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Abstract

Impatiens walleriana, commonly grown as a herbaceous annual, is susceptible to
Impatiens Necrotic Spot Virus (INSV). A lack of resistant cultivars leaves growers with
the sole option of destroying infected plants before INSV spreads throughout their entire
crop. Therefore, the introduction of INSV resistant cultivars would have the potential to
save Impatiens growers a substantial amount of money. Virus resistance has been
successfully conveyed in several crops by insertion of pathogen DNA into the host plant.
One method of generating transgenic plants involves the use of Agrobacterium-mediated
gene transfer. A commonly used technique involves transformation of explant tissue and
subsequent regeneration in vitro under aseptic conditions. However, prior to our research
there was no regeneration protocol suitable for Agrobacterium-mediated transformation
of Impatiens walleriana available. Herein we report the development of a new method
for regeneration of Impatiens walleriana using cotyledonary node culture. Using this
technique, four regeneration media amended with 1, 3, 5, or 7uM of thidiazuron were
evaluated for their ability to induce de novo shoot production in cotyledonary node
explants, and evaluated for number of shoots produced per explant. Results showed a
significantly greater frequency of regeneration and number of shoots per explant using
media amended with 1uM of thidiazuron. This technique has shown to be repeatable and

is not susceptible to ploidy instability. Unfortunately, damage to the cotyledonary node



explants during Agrobacterium inoculation and transfection prevented regeneration of
transformed shoots in several attempts. However, transient GFP expression after
transfection of shoot pads derived from cotyledonary nodes with Agrobacterium strain
LBA 4404 containing plasmid pHB2829 with nptIl and S-GFP was obtained, indicating
the possibility for this regeneration protocol to derive stably transformed Impatiens with

INSYV resistance.
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Chapter 1

Introduction
Impatiens have a broad distribution and can be found growing throughout

tropical Africa, India, southwest Asia, southern China, Japan, as well as parts of Europe,
Russia, and North America (Grey-Wilson, 1980). Impatiens and Hydrocera are the sole
genera that comprise the family Balsaminaceae. The genera Impatiens is estimated to
contain between 400-850 species (Grey-Wilson, 1980).

Impatiens, primarily annual or perennial herbs, can occasionally become sub-
shrubby (Grey-Wilson, 1980). Generally, they have thick, fleshy stems, with thin fleshy
leaves that become membranous and almost transparent when dried. Similarly, the
flowers are fleshy and often display a characteristic sheen caused by light reflected from
the surface cells. Impatiens’ flowers are short-lived and when pollinated produce fruit

with abundant seeds which are expelled forcefully from ‘explosive fruits.’

Inflorescence & Floral structure
Throughout this genus inflorescences are commonly borne on a long-stalked

axillary raceme (Grey-Wilson, 1980). In I. walleriana inflorescences are displayed on a
short peduncle (Most often two flowers per peduncle, however one, three, and five
flowered peduncles are common). Flowers of this genus are 5-merous, and are always
zygomorphic (Grey-Wilson, 1980). The calyx is composed of three sepals, although
there are some species that have five (Grey-Wilson, 1980). The upper pair of lateral
sepals is missing in the majority of species (Grey-Wilson, 1980). The two lateral sepals

reside between the lower sepal and the dorsal petal, and often are smaller than the petals.



The lower sepal, found in all species of Impatiens, is located below the pedicel in a
ventral position and is often colored and spurred (Grey-Wilson, 1980). Two distinct
forms of lower sepal can be found throughout the genus. The first type of lower sepal is
shallow, and is constricted along the ventral edge forming a filiform spur that is generally
much longer than the sepal itself (Grey-Wilson, 1980). In the second type the lower
sepal is much larger and more elaborate. It is either funnel shaped or pouch-like and
gradually merges into, or rather abruptly extends into the spur (Grey-Wilson, 1980). In
some species it is almost impossible to distinguish between the sepal and the spur.

The Impatiens’ corolla consists of one erect petal, and four others grouped into
two lateral pairs. The dorsal petal resides slightly behind the lateral petals and exists in
two forms; flat or cucullate (forming a hood over the androecium) (Grey-Wilson, 1980).
The size and shape of the dorsal petal is related to the type of lower sepal and spur (Grey-
Wilson, 1980). The dorsal petal is large, flat and rounded with equally large lateral petals
in filiform spurred species (Grey-Wilson, 1980). Conversely, the dorsal petal is small
and cucullate in species with large saccate sepals (Grey-Wilson, 1980). The four
remaining lateral petals are partially united into two lateral pairs, classified as ‘upper’ and
‘lower’ lateral petals (Grey-Wilson, 1980). The pairing of lateral petals creates a point of
access to the nectar spur, and aids in the support of the lower petal in each pair (Grey-
Wilson, 1980). In many species with filiform spurs, such as 1. walleriana the lateral
petals are joined at their bases (Grey-Wilson, 1980). The upper lateral petal in each pair
always lies slightly in front, and often overlapping the lower petal of each pair. Lateral
petals may or may not be the same size. In /. walleriana the lateral united petals are often

equal in size. Although in some instances they may differ in size whereupon the upper



lateral petals are smaller than the larger and more elaborate lower lateral petals (Grey-
Wilson, 1980).

Throughout the genus the androecium is rather uniform, consisting of five stamen
that are fused in the upper half into a zygomorphic structure (Grey-Wilson, 1980).
Anthers, fused at the anther walls, completely cover the stigma and ovary and project
slightly forward and downward to act as a brush against a pollinator’s body. The fused
column of stamens surrounds the ovary and stigma, and blocks self-pollination. The
protanderous anthers are ripe upon anthesis, and dehisce via longitudinal slits due to a
promotion of growth in the unfertilized ovary (Grey-Wilson, 1980). The swelling ovary
causes the filaments, which are generally thick and fleshy, to break at their base and are
shed as a singe unit. The stigma subsequently ripens, expanding gradually, and assumes
the same position occupied by the anthers. This type of development nearly ensures
cross pollination. However, in . walleriana self-pollination has been observed due to
incomplete shedding of anthers which are subsequently brushed against the ripe stigma.
Following pollination the ovary rapidly expands while the petals and sepals quickly
desiccate and fall away. The ovary ripens into a fleshy fruit which eventually dehisces
due to a build-up of tension that is created as the developing fruit becomes increasingly
convex. The tension created during development is eventually released by rupturing of
the fruit along one or all five of the septa, and thereby releasing the seeds which cling to a
central axil. At full maturity dispersal of the seeds can be activated by the slightest
pressure to the fruit. The dispersal of seeds by this explosion of the fruit is quite

efficient, and in fact when seeds are released they may be thrown as far as several meters.



A unique feature of the inflorescences of the Balsaminaceae is that they are
resupinate through 180° (Grey-Wilson, 1980). Resupination is defined as occurring when
the labellum is visually the lower most segment of the flower (Grey-Wilson, 1980). This
phenomenon is not limited to Balsaminaceae it has also been observed in Orchidaceae
(Grey-Wilson, 1980). Resupination in Impatiens, unlike in other genera, occurs by
twisting of the pedicel, and currently, the mechanism that controls this activity is not fully
understood (Grey-Wilson, 1980). Resupination and zygomorphic floral structure are
evolutionary adaptations that both promote a highly specific pollination in Impatiens
(Grey-Wilson, 1980). The zygomorphic structure of the flowers forces the pollinator to
occupy a specific location. Resupination brings the anthers to the upper half of the
blossom and allows them to face downward, acting as a brush. Impatiens zygomorphic
flower structure, and the large variety of floral designs observed in this genus suggests

that its flowers evolved closely with their pollinators (Grey-Wilson, 1980).

Pollination and Pollinators

Dichogamy promotes outcrossing and is common among angiosperms (Raven et
al., 1999). Impatiens have protandrous flowers which ensure cross pollination in most
instances, and are well adapted to pollination by insects and/or birds (Grey-Wilson, 1980;
Raven et al., 1999). Due to the immense size of the Impatiens genus very little
information is available in regards to species specific pollinators (Grey-Wilson, 1980).
However, information is available for some of the more popular and economically
valuable species such as I. walleriana. In most cases, 1. walleriana is pollinated by

butterflies; however, red and scarlet flowering species are often pollinated by birds



(Grey-Wilson, 1980). There are two types of flower pollination in African Impatiens
(Grey-Wilson, 1980). The first type of pollination known as the flat type is demonstrated
in . walleriana. In this method of pollination the pollinator rests on the lower petals and
probes for nectar through the narrow opening beneath the stamens, and pollen is
deposited on the front of the pollinator (Grey-Wilson, 1980). Most of this type of
Impatiens are psychophilous, pollinated by butterflies, and are native to Eastern and
Southern Africa (Grey-Wilson, 1980). The second type of pollination is known as funnel
type pollination. Species in this group have a navicular or saccate lower sepal and a
cucullate dorsal petal that forms a hood over the androecium. Pollinators climb into the
flower and pollen is deposited on the pollinator’s back (Grey-Wilson, 1980).
Interspecific hybridization may occur in Impatiens, in its natural habitat. For example, 1.
walleriana hybridizes with 1. usambarensis. However, the resultant hybrids display a

certain amount of intergression towards one parent or another (Grey-Wilson, 1980).

Distribution and Habitat

Typically, African Impatiens are highly endemic forest species, which thrive in
moist semi-shade areas, and often in high altitude regions that receive ample rainfall
(Grey-Wilson, 1980). Nearly all African Impatiens are native to habitats above 800 m
and one third can only be found in habitats above 1500m (Grey-Wilson, 1980).
However, 1. walleriana may also thrive at lower elevations provided that these areas
receive increased rainfall from monsoons (Grey-Wilson, 1980). Although uncommon,
epiphytic Impatiens have been observed in nature (Grey-Wilson, 1980). Unlike other

epiphytes, Impatiens do not have specialized root systems, and are therefore classified as



opportunistic epiphytes. They must rely on a deep moss layer, or humus pocket to anchor

in and obtain nourishment (Grey-Wilson, 1980).

Impatiens walleriana
In its natural habitat Impatiens walleriana is a succulent perennial, and is used as

an annual where it is not cold hardy (Grey-Wilson, 1980). Plants are typically 30-70 cm
tall, although it is not uncommon for plants to reach heights much greater than this. 7.
walleriana’s stems are simple, or branched, glabrous, and form a flat topped or rounded
plant. Leaves are spirally arranged, petiolate, and the petioles are 1-8 cm in length with
one or two extra floral nectarines scattered along their length (Grey-Wilson, 1980).
Flowers are borne on axillary racemes which are often two flowered but occasionally
one, three, or five flowered. The flowers of /. walleriana come in a wide range of colors;
orange, scarlet, crimson-red, pink, mauve, purpleish, violet, and white. In their natural
habitat, I. walleriana can be found throughout S.E. Kenya, N.& E. Tanzania, Zanzibar
Is., Pemba Is., W. Mozambique, S. Malawi & E. Rhodesia (Grey-Wilson, 1980).
Although I. walleriana can be found growing at sea level it is typically found growing in
habitats that are between 700-1800 m above sea level (Grey-Wilson, 1980). Plants
typically grow in damp, shaded places, upland and costal forest areas, river side thickets
and margins, gullies and damp rocky places (Grey-Wilson, 1980). 1. walleriana is often
found growing in large colonies, and typically flowers throughout the year (Grey-Wilson,
1980).

1. walleriana is an extremely variable species with a wide distribution in central

east Africa (Grey-Wilson, 1980). It is the most commonly cultivated species of



Impatiens throughout the world (Grey-Wilson, 1980). Despite its widespread cultivation
as a bedding plant it has not become naturalized outside of Africa due to a lack of natural
pollinators (Grey-Wilson, 1980). Although it is not an endemic species /. walleriana has
become an extremely popular bedding plant in the United States (Jerardo, 2004). The

U.S. Department of Agriculture projected sales of Impatiens to exceed $155 million (US)
dollars in 2004, and reported that nursery sales of Impatiens exceeded $165 million (US)

dollars in 2002 (Jerardo, 2004).

Disease Background

Impatiens Necrotic Spot Virus
Impatiens Necrotic Spot Virus (INSV) is one of the most important viral

pathogens in the floriculture industry (Windham et al., 2000). Spread by the western
floral thrip, INSV can infect more than 300 plant species in 50 families (Windham et al.,
2000). One plant particularly susceptible to INSV is Impatiens walleriana, one of the top
selling bedding plants in the United States (Stephens et al., 1992). Once symptoms of the
virus have been detected, disposal of infected plant(s), to limit spread of the disease is the
only recommended treatment (Windham et al., 2000). Currently there are no cultivars
available that are resistant to INSV. The introduction of varieties conferring transgenic

resistance to INSV would save the floriculture industry millions of dollars each year.

Viral Resistance
Impatiens Necrotic Spot Virus belongs to a group of major plant pathogens, the

tospoviruses. This group of diseases includes tomato spotted wilt virus (TSWV), tomato



chlorotic spot virus (TCSV), groundnut ringspot virus (GRSV) and others. Due to their
economic importance, tospoviruses have been targeted by researchers in an attempt to
develop transgenic resistance in host plants. In 1985 Sanford and Johnson proposed the
concept of parasite-derived resistance (PDR), suggesting that viral disease resistance
could be conveyed by expression of genetic materials of a pathogen in a host (Bau et al.,
2003; Chiang et al., 2001). Parasite-derived resistance can be mediated by two
mechanisms, protein-mediated resistance, and RNA-mediated resistance, also known as
homology-dependent resistance (Chiang et al., 2001). RNA-mediated resistance is
similar mechanistically, to the phenomenon of gene silencing (Chiang et al., 2001;
Tennant et al., 2001). Although two types of gene silencing are recognized, only post-
transcriptional gene silencing (PTGS) has been linked to RNA-mediated resistance
(Tennant et al., 2001). Several models have been proposed to explain PTGS; however
all of these models propose a sequence-specific RNA degradation process. “RNA-
dependent RNA polymerase synthesizes short antisense RNA from the transgene mRNA
and the antisense RNA binds to the complementary regions of the mRNA in the
cytoplasm to form RNA duplexes, which are then degraded by dsRNA-specific
nucleases. Viral RNA in the cytoplasm is also a target for degradation” (Chiang et al.,
2001). Unlike protein-mediated resistance, which provides moderate protection against a
broad range of related viruses, RNA-mediated resistance offers high levels of resistance
to closely related strains (Chiang et al., 2001; Jan et al., 1999). Currently the most
efficient method of generating transgenic plants involves the use of Agrobacterium-
mediated gene transfer (Raven et al., 1999). Tobacco can be transformed with relative

ease, and therefore has received extensive attention by researchers, whereupon it has been



the recipient of various gene constructs including tospovirus genes. It has been found
that tobacco regenerants expressing the nucleoprotein gene (N gene) of TSWV exhibit
resistance to TSWV (Herrero et al., 2000). Resistance conferred by expression of the N
gene is not reported only in tobacco, as it has been successfully used in Arachis hypogaea
and Osteospermum ecklonis (Magbanua et al., 2000; Vaira et al., 2000; Vaira et al.,
1995). Researchers have shown that plants expressing low levels of N proteins or N
mRNA exhibit the highest resistance to TSWV (Jan et al., 2000a; Jan et al., 2000b;
Mackenzie and Ellis, 1992; Pang et al., 1994).

Despite the close phylogenetic relationship of INSV and TSWV, low N gene
protein expression did not confer resistance to INSV in Nicotiana benthamiana.
However, transgenic plants expressing the highest levels of N proteins possessed a
moderate resistance to INSV with a low resistance to TSWV (Jan et al., 2000b; Pang et
al., 1994; Pang et al., 1993). Fortunately for researchers only small fragments, 236-387
bp, of the N gene were needed to convey resistance through PTGS (Pang et al., 1997).
Prins (Prins et al., 1996) studied the ability of 17 different TSWV viral constructs to
convey resistance in tobacco and reported that only expression of N or NSM (viral
movement protein gene) gene sequences resulted in resistance. The virus resistance and
post-transcriptional gene silencing were subsequently uncoupled by fusing fragments of
the N gene to green fluorescent protein (GFP); susceptible plants were produced with a
small fraction of the N gene sufficient to induce PTGS (Jan et al., 2000a). Transgenic
tobacco plants carrying the NSM were highly resistant to infection by TSWV; regardless
of whether the gene was inserted in sense of antisense orientation (Prins et al., 1997).

Prins (Prins et al., 1995) developed a vector comprising three viral N gene sequences, one



each from TSWV, TCSV, and GRSV. When inserted into tobacco, a transgenic line
carrying the triple N gene construct exhibited high resistance to all three tospoviruses.
Subsequent generations of tobacco bearing transgenic resistance by insertion of the
nucleocapsid gene have displayed variable expression of resistance. This suggests that
breeding populations displaying transgenic resistance require continued examination of
transgene expression (Herrero et al., 2001).

There has also been success with transformation and evaluation of crops other
than tobacco with various constructs derived from TSWV. Kim (Kim et al., 1994)
transformed both tobacco and tomato with an N gene of TSWV. Four different
transgenic tomato lines of cv. VF36 exhibited delayed onset of symptoms after
mechanical inoculation. Ultzen (Ultzen et al., 1995) independently corroborated these
results using a different TSWV isolate to transform a different tomato cultivar. Pang
(Pang et al., 1996) transformed lettuce with a lettuce isolate of TSWV nucleocapsid (N)
gene; homozygous progenies generally showed uniform suppression of N protein
accumulation accompanied by high levels of virus resistance. Field resistance of
transgenic peanut bearing the antisense nucleocapsid gene of TSWV was much greater
(2% vs. 50% symptomatic at 14 weeks after planting) than untransformed controls
(Magbanua et al., 2000). Sherman (Sherman et al., 1998) reported the first genetically
engineered major ornamental plant, chrysanthemum (Dendranthema grandiflora Tzvlev
cv. Polaris), for disease resistance. They used three different N gene constructs of the
TSWV N gene and selected three transformants from more than 200 that exhibited a total
lack of systemic symptoms and no virus accumulation after both mechanical and vector

(thrip) inoculation with a highly virulent TSWV strain. Similarly, Vaira (Vaira et al.,
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2000) reported selecting one clone of transformed Osteospermum ecklonis with improved
resistance to TSWV after Agrobacterium-mediated transformation with the N gene.

Transgenic viral resistance has also been successfully achieved in other crops
such as papaya (Carica papaya). Papaya ringspot virus (PRSV) is the major limiting
factor for profitable papaya production throughout the tropics and subtropics including
the state of Hawaii (Chiang et al., 2001). In May 1992 PRSV was discovered in the Puna
district, Hawaii’s most productive papaya acreage, responsible for 95% of the state’s
production (Ferreira et al., 2002). After 5 years the PRSV outbreak had caused Hawaii’s
production of papaya to decrease from 48 million Ibs to 30.9 million Ibs annually
(Ferreira et al., 2002).

Immunity to PRSV-P (one of two types of PRSV) has not been found in Carica
papaya, furthermore interspecific hybridization with wild resistant Carica species has
proven to be difficult due to reproductive barriers (Lines et al., 2002). As a result
transgenic line 55-1 was developed by single insertion of the coat protein gene (CP),
form PRSV-HA 5-1 (a mild mutant of PRSV-HA), into the red-fleshed Hawaiian solo
papaya cv. Sunset. Its success in field and greenhouse trials prompted the development
of two cultivars from 55-1, Rainbow and SunUp. SunUp (line 55-1) is homozygous for
the CP gene; conversely Rainbow, an F; hybrid of SunUp and Kapoho, a nontransgenic
cultivar, is hemizygous for the CP gene (Ferreira et al., 2002). Following a 2.5 year field
trial Rainbow and SunUp were both released to growers in May 1998, and within 1 year
accounted for nearly 50% of the commercial papaya growing area in Hawaii. These

transgenic fruit are now in U.S. retail markets(Ferreira et al., 2002).
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In vitro regeneration and transformation

Review of tissue culture literature on Impatiens walleriana
At the outset of this project there had been very little published literature

pertaining to regeneration of Impatiens in tissue culture. The only tissue culture research
that had been published for Impatiens concerned micropropagation (Han and Stephens,
1987; Nikolova et al., 1996; Stephens et al., 1985), ovule culture (Han and Stephens,
1992), growth of cotyledon sections (Han, 1994), callus culture (He and Xi, 1989;
Josekutty et al., 1998) embryo culture (Arisumi, 1980; Arisumi, 1985) and secondary
product formation in cell cultures (Panichayupakaranant, 2001). The majority of this
research had been conducted using New Guinea and Java Impatiens due to their
ornamental appeal. Unfortunately, due to the need to wound explant tissue, prior to
Agrobacterium mediated transformation, and subsequently induce shoot formation none

of these reports presented a protocol that would be suitable for transformation.

Cotyledonary node culture
Given the success of other researchers in developing pathogen-derived resistance,

transgenic resistance to INSV in Impatiens is an attractive idea. In order to create
transgenic Impatiens, an efficient regeneration system must be developed. The most
efficient regeneration systems for transformation of some plants such as potato (solanum
tuberosum) have involved incubation of a leaf or stem segment, devoid of meristems,
from an in vitro plantlet on a three-step medium regime (Hulme et al., 1992). However, a
three-step method of regeneration does not always prove effective in all instances. For

certain recalcitrant crops, particularly legumes, researchers have developed a single step
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regeneration system that can be used successfully for regeneration and transformation
(Hinchee et al., 1988).

This method of direct regeneration from cotyledonary node explants, occasionally
referred to as the cotyledonary node technique, was first described by Hinchee (Hinchee
et al., 1988) and subsequently modified (Olhoft and Somers, 2001). Explants are
obtained from the meristematic region of the cotyledonary node prior to the expansion of
the first true leaves. Following excision, the cotyledonary node explants are wounded by
slicing or stabbing the meristematic tissue and placed on regeneration media. Explant
orientation on regeneration media is species-specific and can oriented in one of three
ways. First explants can be cultured abaxial side up, such as soybean (Olhoft and
Somers, 2001); second explants can be cultured adaxial side up, such as Medicago (Zhou
et al., 2004); third explants can be cultured vertically, such as Vigna mungo (Saini et al.,
2003). This somewhat simple technique has been used on numerous plant species with
varying levels of success, and provides a viable option as a regeneration technique for
highly recalcitrant crops. Furthermore, this technique has been shown to be an efficient
regeneration system for Agrobacterium mediated transformation, and has been used
successfully in transforming numerous agricultural crops. However, researchers have
found that developing a transformation system using this type of regeneration requires an

extensive amount of research, as there are numerous variables that must be determined.

Agrobacterium tumefaciens
Once a dependable cotyledonary node regeneration protocol has been developed

subsequent research can be conducted to develop an Agrobacterium tumefaciens based
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transformation protocol. Agrobacterium tumefaciens is a soil dwelling bacteria that
affects an extensive range of eudicots, with infection typically originating at wound sites
(Raven et al., 1999). Agrobacterium contains bacterial chromosomal DNA as well as a
circular tumor-inducing (T1) plasmid. Agrobacterium infection leads to the formation of
a plant tumor known as a crown gall tumor by transferring a 23 kb fragment of the Ti
plasmid known as T-DNA (Dale and von Schantz, 2002) into the host plant’s nuclear
DNA (Raven et al., 1999). T-DNA carries several genes including a gene that codes for
an opine-synthesizing enzyme (Dale and von Schantz, 2002). Opines are then used by
the bacterium as a source of nitrogen and carbon (Raven et al., 1999). The T-DNA
region of the Ti plasmid is flanked by vir genes that are responsible for the transfer of the
T-DNA, however they are not incorporated into the host genome (Dale and von Schantz,
2002). As a result the tumor producing genes can be replaced with genes of interest for
genetic engineering. A gene of interest can be cloned into an intermediate vector, a small
plasmid that contains a portion of the T-DNA from the Ti plasmid, contained in E. coli
(Dale and von Schantz, 2002). Through conjugation the intermediate vector can be
transferred to 4. tumefaciens (Dale and von Schantz, 2002). Recombination between the
homologous T-DNA sequences on the intermediate vector and the resident Ti plasmid
result in the incorporation of the intermediate vector plasmid into the T-DNA region of
the Ti plasmid (Dale and von Schantz, 2002). Bacterial cells carrying the co-integrate
plasmid can be recovered by selection for antibiotic resistance due to the intermediate

plasmid’s ability to replicate in 4. tumefaciens (Dale and von Schantz, 2002).
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Selectable Markers and Reporter Genes
A prerequisite of the transformation process is to include selectable marker genes

(Molinier et al., 2000) in Agrobacterium’s T-DNA. This allows researchers the ability to
eliminate any untransformed plants. Additionally, researchers commonly insert reporter
genes into the T-DNA region to rapidly screen populations for transgene expression, as
well as using them for “studies ranging from the regulation of chimeric gene cassettes to
subcellular localization of fusion proteins to whole organism expression of transgenes
(Richards et al., 2003)”. Some commonly used reporter genes are uidA, luc, and green
fluorescent protein (GFP). The gene uidA4 codes for the production of B-glucuronidase
which is one of the most commonly used reporter genes in plant cell biology (Molinier et
al., 2000). The disadvantage of this reporter gene is that in most cases the plant tissue
must be destroyed to be analyzed. The second reporter gene that is commonly included
in T-DNA is [uc that codes for the firefly enzyme luciferase (Molinier et al., 2000).
Luciferase has the advantage of being monitored in vivo however, it has the distinct
disadvantage of requiring an exogenous substrate, luciferin, to be visualized (Molinier et
al., 2000). Luciferin, often applied when watering plants, causes the emission of low
intensity light, and requires sophisticated low-light-level video equipment to be seen
(Molinier et al., 2000). GFP, obtained from jellyfish, Aequorea victoria (Molinier et al.,
2000) requires no exogenous substrate for detection other than oxygen, and when excited
by Blue/UV light GFP emits high intensity visible light (Molinier et al., 2000). The level
of fluorescence intensity increases linearly with increasing levels of GFP (Richards et al.,

2003).
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Cotyledonary node transformation
A successful and efficient A. tumefaciens-mediated transformation protocol for

plants should include 3 steps: (I) successful A. tumefaciens infection, T-DNA delivery,
and T-DNA integration into the plant genome, (1) efficient selection of transformed
cells, and (IIT) regeneration and characterization of transgenic plants (Olhoft et al., 2004).
There are numerous factors to consider when developing a transformation protocol, such
as genotype, explant age, explant vigor, Agrobacterium strain, vector, duration of
infection, selection system, and culture system (Rohini and Rao, 2000; Paz et al., 2004).
Researchers have found that transformation of cotyledonary node explants is
genotype dependent (Zeng et al., 2004). This could be problematic when developing a
transformation protocol for any species that has a large amount of genetic diversity, such
as Impatiens. Explant age and vigor are also factors that must be considered when
developing a transformation protocol. In some species it has been found that
cotyledonary node explants obtained from younger (Jaiwal et al., 2001) and more
vigorous (Paz et al., 2004) plant stock are more able to regenerate and be transformed. In
situations where seedlings are small, such as Impatiens, this can present a logistical
problem for technicians as smaller seedlings are difficult to handle and may be delicate.
The strain of Agrobacterium used for transformation has also been found to be a critical
factor in transformation protocols (Paz et al., 2004; Zhou et al., 2004). For example,
researchers attempting to transform M. truncatula using A. tumefaciens (LBA4404) were
initially unsuccessful. In subsequent transformation attempts strains EHA105 and AGL1
were used because of their reported virulence, and were both effective in transforming M.
truncatula (Zhou et al., 2004). It has also been reported that in soybean there is a

significant strain-by-genotype interaction (Meurer et al., 1998). As a result numerous
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strains of Agrobacterium may need to be tested to find one appropriate for a specific
crop.

Once a suitable strain of 4. tumefaciens is determined an appropriate vector must be
chosen. Research has shown that the type of vector chosen also affects transformation
percentages. Olhoft reported that standard-binary vectors increase transformation
efficiencies (Olhoft et al., 2003) in soybean; however this may be species specific.
Additional variables such as co-cultivation duration must be determined. Infection and
co-cultivation must be sufficient in length to ensure proper integration of T-DNA into the
plant genome. However, it has been reported that extended infiltration can lead to
extensive enzymatic browing (Rohini and Rao, 2000). Fortunately researchers have
found that enzymatic browning can be prevented with the addition of thiol compounds to
the media, however if enzymatic activity is too intense it can lead to death of the explant
(Olhoft and Somers, 2001).

The remaining two factors to consider when developing a transformation protocol
using cotyledonary node explants are culture of the explants and selection of
transformants. These two areas are extremely variable, particularly culture of explants.
Pretreatments, wounding, media formulations, and other cultural conditions such as
lighting are all variables to consider. To begin, prior to infection with Agrobacterium
certain cotyledonary node transformation protocols recommend pretreatments of the 4.
tumefaciens and/or the explants with acetosyringone to induce vir gene responses.
However, it has been reported that acetosyringone pretreatments of Agrobacterium had
no effect on transformation rates (Rohini and Rao, 2000) of Carthamus tinctorius.

Conversely, it has been shown that Agrobacterium pretreated with acetosyringone used to
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transform Glycine max increased tumor scores significantly in some cases, however there
was a significant genotype/strain difference (Donaldson and Simmonds, 2000). It has
also been shown that preconditioning cotyledonary node explants of Beta vulgaris with
acetosyringone had no effect on their regeneration (Krens et al., 1996). Although it is
uncertain if the addition of acetosyringone improves transformation rates, many
researchers believe that it does not have a negative effect and is therefore commonly used
in infiltration and co-cultivation media of cotyledonary node explants.

Furthermore, wounding of the explant must be considered when developing a
cotyledonary node transformation protocol. Wounding of the explants by stabbing or
slicing them has been shown to improve transformation rates in Vigna mungo (Saini et
al., 2003) as well as other crops (Olhoft et al., 2003). Olhoft reported that in soybean
wounding and subsequent 4. fumefaciens infection typically resulted in extensive
enzymatic browning and cell death at the cotyledonary node (Olhoft et al., 2003). “The
tissue browning and necrosis observed on soybean cot-node explants following
Agrobacterium infection are likely defense responses to wounding and/or pathogen
infection, one of the earliest defense mechanisms activated is the production of reactive
oxygen species, referred to as the oxidative burst. The reactive oxygen intermediates
produced during the oxidative burst are thought to activate programmed cell death, or the
hypersensitive response, to generate a barrier of dead cells around the site of infection
(Olhoft et al., 2001).” Researchers determined that any amendment to a culture system
that could reduce wound- and pathogen-defense response mechanisms in plant inhibitors
has the potential to increase the capacity of 4. tumefaciens to infect plant tissues and

stably transfer its T-DNA (Olhoft et al., 2001).
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Olhoft and other researchers found that thiol compounds likely inhibit wound- and
pathogen-induced responses, thereby increasing the capacity for A. tumefaciens-mediated
transformation of soybean cells (Olhoft et al., 2001). Furthermore, during Olhoft’s
research on soybean it was determined that “thiol compounds inhibit wound- and plant
pathogen—induced responses rendering the cot-node cells more susceptible to
Agrobacterium infection and thereby increasing the capacity for Agrobacterium-mediated
transformation of these totipotent soybean cells (Olhoft et al., 2001).” During subsequent
research projects Olhof reported that “the addition of thiol-containing compounds during
co-cultivation significantly increased A. tumefaciens infection and T-DNA transfer into
the cotyledonary-node cells (Olhoft et al., 2003).” Furthermore, it was determined that of
thiol compounds cysteine, which acts through its thiol group (Olhoft et al., 2001),
increased transformation more than any other compounds tested (Olhoft et al., 2003). It
was determined that the addition of L-cysteine to co-cultivation media made a significant
difference in transformation rates, in one report its use resulted in a five fold increase in
stable T-DNA transfer (Olhoft and Somers, 2001). In a separate study the use of L-
cycteine in combination with another thiol compound, di-thio-threeitol (DTT), increased
transformation efficiencies form 0.9%-2.1%. In the same study it was determined that
although thiol compounds inhibit enzymatic browning co-cultivation should be carried
out in the dark because light incubation resulted in greater browning of the explants than
those explants cultured under light conditions (Paz et al., 2004). These results were not
limited to cotyledonary node transformations of soybean. It has also been reported that
the addition of L-cysteine and DTT to infiltration and co-cultivation media and were

found to be critical to the successful transformation of M. truncatula. These compounds
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reduce enzymatic browning due to the release of phenolics (Zhou et al., 2004). Despite
the increased transformation rates of cotyledonary node explants using thiol compounds
in infiltration and co-cultivation media, their use in shoot induction media has been
shown to be useless (Olhoft et al., 2001).

The final stage of any transformation protocol is selection of transgenic plants.
Certain transformation protocols require selection to begin immediately after co-
cultivation, however Olhoft found that in some soybean cultivars selection delayed for 14
days greatly enhanced transgenic shoot regeneration (Olhoft et al., 2003). Perhaps not
only slow regenerating crops such as soybean and strawberry should be allowed to begin
regeneration prior to selection but also delicate plant sources such as Impatiens to
increase transformation rates. Regardless of the selection methods implemented effective
selection can increase transformation. It has been reported that effective selection agents
such as hygromycin B have increased transformation in soybean (Olhoft et al., 2004).
There is a possibility that by using a strict selection agent such as hygromycin over a less
stringent selection agent such as kanamycin that transformation efficiencies are
increased. This happens because as non-transformed cells are destroyed there is less
competition for resources and therefore transformed shoots proliferate. Although there
are numerous variables to consider, cotyledonary node transformation systems have been
successful in a wide variety of crops. Successful cotyledonary node transformation has
been reported in Vigna radiate (Jaiwal et al., 2001), Carthamus tinctorius (Rohini and
Rao, 2000), Glycine max (Zhang et al., 1999), Carum carvi (Krens et al., 1997), Beta
vulgaris (Krens et al., 1996), Vigna mungo (Saini et al., 2003), Cajanu cajan (Thu et al.,

2003), Lens culinaris (Mahmoudian et al., 2002), Pisum-sativum (Jordan and Hobbs,
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1993), Phaseolus acutifolius (De Clercq et al., 2002), Arachis hypogaea (Venkatachalam
et al., 1998), and Medicago truncatula (Zhou et al., 2004).

Cotyledonary node transformation has distinct advantages and disadvantages when
compared to other transformation and systems. To begin, cot-node transformation is
relatively fast compared to other systems, and allows direct regeneration from explants
without a callus phase (Zhou et al., 2004). These two advantages allow researchers to
obtain transgenic plants faster. This is extremely useful when transgenic plants are used
in breeding programs, by speeding the induction of valuable genetic traits and variation
into germplasm. Furthermore, cotyledonary node explants are extremely regenerable in
certain species. For example, in Beta vulgaris cotyledonary node explants regenerate in
culture at a 60-70% rate (Krens et al., 1996). This aspect of cot-node regeneration is
extremely important when developing a transformation protocol for a recalcitrant crop.
The higher the regeneration percentage the less explants needed to possibly obtain
transformants. In addition, gene transfer to cotyledonary node explants is significantly
higher than gene transfer to hypocotyls (Krens et al., 1997). Despite its advantages
cotyledonary node transformation does have a few critical disadvantages. In many
instances there is a low percentage of transgenic shoots (Krens et al., 1996). Therefore,
researchers must invest large amounts of time to generate populations with transgenic
inserts for commercial use or for use in breeding programs. Furthermore, cotyledonary
node transformation methods have proven not to be readily applicable in laboratories
other than those in which they were developed (Krens et al., 1996). It has been reported
that the non-reproducibility of the procedures in Agrobacterium-mediated transformation

of cotyledonary nodes has been partially attributed to variation of different operators
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during explant preparation (Paz et al., 2004). This could be problematic if this technique
was necessary for commercial production of transgenic plants for retail, all types of
research, or for establishment of breeding stock. Additionally, cotyledonary node
transformation is limited to seed propagated plants. As a result this technique is only

useful for selected crops.

Research Objectives
Due to the lack of INSV-resistant I. walleriana cultivars, and given the success

previous researchers have had developing viral resistant transgenic plants, we feel that
development of INSV resistant /mpatiens appears to be an attractive idea. In order to
develop viral resistant cultivars a repeatable regeneration protocol must be developed.
Prior to this project there was limited published research pertaining to in vitro culture of
any species of Impatiens, none of which offered a regeneration protocol that was suitable
for genetic transformation. Therefore a regeneration protocol must be developed that is
both repeatable and suitable for transformation. Despite some of the shortcomings of
cotyledonary node culture, it is repeatable and has been proven suitable for
transformation in several crops. Herein we are reporting that this method of regeneration
is possible in Impatiens walleriana, and has the potential for use in a transformation

protocol.
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Chapter 2

Regeneration and attempted transformation of 1. walleriana from
cotyledonary nodes

Introduction
Impatiens walleriana is a succulent perennial that thrives in moist semi-shade

areas. Although native to high altitude forests (700-1800 m above sea level) and
riverside thickets, this species of African Impatiens is now widely cultivated throughout
the world (Grey-Wilson, 1980). 1. walleriana’s wide variety of flower colors (orange,
scarlet, crimson-red, pink, mauve, purple, violet, and white) and tendency to flower
continuously has made it a popular garden plant. In the United States /. walleriana,
grown as an annual, has become a top selling bedding plant (Stephens et al., 1992).

1. walleriana is particularly susceptible to Impatiens Necrotic Spot Virus (INSV),
one of the most damaging viral pathogens in the floriculture industry (Windham et al.,
2000). INSV, spread by the western floral thrip, can infect over 300 plant species.
Following detection of the virus, disposal of the infected plant(s) is the only
recommended treatment (Windham et al., 2000). Currently there are no I. walleriana
cultivars available that are INSV resistant. The introduction of varieties conferring
transgenic resistance to INSV would save the floriculture industry millions of dollars
annually.

Due to their economic importance tospoviruses, a group of major plant pathogens
that includes INSV, have been targeted by researchers in an attempt to develop transgenic
resistance in host plants. The concept of parasite-derived resistance, developed in 1985
by Sanford and Johnson, suggested that viral disease resistance could be conveyed by

expression of genetic materials of a pathogen in a host (Bau et al., 2003; Chiang et al.,
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2001). Previous researchers have been successful developing transgenic resistance to
other tospoviruses in crops such as tobacco (Nicotiana benthamiana) and tomato. For
example, researchers found that tobacco regenerants expressing the nucleoprotein gene of
Tomato Spotted Wilt Virus (TSWV) were resistant to TSWV (Herrero et al., 2000).

Due to the lack of available INSV resistant cultivars, and given the success
previous researchers have had developing viral resistant transgenic plants, we feel that
development of INSV resistant /mpatiens is an attractive idea. Currently the most
efficient method of generating transgenic plants is involves the use of Agrobacterium-
mediated gene transfer (Raven et al., 1999). Prior to transformation an appropriate
regeneration protocol must be available. Unfortunately, prior to our research there was
no suitable regeneration protocol available for I. walleriana on which a transformation
protocol could be based. Herein we are reporting that /. walleriana can be regenerated in
vitro using cotyledonary node explants, and that this method of regeneration has the

potential to be used successfully for transformation.

Materials and Methods

Seed Sterilization and Germination
The first objective of this project was to develop a seed or explant sterilization

protocol. Given the fragile nature of Impatiens tissues we determined that explants may
be easily damaged using standard sterilization techniques. Additionally, greenhouse or
field grown plants are often difficult to disinfect. Therefore we decided to develop a seed
sterilization technique in order to use in vitro plantlets as an explant source. Seeds of /.

walleriana were exposed to sterilization times of 6, 9, 12, 15, 18, 21, and 24 min in a
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solution of 30% Clorox bleach (5% NaOCIl) amended with “Tween 20” (surfactant),
rinsed three times with sterile H>O, and germinated on solid MS salts and vitamins
amended with 3% sucrose, pH 5.7 (Murashige and Skoog, 1962). Plants were then
incubated under a 16/8 h (light/dark) light cycle at 26°C for 2 weeks. Sterilization times
of less than 15 min were insufficient to remove contaminants. Seed sterilization for 15
min produced mostly clean seedlings; however one of three Petri dishes was
contaminated with both bacteria and fungus. As sterilization times increased beyond 15
min there was a progressive decline in seedling vigor. A sterilization time of 16-17 min
was optimal. Therefore in all experiments seeds of Impatiens walleriana were surface
sterilized and germinated using the following protocol:
Seeds of Impatiens walleriana were surface sterilized by immersion in 20 ml 80% EtOH
for 5-10 sec prior to immersion in 100-200 ml 30% Clorox” bleach (containing two drops
of “Tween 20”) for 17 min. Following sterilization seeds were rinsed 2-4 times in 100-
200 ml sterile water for 1-5 min per rinse. Seeds were then transferred to either full or
half-strength solid MS basal medium (MS salts and vitamins, 3% sucrose, 0.7% (W/v)
agar, pH 5.7) in 100 x15 mm Petri plates (20 ml per plate) or 15 ml liquid MS basal
medium or sterile H>O in 125 ml flasks for germination. Plates and beakers were sealed
with Parafilm (Pechiney Plastic Packaging, Menasha, WI) and seeds germinated in an
incubator [either an Enconair (Canada) or a Percival (Boone, IA)] at 24-25°C under
fluorescent lighting with a 16/8 h (light/dark) photoperiod or in the dark at room
temperature. Seeds germinated in flasks were incubated with shaking, 100 rpm.
Throughout our research there were minor changes made to the seed sterilization

and germination protocol to minimize contamination. In the first experiment seeds were
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germinated in either sterile water or full strength liquid MS basal media. The use of
sterile H,O for seed germination was discontinued because without a carbohydrate source
bacteria would be undetected until the explants had been excised and transferred to callus
induction media and shoot induction media. Therefore in all subsequent experiments
seeds were germinated on MS basal media (liquid or solid). This allowed us to observe
bacterial growth and eliminate contaminated seedlings prior to excision of explants. We
later determined that seeds should be germinated on solid MS media to minimize
vitrification. For transformation experiments five to eight seeds were germinated on half
strength MS basal media.

We also varied the length of time seeds were kept on germination media.
Seedlings were used as a source of explants some 8-20 days after placing them on
germination media in initial experiments. Later this interval was reduced to 6-12 days,
until cotyledons had emerged and enlarged, but prior to expansion of the first true leaves.
Although no quantitative data were collected we believe that younger seedlings are more

regenerable.

Media Preparation

Plant tissue culture media consisted of MS salts and vitamins with various
amendments. Media preparation was conducted as follows using MS salts and vitamins
in one of two forms. One, frozen liquid MS salt stocks amended with 100 mg L™ myo-
inositol following thawing, or two, prepackaged MS salts (4.43 g L") containing myo-
inositol. MS salts and vitamins were added to ddH,O (Barnstead NANOpure) along with

sucrose and various other amendments. Subsequently, pH was adjusted followed by the
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addition of agar (if necessary). Media was then sterilized by autoclave for 20 min
(121°C, 1.5 kgeem->). Amendments requiring filter sterilization were added, and media
was dispensed into sterile containers under a laminar flow hood (Contamination Control

Incorporated, Forma Scientific).

Plant material
Seeds of 1. walleriana used for the first five regeneration protocols were obtained

from landscape plants at the Virginia Tech Horticulture Gardens (Blacksburg) in the fall
012002, and refrigerated until they were needed. For all subsequent experiments seeds of
1. walleriana cvs. Accent Red, Red Star, Accent Pink, Accent White, Salmon Picote were
obtained through a generous donation from Goldsmith Seed Co. (Gilroy, CA)

Attempts to regenerate shoots from callus on nonmeristematic
explants

Regen | [Three Step Regeneration]

Seedlings of . walleriana, germinated for 10 days in sterile H,O and in full
strength liquid MS basal media, were dissected into four explants; two cotyledons and
two hypocotyl sections. Explants from both sources received an initial overnight pulse
treatment (OPT) in liquid medium (MS salts and vitamins, 1% sucrose (w/v), 80 mg L™
NH4NO3, 147 mg L' CaCl,, 44 pM benzyladenine (BA), 54 uM naphthalene acetic acid
(NAA), pH 5.8), and were subsequently divided into nine treatment groups for each
explant source. Explants from all nine treatments were then transferred to one of three
different callus induction media (CIM, Table 1) in 25 x100 mm culture tubes (5ml media
per tube) with one of each explant type per tube. Callus induction media differed only in

their cytokinin source; BA, 6-v,y -dimethylallylaminopurine (2ip), or kinetin (kin).
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Explants remained on CIM for 7 days prior to being transferred to the nine different shoot
induction media. The nine shoot induction media differed in their cytokinin source (BA,
2ip, or kin) as well as the uM concentrations of said cytokinins (15, 30, or 45 uM
respectively, Table 1). Media were dispensed in 25 X 100 mm culture tubes (5ml media
per tube) sealed with Parafilm (Pechy Plastic Packaging, Menasha, WI) and explants
were incubated for 30 days. Throughout this experiment all samples were stored in a
growth chamber (Enconair, Ecological Chambers Inc., Manitoba, Canada) at 25°C with
16 h photoperiod. Tubes were arranged in randomized complete blocks and this

experiment was replicated four times.

Regen Il [Three Step Regeneration with Increased Cytokinin:Auxin
Ratio]

In order to detect contamination during germination all /. walleriana seedlings
were germinated on liquid MS basal media, as opposed to sterile H,O, for 20 days.
Explants were obtained as described previously, and subjected to the same overnight
pulse treatment in liquid pulse media (MS salts and vitamins, 1% sucrose, 80 mg L™
NH,NOs, 147 mg L™ CaCl, 44 pM BA, 54 uM NAA, pH 5.8). Following pulse
treatment explants were transferred to one of three callus induction media (Table 1)
differing only in their cytokinin source (BA, 2ip, or kin). Explants remained on callus
induction media for 7days prior to transfer to one of three shoot induction media (Table
1) containing the same cytokinin. Explants remained on SIM for 30 days prior to
collecting data. Throughout this experiment explants were stored in an incubator under

conditions described previously.
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Regen Ill [Two Step Regeneration]

In this and in all subsequent experiments 1. walleriana seedlings were germinated on agar
solidified MS basal media. Due to continuing contamination problems we placed half of
the seedlings on germination media amended with 25 mg L™ cefotaxime, whereas the
other half were germinated on standard MS basal media. After 21 days cotyledonary
explants were excised from seedlings and put directly on CIM A, B, and C (10 explants
per plate) and allowed to remain for 2 weeks, before being transferred to their respective
SIM A, B, and C (Table 1) in baby food jars. Prior to being transferred to regeneration
media half of the explants in each treatment were divided into two pieces and placed cut
side down on regeneration media to test the effect of wounding on regeneration (Table
1). Explants were grown in an incubator under similar light and temperature conditions

described previously for 5 weeks. Explants were transferred to fresh media after 21 days.

Regen IV [Single Step Regeneration]

1. walleriana seedlings were germinated on: 1) MS basal media and incubated under
identical light and temperature conditions as described previously (control); 2) MS basal
media but incubated in the dark at room temperature in an attempt to minimize the
amount of endogenous auxin in the cotyledons; and 3) modified MS media containing 5
uM tri-iodo-benzoic acid (TIBA), an anti-auxin. Seedlings were allowed to germinate
and mature for 14 days prior to the excision of cotyledonary explants. Explants were
immediately cultured on one of six shoot induction media (SIM A, B, C, D, E, and F;
Table 1) in Petri plates (100 x 15 mm plates, 20 ml media per plate) sealed with Parafilm
(Pechy Plastic Packaging, Menasha, WI). Explants were grown under conditions

described previously in an incubator 20 days prior to collecting results.
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Attempts to regenerate multiple shoots from cotyledonary nodes (CN)

CN I [choice of cytokinin]

Seeds of 1. walleriana were germinated on solid MS basal medium, and incubated for 8-
12 days. Cotyledonary node explants were excised prior to expansion of the first true
leaves. The epicotyl was removed approx 5 mm below the cotyledonary node, and the
cotyledonary node was divided vertically producing two explants from each seedling.
The cotyledonary node tissue was then wounded with a #11 scalpel blade (Feather Safety
Razor Co. LTD Medical Division, Japan) by making 8-10 vertical slices. Explants were
subsequently cultured vertically, with the basal end embedded in media, on SIM CNI A
(MS salts, 0.7% agar, 5 uM TDZ) or SIM CNI B (MS salts, 0.7% agar, 5 uM BA) in 100
x 20mm Petri dishes (25 ml media per plate) sealed with Parafilm. Each Petri plate
contained 10 explants, each treatment was replicated four times and plates were arranged
using a completely random design. Explants were grown for 28 days under conditions

described previously.

CN Il [optimizing TDZ concentration]

In order to improve regeneration of cotyledonary explants the effectiveness of various
concentrations of TDZ in regeneration media was tested. Seeds of I. walleriana cvs. Red
Star and Salmon Picote (Goldsmith Seed Co., Gilroy, CA), were surface sterilized,
germinated for 8-12 days on MS basal medium with explants excised and cultured for 4
weeks as above on SIM medium amended with 1, 3, 5, or 7 uM TDZ in 100 x 15 mm
Petri plates (20 ml per plate).
Flow Cytometry

After data from explants in experiment CN II [optimizing TDZ concentration]

were recorded shoots were excised and transferred to half strength MS basal medium in

35



culture tubes and allowed to root. Shoots were excised from 5 callus shoots pads,
obtaining 15 shoots from each pad. After three weeks 68 plants had rooted, and matured
sufficiently to test their ploidy. Plants were expected to be diploid; however spontaneous
chromosomal doubling has been recorded in other species after regeneration (Johnson et
al., 2001). The ploidy of plant cells can be determined relatively quickly using flow
cytometry (Dolezel and Bartos, 2005).

Approx 1 g of in vitro plant tissue was chopped with a razor blade over ice in a
Pyrex” Petri dish containing 1.5 ml chopping buffer (3.53 g L' sodium citrate, 1.67 g L™
MOPS, 3.66 g L' MgCl,, 0.4 ml L™ Triton X-100) according to Owen (Owen et al.,
1988). Plant tissue was chopped thoroughly, until it was nearly liquefied, and then
filtered through 250 pm and 63 pm filters. Filtrate was collected in a beaker, and 0.5 ml
was transferred to a microcentrifuge tube and placed on ice until all samples were
prepared. Following the addition of 0.25 ml ribonuclease A (800 mg L™ ribonuclease A
in chopping buffer) samples were incubated for 30 min at room temperature after which
0.125 ml propidium iodide (400 mg L™ propidium iodide in chopping buffer) was added
to each sample, followed by incubation on ice for 2 h.

Suspensions of 1. walleriana nuclei were placed in a Coulter Epics XL Flow
Cytometer (Coulter International Corp., Miami, FL) and DNA quantified by absorbance.
Results were displayed on a histogram, comparing relative fluorescence to a monoploid

potato (2n =1x =12) as a standard.
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Attempts to transform cotyledonary node explants
Transformation I [Initial transformation]

Agrobacterium preparation (Method I)
Scrapings of cryopreserved Agrobacterium tumefaciens (LBA 4404 phB2829

compliments of J. Moliner (Molinier et al., 2000) Figure 1) were used to inoculate 5 ml
of liquid TY media [5 g L tryptone, 3 g L™ yeast extract 500 mg 1" CaCl, x 2H,0 (pH
7.0)] amended with 50 mg L™ kanamycin, in 15 ml disposable centrifuge tubes. Tubes
were placed in a Lab-Line® Orbit Environ-Shaker (Lab-Line Instruments Inc. Melrose
Park, IL) at 150 rpm at 28°C for 36 h. After initial incubation, 5 ml samples were
transferred to 50 ml centrifuge tubes containing 45 ml of TY media and returned to the
incubator shaker for 12 h. After incubation samples were placed in a centrifuge and spun
at 2,500 rpm to pellet 4. tumefaciens cells. Cells were then resuspended in infiltration
media I (IM I) using a vortex for 30 sec.

Surplus Agrobacterium stocks were preserved for future transformation
experiments using Protect Bacterial Preservers (Technical Service Consultants Limited,

Heywood, Lancashire) according to directions and were stored at -30°C.

Explant preparation and inoculation
Seeds of Impatiens walleriana cv. Accent Red, were surface sterilized and

germinated for 12 days on solid MS basal medium (100 x 15 mm Petri plates) in an
incubator at 24°C under fluorescent lights using a 16 h photoperiod. Seedlings were
allowed to mature, until cotyledons had emerged. From a single seedling, two
cotyledonary node explants were obtained by removing the roots and most of the
hypocotyl, roughly 3-5 mm below the cotyledonary node on the hypocotyl, and then

cutting vertically through the remaining hypocotyl with a #11 Feather Light surgical
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blade (Feather Safety Razor Co. LTD, Medical Division, Japan). The axillary bud and
hypocotyl were then wounded by slicing vertically through the tissue eight to ten times
per explant. Explants were then inoculated by submerging them in the TY media/A.
tumefaciens slurry for 10 min. Following inoculation explants were removed, blotted dry
with sterile paper towels, and transferred to co-cultivation medium 1 (CCM1: solid MS
basal media amended with 7 pM TDZ in 100 x 20 mm Petri plates, 25 ml media per
plate). Eight explants were cultured vertically on each Petri plate, a total of ten plates
was prepared, and after preparation separated into two groups. Explants in the first group
were co-cultivated in the dark at room temperature; whereas those in the second group
were co-cultivated under fluorescent lighting at 24°C (16/8 h light/dark). Explants from

both treatments remained on co-cultivation media for 8 days.

Selection and regeneration
After co-cultivation explants were placed in 50 ml tubes with 20 ml washing medium

(liquid MS basal medium amended with 3% sucrose, 250 mg L™ carbenicillin, 50 mg L™
kanamycin, pH 5.7) for 20 min with periodic gentle shaking. Explants were blotted dry
with sterile paper towels, and transferred to fresh regeneration medium (solid MS salts,
3% sucrose, 7 uM TDZ, 50 mg L™ kanamycin, pH 5.7). Explants were cultured on this

medium for 4 weeks, data were taken periodically.

Transformation Il [Pretreatment, altered infiltration medium, extended
infiltration duration]

Agrobacterium preparation
Agrobacterium (LBA 4404 phB2829) stocks used for this experiment were grown as

described above. Samples were spun in a centrifuge for 20 min at 20,000 rpm, and
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supernatant decanted. Pellets were resuspended in infiltration media II (IM 2, MS salts

and vitamins, 100 uM acetosyringone, 1 uM TDZ, ph 5.7 Table 2) using a vortex.

Explant preparation and inoculation
Seeds from four cultivars of Impatiens walleriana; Accent Red, Accent Salmon,

Accent Pink, Accent Salmon Picote (Goldsmith Seed Co., Gilroy, CA) were surfaced
sterilized and germinated on MS basal medium (100 x 15 mm Petri plates, 20 ml media
per plate). After germination, cotyledonary node explants were excised, and separated
into two groups. Explants in the first group were cultured on a pre-co-cultivation media
consisting of MS basal medium amended with 100 pM acetosyringone and 1 pM TDZ
pH 5.7 (20 ml media per 100 % 15mm Petri plate) for 6 days in total darkness. Pre-
treatment of explants on media amended with acetosyringone was conducted to induce a
wounding response from the explants prior to infection with A. tumefaciens. The second
group of explants received no pretreatment (control) and was immediately submerged in
infiltration media.

Explants were inoculated by transfer to sterile disposable 50 ml centrifuge tubes
followed by submersion in IM 2 Agrobacterium suspension. The tubes were placed in an
incubator shaker for 20 min at 28°C/150 rpm. Explants were then removed and blotted
dry with sterile paper towels and cultured vertically (basal side down) on co-cultivation
media 2 (solid MS basal medium amended with 100 uM acetosyringone and 1 uM TDZ
ph 5.7 Table 2) at 24°C for 2 days. Following co-cultivation, explants were washed with
liquid MS basal medium (amended with 250 mg L™ carbenicillin and 50 mg L

kanamycin) for 30 min to remove excess Agrobacterium, blotted dry with sterile paper
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towels, and placed on SIM 17a (MS basal amended with 1 uM TDZ), and stored in an
incubator under conditions described in previous sections.

Transformation Ill [Altered infiltration medium, increased infiltration
duration, increased co-cultivation]

Agrobacterium preparation
Agrobacterium (LBA 4404 phB2829) was prepared as described previously,

pelletted using a centrifuge for 20 min at 20,000rpm, and resuspended in infiltration
medium 3 (IM 3: MS salts and vitamins, 3% sucrose (w/v), 0.7% agar (w/v), 1 uM TDZ,

1 uM DTT and 3.3 uM L-Cysteine pH 5.8 Table 2), using a vortex.

Explant preparation and inoculation
Seeds were surface sterilized and germinated on solid MS basal medium for 7-12

days. Cotyledonary node explants were excised and transferred to IM 3 for infiltration,
and incubated with shaking at 28°C/150 rpm for 30 min. Explants were removed and
blotted dry using sterile paper towels and placed vertically (basal side down) on co-
cultivation media 3 (Table 2) and incubated at 24°C for 3 days. Following co-
cultivation: 1) explants were transferred to 50 ml tubes containing 20 ml washing-off
medium (WOM): MS salts, BS vitamins, 2% sucrose, pH 5.5, 250 mg L carbenicillin,
50 mg L kanamycin. 2) Tubes were shaken vigorously for 15 sec. 3) Explants were
transferred, using sterile forceps, to sterile Petri dishes while the WOM was discarded. 4)
Explants were returned to the 50 ml tubes with fresh WOM, and the tubes were shaken
for 30 sec, and repeat step 3. 5) Explants were returned to 50 ml tubes filled with 30 ml
fresh WOM and allowed to stand in a hood for 30 min. 6) Tubes were shaken gently
every 5 min. 7) Explants were transferred to Petri dishes and rinsed with 10 ml of fresh

WOM. 8) Step 7 was then repeated. 9) Following the final rinse explants were blotted
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dry using sterile paper towels. Explants were then transferred to MS basal media

(amended with 1 uM TDZ, and 50 mg L™ kanamycin, pH 5.7).
2 yem, p

Transformation IV [Use of alternative Agrobacterium]

Agrobacterium preparation method Il
Stocks of Agrobacterium tumefaciens strain LBA4404 and strain GV3101

(pCAMBIA1304 kindly provided by Teruko Osumi, Figure 1), chosen for its heightened
virulence, were made by inoculating 2 ml of liquid TY media (5g 1" tryptone, 3g L™
yeast extract 500 mg L™ CaCL+2H,0, pH 7.0) amended with 50 mg L™ kanamycin or 20
pg/ml rifampicin, 50 pg/ml gentamycin, and 100 pg/ml kanamycin, respectively, using a
single Protect Bacterial Preserver for each strain and shaken at 28°C at 150 rpm
overnight. The following day 0.5 ml aliquots were used to inoculate 5 ml samples of TY
media, shaken at 28°C at 150 rpm for 36 h. The 5 ml stocks were used to inoculate 45 ml
TY media, shaken at 28°C at 150 rpm for 12 h. Prior to explant inoculation 50 ml
samples were spun in a centrifuge for 20 min at 2,000 rpm to pellet cells. Both strains of
A. tumefaciens were subsequently resuspended in 50 ml infiltration media 4 [IM 4: MS
salts and vitamins, 3% sucrose (w/v), B5 vitamins, (1.67 mg L! BA, 0.25 mg L! GA, 0.2
mM acetosyringone, 3.3 mM L-cysteine, 1.0 mM sodium thiosulfate, 1.0 mM DTT (all

filter-sterilized)), pH 5.4].

Explant preparation and inoculation
Impatiens walleriana seeds, cvs. Accent White, Accent Salmon, and Accent Red

were surface sterilized, and germinated on full strength solid MS basal for 7-12 days.

Explants were excised and wounded prior to infiltration using co-cultivation/A4.
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tumefaciens suspension. A 50 ml aliquot of Agrobacterium suspension was used to
inoculate approximately 75 explants per cultivar, per strain of Agrobacterium for 30 min.
Following inoculation explants were blotted dry with sterile paper towels. Twenty
explants per cultivar per 4. tumefaciens treatment were randomly placed in glass baby
food jars, adaxial side down, on sterile 70 mm Whatman #1 filter paper placed on semi-
solid co-cultivation medium 4 [CCM 4: MS salts and vitamins, 3% sucrose (w/v), B5
vitamins, 0.5% agar (w/v), (1.67 mg 1! BA, 0.25 mg L GA, 0.2 mM acetosyringone, 3.3
mM L-cysteine, 1.0 mM sodium thiosulfate, 1.0 mM DTT (all filter-sterilized)) Table
2.]. Jars were sealed with Parafilm and incubated at room temperature in the dark for 5
days.
Selection and regeneration

Following co-cultivation, explants were transferred to 50 ml tubes containing 20
ml washing-off medium (WOM: MS salts, B5 vitamins, 2% sucrose, 500 mg L
carbenicillin, pH 5.5) to remove excess A. tumefaciens. Tubes were shaken vigorously
for 15 sec, floating explants were then transferred to the lid of a Petri dish and WOM
medium was discarded. Explants were returned to the tubes and 20 ml fresh WOM was
added prior to shaking vigorously for 30 sec. Floating explants were transferred to a Petri
plate, medium was discarded, and explants were returned to 50 ml tubes with 30 ml fresh
WOM and allowed to stand for 30 min with gentle shaking every 5 min. Floating
explants were then transferred to Petri plates and explants were rinsed twice prior to
being blotted dry with sterile paper towels. After washing explants were placed (100 %

20 mm Petri plates, 30 ml media per plate) on solid regeneration media (MS basal
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amended with 1 uM TDZ, 50 mg L™ kanamycin, 100 mg L cefotaxime) and incubated at

24°C under fluorescent lighting in a 16/8 (light/dark) photoperiod for 2 weeks.

Transformation V [Altered infiltration medium pH]

Agrobacterium Preparation (Method Ib)
A cryopreserved scraping of Agrobacterium tumefaciens strain LBA4404

(phB2829) was streaked on solid LB media [1L: 5 g yeast extract, 10 g bacto-tryptone, 10
g NaCl, 0.7% agar, pH 7.5, autoclaved to sterilize, 50 mg L™ of kanamycin (filter
sterilized))] and incubated for 48 h at 28°C. A single colony was picked and used to
inoculate 5 ml liquid LB medium (amended with 50 mg L™ kanamycin). The culture was
incubated for 36 h in an incubator shaker at 28°C at 150 rpm, and then added to 15 ml LB
media, and incubated for 12-14 h. After incubation A. tumefaciens samples were spun in
a centrifuge for 20 min at 2,500 to pellet cells. Agrobacterium cells were then
resuspended using a vortex for 30 sec in 10 ml liquid Infiltration Media 5 [MS salts and
vitamins, B5 vitamins, 3% sucrose (w/v), 200 uM acetosyringone (filter-sterilized), 1 uM

TDZ, pH 5.4).

Explant preparation and inoculation
Seeds of Impatiens walleriana, cvs Accent Red and Accent White (Goldsmith

Seed Co., Gilroy, CA) were surface sterilized and germinated on half strength MS basal
medium [MS basal salts and vitamins, 3% sucrose (w/v), 0.7% agar, pH 5.7) in 100 x 15
mm Petri plates (30 ml media per plate) for 7-12 days. Twenty explants were prepared
from each cultivar and inoculated in 10 ml of the A. tumefaciens/co-cultivation slurry for

90 min. During inoculation samples were placed in an incubator shaker at 28°C with

43



shaking at 150 rpm. After inoculation, explants were transferred to solid co-cultivation
medium 5 (CCM 5, Table 2) in deep dish Petri plates (100 x 20 mm) and incubated for 1

week at 25°C under fluorescent lights using a 16/8 h (light/dark) photoperiod.

Selection and regeneration

After co-cultivation, explants were washed to remove excess 4. tumefaciens, with
wash media I (WMI) consisting of liquid MS basal medium amended with 250 mg L?
cefotaxime. After rinsing explants were blotted dry with sterile paper towels and
transferred to regeneration media [MS salts and vitamins, 3% sucrose (w/v), 1 uM TDZ,
0.7% agar (w/v), pH 5.7 (100 x 20 mm Petri plates, 30 ml media per plate)] containing
250 mg L™ cefotaxime to destroy any remaining A. tumefaciens, however no selection
pressure was applied at this time. Explants were sub-cultured onto fresh regeneration

medium 3 weeks later.

Transformation VI [Transformation of cotyledonary nodes following
shoot induction]

Agrobacterium preparation
In this section Agrobacterium tumefaciens (LBA 4404 phB2829) was prepared

using Agrobacterium preparation method Ib.

Explant preparation and inoculation
Seeds of I. walleriana cvs Accent Red, and Accent Salmon were surface sterilized

and germinated on agar solidified half strength MS basal medium (100 % 15 mm Petri
plates, 30 ml media per plate) for 7-12 days. After germination 60 explants were
obtained from each cultivar, and divided into three groups of 20 and placed directly on

shoot induction medium [MS salts and vitamins, 3% sucrose (w/v), 1 uM TDZ, 0.7%
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agar (w/v), pH 5.7 (100 x 20 mm Petri plates, 30 ml medium per plate)] for 3 weeks.
After developing callus tissue explants were transferred to sterile glass Petri plates and all
shoots were removed using a #11 Feather Light surgical blade. Callus tissue that had
formed was then wounded by stabbing 8-10 times prior to inoculation with 4.
tumefaciens. Explants were transferred from Petri plates to 15 ml centrifuge tubes
containing a 10 ml slurry of 4. tumefaciens cells and LB media. Tubes were placed in an
incubator shaker set at 28°C with shaking at 150 rpm, and explants were incubated for 90
min. Following incubation, explants were removed, blotted dry with sterile paper towels,
and placed on solid co-cultivation media 6 (MS basal, amended with 1 upM TDZ) in 100

x 20 mm Petri plates and incubated at 24°C for 7 days.

Selection and regeneration.
After co-cultivation, explants were rinsed with liquid MS basal (amended with

250 mg L™ cefotaxime and 50 mg L™ kanamycin) to destroy any remaining 4.
tumefaciens. Explants were then blotted dry with sterile paper towels and transferred to

shoot induction medium. Explants were sub-cultured to fresh media every 3 weeks.

Transformation VIl [Extended infiltration and co-cultivation duration]

Agrobacterium preparation
In this section Agrobacterium tumefaciens (LBA 4404 phB2829) was prepared

using Agrobacterium preparation method Ib. Following incubation A. tumefaciens
samples were spun in a centrifuge for 20 min at 2,500 rpm to pellet cells, and were

resuspended using a vortex for 30 sec in 10 ml liquid Infiltration Media 7.

Explant preparation and inoculation
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Seeds of I. walleriana cvs Accent Red, and Accent Salmon were surface sterilized
and germinated on agar solidified half strength MS basal medium for 10 days. Following
excision explants were transferred to 15 ml centrifuge tubes containing 10 ml A4.
tumefaciens/infiltration medium 7 slurry (Table 2). Tubes were placed in an
incubator/shaker at 28°C at 150 rpm for 50 min to inoculate explants. Following
inoculation, explants were removed blotted dry with sterile paper towels and placed on

solid co-cultivation medium 7 (Table 2) and incubated at 24°C for 8 days.

Selection and regeneration
After co-cultivation to remove excess A. tumefaciens, explants were transferred to

wash medium (in 15 ml tubes) on a shaker at 200 rpm for 20 min. Afterward explants
were blotted dry and placed on shoot induction media.

Transformation VIII [Alternative Agrobacterium with various IM and
CCM amendments]

Agrobacterium preparation
Single colonies of 4. tumefaciens GV3101 (pCAMBIA 1304), chosen for its

heightened virulence over LBA 4404, were obtained by streaking LB agar plates
amended with 20 pg/ml rifampicin, 50 pg/ml gentamycin, 100 pg/ml kanamycin and
incubating them for 2 days at 28-30°C. Well isolated single colonies were used to
inoculate glycerol stocks, and stored at -80°C. Glycerol stocks were subsequently used to
inoculate 2 ml liquid LB media amended with 20 pg/ml rifampicin, 50 pg/ml

gentamycin, 100 ug/ml kanamycin. Two tubes were prepared for each plate of explants,
and incubated for 22 h at 30°C with shaking at 240 rpm. In a laminar flow hood 0.7 ml of
each Agrobacterium sample were transferred to 1.5 ml tubes, and cultures were then spun

in a centrifuge for 3 min at 13,000 rpm. Supernatant was decanted and the pellet was
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resuspended in 0.5 ml of infiltration medium 8 (MS salts and vitamins, B5 vitamins, 100
uM acetosyringone, 1000 mg L™ L-cysteine, 1 pM TDZ, 500 mg L™ DTT, 3% sucrose,
pH 5.5). The suspension was then diluted with 19.5 ml dilution medium and tubes were

allowed to stand in the hood for 10 min.

Explant preparation and inoculation
Seeds of I. walleriana cvs. Accent White, Accent Red, Accent Pink, and Salmon

Picote were sterilized and germinated on agar solidified half strength MS basal medium
for 8-12 days. After germination cotyledonary nodal explants were obtained and
transferred to 20 ml centrifuge tubes containing transformation media. Explants were
inoculated for 20-25 min with gentile shaking every 3-5 min. Following inoculation
explants were removed, dried using sterile paper towels, and incubated on co-cultivation

media 8 at 24°C for 3 days.

Selection and Regeneration
Following co-cultivation 1) explants were transferred to 50 ml tubes containing

20 ml of washing-off medium (WOM): MS salts, B5 vitamins, 2% sucrose, pH 5.5, [S00
mg L carbenicillian (filter-sterilized) 2) Tubes were shaken vigorously for 15 sec. 3)
Explants were then transferred to sterile Petri dishes while the WOM was discarded. 4)
Explants were then returned to the 50 ml tubes with fresh WOM, and tubes were shaken
for 30 sec, and repeat step 3. 5) Explants were returned to 50 ml tubes filled with 30 ml
fresh WOM and allowed to stand in a hood for 30 min. 6) Tubes were shaken gently
every 5 min. 7) Explants were then transferred to Petri dishes and rinsed with 10 ml fresh
WOM. 8) Step 7 was then repeated. 9) Following the final rinse explants were blotted

dry using sterile paper towels.
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After rinsing explants, to remove any excess Agrobacterium, we placed them
adaxial side down in 100 x 20 mm Petri dishes on solid shoot induction medium, and

incubated for 4 weeks. Observations were made every 2 weeks.

Results

Attempts to regenerate shoots from callus on nonmeristematic
explants

Regen | [Three Step Regeneration]

After incubation for 30 days, explants were evaluated for growth and regeneration
on each of the nine media formulations. Explants from each treatment remained green
and turgid. However, they had not increased in size, and furthermore, none of the
explants developed callus or de novo shoots. Regeneration of shoots from
nonmeristematic tissue was unsuccessful in all 36 treatments. However, 72% of all
explants including some in each of the nine media treatments produced de novo roots
(Figure 1), whereas the remaining 28% failed to produce any new growth or died before
data were collected. Although quantitative data were not collected root development
ranged from a single root radicle less than 4 mm in length to numerous roots per explant
longer than 10 cm.

Regen Il [Three Step Regeneration with Increased Cytokinin:Auxin
Ratio]

After 7 days on CIM, all explants exhibited severe tissue necrosis with no callus

root or shoot development.
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Regen Ill [Two Step Regeneration]

After 5 weeks on regeneration media explants were evaluated for their ability to
regenerate in vitro. As in the previous regeneration experiments there was no shoot
regeneration in any of the media treatments. As in Regen I all surviving explants
appeared turgid. dark green (Figure 4) and developed extensive de novo roots in all of
the media treatments. Explants from seedlings that received the cefotaxime pre-treatment
did not exhibit any decrease in contamination over those from seedlings that were
germinated on MS basal medium as 20% of each group of explants became
contaminated. Therefore, antibiotic pretreatment was not used in subsequent

experiments.

Regen IV [Single Step Regeneration]

After 20 days, 18 explant treatments (germination conditions and media
formulations) were evaluated for their ability to induce spontaneous shoot regeneration
from nonmeristematic seedling explants. Among the 18 treatments only four explants
from a total of 540 plated survived after 20 days incubation. All surviving explants had
received the same germination treatment; i.e. MS basal media under 14 h photoperiod at
24°C. Three of these explants did not exhibit organogenesis although they had increased
in size during the incubation period. The fourth remaining explant had not developed
roots, but produced multiple shoots while growing on medium B (MS + TDZ + AC).
After close observation we noticed that this explant, unlike others in this experiment,
retained a portion of the hypocotyl and the cotyledonary node. This prompted more
research on using TDZ as a cytokinin source for regeneration of cotyledonary node

explants.
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Attempts to regenerate multiple shoots from cotyledonary nodes

CN I [choice of cytokinin]

Cotyledonary node explants were evaluated for shoot regeneration after 28 days
on medium supplemented with either BA or TDZ. Multiple shoots were observed on 13
(43%) explants cultured on medium amended with TDZ. Alternatively, only 18% of
explants cultured on medium containing BA produced multiple shoots. The nine
remaining explants on TDZ were alive and green and had increased in size after 4 weeks.
Explants on BA that had not regenerated shoots also remained green but had not

increased in size after 4 weeks, and instead grew numerous roots.

CNIlI-[optimizing TDZ concentration]
Once TDZ had been shown to influence greater shoot regeneration from

cotyledonary nodes of Impatiens than BA, we attempted to optimize the concentration of
TDZ in the regeneration medium. Both the frequency of explants regenerating shoots
and the number of shoots per regenerating explant were recorded after 28 days of
incubation. ANOVA revealed significant influence of the four different concentrations
(1, 3, 5, and 7 uM) of TDZ used and the interaction of TDZ treatment with cultivar. It
was found that MS basal media amended with 1 pM TDZ was significantly more
effective for frequency of regeneration and number of shoots per regenerating explant
than the other TDZ concentrations (Table 4, Figure 2.). Furthermore, a linear regression
line was plotted to illustrate that as TDZ concentration increased in the media there was a
decrease in regeneration (Figure 2.). Cotyledonary node explants of 1. walleriana cv.
Salmon Picote and Red Star cultured on MS basal medium amended with 1 uM of TDZ
had the highest percentage of regenerating explants (46%; Table 3.). Furthermore, we

found that regeneration medium amended with 1 pM TDZ was optimal for shoot
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production, and significantly better than other concentrations, resulting in an average of
15 shoots per explant (Table 3, Figure 5). Additionally, /. walleriana cv. Salmon Picote
was shown to have a significantly higher regeneration percentage and number of shoots
per explant. This difference in regeneration and shoot production may be due to some

unknown genotypic advantage.

Flow Cytometry
The ploidy of 68 rooted plants was estimated by flow cytometry after 3 weeks

incubation. All samples (suspensions of nuclei) were compared to a standard, in this case
a monoploid potato (2n=1x=12). Results were displayed in a histogram representing the
frequencies of nuclei at different channel numbers corresponding to DNA content
(Figure 7). All 68 samples displayed nearly identical histograms with a similar peak
positive ranging from 80 to 93. The peak positive for the 2C content of the monoploid
potato was 38. Taking the 2C DNA content for diploid potato as 1.7 pg per nucleus
(Arumuganathan and Earle, 1991), the 2C DNA content of Impatiens walleriana can be

roughly estimated to be 3.8 pg.

Attempts to transform cotyledonary node explants

Transformation I [Initial transformation]
Explants in both groups (co-cultivation in the dark vs. light) failed to regenerate in

vitro. Explants cultured under light conditions became necrotic, while those cultured in

the dark became chlorotic. There was no shoot or callus formation in either group.
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Transformation Il [Explant pretreatment, altered infiltration medium,
extended infiltration duration]

Results from both treatments (explants receiving a pre-co-cultivation treatment vs.
explants receiving no pretreatment) were the same in this experiment. Explants receiving
a pretreatment with acetosyringone and those receiving no pretreatment both rapidly
showed signs of necrosis and became heavily vitrified during co-cultivation. When
explants were rinsed to remove excess Agrobacterium they easily broke into small pieces.
Furthermore, explants had begun to exhibit necrosis during co-cultivation. Within a
week all explants were completely brown.

Transformation Ill [Altered infiltration medium, increased infiltration
duration, increased co-cultivation]

Following co-cultivation explants were fragile and tore easily when manipulated
with forceps, having the consistency of tissue paper. Although Impatiens’ leaves are
normally thin and pliable, the condition was exaggerated. After rinsing explants (to
remove excess Agrobacterium) and transferring them to regeneration media they quickly
began to decline. Within a week explants were completely brown and necrotic.
Transformation IV [Use of alternative Agrobacterium]

After 2 weeks there was no shoot regeneration or callus development evident on
any explant. Explants had become completely white and nearly transparent.
Transformation V [Altered infiltration medium pH]

As in previous experiments explants did not survive on regeneration media.
There was extensive browning of tissue, and eventual death of all explants within 2

weeks.
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Transformation VI [Transformation of cotyledonary node following
shoot induction]

After 2 weeks explants began to produce callus tissue. At this point four explants
exhibited positive GFP" callus. After 3 weeks 12 explants had GFP" callus tissue;
however after 5 weeks there was no GFP" callus present. Unfortunately, GFP" callus
tissue never gave rise to GFP" shoots. This could be due to the timing of the
Agrobacterium infection. Prior to infection explants had been wounded and were
producing callus tissue and shoot tissue on regeneration media. Subsequent removal of
shoots followed by the re-wounding of explants and infection with Agrobacterium failed
to transform meristemactic tissue. This could be because the meristematic tissue that
eventually gave rise to the untransformed shoots had already been formed prior to

infection.

Transformation VIl [Extended infiltration and co-cultivation duration]
As with previous transformation protocols explants failed to produce shoots.

After co-cultivation explants were chlorotic and suffering from intense enzymatic
browning. After 10 days on regeneration media all explants were completely brown and

dead.

Transformation VIII [Alternate Agrobacterium with various IM and
CCM amendments]

After 2 weeks cultivation on shoot induction media explants were observed.
Explants were uniform in appearance. There was mild necrosis of tissue surrounding the
wounded areas of the cotyledonary node. Portions of the cotyledons were still green,
however regions closer to the node became chlorotic. After 4 weeks on shoot induction

media all explants were dead, tissue was white and translucent, with the consistency of
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tissue paper. There was 100% mortality. During cultivation on shoot induction media

there was never any callus or shoot development.

Discussion
At the outset of this project there was little published literature pertaining to

regeneration of Impatiens in tissue culture. The only tissue culture research that had been
published for Impatiens concerned micropropagation (Han and Stephens, 1987; Nikolova
et al., 1996; Stephens et al., 1985), ovule culture (Stephens et al., 1992), growth of
cotyledon sections (Han, 1994), callus culture (He and Xi, 1989; Josekutty et al., 1998)
embryo culture (Arisumi, 1980; Arisumi, 1985) and secondary product formation in cell
cultures (Panichayupakaranant, 2001). None of these reports presented a protocol
suitable for transformation. Therefore, we began to work on development of a
regeneration protocol for 1. walleriana. A repeatable regeneration protocol is critical for
the transformation of any plant species. We began by attempting to induce shoot
formation on hypocotyl sections and cotyledons by using a standard three-step
regeneration protocol. The first step is an overnight pulse in liquid medium with high
concentrations of growth regulators; the second step is a callus induction stage using a
high auxin:cytokinin ratio for 2-10 days; the third step is the regeneration stage where
shoot formation from callus is encouraged by a high cytokinin:auxin ratio. This method
has been commonly used in tissue culture with the suggestion of genotype independence
(Hulme et al., 1992). Following excision from the mother plant, explants can be
transformed using Agrobacterium tumefaciens, and then cultured on each of the three
different media. As transformed cells are proliferated they are dedifferentiated into

callus, an undefined mass of tissue by exposure to high cytokinin:auxin ratios in the
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callus induction medium. Once callus tissue is formed the transformed cells can be
redifferentiated by a high ratio of cytokinin:auxin to produce shoot tissue.

In initial experiments nonmeristematic seedling explants were cultured on various
media formulations that had been successful in inducing de novo shoot formation in other
species. Varying ratios of cytokinin:auxin were used as media amendments to basic MS
basal medium to induce callus and shoot formation. Unfortunately, we were unsuccessful
in finding a medium formulation that would induce callus or shoot formation; instead we
were only able to induce the formation of root tissue (Figure 4). As a result we began
attempts to induce spontaneous shoot regeneration. We experimented with various media
formulations using high cytokinin:auxin ratios to induce spontaneous de novo shoot
production from seedling explants. However, we were unable to induce spontaneous
shoot production using a single step regeneration medium with cytokinin:auxin ratios as
high as 100:1. Unfortunately, explants were still only producing root tissue. As a result
we began to experiment with various regeneration media that had no exogenous auxin
supplies. Additionally we experimented with media containing an anti-auxin attempting
to decrease active endogenous auxin levels. We employed the use of tri-iodo-benzoic
acid (TIBA), an anti auxin, in regeneration media as well as germinating seedlings in the
dark, which has been reported to keep auxin levels in seedlings low. Unfortunately, these
measures were unsuccessful in halting the production of roots or inducing shoot
formation in our explants. In fact, nearly all of our original shoot induction protocols
(SIP) resulted in the production of roots instead of shoots. In some instances there was

copious root production and no other signs of growth in the explants. In many of the
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original SIP explants were observed for 8 weeks or more but no shoot or callus
production was ever observed.

Quite accidentally, we were successful in developing a shoot regeneration
protocol for I. walleriana by leaving the cotyledonary node on one of 480 explants in one
of our experiments with presumed nonmeristematic explants cultured on a medium with
TDZ. The single nonconforming explant regenerated multiple shoots from its
cotyledonary node. Subsequent experiments with cotyledonary nodes confirmed the
regenerability of such explants. By selecting a more powerful cytokinin (TDZ) and
eliminating exogenous auxin from our regeneration medium we optimized the protocol.
TDZ is a powerful cytokinin and has been used successfully in tissue culture on other
species. Initially we optimized concentration of TDZ to maximize spontaneous
regeneration. Furthermore, the success of this technique has proven to be heavily reliant
on the operator (Krens et al., 1996), and therefore the excision of the explants, method of
wounding, and orientation of the explants on the regeneration media had to be perfected.
We found that explants must be obtained from seedlings prior to the expansion of the first
set of true leaves. Older seedlings failed to produce any shoots. We also found that
explants must be wounded to induce multiple shoot regeneration. Cotyledonary node
explants of . walleriana (obtained from seeds collected from the Virginia Tech
Horticulture Gardens, Blacksburg) were excised and immediately cultured on shoot
induction media without any wounding. Although 13% of the seedlings did produce a
single shoot, none of the explants produced multiple shoots. The single shoot produced
on these explants could have been from existing meristematic tissue that had completely

differentiated prior to excision of the explants (Paz et al., 2004). While optimizing our
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regeneration protocol we tested varying concentrations of TDZ (1-7 pM) in our
regeneration media, and found that we were able to obtain regeneration with all
concentrations tested. We found that 1 pM of TDZ was significantly better than other
concentrations of TDZ tested for frequency of regeneration and number of shoots per
regenerating explant (Table 4, Figure 2) When compared to other studies our in vitro
regeneration percentages are somewhat low. For example researchers show regeneration
rates for cotyledonary node explants of 60-70% in Beta vulgaris L. (Krens et al., 1996),
and between 85% and 100% in Petrocarpus marsupium Roxb (Chand and Singh, 2004)
and Cedrela fissilis Vellozo (Meliaceae) (Nunes et al., 2002) respectively. However, our
average number of shoots per explant (15) is higher than the averages for all of the
aforementioned species.

After optimizing our regeneration protocol we examined the ploidy of 68
regenerated plants from five callus shoot pads by flow cytometry using monoploid potato
as our standard. All 68 plants had nearly identical histograms; indicating that they were
all diploid. Therefore cotyledonary node culture of Impatiens walleriana in our study
was not subject to ploidy instability. This result is consistent with other cotyledonary
node regeneration protocols. For example caraway (Carum carvi L.) can be regenerated
in vitro using cotyledonary node explants and has been shown to have no ploidy
instability (Krens et al., 1997).

After developing a repeatable regeneration protocol we worked to develop an
Agrobacterium-mediated transformation protocol for I. walleriana. We began by
attempting transformation using liquid MS salts and vitamins (3% sucrose (w/v), pHS5.7)

as an infiltration medium containing A. tumefaciens (LBA 4404). This strain of
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Agrobacterium was used for these experiments because of its availability and because it
had been used successfully in previous transformation experiments. For example LBA
4404 has been used to successfully transform cotyledonary node explants of Vigna
radiate L. Wilczek (Jaiwal et al., 2001). After failure to produce transgenic shoots we
began altering the transformation protocol. We added various amendments to the co-
cultivation media, altered pH, varied infiltration times, used different Agrobacterium
strains, differing timing of infection, and varying selection pressure. Unfortunately, we
were never successful in generating transgenic shoots of 1. walleriana. In nearly every
situation explants suffered from intense enzymatic browning following infection with
Agrobacterium. In order to counteract the intense browning of the explant tissue we
added L-cysteine (a thiol compound that inhibits enzymatic browning) to our co-
cultivation medium. L-cysteine has been shown to reduce enzymatic browning in several
studies (Olhoft et al., 2003; Olhoft et al., 2001; Olhoft and Somers, 2001). This effect is
due to its thiol group (Olhoft et al., 2001) and is thought to interact with wound- and
pathogen-defense responses in explant tissue (Olhoft and Somers, 2001). Unfortunately,
this amendment had no effect on the survival of the explants, and in nearly every attempt
to transform 1. walleriana explants rapidly declined, suffering from tissue necrosis days
after transfer to regeneration media.

We were able to achieve moderate success in transforming callus tissue of /.
walleriana. After cotyledonary node explants that had not been treated with
Agrobacterium began to generate shoots the shoots were removed and the callus like
tissue that forms on the nodal tissue was re-wounded and then transformed with

Agrobacterium. This technique resulted in transient GFP expression in the callus tissue,
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and was not visible after 3 weeks. Furthermore, transformation was not successful in any
meristematic cells and therefore did not result in any transformed shoots.

Transgenic shoot production of . walleriana should be possible using
cotyledonary node explants. Given our moderate success in 7ransformation VI
transformation seems promising. It appears that the timing of Agrobacterium
tumefaciens infection is critical to the success of transformation. We have determined
that if explants are infiltrated too soon after excision that they decline rapidly and
ultimately die before regeneration. We have also shown that the callus/shoot pad can be
transformed using Agrobacterium tumefaciens however if infection is delayed too long
after excision of explants that transformation will not give rise to transformed shoots.
Unfortunately, a repeatable regeneration protocol does not ensure transformation. There
are myriad variables that may be investigated to develop a successful transformation
protocol such as: genotype (Zeng et al., 2004), explant age and vigor (Jaiwal et al., 2001;
Paz et al., 2004), strain of Agrobacterium (Paz et al., 2004; Zhou et al., 2004), type of
vector used (Olhoft et al., 2003), infiltration and co-cultivation duration (Rohini and Rao,
2000), culture methods (Olhoft et al., 2003), and selection pressure (Olhoft et al., 2004).
Nearly all of these variables have been shown to be significant factors in transformation
protocols. With adequate resources it is likely that transformation of 1. walleriana is
ultimately possible by using the regeneration techniques described herein and the right
combination of factors to encourage transfection while maintaining the viability of the

explants.
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Table 1. Components of callus induction media (CIM) and shoot induction media (SIM)

for nonmeristematic explants, experiments Regen I-IV.

Media
Component Regen | Regen Il Regen Il Regen IV
CIM SIM CIM SIM CIM SIM SIM
MS Basal 1x 1x 1x 1x 1x 1x 1x
Sucrose (w/v) 1% 3% 1% 3% 1% 3% 3%
Mannitol (g L™) 4 - 4 - 4 - -
Phytoagar (w/v) 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% -
Agar (w/v) - - - - - - 0.7%
Activated
charcoal
(gL™ - - - - - - 2.5 (b,cef)
TIBA (uM) - - - - - - 2 (a,c,d,f)
BA (uM) 10 (a-c) | 15a, 30b, 45¢ 30a 10a 10a 10a 5 (d-f)
2ip (uM) 10 (d-f) 15d, 30e, 45f 30b 10b 10b 10b -
Kinetin (uM) 10 (g-i) 15g, 30h, 45i 30c 10c 10c 10c -
TDZ (uM) 5 (a-c)
NAA (uM) 0.1 (a-i) - 0.1 (a-c) - 0.1 (a-c) - -
IBA (uM) - 3 (a-i) - 10 (a-c) - - -
GA3 (uM) - - - - - 10 (a-c) -

a,b,c,d, e, f g h, &1iindicate separate treatments for each experiment.
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Table 2. Media components of co-cultivation (CCM) and infiltration media (IM) for
attempted transformation of Impatiens. Infiltration and co-cultivation media had the
same formulation for each experiment; however, infiltration media lacked a
solidifying agent. *In transformation #6 infiltration media differs from CCM.
Instead of using liquid CCM TY media was used for infiltration.

cCM/IM | CCM/IM | CCM/IM | CCM/IM | CCM/IM | CCM* | CCM/IM | CCM/IM
Component 1 2 3 4 5 6 7 8
MS salts & Vitamins Ix Ix Ix Ix Ix 1x Ix Ix
BS5 Vitamins - - - Ix - - 1x 1x
Sucrose (W/v) 3% 3% 3% 3% 3% 3% 3% 3%
Purified Agar (w/v) - - 0.50% - - - -
Agar (W/v) 0.70% 0.70% 0.70% - 0.70% 0.70% 0.70% 0.70%
Ph 5.7 5.7 5.8 5.7 5.4 5.7 5.4 5.4
MES - - - 20 mM - - - -
1.67 mg
6-benzyladenine - - - L' - - - -
0.25mg
Gibberellic acid - - - L' - - - -
Acetosyringone - 100 pM - 0.2mM | 200 uM - 100uM 100 pM
1000
L-Cysteine - - 33uM | 3.3 mM - - - mg L’
Sodium thiosulfate - - - 1.0 mM - - - -
500
DTT - - 1 uM 1.0 mM - - - mg L
TDZ 7 uM 1 uM 1 uM 1 uM 1 uM 1 uM 1 uM 1 uM
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Table 3. Results of CN II [optimizing TDZ concentration]. Cotyledonary node explants
were excised from two cultivars of Impatiens walleriana (Red Salmon and Salmon
Picote) and cultured vertically (basal [rvsjside down) on MS basal medium (salts and
vitamins, 0.7% Phytagel, pH 5.7) with four varying concentrations of Thidiazuron
(TDZ); 1, 3, 5, or 7 uM respectively. Explants were allowed to regenerate for 4
weeks prior to recording data.

Explants
Cultivar Concentration Pe? Replications | Final # of Total Percentage | Shoots Avg. # of
of TDZ (uM) | Plate Explants Regenerants | of (Total) Shoots
Regenerants Per
Explant
Red Salmon 1 10 3 20 8 40 54 7
3 10 3 30 8 27 62 8
5 10 3 30 2 7 14 7
7 10 3 20 7 35 23 3
Salmon
Picote 1 10 3 26 13 50 268 21
3 10 3 30 3 10 24 8
5 10 3 30 8 27 35 4
7 10 3 22 4 18 12 3
Total 1 10 6 46 21 46 322 15
3 10 6 60 11 18 86 8
5 10 6 60 10 17 49 5
7 10 6 44 11 25 35 3
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Table 4. (a). ANOVA for frequency of regenerating shoots and shoots per regenerating
cotyledonary node explant of two cultivars of 1. walleriana cultured on four
regeneration media differing by concentration of TDZ. (b). Ryan-Eniot-Gabriel-
Welsch Multiple Range Test shows that there is a significant difference in frequency
of regeneration and average number of shoots per explant for regeneration media
containing 1 uM of TDZ.

a.

Frequency of Shoots per Explant
Regeneration

Source DF MS MS

TRT 3 | 1054.7* 145.7**

CcVv 1 0.007 NS 36.8 NS

TRT*CV | 3 487.8* 58.6*

Rep 2 13.9 NS 7 NS

Error 13 133.3 15.4

*, ** represent significance at the 0.05 and 0.01 levels, respectively.

b.
Frequency
Concentration | of Average # of shoots
of TDZ regeneration | per explant
1 uM 47a 14a
3 uM 18b 7b
5uM 17b 3b
7 uM 26b 4b
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Figure 1. Attempts to regenerate shoots from callus on nonmeristematic explants Regen
I. Explants were exposed to a three step regeneration [RV9]procedure consisting of an
overnight pulse treatment, followed by culture on callus induction, and shoot induction
media. Results were recorded after 30 days on shoot induction media. There was no
shoot regeneration observed in any explant, however 72% of the explants developed
root tissue (61% of the Hypocotyls and 73% of the cotyledons). (Error bars represent
standard deviation).
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Figure 2. (a). Frequency of cotyledonary node explants that regenerated shoots of two
cultivars of I. walleriana on four regeneration media differing in their concentration of
TDZ (error bars represent standard deviation). (b). Red Salmon linear regression
(Y=a+b*X). (c). Salmon Picote linear regression (Y=a+b*X). Both regression lines
illustrate a decrease in regenerating explants as TDZ concentration increases.
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Figure 3. (a). Plasmid pHB2829. Construct was developed by J. Molinier. Plasmid
contains genes for GFP expression controlled by a double CaMV gene and an nptII
gene for selection using kanamycin. (b). pPCAMBIA1304. Vector construct was
developed and donated by Teruko Osumi. Plasmid contains GFP:GUSA fusion

reporter gene, and hpt II selectable marker.
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Figure 4. Explants, cultured on three different regeneration media containing kinetin
(left), BA (center), and 2ip (right) showing extensive root development, but completely
lacking adventitious shoot formation.
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Figure 5. Shoot development from cotyledonary node of Impatiens walleriana cultured
on agar solidified MS basal media amended with 3% (w/v) sucrose, and 1 uM TDZ.
Shoot development occurred in 4-6 weeks.
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Figure 6. Rooted Impatiens walleriana obtained from experiment CN II [optiminzing
TDZ concentration] cotyledonary node explants were cultured on agar solidified MS
basal media (1uM TDZ, 3% sucrose w/v, pHS5.7) for 4 weeks. Plantlets (n=68)
[RV10]were obtained from five callus/shoot pads, rooted, and tested for polidy
variation using flow cytometry.
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Figure 7. Ploidy analysis using flow cytometry. Results of all 67 Impatiens samples that
represented plants regenerated from cotyledonary nodes were nearly identical.
Representative histogram of A) 1. walleriana clone III-C[RV11] and B) monoploid
potato clone 1-3 65. Flow data corresponding to histograms of C) I. walleriana and D)
monoploid control.
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