CHAPTER

17

Tissue Culture:
Micropropagation

Chapter Outcomes
After studying this chapter, you will be able to:
•
•
•
•
•
•
•

Understand micropropagation history.
Describe the advantages and disadvantages of micropropagation.
Recognize the tools and equipment used in micropropagation.
Describe materials used to make growth media for micropropagation.
Identify the stages of micropropagation culture.
Discuss the future of tissue culture and micropropagation.
Explore careers related to micropropagation.

Words to Know
acclimatization
apical meristem
aseptic
callus
clean room
clone
cryopreservation

endogenous contamination
explant
growth medium
in vitro
laminar flow hood
micropropagation
protoplast

recultured
somaclonal variation
subculturing
tissue culturee
totipotency

Before You Read
Review the list of terms at the beginning of the chapter. Write what you think eacch term means.
Then look up the term in the glossary and write the textbook definition.
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T

issue culture is a collection of techniques used to grow plants in a
nu
n
utrient medium under sterile conditions. Micropropagation,
n also referred
to as tissue culture, is an asexual propagation method in whicch plants are
to
manipulated on a cellular level, causing them to duplicate themselves
ma
repeatedly and rapidly. This process is important in the agricculture and
rep
horticulture industries because it quickly produces identical p
ho
plants (clones).
Us
Using
this method of asexual propagation, very small pieces of plant tissue
arre pl
p aced in a sterile culture or test tube that contains a distin
nctive growth
meedium (a substance containing nutrients and hormones useed for plant
m
grow
gro
gr
ow
owth),
Figure 17-1. Ultimately, cells divide to create new tisssues and
organs.
or
gaa The final result is a new organism: a cloned plant.
When a plant cannot be produced from seeds (sexual propagation),
breeders can use micropropagation to quickly produce the plant.
br
p
(Keep
in mind that sexual propagation is still the least expensive and
in
a fastest
way to disseminate new varieties if the plants can be produ
wa
uced by
seed
eds.) Micropropagation is a form of biotechnology in whicch plants are
bein
ing manipulated using science, and cells and entire plantss are cloned.
Miicr
c opropagation is an essential tool used by horticulturistss, mostly
pro
ofessionals, in today’s thriving green industry.

History
Although micropropagation
celebrated its 100th anniversary in 2004,
many horticulture professionals consider
this propagation technique as still in
its infancy. However, this technique
is considered to be one of the most
technologically advanced methods of
propagation. The earliest advances in
tissue culture began in the early part of
borzywojo Studio/Shutterstock.com
the nineteenth century and the majority of
Figure 17-1. Micropropagation is accomplished using a sterile
micropropagation protocol was created in
technique by technicians who specialize in micropropagation.
the 1940s through the 1960s.
• In 1839, scientists Matthias Schleiden and Theodor Schwan proposed
that all life could be grown from a single cell. They determined that
a single cell contains all of an organism’s genetic information and the
ability to differentiate into any type of cell. This is known as totipotency.
• Gottlieb Haberlandt conceptualized the idea of in vitro cell culture in
Corner Question
1902. In vitro is Latin for “in glass.” For scientific purposes, in vitro
refers to the growth of an organism outside the body, such as in a test
Can plants be bred if
tube or petri dish. Haberlandt was able to isolate cells and put them in
they are incompatible?
culture, but never successfully had the cells divide.
• Plants embryos were cultured by E. Hannig in 1904.
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• Lewis Knudson germinated an orchid embryo
in vitro in 1922), Figure 17-2.
• The first plant hormone, indole acetic acid
(IAA), was discovered in 1926 by Fritz W. Went.
• In 1939, constant regeneration and
proliferation of plants was achieved by
scientists Roger J. Gautheret, P.R. White, and
Dr. P. Nobecourt.
• Coconut milk was added to the growth
medium and plants began to thrive with the
addition of this compound, as discovered by
J. Van Overbeek in 1941.
nakorn/Shutterstock.com
• In 1946, Professor Ernest Ball raised whole
Figure 17-2. These orchids are the result of
plants of lupine in vitro. This was the first
micropropagation.
entire plant grown via tissue culture.
• In 1962, Toshio Murashige and Folke Skoog developed the first reliable
standardized artificial medium for micropropagation.

Advantages and Disadvantages

Did You Know?

As with other propagation methods, micropropagation has advantages
and disadvantages. Horticulturists continue to use micropropagation for the
many advantages it offers, including:
• The uniformity of clones in age, quality, and desired characteristics.
• The ability to grow large numbers of plants in small spaces in a short
amount of time.
• The ability to produce a viable plant when breeding plants that are not
usually compatible.
• The ability to generate vast quantities of clones from one plant.
• The ability to produce pest-free plants (at the time of distribution from
the laboratory).
• The ability to aid in the conservation and replication of rare or
endangered plant species.

There are nearly
150,000 orchid
hybrids. Orchids were
the first plant to be
micropropagated
and are currently
the most commonly
micropropagated.

Thinking Green
Micropropagation Uses a Sustainable Product
Technicians, or culturists, typically use agarose
to create the medium of growth. Agar, derived from
a red algae’s cells, primarily comes from the genera
Gelidium and Gracilaria. This seaweed substance is
plentiful and easily replenishes itself. Some forms of
these algae are being researched as potential biofuel
sources.
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“The love of

gardening is a
seed once sown
that will never die.”
—Gertrude Jeckyll

Labor and Equipment Costs
The main disadvantage of micropropagation is the cost of labor and
equipment. Micropropagation does not happen by chance. Micropropagation
requires the employment of technicians skilled in the art of micropropagation
as well as specialized equipment. Technicians must be trained to use aseptic
(free from contamination) techniques to prepare and maintain work areas
because micropropagation must be conducted in a clean room (a space that is
completely sterile and void of any contaminants).
In addition to trained technicians and clean room
requirements, special tools, such as a laminar flow hood
(a machine that filters and purifies the air), are needed. A
laminar flow hood may cost several thousand dollars and
the filter, which must be replaced regularly, can also be
costly, Figure 17-3. Micropropagation also requires a growing
medium comprised of various chemicals, nutrients, and
hormones. This medium must be carefully prepared in a sterile
environment with the proper formulation for each species,
variety, or cultivar of plant being micropropagated.

Supply and Demand

Photography by Agri-Starts, Inc.

Figure 17-3. A technician from Agri-Starts
works to prepare plant material for
micropropagation with the use of a
laminar flow hood.

A

Skilled labor and equipment expenses are reflected in
the high price of micropropagated materials. Plants that are
micropropagated must be those in demand and desired in large
quantities, Figure 17-4. For example, if there is high demand
for a new, unique plant, a grower can meet that demand in the
shortest amount of time possible through micropropagation.
As with all things that are bought and sold, supply and
demand or economics play a major role in deciding whether to
micropropagate plant material for the open market.

Daimond Shutter/Shutterstock.com

B

lobster20/Shutterstock.com

Figure 17-4. Popular plants, such as the (A) calathea and (B) Venus flytrap, are the result of micropropagation. Venus
flytraps have difficulty propagating in nature and the use of micropropagation ensures future generations of this unique
carnivorous plant.
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Genetic Diversity
As explained earlier, plants reproduced via micropropagation are clones
with the same genetics. This can be of great benefit when a grower expects
to replicate the exact same traits of the parent plant. However, the lack of
genetic diversity may also be detrimental. Imagine if everyone in your class
had the exact same genetics. Not only would you all look exactly the same, you
would have the same immunities or susceptibilities to diseases and illnesses.
If one person in the class became ill, everyone would likely follow suit. This
is true in the plant world as well. If a viticulturist has a vineyard with only
one variety of vines and one plant suffers because of a fungus, it is likely they
will all be susceptible. For this reason, it is important for growers to maintain
genetic diversity in their crops.

Environmental Requirements
Supplying plant material with the proper environmental conditions
is very important for successful micropropagation. When using
micropropagation techniques, the explantt (cells, tissues, or entire plants that
are in an in vitro culture), is removed from the parent plant and placed in an
environment similar to its native habitat. The micropropagated plants require
light, nutrition, hormones, moisture, and the appropriate temperature as
well as a sanitized area in which to grow, Figure 17-5. The items needed to
achieve and maintain an aseptic environment include a laminar flow hood,
test tubes or petri dishes, an artificial light supply, a growth medium, ethanol
or isopropyl alcohol solution (70%), bleach solution (10%), forceps, scalpel,
plastic tape for sealing test tubes and petri dishes, and hand soap.

Photography by Agri-Starts, Inc.

Figure 17-5. A technician at Agri-Starts inspects plant material that has been cultured via
micropropagation. The growing area is maintained as a sterile environment in which the
temperature and humidity is carefully controlled.

Copyright Goodheart-Willcox Co., Inc.
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Did You Know?
Certain types of agar
can be used as a
vegetarian alternative to
gelatin. Agar is used in
countless foods, such
as ice cream, preserves,
and soups.

To prevent the introduction of disease or pests, the explants’ surface must
also be sanitized of all bacteria, fungi, viruses, and pests before being introduced
to the sterile environment. The explants may need to be subcultured if bacteria,
fungus, or viruses arise from within the surface of the sanitized tissue. This type
of contamination is called endogenous contamination.
While working, the technician (culturist) must maintain sterility in the
entire work area. Actions that should be taken to ensure sterility include
washing and sterilizing the work area (table tops, floors, and tools), proper
hand washing, and keeping doors or windows near the work area closed.
Traffic flow through the area should also be kept to a minimum.

Growth Media
Growth media are combinations of nutrients, growth regulators
(hormones), and water used to grow and sustain the explants or cells in vitro.
These substances, or the concentration of the substances, are manipulated and
changed for various stages of growth. The medium must be sterile and may be
either a liquid or a gel. Inorganic salts, vitamins, sugars, and trace elements are
also included in various amounts in the growth medium.
The medium will always have a water base. A gelling
agent is added to the medium to form a gelatin-type
texture. Gelling agents vary, but they are often derived
from algae (agar). Many commercial micropropagation
labs use alternative gelling agents derived from elements
such as corn or potato starch. As the explants develop,
they are recultured
d or transferred into a different test tube
or petri dish containing nutrients and growth regulators
needed for the next growth stage, Figure 17-6.

Stages of Micropropagation
luchunyu/Shutterstock.com

Figure 17-6. Plants can be recultured in growth
medium. These tobacco plants have been
recultured to secure more tobacco plants.

There are five stages of micropropagation.
Each stage plays a vital role in the production and
transitioning of a plant from an in vitro environment
into a natural environment.
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the appropriate personal protective
equipment (PPE) and keep hair tied back and sleeves and clothing snug
when working with fire. Know where the closest eye wash station and fire
extinguishers are before beginning the micropropagation process. You
should also review pertinent safety data sheets (SDS) before working with
chemicals.
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Corner Question

Safety Note
Hand
Ha
nd Washi
hingg

Can cryopreservation
be used with human
organs?

Do
D
o nott wash
h your hands witith
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your hands may cause abrasions and
this, coupled with bacterial or fungal
contaminants, may cause serious health
problems. If your hands have any cuts or
abrasions, the alcohol solution will cause
a great deal of discomfort.

Alexander Raths/Shutterstock.com

Stage 0: Selection and
Cultivation of Stock Plants
This stage requires the meticulous
cultivation of stock plants (parent plant
material kept specifically for the purpose
of propagation). Particular attention is
paid to the plants to ensure there are no
diseases or insects impacting the plant’s
growth, Figure 17-7. This stage is in place
to limit or prevent contamination in the
following stages.

Stage 1: Initiation or
Establishment
In stage 1, an aseptic
environment is established and the
explant is sterilized and transferred
to an in vitro culture. To prevent
contamination, technicians must keep
their hair tied back or covered and
they must wash their hands with
warm soapy water for 30 seconds
before handling plant material and
tools. All jewelry should be removed.
Wearing latex or nitrile gloves and
a simple face mask at this time is
also recommended. All work areas
should be cleaned with a 10% bleach
solution and hot soapy water. Finally,
everything must be sprayed with a
70% solution of ethanol or isopropyl
alcohol, Figure 17-8.
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masa_damon/Shutterstock.com

Figure 17-7. Micropropagation equipment and materials
include sterile petri dishes filled with growth medium. This
medium includes sugars, agar, hormones, and salts to aid in
plant development.

anyaivanova/Shutterstock.com

Figure 17-8. A sterile lab is essential for tissue culture. This is one of
the larger expenses associated with micropropagation.
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Corner Question
What is the actual size
of a meristem?

A

Jubal Harshaw/Shutterstock.com

B

Debu55y/Shutterstock.com

Figure 17-9. A—This apical meristem of a plant has been dyed and magnified under a
microscope. B—The apical meristem of asparagus is beneath the terminal leaf buds.

Explant material may be obtained from several sources,
including:
• Single cells from plants.
• Small pieces of plant tissues from leaves, stems, shoot
tips, flowers, or embryos.
• The apical meristem (a swelling of cells at the furthest
tip of a plant shoot or the bud), Figure 17-9.
• Undifferentiated masses of cells that are from
parenchyma and lack a defined function, called a
callus, found on other explants.

Mihai Simonia/Shutterstock.com

Figure 17-10. Extreme caution must
be made when taking an explant to
another stage of micropropagation.
Using sterile tools is essential.

Just as the work surfaces, tools, and existing environment
must be sanitized, the explant material must be completely
sterile. To sterilize the explant, technicians wash the plant
material in a bleach or peroxide solution. In addition, explants
may be dipped in ethanol or isopropyl alcohol. The explant is
placed on the growth medium in a test tube or petri dish with
sterilized forceps or tweezers, Figure 17-10. Once the explant is
established, it is ready for reculturing in stage 2.

Stage 2: Multiplication
In stage 2, the explants established in stage 1 are transferred (with sterilized
tools) to a second medium containing nutrients needed for the plant material to
multiply. This medium is referred to as the multiplication medium. To prevent
contamination, technicians use standard aseptic techniques (cleaning and PPE) as
well as a laminar flow hood and sterilized forceps during this procedure. Forceps
may be sterilized by dipping them in alcohol and “flaming” them with a small
flame, and dipping them into two separate sterile water containers.
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STEM Connection
Cincinnati Zoo’s CREW
CryoBioBank®
The Carl H. Lindner Jr. Family Center for
Conserr vation and Research of Endangered Wildlife
(CREW) is a research facility dedicated to saving
end
dan
ngered plants and animals from extinction. The
CryyoB
BioBank, a genome database, is a division of
this
s fa
acility. The CryoBioBank stores thousands of
plant and animal tissue samples through a process
kno
own as cryopreservation. Cryopreservation
use
es liq
quid nitrogen to preserve the samples at
sub
bze
ero temperatures. Tissues can be stored and
remain viable for decades under these unique
envviro
onmental conditions.
Scientists and horticulturists work together at
this
s fa
acility to preserve various species, especially
those
e in danger of extinction. Plants such as the
four-p
petal pawpaw (Asimina tetramera) have been

LianeM/Shutterstoc
ck.co
om

given a new lease on life through the CryoBioBa
ank.
This plant, native to and found only in southeasttern
n
Florida, has been nearly driven to extinction by losss
of habitat and the difficulty of propagating by see
ed.
The scientists at CREW developed a means of
propagation by tissue culturing the meristems an
nd
preserving these tips in liquid nitrogen. Additiona
allyy,
the four-petal pawpaw has been micropropagate
ed
and prepared for transplant to its native Florida.

Medium Composition
The sterile multiplication medium is typically composed of a gel
containing vitamins, sugars (basel medium), and a cytokinin growth
regulator. Cytokinins are a class of growth regulators used to encourage
shoot production. Using a high cytokinin to auxin ratio in the multiplication
stage encourages axillary or adventitious shoot formation. A high number
of adventitious shoots that do not elongate may result if the medium has too
high a concentration of cytokinin.

Subculturing
The plantlets developing in the multiplication medium remain in
stage 2 for about 5–7 weeks (depending on the plants’ particular needs
and growth) before reculturing. Plantlets at this stage may be divided,
detached, and cultured again in another stage 1 or 2 medium, depending on
the technician’s motive. When plantlets are recultured in stage 2 medium,
the process is referred to as subculturing
g (establishing a new culture by
moving some cells from an existing culture). There is a limit to how many
times plantlets can be subcultured. Undesirable or unintentional changes
may occur if a plantlet is subcultured too many times. This occurrence is
called somaclonal variation. Somaclonal variations can be intentional, too.
Breeding specialists often welcome unique changes in genetic material that
could possibly yield a new cultivar.

Copyright Goodheart-Willcox Co., Inc.
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Environmental Conditions

Kitto Studio/Shutterstock.com

Figure 17-11. In stage 2, plantlets are multiplied. The tissue has
no roots and only has stem and leaf tissue.

As every plant has exclusive
growth requirements, the environmental
conditions needed during stage 2 depend
on the culture being used and the plant
material being propagated. Technicians
must determine light quantity and quality,
the amount of moisture needed, and the
type and amount of nutrition required
based on the explants’ needs.
When plantlets are ready for transfer
to stage 3, they have shoots and leaves that
are rich in green pigment. The plantlets do
not have any roots in stage 2, Figure 17-11.

Stage 3: Rooting

In stage 3, plants are being prepared
for transplant. The plantlets must develop
roots to absorb water and nutrients once
they are transplanted in soil. In stage 3,
the plantlets are carefully transferred
to a sterile rooting medium containing
nutrients and growth regulators such as
cytokinins, cytoninins, and auxin. These
hormones control cells grow, tissues form,
and ultimately how plants develop. This
medium is often called the transplant
medium as it prepares the plantlet for
potting or planting in soil in stage 4.
Roots often develop below the surface
of the medium. Sometimes, rhizomes
(underground lateral stems) may appear
and serve as the origin for other roots,
jaboo2photo/Shutterstock.com
Figure 17-12. Root development in this
Figure 17-12. A rhizome is an underground or subsurface stem.
stage helps signify when plants are ready
The rhizome appears black in micropropagation.
for transplanting to soil. The amount of
time required for plants to develop roots adequate for transplanting varies
(ranging from weeks to months) from species to species.

Did You Know?
If a plantlet is subcultured
in stage 2 every six
weeks, it potentially can
yield anywhere from 5
to 120 plants each time,
or a little less than 1000
each year.

Stage 4: Acclimatization
In stage 4, plantlets are transferred to a sterile potting medium and
acclimated for the transition to a nonregulated environment. Acclimatization
is the gradual exposure of plants to different environmental conditions. This
process is also known as hardening-off. The primary reason micropropagated
plants must be acclimated is because they have been kept in an ideal
environment and may have poor control of water loss and nutrient uptake.
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When plantlets are removed from the in vitro rooting culture of stage 3,
the roots are lightly washed to remove any medium, which could provide
the perfect habitat for bacteria or fungi in a high-humidity environment.
Plantlets are placed in a sterile potting mix that is considered optimal for that
particular plant’s growth. Initially, plantlets are exposed to high amounts of
humidity and very little sunlight.
During the first weeks after transplant, plantlets may be covered with
plastic or humidity domes to increase the amount of moisture. Stage 4 may
require up to several weeks. Just before plants are ready to be transplanted
outdoors or in a greenhouse, they are subjected to drier air and greater
quantities and intensities of light. These conditions help harden the plants for
survival in their new environment, Figure 17-13.

Corner Question
What can be done to
improve the growing
conditions while plants
are in vitro?

The Future of Tissue Culture and
Micropropagation
Micropropagation is a biotechnology method used in forestry, agronomy,
and horticulture to preserve plant and tree species; create new and improved
fruits, vegetables, and ornamentals; and to expedite the development of some
genetically modified crops. Although there is some controversy regarding the
use of biotechnology techniques in plant production, micropropagation shows
great promise to help producers meet the food and fiber needs of the world’s
growing population. Some of the benefits of micropropagation include:
• Massive replication of plant materials that can be used for beneficial
production of biopharmaceuticals (plant-derived compounds used to
treat illnesses).
• Use of explants to determine if cells (rather than entire plants) are
sensitive to various chemicals (particularly pesticides).

A

Photography by Agri-Starts, Inc.

B

“Use plants to
bring life.”

—Douglas Wilson.

smcfeeters/Shutterstock.com

Figure 17-13. A—These plants survived the first three stages of tissue culture and are being acclimated to their new
environment in stage 4. B—This potato plant has been placed into a container with a new potting soil media.
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440 Horticulture Today

• Use of a meristem from a contaminated stock or
stock with a virus to produce clean stock after
micropropagation.
• Chromosome doubling by using antimitotic agents during
tissue culture. This technique can change a sterile seed
into a fertile one. This technique can also be used to create
new and unique ornamental cultivars of plant material.
• Somatic hybridization, which occurs when plants lose
their cell walls due to the introduction of cellulose
enzyme. This produces a protoplastt (also known as a
somatic cell), Figure 17-14. Once this occurs, cells tend
to
merge or fuse together regardless of whether they are
vHeiti Paves/Shutterstock.com
similar plants. Cells are grown into callus phase, then into
Figure 17-14. The protoplast of a tobacco
plantlets, and eventually into full plants via tissue culture.
plant.
Unlike with traditional breeding techniques, plants cells
can be combined regardless of their compatibility.
• Creation of plants that have changes in their genetics that are not
expressed physically but rather in the environment in which they are
grown. Examples include growing a southern magnolia in New York,
a rhododendron in alkaline conditions, or a tomato in soil rich with
usually toxic salts, Figure 17-15.

Careers in Micropropagation
A career in micropropagation and tissue culture ensures a future filled
with opportunities for growth. Technicians find many career opportunities
in research and development. These jobs are found in the private sector, with
government agencies, and with colleges and universities (especially those
that are agriculturally related or land grant universities.)

Corner Question
What is one plant that
you eat almost every
day that is a result
of somatic fusion
(hybridization)?

A

Vahan Abrahamyan/Shutterstock.com

B

Marcin Gabryelczyk/Shutterstock.com

Figure 17-15. A—The future of micropropagation and tissue culture involves somaclonal
hybridization. A plant could be fused with another plant to develop new traits. Imagine
the beauty of the southern magnolia withstanding the killer winters of Maine. B—What
about an acid-loving rhododendron withstanding the alkaline soils of your state? Their
beauty could be enjoyed around the world via somaclonal hybridization techniques.
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Micropropagation Lab Technician

Did You Know?

Technicians, sometimes called culturists, must be proficient in plant
tissue culture techniques. This includes being able to prepare media,
micropropagate materials, and index (create databases) plants. Technicians
work in a laboratory and must take notes, make charts and graphs, and
have the ability to synthesize information into a written document.
Attention to detail in this position is extremely important. Technicians must
also maintain accurate daily records and ensure that all plant material,
laboratory supplies, and equipment are tracked in an inventory system or
database. An associate’s degree or equivalent work experience in the same
field is usually required.
Biotechnology positions, such as
a micropropagation technician, often
have policies that demand ethical
and professional behaviors from their
employees. Technicians are often prohibited
from discussing their research and data
with anyone outside of the company.

Frogs can survive
freezing and thawing
throughout the winter
months. As long as
no more than 65%
of their total body
water freezes, they
will survive. New cells
will be regenerated to
replace damaged cells.

Cryopreservation Scientist
Cryopreservation scientists use
cryogenics to preserve and store botanical
germplasm (a collection of genetic
resources for an organism), plant tissue
culture, and seeds in facilities around
the United States. One such facility is the
USDA’s Agriculture Research Service
(ARS) National Center for Genetic
Resources Preservation (NCGRP)
cryogenic storage vault in Ft. Collins,
Colorado, Figure 17-16.
The NCGRP facility, which operates
more than 45 cryogenic tanks, is the
largest agricultural gene bank facility
in the United States. The staff conducts
research to acquire more efficient and
effective methods for preserving plant
germplasm. The research findings,
preservation techniques, and specialized
technology developed by the NCGRP have
been embraced and implemented by gene
banks around the world. Scientists from
around the world travel to the NCGRP for
research and training. (The NCGRP also
researches and stores genetic materials
from animals.)
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A

USDA/Lance Cheung

B

USDA/Lance Cheung

Figure 17-16. A—Workers at a USDA/ARS cryopreservation bank
in Colorado research techniques to preserve plant germplasm
for future use. B—A technician at a cryopreservation plant exams
plant germplasm that was stored in the cryopreservation tanks at
more than –300°F (–184°C) and will remain viable for decades.
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People who work at this facility have varied educational training related
to the study of plants. Many of the employees at this facility are professional
researchers with doctoral degrees. However, there are many employment
opportunities for laboratory technicians with plant science backgrounds. In
these positions, employees must have problem-solving skills, be inquisitive,
employ good communication skills, and pay attention to detail.

Career Connection
Ty Strode
Vice President and Marketing Director
Ty Strode is part owner of his family-run
comp
pany in Apopka, Florida, called AgriStarts, and
is als
so one of the most influential young growers
in the
e green industry. In 2013, the Greenhouse
Produ
uct News named Strode to their 40 under
40 lis
st. This honor highlights Strode as one of the
premier horticultural growers in the world.
AgriStarts, founded in 1984 by Ty’s father
Rand
dy Strode, began by growing foliage items for
Florid
da growers. Today, AgriStarts micropropagates
500 different types of plants annually and ships
up to 300,000 micropropagated plants each week.
AgriS
Starts is currently focused on propagating
edible
e plants, such as fig, blueberry, and blackberry,
and has partnered research efforts with several
unive
ersities to micropropagate the best and newest
edible
e varieties. In addition, the company has
invessted in green technologies, such as water
reclam
mation and integrated pest management
techn
niques. AgriStarts was also recently recognized
by the
e Florida Department of Agriculture as the

Photography by Agri-Starts, Inc

environmental leader of the year for their land ethiic
and conservation efforts.
Ty Strode encourages students to join the
green industry where opportunities are limitless.
He believes the “industry (is filled) with incredible
people and even the greatest competitor is still
respected.” Positions in his company and others
in the industry include jobs in sales, marketing,
finance, accounting, and freight logistics.
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Chapter Summary
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•

•

•
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•

•

Tissue culture is used to grow or maintain plants in a nutrient medium
under sterile conditions. Micropropagation, also sometimes referred to
as tissue culture, is an asexual propagation method in which plants are
manipulated on a cellular level.
Since the 1970s, many advances have been made in tissue culture.
Current techniques are possible because of the stabilization of tissue
culture medium made by Murashige and Skoog in 1962.
Micropropagation offers benefits or advantages, such as providing
identical plant material at the quickest rate of replication and providing a
breeding method for plants that are not usually compatible.
Micropropagation has some disadvantages. It is a costly endeavor that
can only be achieved through sterile techniques performed
o ed b
by skilled
technicians.
When using micropropagation techniques, itt is essential to have a cclean
room with a laminar flow hood to reduce contamination.
o
Scalpels,
forceps, and tweezers must be made sterile
le throu
through
ugh
g the use of blea
bleach
solutions, ethanol, isopropyl alcohol, or flaming.
fl
Growth media are combinations of chemicals,
micals, vitamins, nutr
nutrients,
en
growth regulators (hormones), and waterr used to grow and sustain cells
in vitro. The growth medium must be sterile
rile and ccan be a liquid or a gel.
There are five stages of micropropagation.
n. Stage 0 includes selection
and cultivation of stock plants. Stage 1 includes
nclu
lude
des est
establishing an aseptic
environment, sterilizing explants, and transferring
ansferring
g explants to an
in vitro culture.
e. Stage 2 involves multiplication of p
plantlets. Stage 3
involves rooting
oting plants in preparation for transplan
transplanting. Stage 4 involves
hardening
g of
o
off plants.
ants.
Micropropagation is us
u
used
ed in forestry, agronomy, and horticulture.
The process of micropropagation,
ropr
pro
o
n, which manipulates plants at a cellular
level, shows great promise. Micropropagation
gation can be used to create new
and improved fruits,
s, vegetables, aand ornamental
nam
amental p
plants.
Several technical careers
reers are available in mic
micropropagation,
icro
ropr
pr
ation, iincluding
laboratory technician
n or ccryopreservation
reservation scient
scientist.
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Words to Know
Match the key terms from the chapter to the correct definition.
A.
B.
C.
D.
E.
F.
G.

acclimatization
apical meristem
aseptic
callus
clean room
clone
cryopreservation

H. endogenous
contamination
I. explant
J. growth medium
K. in vitro
L. laminar flow hood
M. micropropagation

N.
O.
P.
Q.
R.
S.

protoplast
recultured
somaclonal variation
subculturing
tissue culture
totipotency

1. An asexual propagation method in which plants are manipulated on a cellular level
causing them to duplicate themselves repeatedly and rapidly.
2. A collection of techniques used to grow or maintain plants in a nutrient medium under
sterile conditions.
3. The protoplasm of a living cell from which the cell wall has been lost or removed.
4. Growth of an organism outside the body, typically in a glass test tube or petri dish.
5. A swelling of cells at the furthest tip of a plant shoot or the bud.
6. The plant cell or tissue removed from the parent plant and placed in an in vitro culture.
7. A substance containing nutrients and hormones that is used for plant growth.
8. Sterile or free of contaminants.
9. Changes seen in plants that have been produced by tissue culture or those that have been
subcultured.
10. Establishing a new culture by moving some cells from an existing culture.
11. The ability of a cell to differentiate into any type of other cell.
12. Gradually exposing a plant to different environmental conditions.
13. When the explant is transferred to a different test tube or petri dish containing nutrients
and growth regulators necessary for a certain stage of plant growth.
14. A piece of equipment that filters and purifies the air and is used in tissue culture.
15. A sterile area that is void of contaminants.
16. A cluster of cells that are from parenchyma and lack a defined function.
17. Freezing organs, cells, or other biological materials in subzero temperatures using liquid
nitrogen.
18. When bacteria, fungus, or a virus comes from within the surface of sanitized tissue.
19. A plant that is identical to the original plant and every other plant produced from the
original plant.
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Know and Understand
Answer the following questions using the information provided in this chapter.
1. What is micropropagation and why is it important?
2. How are cloned plants produced using micropropagation?
3. Why is micropropagation considered an application of biotechnology?
4. List two important micropropagation dates in history and explain what took place.
5. List three benefits or advantages and three risks or disadvantages of using
micropropagation.
6. What type of plant material is commonly micropropagated?
7. Describe the conditions that are needed for micropropagation of plant material.
8. What are some safety tips to follow for micropropagation?
9. What are the three main ingredients in growth media used for micropropagation?
10. What happens in stage 0 of micropropagation?
11. What is one tip for effective hand washing?
12. What are the three main activities in stage 1 (initiation) for micropropagation?
13. What are four sources of explant material used for micropropagation?
14. How does a technician successfully transfer an explant using aseptic techniques?
15. Describe what happens to plantlets in stage 2 of micropropagation.
16. What is acclimatization and why do plants need to be acclimatized?
17. What are three benefits of tissue culture and micropropagation?
18. When does somatic hybridization occur and what does it produce? What does this mean
for plant breeding?
19. What are some skills needed by a micropropagation lab technician and what are some of
the duties for this job?
20. How is cryopreservation being used to foster preservation of plant material and species
at the National Center for Genetic Resources Preservation (NCGRP)?

Thinking Critically
1. A rare plant is nearing extinction in your state due to loss of habitat. What approach
would you suggest to solve or prevent this plant catastrophe?
2. You work in a facility that practices micropropagation. Recently, your business has
been attacked by the news media for using precious water for irrigation rather than for
drinking water during a drought. What could your business do in the future to lessen
consumption of water for plants, leaving more for drinking water for people?
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STEM and Academic Activities
1. Science. Use a common plant, such as an African violet. Propagate this plant via tissue
culture. Ask your instructor for support and guidance in this endeavor.
2. Science. If one tissue can create 20 plantlets at the end of an eight-week cycle and each
of those plantlets is then placed in a test tube and the cycle is repeated continuously for a
year, how many plantlets could be potentially micropropagated?
3. Engineering. Engineer a do-it-yourself or at-home tissue culture facility that simulates a
laminar flow hood.
4. Language Arts. Research information about a current tissue culture endeavor involving
plants. Write an editorial article in response to this current biotechnology practice or
research. What are the benefits and risks of this practice? State your opinions about the
practice.
5. Language Arts. Contact a local nursery. Interview an employee and determine if the
company uses micropropagated plants. Whether the company does or does not practice
micropropagation, ask why and how it impacts the business.

Communicating about Horticulture
1. Reading and Speaking. Make a timeline of biotechnological advancements in the last
20–30 years. Focus on those relating the most to agriculture. Research advancements and
the scientists who brought about these changes. Create a 10- to 15-point timeline showing
significant milestones that have led to new discoveries and theories. Describe your
findings to the class.
2. Listening and Speaking. In a group, create a presentation sharing specific examples
of how agriculture interacts with one of the following fields of science: natural, formal,
or social. Present two to three examples of how this field of science is used in a specific
sector of agriculture. Be prepared to share your examples with the class.
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SAE Opportunities
1. Exploratory. Visit a botanical garden, zoo, university,
or private corporation that has a facility which
micropropagates plants. Observe their protocol
for micropropagation and investigate what plant
materials they use for micropropagation.
2. Improvement. Create a tissue culture facility or clean
room at your school. Research what you can do to
successfully accomplish tissue culture without a
laminar flow hood.

KentaStudio/Shutterstock.com

3. Experimental. Use various media to prepare a plant via tissue culture.
4. Exploratory. Create a list of native plants in your state that are endangered. Discuss
how tissue culture and micropropagation could improve the chances for these plants
to survive in the future. Summarize this information in a video documentary, blog, or
virtual poster.
5. Placement. Find a job (paid or unpaid) at a laboratory facility that works with
micropropagation or tissue culture techniques.
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