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Somatic Embryogenesis and Genetic Modification of Vitis
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Abstract

Grapevine embryogenic cultures are ideal target tissues for inserting desired traits of interest and improving
existing cultivars via precision breeding (PB). PB is a new approach that, like conventional breeding, utilizes
only DNA fragments obtained from sexually compatible grapevine plants. Embryogenic culture induction
occurs by placing leaves or stamens and pistils on induction medium with a dark/light photoperiod cycle
for 12-16 weeks. Resulting cultures produce sectors of embryogenic and non-embryogenic callus, which
can be identified on the basis of callus morphology and color. Somatic embryo development occurs follow-
ing transfer of embryogenic callus to development medium and cultures can be maintained for extended
periods of time by transfer of the proliferating proembryonic masses to fresh medium at 4—-6-week intervals.
To demonstrate plant recovery via PB, somatic embryos at the mid-cotyledonary stage are cocultivated with
Agrobacterium containing the desired gene of interest along with a, non-PB, enhanced green fluorescent
protein/neomycin phosphotransferase II (egfp/nptIl) fusion gene. Modified cultures are grown on prolif-
eration and development medium to produce uniformly modified somatic embryos via secondary embryo-
genesis. Modified embryos identified on the basis of green fluorescence and kanamycin resistance are
transferred to germination medium for plant development. The resulting plants are considered to prototype
examples of the PB approach, since they contain egfp/nptIl, a non-grapevine-derived fusion gene. Uniform
green fluorescent protein (GFP) fluorescence can be observed in all tissues of regenerated plants.

Key words Agrobacterinm, Culture medium, Embryogenic cultures, Growth regulators, Plant tissue
culture, Precision breeding, Vitis

1 Introduction

Grapevine is highly prized and grown worldwide for consumption
as fresh fruit and processed products, including jam, jelly, juice, raisin,
and, particularly, wine. Grape and its products contain a number of
flavonoid and non-flavonoid phenols that act as antioxidants and
impart health-beneficial properties. Resveratrol and proanthocy-
anidins present at high levels in wine possess anti-inflammatory
activities and are responsible for cardioprotection [1]. A number of
grapevine cultivars have been cultivated for centuries and are greatly
valued for their specific fruit/enological characteristics. Only 35
elite, mostly ancient, grapevine cultivars account for 66 % of acreage
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worldwide, as consumers continually seek out the wines produced
from them [2]. However, the elite cultivars, having been selected in
antiquity with no directed genetic improvement possible since, are
susceptible to a number of fungal, bacterial, and viral diseases; they
require substantial chemical control in traditional production areas
and cannot be grown at all in regions with extreme climatic condi-
tions. Improving abiotic and biotic stress tolerance of these elite
cultivars by conventional breeding is impossible because their key
sensory attributes are invariably lost. For example, a prized strain of
“Pinot Noir” cannot be improved by conventional breeding to cre-
ate a disease resistant “Pinot Noir.” This is because grapevine, like
many woody-perennial crops, are out-crossers, exhibiting self-
incompatibility and inbreeding depression. New conventionally
bred varieties, despite being resistant and even producing accept-
able wine, never correspond to their elite counterparts, since exist-
ing enological characteristics are disrupted, thereby meeting
consumer recalcitrance [3-5]. Inserting desired traits via precision
breeding technology is a viable alternative for improving elite
grapevine cultivars without altering their highly prized enological
characteristics [6, 7].

Recent advances in grapevine genome sequencing have fos-
tered discovery of desirable traits to instill into elite cultivars, while
still maintaining their unique varietal characteristics. Grapevine
improvement via precision breeding (PB) involves using DNA
sequences found solely in the grapevine genome and it is a logical
refinement of conventional breeding, only recently made possible
by advances in cell culture, gene insertion, and computational
technology [7-9]. Grapevine embryogenic cultures have long been
the targets of choice for inserting genes encoding desired traits,
since single cells on their surface can be prompted to develop into
complete plants. Hence gene insertion into such totipotent cells
results in plants that stably express the desired trait [10, 11]. An
embryogenic response in a grapevine cultivar involves a complex
interaction of the genotype with explant, culture medium and cul-
ture conditions [4, 12]. This necessitates protocol optimization for
each grapevine cultivar grown in specific regions of the world. We
have studied the embryogenic response of leaf and floral explants
at various developmental stages, various media compositions, and
culture conditions for a large number of cultivars over the last three
decades [13, 14]. Embryogenic cultures are maintained on devel-
opment medium for extended periods of time by careful selection
and transfer of proliferating embryonic masses. Following somatic
embryo development and germination, regenerated plants are
hardened in a growth room and transferred to a greenhouse.
We also continue to optimize our previous protocols for gene
insertion by improving culture development, cocultivation proce-
dures, reducing culture necrosis, and increasing plant recovery.
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Fig. 1 Somatic embryogenic culture and genetic modification system for grapevine (reproduced from Ref. 26
with permission from Nature Publishing Group)

Genetically modified plants have been recovered from a wide array
of Vitis species, cultivars, and interspecific hybrids [15-19].

This chapter describes specific methods for the induction,
maintenance, and genetic modification of grapevine embryogenic
cultures to insert desired traits of interest in order to produce
precision-bred versions of elite cultivars (Fig. 1). Cultures are initi-
ated from leaves and/or floral explants on a wide array of culture
media. Rapid proliferation of embryogenic cultures is obtained by
growing them in liquid medium [20] and long term maintenance
is achieved by culture on specialized X6 medium [12]. Somatic
embryos at the mid-cotyledonary stage of development are cocul-
tivated with disarmed (non-disease causing) Agrobacterinm har-
boring the desired genes of interest. For this demonstration,
modified cultures are identified on the basis of non-precision-bred
green fluorescence and kanamycin resistance. Plants obtained fol-
lowing germination of embryos are hardened in a growth room
and transferred to a greenhouse. The genetically modified status of
regenerated plants is confirmed by the uniform expression of the
green fluorescence protein gene in various plant tissues.
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2 Materials

2.1 Supplies
and Equipment

2.2 Explant Sources

2.3 Culture Medium
Gomposition
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Autoclave.

Bead sterilizer.

Stereomicroscope.

Fiber-optic illuminator.

Forceps.

Scalpels.

Clorox® bleach or equivalent.
Sterile Whatman 3MM filter paper.
Tween 20.

Sterile distilled water.

. 100x 15 mm plastic Petri dishes.

. GA7 Magenta culture vessels.

. Laminar airflow sterile culture hood.
. Growth chamber.

. pH meter.

. Micropipettes and micropipette tips.
. Spray bottles.

. 125 mL Erlenmeyer flasks.

. 960 pM sieves.

. Rotary shaker.

. Leica MZFLIII stereomicroscope or equivalent equipped for

epi-fluorescence with an HBO 100 W Mercury lamp illumina-
tor and a green fluorescent protein (GFEP) filter set composed
of an excitation filter (470,/40 nm), a dichromatic beam split-
ter (485 nm), and a barrier filter (525/50 nm) (Leica
Microscopy System Ltd., Heerbrugg, Switzerland).

One-year-old, dormant grapevine cuttings (sec Note 1).

Established micropropagation cultures.

. Embryogenic culture induction from leaf explants (NB2

medium): Nitsch and Nitsch [21] macro-, micronutrients and
vitamins, 0.1 g/L myoinositol, 20 g/L sucrose, 1.0 pM ben-
zyl amino purine (BAP), 5.0 pM 2.4-dichlorophenoxyacetic
acid (2,4-D), 7.0 g/L Tissue culture (TC) grade Agar
(Phytotechnology labs), pH 6.0 (see Note 2).

Embryogenic culture induction from stamen and pistil
explants (MSI medium): Murashige and Skoog [22], macro-,
micro-nutrients and vitamins, 0.1 g/ myo-inositol, 20 g/L
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sucrose, 4.5 pM BAP, 5.0 uM 2,4-D, 7 g/L TC agar, pH 6.0
(see Note 3) [13].

. The following media may variously be used for embryogenic
culture induction from anther and pistil explants:

(a) PIV medium: Nitsch and Nitsch macro- and micronutri-
ents, B5 vitamins, 60 g/L sucrose, 8.9 uM BAPD, 4.5 pM
2,4-D, 3.0 g/L Phytagel, pH 5.7 [23].

(b) X1 medium: Modified MS macro-, micronutrients and
vitamins, which lack glycine and consisting of modified
MS nitrate (X nitrate) consisting of 3.033 g/L KNO; and
0.364 g/L NH,Cl, 0.1 g/L myoinositol, 20 g/L sucrose,
5.0 uM BAP, 2.5 pM 2,4-D and 2.5 pM beta-naphthoxy-
acetic acid (NOA), 7 g/L TC agar, pH 5.8 [13].

(¢) X2 medium: Modified MS macro-, micronutrients and
vitamins, which lacks glycine and MS nitrate being
replaced with X nitrate consisting of 3.033 g/L KNO;
and 0.364 g/L NH,CI, 0.1 g/L myoinositol, 20 g/L
sucrose, 5.0 pM BAP, 15.0 pM 2,4-D and 2.5 pM NOA,
7 g/L TC agar, pH 5.8 [13].

(d) NI medium: Nitsch and Nitsch macro-, micronutrients
and vitamins, 0.1 g/L myoinositol, 20 g/L sucrose,
5.0 uM BAP, 2.5 pM 2,4-D and 2.5 pM NOA, 7 g/L TC
agar, pH 5.8 [13].

(e) NII medium: Nitsch and Nitsch macro-, micronutrients
and vitamins, 0.1 g/L myoinositol, 20 g/L sucrose,
5.0 uM BAP, 15.0 pM 2,4-D and 2.5 pM NOA, 7 g/L
TC agar, pH 5.8 [13].

. Embryogenic culture maintenance in liquid medium (B5,/MS
medium): B5 macro-nutrients, MS micronutrients and vita-
mins, 0.4 g/L glutamine, 60 g/L sucrose, 4.5 pM 2.4-D,
pH 5.8 [19].

. Embryo development and maintenance medium (X6 medium):
Modified MS macro-, micronutrients and vitamins, which
lacks glycine and MS nitrate being replaced with X nitrate con-
sisting of 3.033 g/L KNO; and 0.364 g/L NH,CI, 60.0 g/L
sucrose, 1.0 g/L myoinositol, 7.0 g/L TC agar, 0.5 g/L
activated charcoal, pH 5.8 (se¢ Note 4).

. Agrobacterinm solid culture medium (YEP medium): 10 g/L
yeast extract, 10 g/L peptone, 5.0 g/L NaCl, 20 g/L agar,
pH 7.0.

. Agrobacterium liquid culture medium (MG/L medium):
5.0 g/L mannitol, 1.0 g/L 1-Glutamate, 5.0 g/L tryptone,
2.5 g/L yeast extract, 5.0 g/L NaCl, 150.0 mg/L. KH,POy,,
100.0 mg/L MgSO,-7H,0, 2.5 mL/L Fe-EDTA, pH 7.0
(see Note 5).
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2.4 Antibiotic Stock
Solutions

2.5 Agrobacterium
Culture

8.

10.

11.

Agrobacterium liquid transfer medium (X2 medium): X6
medium modified to contain 20.0 g/L sucrose without TC
agar and activated charcoal, pH 5.8.

. Liquid cocultivation medium (DM medium): DKW basal salts

[24], 0.3 g/L KNO3, 1.0 g/L myo-inositol, 2.0 mg/L each of
thiamine—HCI and glycine, 1.0 mg/L nicotinic acid, 30 g/L
sucrose, 5.0 pM BAP, 2.5 pM each NOA and 2,4-D, pH 5.7.
Callus induction medium (DM medium): DKW basal salts,
0.3 g/L KNO;, 1.0 g/L myo-inositol, 2.0 mg/L each of thia-
mine-HCI and glycine, 1.0 mg/L nicotinic acid, 30 g/L
sucrose, 5.0 pM BAP, 2.5 pM each NOA and 2,4-D, 7.0 g/L
TC agar, 200 mg/L each of carbenicillin and cefotaxime, and
100 mg/L kanamycin, pH 5.7.

Embryo germination medium (MS1B): MS macro-, micronu-
trients and vitamins, 0.1 g/L. myoinositol, 30.0 g/L sucrose,
1.0 uM BAP, 7.0 g/L TC agar, pH 5.8.

. Rifampicin: Filter-sterilized stock solutions containing rifam-

picin at 20 mg/mL (see Note 6).

Kanamycin sulfate: Filter-sterilized stock solutions containing
kanamycin sulfate at 100 mg/mL.

. Carbenicillin and cefotaxime: Filter-sterilized stock solutions

containing either carbenicillin or cefotaxime at 200 mg,/mL.

. Binary vector containing the gene of interest and an egfp/

nptll fusion gene (reporter marker fusion) under the control
of a constitutive promoter.

. Agrobacterium stock (containing the binary vector) stored in

glycerol at -70 °C.

3 Methods

3.1 Embryogenic
Culture Induction
from Leaf Explants

1.

2.

3.

Carry out all surface sterilization, explant isolation, and transfer
procedures using established aseptic techniques in a laminar airflow
hood. Clorox®. Wrap all dishes with Parafilm®.

Initiate in vitro micropropagation cultures from field- or
greenhouse-grown grapevine shoot tips (see Note 7).

Excise unopened leaves, 1.5-5.0 mm in size, from in vitro-
grown micropropagation cultures and transfer them to Petri
dishes containing NB2 medium (se¢ Note 8).

Incubate cultures in darkness at 26 °C for 5-7 weeks for the
induction of embryogenic callus.
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. After 5-7 weeks, transfer cultures to light (65 pM m= s and

16 h photoperiod) at 26 °C for 5 weeks. Screen callus cultures
for growth and possible contamination at weekly intervals.

. Explants will produce callus cultures, which can be distin-

guished into cream-colored embryogenic callus and dark
brown non-embryogenic callus.

. Carefully transfer the cream colored embryogenic callus to X6

medium for proliferation of proembryonic masses (PEM) and
development of somatic embryos (SE).

. Obtain grapevine inflorescences from field-grown grapevines

or one year old dormant cuttings.

. Surface-sterilize dormant cuttings in 25 % Clorox® solution

with constant agitation for 5 min, followed by two washes
with sterile distilled water.

. Make fresh cuts at the top and base of the cuttings and transfer

30 cm long cuttings to 500 mL conical flasks containing
250 mL sterile distilled water.

Transfer flasks under light (65 pM m~ s™! and 16-h photope-
riod) at 26 °C for 3-5 weeks for inflorescence growth and
development.

. Determine development stages of stamens and pistils using a

stereomicroscope to identify the optimum stage for the spe-
cific cultivar (see Note 9) (Fig. 2).

Surface-sterilize inflorescences by rinsing briefly in 70 % etha-
nol followed by washing them in 25 % Clorox® solution con-
taining a small drop Triton X-100 for 5 min with a periodic
manual high degree of agitation. Following washing with
Clorox® solution, treat explants with three 5-min washes in
sterile distilled water.

Using a stereomicroscope, carefully excise intact stamens by
separating them from the calyptra and pistil. Place stamens
from five inflorescences as a clump in the center of the Petri
dish containing induction medium and corresponding pistils
with the filament stubs at the perimeter. Seal Petri dishes and
place in the dark at 26 °C for 5 weeks (see Note 10).

. After 5 weeks of incubation in the dark, transfer Petri dishes to

light (65 pM m~2 s7! and 16-h photoperiod) at 26 °C. Screen
developing cultures using a dissecting microscope for the pres-
ence of embryogenic callus at weekly intervals for 12—-16 weeks
(see Note 11).

. Induction of embryogenic callus is observed either from the fila-

ment tip, connective tissue or in some cases from pistil explants.

Transfer the embryogenic callus to X6 medium for SE devel-
opment and proliferation.
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Fig. 2 Stamen and pistil explant developmental stages in Vitis. Four stages, | (a, b), Il (c, d), lll (e, f), and IV (g,
h) can be identified on the basis of inflorescence size, stamen color and size, and microspore development
stage. Stage | flower clusters are about 2.5-3.0 ¢cm long, individual flower buds 0.5-0.7 mm in diameter,
anthers 0.1-0.2 mm in length, white in color and clear in appearance. Stage Il flower clusters are about
6-8 cm long with individual flower buds being approximately 1.5 mm in diameter. Anthers are 0.8—1.0 mm
long, yellowish in color, and appear translucent with clear walls. Stage Il flower clusters are 9—10 cm long and
individual flower buds 1.5-2.0 mm in diameter. Anthers are 1.0 mm in length, yellowish in color, and cloudy in
appearance with clear walls. The locule appears cloudy and yellowish in color. Microspore walls are thicker
and well developed. Stage IV flower clusters are greater than 10 cm in length and individual flower diameter
similar to Stage Ill. Anthers are 1.0 mm long and yellowish in color with completely opaque walls. The locule
appears yellow in color and opaque. Microspore walls are thicker and pores in the cell wall are evident (repro-
duced from Ref. 13 with permission from American Society of Horticultural Sciences)

3.3 Embryogenic 1. Transfer 1.0 g rapidly growing embryogenic culture to sterile
Culture Proliferation 125 mL Erlenmeyer flasks containing 40 mL autoclaved liquid
in Liquid Medium medium. Cover the flasks with aluminum foil and seal the neck

with Parafilm. Transfer the flasks to a rotary shaker and incu-
bate in diffused light (15 pM m~2 s~! and 16-h photoperiod) at
120 rpm.

2. After 2 weeks, separate differentiated somatic embryos by fil-
tering cultures through a sterile 960 pM stainless steel and
collecting the fine fraction. Transfer the fine fraction to fresh
liquid medium and differentiated SE to X6 medium for
embryo development.

3. Maintain suspension cultures by transfer to fresh liquid
medium at 2—-3-week intervals (see Note 12).

3.4 Embryogenic 1. Transfer embryogenic cultures obtained from induction
Culture Maintenance medium to X6 medium for development and proliferation of
SE (Fig. 3a).
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Fig. 3 Embryogenic culture maintenance in Vitis. Actively proliferating proembryonic masses contained within
embryogenic culture masses grown on X6 medium (a) are identified, sub-cultured, and manipulated using a
stereomicroscope placed in a laminar flow culture hood and illuminated with a fiber optic light source (b, ¢).
Only microscopic proembryonic tissue masses are selected (d) and these are accumulated so as to create five
cultures in each Petri dish containing 30 mL (thick) of freshly made X6 medium (e) and the cycle is repeated
at 4-6-week intervals. Proembryonic masses are uniformly composed of small, densely cytoplasmic embryo-
genic cells (f). It is important to keep a uniform subculture time and a stable incubation temperature to avoid
precocious germination

2. Maintain embryogenic cultures by precisely separating PEM
from differentiated SE using a stereomicroscope as described
below (Fig. 3b, ¢) and selectively transfer only PEM to fresh
X6 medium at 4-6-week intervals (se¢ Note 13) (Fig 3d, ).

3.5 Agrobacterium 1. Streak Agrobacterinm culture stock containing the binary
Culture Initiation plasmid onto a Petri dish containing solid YEP medium with
for Plant Genetic 20 mg/L rifampicin and 100 mg/L. kanamycin. Incubate
Modification dishes in the dark at 26 °C for 2-3 days until single bacterial

colonies are visible.

2. Transfer a single bacterial colony to a 125 mL conical flask
containing 30 mL MG/L medium with 20 mg/L rifampicin
and 100 mg/L kanamycin. Seal the flask with Parafilm and
incubate on a rotary shaker at 180 rpm and room temperature
for 16-20 h.
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3.6 Gene Insertion
into Embryogenic GCells

3.

10.

11.

12.

Transfer the overnight culture to a 50 mL centrifuge tube and
spin at 4200 x4 for 8 min at room temperature. Discard the
supernatant and resuspend the pellet in 20 mL liquid X2
medium. Transfer the culture to a 125 mL conical flask and
incubate for an additional 3 h under the same conditions as
above. Use this culture for cocultivation.

. Carefully transfer cotyledonary-stage SE to sterile Petri dishes.

Avoid wounding of embryos during transfer to prevent
culture browning (see Note 14).

Add 5.0 mL Agrobacterium culture to the SE and mix thor-
oughly by swirling. Incubate for 7-10 min and then remove
the bacterial solution completely using a micropipette.

. Transfer SE to a Petri dish containing two layers of filter paper

soaked in liquid DM medium. Seal the Petri dish with Parafilm®
and cocultivate in darkness at 26 °C for 72 h (see Note 15).

Following cocultivation for 72 h, observe SE for transient
GFP expression using a stereomicroscope equipped for
epi-fluorescence.

Transfer cocultivated cultures to a 125 mL conical flask con-
taining liquid DM medium with 200 mg/L each of carbenicil-
lin and cefotaxime, and 15 mg/L kanamycin.

Transfer the flask to a rotary shaker at 110 rpm and wash SE
for 3 days to inhibit remnant bacterial growth.

Transfer washed cultures to each 100 x 15 mm Petri dish con-
taining 25 mL solid DM medium with 200 mg/L each of car-
benicillin and cefotaxime and 100 mg/L kanamycin.

. Place Petri dishes in dark at 26 °C for 4 weeks to permit callus

development and proliferation.

After 4 weeks, transfer callus cultures to 100x 15 mm Petri
dishes containing 30 mL X6 medium with 200 mg/L each of
carbenicillin and cefotaxime and 70 mg/L. kanamycin for
secondary embryo development. Place Petri dishes in dark
and screen at weekly intervals for the presence of modified
SE lines.

Independent SE lines are identified by bright GFP fluores-
cence and kanamycin resistance (se¢ Note 16).

Transfer independent genetically modified embryo lines
to individual Petri dishes containing X6 medium with
200 mg/L each of carbenicillin and cefotaxime and 70 mg/L
kanamycin.

Screen cultures for the development of modified embryo
development and proliferation.
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. Transfer cotyledonary-stage SE to MS1B medium and culture

under light (65 pM m=2s7! and 16 h photoperiod) at 26 °C for
embryo germination (se¢ Note 17).

. After 3 weeks, transfer well-developed plants with a robust

shoot and root system to plastic pots containing sterile Pro-
Mix BX potting mix (Premier Horticulture Inc., Red Hill, PA)
and acclimate in a growth room in light (65 pM m=2 s7! and
16-h photoperiod) at 26 °C.

. After 4 weeks, transfer well acclimated, vigorously growing

plants to a greenhouse.

. Confirm gene expression in regenerated plants by observing

various plant tissues using a stereomicroscope equipped for
epi-fluorescence (see Note 18).

4 Notes

. Dormant cuttings are obtained by pruning annual wood from

grapevines during the winter season. Alternatively, certified
cuttings can be obtained from grapevine germplasm reposito-
ries such as the University of California, Davis, or the USDA
cold-hardy grapevine repository in Geneva, NY.

. An embryogenic response from unopened leaf explants on

NB2 medium is observed from all seedless cultivars tested,
whereas a majority of seeded cultivars will only respond using
the stamen/pistil procedure. This factor must be considered
prior to embryogenic culture initiation from leaf explants.

. Production of embryogenic responses from stamen and pistil

explants varies widely with Vitis species and cultivar. Hence
untested individual cultivars must be evaluated on each induc-
tion medium listed above to obtain an embryogenic response.
A list of responsive varieties and their optimum induction
media can be found in our reference publication [13].

. The use of TC agar (Phytotechnology Laboratories, LLC,

Shawnee Mission, KS, USA, Catalog No. A 175) or an agar
brand of equivalent purity, is paramount for successtul induc-
tion and maintenance of embryogenic cultures. Use of other
gelling agents in X6 medium results in a rapid decline in
embryogenic potential and eventual culture death. A simple
observation to judge agar purity is the relative translucence of
poured dishes: the more translucent, the better.

. To make a stock solution of Fe-EDTA, dissolve 7.44 g of

Na,EDTA-2H,0 and 1.86 g FeSO,-7H,0 in sterile distilled
water and make final volume to 1 L. Although a number of
bacterial media were used for Agrobacterium culture, MG/L
medium provides better cell quality by avoiding overgrowth
and assists in maintaining bacterial virulence.
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6.

10.

11.

12.

13.

Rifampicin is dissolved in methanol or DMSO for making
stock solutions. Carbenicillin, cefotaxime and kanamycin sul-
fate are dissolved in distilled water and then filter sterilized. All
antibiotic solutions are stored at —20 °C and thawed just prior
to use. Antibiotics are added to culture medium after auto-
claving and cooling the medium to 55 °C. Rifampicin is light
labile; preparation of stock solutions must be accomplished in
very dim light with storage in the dark.

Micropropagation cultures are initiated from the earliest
sprouting shoots of previously dormant field-grown plants
when they reach approximately 10 cm in length. Micro-
dissected shoot apical meristems are used as explants. We pre-
viously determined that shoot apical meristems taken at this
stage and from the field consistently yield the most sterile and
vigorous micropropagation cultures. Cultures are initiated on
C2D4B medium, with five meristems per dish [25] and are
ultimately used for obtaining unopened leaf explants.

. It is critical to use only unopened leaves of specific size. Use of

larger leaf explants will produce solely non-embryogenic cul-
tures with no regeneration ability.

Stamen and pistil explants can be divided into 4 developmen-
tal stages based on size of inflorescences and individual flow-
ers, anther size and anther color. Stage II and III explants are
known to produce an embryogenic cultures in a large percent-
age of cultivars tested [12].

It is critical to carefully excise intact stamens (anther with
attached filament) and place all stamens from five flowers in a
clump/group to obtain an optimal embryogenic response. No
embryogenic response will be obtained with damaged or
detached filaments.

Embryogenic response from stamen and pistil explants is gen-
otype dependent. In general, a greater number of cultivars
produce an embryogenic response from stamen explants [13].

A difference in culture proliferation rates and persistence is
observed among various cultivars in both solid and liquid
medium. This factor must be considered to ensure transfer
to fresh medium at the right interval and avoid culture
browning.

The use of a stereomicroscope in order to select proper tissue
for transfer is an absolute requirement to accomplish this pro-
cedure (Fig. 3b) and cannot be stressed enough. It is impor-
tant to selectively transfer rapidly proliferating PEM to fresh
X6 medium using a microscope at 4—6-week interval (Fig. 3c,
¢). Failure to do so will lead to asynchrony of cultures, preco-
cious SE germination, decrease in embryogenic competence
and eventual termination of cultures.
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14. It is important to use rapidly growing embryogenic cultures
for gene insertion. Use of older cultures can result in signifi-
cantly lower-to-none insertion frequency and poor plant
regeneration.

15. Cocultivation of SE on filter paper dramatically improves gene
insertion efficiency while preventing bacterial overgrowth and
culture necrosis [19].

16. Proliferation of grapevine embryogenic cultures occurs by
direct secondary embryogenesis with new embryos arising
from the surface cells of existing SE or pre-existing embryo-
genic calli (Fig. 3f). Thus, surface cells of cotyledonary-stage
SE are ideal targets for gene insertion and plant regeneration.

17. Plant recovery from germinated somatic embryos can be
enhanced by trimming enlarged, fleshy cotyledons. This
response is species and cultivar dependent and needs to be
tested for specific cultivars [16]. A newly published two-step
culture procedure dramatically improves plant recovery [26].
This includes culturing embryos on C2D4B medium for a
3-week period followed by transferring the germinated
embryos to MSN medium.

18. Uniform GFP expression is observed in plant tissues including
leaves, roots, flowers, stamens, and pistils (Fig. 4). Gene insertion
efficiency varies widely with Vitis species and cultivars [16].

Fig. 4 GFP expression in a genetically modified grapevine. Uniform expression is observed in somatic embryos
(a), leaves and tendrils (h), roots (c), inflorescences (d), stamens, and pistils (e). Note that the central glowing
spotin (e) represents the stigma (reproduced from Refs. 18 and 15 with permission from Springer)
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Among the various species and cultivars tested, “Thompson
Seedless” (syn. “Sultania”) will initiate embryogenic cultures
from leaves, stamens and pistils at very high efficiencies and
produces the highest number of modified embryo and plant
lines [16]. Cultures are readily initiated from both leaves and
floral organs. Thus, it is an ideal model with which to learn the

procedures.
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