective of the pathological considerations.


Drawing on the Darwins’ earlier observations of coleoptiles and on the work of Salkowski, in 1911 Peter Boysen-Jensen demonstrated that the growth-promoting substance found in plant shoot tips would diffuse across a wound covered with gelatin, and he realized that the substance could diffuse out of the tissue and into a collecting gel. In 1928, Frits Went collected this growth substance from coleoptile tips in tiny blocks of agar. When he placed an agar block containing the substance asymmetrically on top of a decapitated shoot, the shoot proceeded to grow more on the side with the block than on the side without the agar block. The greater the number of tips that were used for collecting the substance in a particular agar block, the greater was the curvature in the growth of the shoot. In 1934 Fritz Kögl, Arie Jan Haagen-Smit, and Hanni Erxleben were the first to isolate and chemically analyze the substance. They identified it as a plant hormone, or auxin, which they named indole-3-acetic acid (IAA). Five years later, Roger J. Gautheret and Pierre Nobécourt, both in France, independently reported indefinite growth of callus from carrot cambium when using auxin in the nutrient medium. Gautheret (1942, 1982) had been the first to successfully culture plant tissue. In 1934, he grew cambial (meristematic) tissue of the sycamore maple (Acer pseudoplatanus) and, later, of pussy willows (Salix) and elders (Sambucus), some of which continued in culture for more than a year.


Philip R. White is acknowledged as the father of tissue culture in the United States. He was the first to grow excised root tips of tomatoes (Lycopersicon) in continuous culture. The inclusion of glycine (an amino acid), pyridoxine (vitamin B6), and nicotinic acid (niacin, vitamin B3) in his liquid root tip media were important and effective additions to the experiment. In 1939, he reported successful culture of tobacco (Nicotiana) callus. In collaboration with Armin Braun, White demonstrated the similarity of tumor cells in plants and animals by growing tumor tissue from tobacco. White’s A Handbook of Plant Tissue Culture, originally published in 1943 and revised in 1963, brought together the accumulated knowledge of plant tissue culture as it stood at the time.


Many scientists in the mid-20th century were working on culturing embryos extracted from seeds (embryo rescue) or attempting to stimulate the spontaneous production of embryos from undifferentiated cells (embryogenesis). In light of this current state of the research, a logical next step seemed to be to investigate the use of coconut milk, the liquid endosperm (nutritive liquid or tissue of seeds) from coconuts (Cocos)—a ready-made, natural nutrient medium within seeds that nourishes the embryo. Coconut milk was first used in 1941 by Johannes van Overbeek, Marie E. Conklin, and Albert F. Blakeslee, who discovered that it stimulated callus formation in cultures of excised embryos of jimson weed (Datura stramonium).


Frederick C. Steward, a renowned plant physiologist at Cornell University in New York, was so impressed by the dramatic effects of coconut milk in carrot culture media that he set aside his other objectives to dedicate himself to the study of growth factors in this and other liquid endosperms. Among the active materials he extracted from the coconut milk were several organic ingredients that are now commonly included in purified form in many tissue culture media. Coconut milk is still used in some orchid culture media. Steward was also able to confirm the concept of Thorpe with plant cells by showing that small pieces of carrot tissue could dedifferentiate (revert back to differentiate) and then grow into specialized plant cell types.


The orchid industry was the first to apply micropropagation on a commercial level. Georges Morel and C. Martin cultured virus-free dahlia shoots and potato (Solanum tuberosum) plants by meristem culture, following protocols set forth by Ernest A. Ball in 1946. In 1960, Morel and Martin applied their findings to orchids. Not only did they succeed in freeing the orchids of viruses, but unexpectedly, they also observed multiplication of their cultures, a phenomenon (micropropagation) that in time would revolutionize many features of the entire horticultural industry. Orchids, for example, have become more plentiful and less expensive because of this discovery, and many tested, disease-free cultivars are now readily available because of micropropagation.


In spite of these early accomplishments, the need to define media ingredients and their proper proportions for successful commercial application remained an important issue. Several discoveries during the 1950s addressed such concerns. In 1955, Carlos O. Miller discovered kinetin, a hormone that promotes bud formation, and the first of a group of plant growth regulators known as cytokinins. Frits Went collaborated with Folke K. Skoog to examine the bud-inhibiting effects of auxin and its interaction with kinetin. Went and Kenneth V. Thimann demonstrated the root-initiating properties of the auxin IAA. Later, in 1957, Skoog and Miller published “Chemical Regulation of Growth and Organ Formation in Plant Tissues Cultured In vitro,” in which they discussed the desired auxin-to-cytokinin ratios for the growth of cultures.
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