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Somatic Embryo, an Alternative Target Tissue
for Agrobacterium-Mediated Transformation in
Hevea brasiliensis

T.D. HUANG™, J. LI*, Y.T. LI*, H.S. HUANG™ AND Y.W. HUA*#

Traditionally, embryogenic callus has been used as the only receptor source of genetic
transformation in H. brasiliensis. In this study, we showed that somatic embryos were a viable
alternative to embryogenic callus. The appropriate concentration of both decontamination
and selection antibiotics was firstly screened. Visual and cytological observations found both
epidermal and subepidermal cotyledon cells could be infected, indicating that somatic embryos
were susceptible to antibiotics and Agrobacterium. Subsequently, five isolated consecutive
transformation experiments were carried out to produce the transgenic plants using a total of
1158 somatic embryos, of which 47 (4.06 %) GUS-positive embryos were produced after cell
differentiation and embryogenesis. Six were successfully multiplied and produced 33 plants. PCR
and Southern blot analysis confirmed that the T-DNA was integrated into the recovered plants.
Finally, three additional cycles of secondary embryogenesis were carried out for transgenic
embryo proliferation efficiency assessment. The rate of proliferation tended to slightly increase
with each proliferation generation, and one initial transgenic embryo-derived GUS-negative
embryo were observed in the fifth multiplication cycle, indicating that transgenic plants could
be propagated through secondary embryogenesis and some initial transgenic embryos might
be chimeric. This is the first attempt on producing transgenic plants using somatic embryos as
the target tissue in H. brasiliensis. It is demonstrated that somatic embryos can be used as an
alternative target tissue for Agrobacterium-mediated transformation in Hevea brasiliensis.

Keywords: Hevea brasiliensis; somatic embryo; genetic transformation; Agrobacterium
tumefaciens; secondary embryogenesis

Commercial natural rubber is mainly produced
from latex synthesised in specialised cells
called laticifers inthe bark of Hevea brasiliensis
(Euphorbiaceae). It is a heterozygous perennial
tree crop native to the rain forests of the tropical

region of the great Amazonian basin of South
America’. At present, conventional breeding
is a primary approach for the improvement of
H. brasiliensis, but its long breeding cycle
(25-30 years) limits genetic recombination®.
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Genetic transformation can improve plants
quickly and efficiently, and transformation
systems have been established in many
plants, including H. brasiliensis. The first
transgenic rubber tree was developed with the
incorporation of the GUS (f-glucuronidase)

gene  through particle bombardment®.
Subsequently, several successful cases have
been reported, including transformation

of the superoxide dismutase (SOD) gene
for improvement of tapping panel dryness
(TPD)**, the HMGRI gene for enhancement
of latex yield’, and production of recombinant
proteins like secreted human serum albumin
(HSA)", a mature immunoglobulin single
chain variable fragment (ScFv)" and the
TB antigen protein'>. However, all of the
H. brasiliensis transgenic plants in previous
study were produced using embryogenic
callus as the target tissue of transformation,
that is to say, embryogenic callus, whatever
anther, inner integument, or leaf-derived,
was the only receptor source of successfully
producing transgenic plants in H. brasiliensis.
Embryogenic callus, when used as the target
tissue of transformation, can lead to low plant
regeneration, which is not efficacious.

Somatic embryos could be an effective
substitution for the target tissue = of
transformation, because they can:;undergo
secondary somatic embryogenesis. Secondary
somatic embryogenesis is the phenomenon
whereby new somatic embryos are initiated
from a somatic embryo without fusion
of gametes, due to its characteristics: the
epidermal origin, homogeneity and faster
regeneration, secondary embryos have become
a great target tissue for transformation' .
Secondary somatic embryogenesis  has
been successfully used for transformation
of plants such as rapeseed'®, alfalfa'” and
cork oak tree'. Additionally, secondary
embryogenesis has been established in H.
brasiliensis"*°. However, somatic embryos
have not previously been used successfully
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as a target tissue for transformation. Herein,
to broaden the resource of the target tissue,
in this study, we investigated the antibiotics
sensitivity of untransformed somatic embryos,
characterised the Agrobacterium infection on
somatic embryos, evaluated the transformation
efficiency and multiplication of transformants,
and successfully produced transgenic plants.
Our results demonstrated that the somatic
embryo is an alternative target tissue for
Agrobacterium-mediated transformation in H.
brasiliensis.

MATERIALS AND METHODS
Propagation of Somatic Embryos for
Transformation

H. brasiliensis somatic embryos of the
clone CATAS 87-6-62 were proliferated as the
target receptor of Agrobacterium infection by
cyclic secondary embryogenesis according
to Hua ef al?® In summary, anthers at the
uninuclear stage were collected and cultured
on callus and embryo induction media (MSC
and MSE) in turn to produce primary somatic
embryos, and then the primary embryos were
proliferated by secondary embryogenesis in a
cyclic manner. Mature cotyledonary embryos
with the size of 1.5 cm were selected for
transformation.

For callus induction, embryos and plant
regeneration, the cultures were incubated in
darkness at 22°C, 25°C and 28°C, respectively.
A photoperiod of 16 h was used for plant
regeneration. MSC and MSE media were
supplemented with appropriate ticarcillin
(Duchefa, Netherlands) and kanamycin
(BBI, Canada) levels to control the growth
of Agrobacterium and to select kanamycin-
resistant embryos. All callus and embryo
induction media (MSC and MSE) and plant
regeneration media (MSR) were the same with
those of Hua ef al.”
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Selection of Appropriate Concentrations of
the Antibiotics

Appropriate concentrations of selection
and decontamination antibiotics were tested
prior to the transformation experiment,
using kanamycin and ticarcillin with various
concentrations on untransformed embryos.
Embryos were cut into 3 X 3 mm fragments
and put into callus induction medium (MSC)
supplemented with kanamycin (0, 50, 75, 100,
125 mg L™) or ticarcillin (0, 100, 200, 300,
400, 500 mg L™). After 20 days, the cultures
were transferred to embryo induction medium
(MSE) supplemented the same antibiotics
and concentrations with the MSC medium.
Two months later, the number of embryos was
counted. Each experiment was replicated three
times.

Transformation Vector and Bacterial Strain

The binary vector pCAMBIA 2301 carrying
a selectable marker gene (nprll) and reporter
gene (uidA) (CAMBIA, canberra, Australia)
was used in this study. The selectable marker
and reporter gene are under the control of
the CaMV35S promoter. The reporter gene
has an intron which prevents the expression
of the reporter gene in Agrobacterium. The
vector was introduced into Agrobacterium
tumefaciens strain EHA105 by the freeze—
thaw method®'. The Agrobacterium culture
was incubated overnight at 28°C in liquid
LB medium (BBI, Canada) containing
50 mg L' rifamycin and streptomycin (BBI,
Canada) and 100 mg L' kanamycin on a
rotary shaker with agitation (250 rpm). Prior
to transformation, the bacterial cells were
pelleted by centrifugation at 4000 rpm for 10
min and re-suspended in 20 mL liquid MSC
medium® with 30 g L™ sucrose but without
Fe?*, Ca*" and any antibiotics. This prepared
Agrobacterium culture (ODgp,, = 0.5) was
then used for inoculation of somatic embryos.
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Transformation

Mature cotyledonary embryos with the size
ofabout 1.5 cm (Figures 34—C) were collected
and submerged in 20 mL Agrobacterium
solution (as above) with the addition of 100
uM As for 6 minutes. After blotting them
dry on sterile filter paper to remove excess
Agrobacterium solution, the embryos were co-
cultured at 22°C in darkness in MSC medium
supplemented with 10 mg L™ silver nitrate for
three days. The embryos were then washed
with sterile water thrice and ticarcillin solution
once, in turn, with gentle agitation, then blotting
dry on sterile filter paper, and cultured at 22°C
in darkness on MSC medium supplemented
with an appropriate concentration of ticarcillin
for three days for recovery.

Selection, Proliferation and Plant Rege-
neration

After the three day recovery period, the
infected embryos were cut into 3 X 3 mm
fragments and cultured on callus induction
medium (MSC) to select embryos resistant to
kanamycin. After 25 days, the cultures were
transferred onto embryo induction medium
(MSE) and subcultured at 20-day intervals
until kanamycin-resistant embryos formed.
Kanamycin-resistant embryos with the size
of 1.5 cm (Figure 3G) were collected and a
single fragment with a size of 3 X 3 mm was
excised from the cotyledon of the embryos for
GUS assays (Figures 3G, H). The remaining
GUS-positive embryos (P,) were cut into 3
X 3 mm fragments and cultured on callus
induction medium (MSC) for 20 days, and then
transferred onto embryo induction medium
(MSE), to increase the number of embryos.
Two cycles of multiplication were carried out
(P,, P,). After increasing the number of the
GUS-positive embryos, the embryos of 1.5 cm
size were incubated in 30 X 250 mm test tubes
with 50 mL regeneration medium (MSR)
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without antibiotics for plant regeneration. The
entire transformation procedure is summarised
in Figure 1.

GUS Assay

GUS assays® were performed by
immersing plant materials overnight at 37°C
in a GUS assay buffer (0.1% Triton X-100, 1

mM potassium ferrocyanide, | mM potassium
ferricyanide, 20% methanol and 1 mM X-Gluc
(BBI, Canada)), which was prepared with
10 mM EDTA and 50 mM phosphate buffer
(PH 7.0). Methanol was added to the reaction
mixture to suppress endogenous GUS-like
activity.

Cytological Observation of Agrobacterium
Infection. After co-cultivation, the embryos

| ______________________________________________ |
| Cotyledonary somatic embryos :
: P Inoculation with 20 mlL Agrobacterium solution |
I ) supplemented 100 1 M AS for 6 min in 9 cm petri dishes :
| & - o ) ) |
| UL ST Co-cultivation in MSC medium with 10 mg/L. AgNO; at |
|
I : < 22 °C in darkness for 3 days |
| |
o . L |
: Co-cultured embryos Decontamination  with 200 mg/L ticarcillin and |
I < fragmented into 3 X 3 mm I
|
I Induction of secondary embryogenesis and selection of |
Embryo fragments I
I < transformed embryos by 50 mg/L kanamycin and GUS |
: assay in turn I
e ——— #---____________________________________J
|- - T Tt T T T T T T T T T T T T T T T T T T T
I GUS-positive embryos Multiplication by secondary embryogenesis in successive I
T < cycles I
I |
] I
______________________________________________ -
______ Y
: Proliferated GUS-positive embryos —I
| Germination, plant regeneration, transplantation and |
| < |
101 - molecular analysis with PCR and Southern blot |
| |
: Transgenic plants |
|
L e e 4

Transgenic plants were generated through the following steps: (I) Transformation (II) Propagation of the
transgenic embryos by repetitive secondary embryogenesis (III) Regeneration of transgenic embryos into

plants.

Figure 1. Scheme for Agrobacterium tumefaciens-mediated somatic embryo transformation
in Hevea brasiliensis.

174



T.D. Huang ef al.: Somatic Embryo, an Alternative Target Tissue for Agrobacterium-Mediated

were washed with sterile water thrice, after
blotting dry on filter paper, put into GUS assay
solution, and incubated overnight at 37°C. The
embryos with blue staining were collected
and fixed in 80% ethanol for 8 h, dehydrated
with a series of 90% and 100% ethanol rinses
and embedded in paraffin®. Paraffin sections
were cut 10 um thick with a microtome. After
being covered, the slides were examined under
a Leica light microscope and photos were
taken using a Leica CCD DMF 500 (Leica,
Germany).

Acclimatisation — and  Transplantation.
Regenerated plantlets were taken out of the test
tubes with forceps and the roots were washed
with water to remove the medium, followed by
transferring into a sand bed in a greenhouse
and maintaining for 3—4 weeks at 80-85%
relative humidity (RH) at 30°C. Subsequently,
the plants were exposed to external conditions
over a period of another 3—4 weeks. Finally,
hardened plantlets were transplanted into 35
X 18 cm polybags containing a mixture of soil
and coconut chaff (3:1 v/v).

Molecular Analysis. Total genomic DNA
was isolated from young leaves of putative
transgenic plantlets and an untransformed
plant using the HP Plant DNA Kit (OMEGA,
USA). Plasmid DNA was extracted from
total DNA according to the plasmid mini kit
I (OMEGA). The pCAMBIA 2301 plasmid
DNA was served as a positive control and
the DNA from untransformed plantlets was
used as a negative control in both PCR and
Southern blot analysis.

PCR analysis was employed to detect uidA
sequence in putative transgenic plantlets. The
PCR mixture (15 pL) contained 2 uL 50 ng
puL" genomic DNA, 1.5 pL 10X Taq Buffer,
1.2 uL 25 mM Mg*', 0.2 uL. 10 mM dNTPs,
0.15 uL 5 U pL™ Taq (Fermentas, USA)
and 0.3 pL 10 pmol L' each primer (7able
1). PCR was performed in a thermal cycler
(Eppendorf Mastercycler gradient, Germany)
with the following conditions: 1 cycle of 94°C
for 3 min, followed by 35 cycles of 94°C for
30s, 58°C for 40s and 72°C for 90s with a
final extension step of 72°C for 10 minutes.
Amplicons were visualised on a 1.0% agar gel
stained with Goldenview I (Solarbio, China)
and photographed under UV light using
Unipro (Unitec, USA).

Southern blot analysis was performed
according to the manufacturer’s instructions
(Roche, Germany). Ten micrograms of
genomic DNA was digested overnight with
Hind 111 (NEB, England) at 37°C, separated
by electrophoresis in a 0.8% (w/v) agarose
gel, and transferred onto a nylon membrane
(Millipore, USA). DNA probes with sizes
of 1200 bp corresponding to wuidA, was
labeled with digoxigenin by the PCR method
according to the PCR DIG Probe Synthesis
Kit (Roche, Germany); the primers used
to amplify the probe were the same as
those in PCR analysis. The hybridisation
was performed in a hybridisation chamber
(Multidizer, USA) at 50°C for 16 hours.
The hybridised membrane was washed and
subjected to chemiluminescent development
according to the DIG High Prime DNA

TABLE 1. PRIMERS FOR PCR AND SOUTHERN ANALYSIS OF TRANSGENIC PLANTLETS

Target genes Primers Sequences
uidA* Pl 5’-GGTGGGAAAGCGCGTTACAAG-3’
P2 5’-GTTTACGCGTTGCTTCCGCCA-3’

* The uidA has an intron.
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Labeling and Detection Starter Kit II (Roche),
and then exposed to film (Kodak Biomax
Light 1, Japan).

Statistical ~ Analysis. In  antibiotics
selection  experiments, the percentages
of embryo sections producing secondary
embryos, resistant secondary embryos and
dicotyledonary embryos were calculated.
The percentages were calculated by taking
the number of embryo sections producing
secondary embryos, resistant secondary
embryos and resistant dicotyledonary embryos
and dividing them by the total number of total
embryo sections X 100. Stable transformation
efficiency (%) was calculated as the number
of GUS staining events recovered per 100
infected embryos. The GUS-positive embryos
were defined as the dicotyledonary embryos
which stained a uniform deep blue. The blotted
and light blue embryos, likely caused by
background, were not counted. A significance
test was carried out with the SAS software,
version 8.0.

RESULTS

Effects of Kanamycin and Ticarcillin on
Embryo Formation

The effects of kanamycin and ticarcillin on
somatic embryo formation were evaluated.
Somatic embryogenesis was significantly
suppressed by the addition of kanamycin into
the callus and embryo induction media, and the
number of embryos declined with increasing
kanamycin concentration (Figure 2, Table
2). The percentage of cotyledonary embryos
sharply declined from 54.49% (without
kanamycin) to 8.80% (50 mg L' kanamycin),
while there was no significant difference
between media with 50 or 75 mg L' kanamycin
added. Therefore, 50 mg L™ kanamycin was
chosen for selection of putative transformants.
In contrast, the cotyledonary embryo number
increased and then decreased with increasing
ticarcillin concentration. The cotyledonary
embryo number reached a maximum (46.74%)
at 200 mg L™ ticarcillin (Figure 2, Table 2),

Figure 2. Effects of antibiotics on development of secondary somatic embryos.
(a) Embryos developed on MSE medium without antibiotics (b) With 200 mg/L ticarcillin
(c) With 100 mg/L kanamycin. Scale bar = 1.0 cm.
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TABLE 2. EFFECTS OF VARIOUS CONCENTRATIONS OF KANAMY CIN AND TICARCILLIN
ON SECONDARY EMBRYOGENESIS

Treatments Levels % embryo sections % resistant Y%resistant
producing secondary secondary dicotyledonary
embryos' embryos’ secondary embryos’
0mg 1™ 52.54+31.77° 223.37+126.85° 54.49+35.00°
50 mg 1! 39.99+3.74% 108.11+37.36™ 8.80+10.79°
Kanamycin 75mg 1! 21.78+8.86™ 52.73+35.53° 8.63+10.28"
100 mg 1! 6.78+5.52° 19.86+21.92° 1.08+1.86°
125mg ™ 10.51+3.99% 21.5442.18° 0.00+0.00°
0mgl’ 39.79£11.54° 62.60+25.98° 18.60+1.82"
100 mg 1! 61.05+6.04* 93.97+8.53° 43.04+14.38"
Ticarcillin 200 mg I 58.09+12.61% 98.24+13.97° 46.74+5.84°
300 mg I 41.5249.04%® 69.43+35.07° 32.55+11.89%
400 mg I"! 45.24£10.91% 73.21427.49° 30.36+15.87%

1 No. embryo sections producing secondary embryos/total embryo sections X 100
2 No. resistant secondary embryos/total embryo sections X 100
3 No. resistant dicotyledonary secondary embryos/total embryo sections X 100

The letters show significant difference (P<0.05)

which was higher than that of no addition of
ticarcillin (18.60 %), indicating that addition
of an appropriate amount of ticarcillin into
the callus and embryo induction media can
control Agrobacterium growth and was also
helpful for embryo formation. Thus, 200 mg
L™ ticarcillin was used to control the growth
of Agrobacterium.

Characterisation of Agrobacterium Infec-
tion of Somatic Embryos

To characterise the infection of somatic
embryos by Agrobacterium, 30 cotyle-
donary embryos with the size of 1.5 cm
were inoculated with Agrobacterium in
three isolated experiments, and the infection
levels of somatic embryos were evaluated by
transient GUS expression. In the results, 9.33
+ 1.15 somatic embryos per 10 embryos had
blue foci and each embryo had 16.00 £+ 6.00
blue spots on average. The blue foci were
mainly distributed along the cotyledon, rarely
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at the base of the embryos, and the blue foci
were mainly a deep blue colour (Figures 34,
B). Additionally, cytological observations
showed that the intensity of the blue was
correlated to cell layers stained by GUS;
the more cell layers stained, the deeper the
colour of the blue foci was (Figures 3D, E).
Indigo dye precipitates were observed in
the cytoplasm (Figure 3F), indicating that
both the epidermal and subepidermal layer
cells of cotyledons of the somatic embryos
were transformed by Agrobacterium and that
the T-DNA of the vector pCAMBIA2301
was successfully integrated into the cells of
somatic embryos.

The Transformation Efficiency of Somatic
Embryos

To evaluate the transformation efficiency
by stable GUS expression, five independent
transformation experiments were carried out
(Table 3). A total of 1158 cotyledonary embryos
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Figure 3. GUS transient and stable expression. (a—f) GUS transient expression. Blue foci were mainly
distributed along the surface (b) and the edge (a, c) of the cotyledon (c). Both epidermal (e) and subepidermal
(d) layers of the cotyledon were infected by Agrobacterium and the GUS gene was expressed in the cytoplasm
(f) (deep blue cells). (g-i) selection of GUS-positive embryos: 3 X 3 mm fragments (h) were isolated from
kanamycin-resistant embryos for GUS assay, the arrow shows the position of an embryo fragment (g). After
GUS assay (i), the remaining GUS-positive embryos (g) were propagated by secondary embryogenesis. Scale

bars = 0.5 cm (a—d, g-h) and 10 um (e, f).

were infected and 2445 kanamycin-resistant
embryos were regenerated, therefore 2.11
(2445/1158) kanamycin-resistant embryos
were produced per embryo by transformation.
Additionally, 47 resistant embryos (P, initial
and non-propagated transgenic embryos)

178

were  GUS-positive, showing that the
T-DNA was successfully integrated into the
nuclear genome of rubber tree. The rate of
transformation ranged from 1.94 to 6.03% in
the five transformation experiments, with an
average of 4.06 % (47/1158).
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TABLE 3. EVALUATION OF TRANSFORMATION EFFICIENCY IN FIVE ISOLATED
TRANSFORMATION EXPERIMENTS

Experiments Infected embryos Regenerated embryos GUS-positive Rate (%)
Nos. resistant to Kan Nos. embryo Nos.
1* 232 115 14 6.03"
2 230 610 11 4.78"
3 248 832 13 5.24°
4 206 638 4 1.94¢
5 242 250 5 2.07°
Total 1158 2445 47 4.06

*The GUS-positive embryos were used for evaluation of the stability of GUS activity after multiplication,
plant regeneration and molecular analysis. The letters show significant difference (P<0.05).

Transgenic  Plant and

Transplantation

Regeneration

Fourteen P, embryos produced in the first
transformation experiment were propagated
by secondary embryogenesis for two
cycles (P, P,). The two cycles of secondary
embryogenesis created 7 lines (L10, L12,
L13, L14, L20, L27, and L68). Seven were
successfully propagated and produced 114
P, cotyledonary embryos (7able 4), of which
51 P, embryos derived from 6 P, embryos
were converted into 33 plantlets, in which
19 plantlets from 6 independent transformed
embryos (58%) survived after transplantation
into polybags (Figure 4, Table 4), indicating
that transgenic plants could be obtained after
transplantation, as long as GUS-positive
embryos could be propagated through
secondary embryogenesis.

Propagation of GUS-Positive Embryos
through Secondary Embryogenesis

In order to evaluate the propagation
efficiency of the GUS-positive embryos, three
additional generations of proliferations (P,-P;)
were carried out through successive secondary
embryogenesis. Each cycle of proliferation
tended to slightly increase with multiplication
cycles (Table 5). For example, when Line
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10 went through its proliferation cycles, P,
increased by the rate of 3.3, while P increased
by 5.3. This increase in the rate of proliferation
was uniform throughout the lines that were
produced showing that transgenic embryos
could be propagated through successive
secondary embryogenesis.

After each generation of multiplication,
mature embryos used for next multiplication
were collected for GUS assay. All of the
embryos from Lines 10, 12 and 13 were GUS-
positive, but two out of 18 embryos from Line
20 after the fifth generation of multiplication
were GUS-negative. We propagated these
two embryos for one more multiplication and
monitored the stability of GUS activity. We
found that two embryos from one negative
embryo were GUS-negative, while five
embryos from the other negative embryo
showed different situation, two were GUS-
negative, three were GUS-positive, indicating
that the initial embryo of Line 20 might have
been chimeric.

Molecular Analysis of Transgenic Plants
PCR and Southern blot analysis were

carried out to detect the sequences of uidA
and nptll to further validate whether foreign



Journal of Rubber Research, Volume 18(3), 2015

vV 10 12 1320 M

C

10 1213 20 M

\ /)’

Figure 4. Plantlets regenerated from transgenic embryos and detection of uidA and nptll by PCR and Southern
blot analysis. (a) Plantlets regenerated from GUS-positive embryos; b and c, detection of uidA (b) and nptll
(c) in regenerated plantlets by PCR analysis; d and e, detection of uidA (d) and nptll (e) in regenerated
plantlets by Southern blot analysis. In b—e, ‘C’ refers to non-transformed plants, 'V’ refers to plasmid DNA
of the transformation vector, ‘M’ refers to the 100 bp marker ladder, and ‘10°, ‘12°, ‘13" and ‘20’ refer to
transformed plant lines produced in the first transformation experiment.

DNAs have integrated into the genome of
transgenic plantlets. Primers were designed to
amplify DNA fragments of 453 bp and 1.2 kb,
respectively. Because only one plantlet was
obtained from Lines 27 and 68, only Lines
10, 12, 13 and 20 were analysed by PCR and
Southern blot analysis. For PCR analysis,
primers were designed to amplify portion
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of the uidA gene with a fragment size of 1.2
kb. Strong bands corresponding to uidA was
detected in the four transgenic plant lines
and the plasmid DNA (positive control) by
PCR, but not in the non-transformed control
(Figures 4B, (), indicating that the T-DNA
was integrated into the nuclear genome of the
four transgenic plant lines.
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TABLE 4. PLANT REGENERATION AND TRANSPLANTATION OF INDIVIDUAL TRANSGENIC
EMBRYOS DERIVED FROM THE FIRST TRANSFORMATION EXPERIMENT AFTER TWO-CYCLE
MULTIPLICATIONS BY SECONDARY EMBRYOGENESIS

References Embryos Nos. Embryos for plant Regenerated Survived
after two-cycle regeneration Nos. plantlets Nos. plantlets Nos.
multiplications

L10 21 7 5 4

L12 19 7 2 2

L13 21 2 2 2

L14* 1

L20 30 20 15 9

L27 20 13 8 1

L68 2 2 1 1

Total 114 51 33 19

*Plant regeneration was not carried out because few embryos were produced through two cycles of

secondary embryogenesis.

TABLE 5. THE RATE OF MULTIPLICATION AFTER THREE FURTHER
GENERATIONS OF MULTIPLICATION

Generations References L10 L12 L13 L20
P, The initial embryo Nos. 9 7 23 14
Mature cotyledonary embryo Nos. 30 17 115 46
The rate of multiplication 3.3¢ 2.43° 5.0° 3.29%
P, The initial embryo Nos. 23 21 24 18
Mature cotyledonary embryo Nos. 76 22 165 89
The rate of multiplication 3.3¢ 1.0° 6.9¢ 4.9
Ps The initial embryo Nos. 32 30 26 28
Mature cotyledonary embryo Nos. 170 135 204 133
The rate of multiplication 5.3% 4.5° 7.8° 4.8%

Note: the rate of multiplication being compared between each line and the letters show significant

difference (P<0.05).
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The four transgenic plantlet lines were
further analysed with uidA probe in a southern
hybridisation. Distinct bands representing
uidA gene was detected in the genomes of the
transgenic plants. Additionally, the presence
of a single band in each lane might suggest
single integration event in these lines (Figures
4D, E). All those results indicated that the
T-DNA of the vector pCAMBIA2301 was
successfully transferred into rubber tree.

DISCUSSION

Somatic Embryo as the Target Tissue of
Transformation in H. brasiliensis

The first transgenic rubber tree was
produced by  particle  bombardment®.
Subsequently, an Agrobacterium-mediated
transformation system was developed™'**%,
and is more popularly used now. The
proven target material for Agrobacterium
infection is, embryogenic callus, whatever
anther, seed inner integument or leaf-derived,
was the only source of transformation in H.
brasiliensis in previous studies (Figure J5).
However, the regeneration capacity of the
embryogenic callus sharply decreases after
infection by Agrobacterium, which is one
of the key reason on low efficiency of
genetic transformation in H. brasiliensis.
A highly efficient somatic embryogenesis
system is a prerequisite for the development
of a highly efficient genetic transformation
system. The establishment of secondary
embryogenesis in H. brasiliensis® allowed
us to investigate somatic embryos as the
target material for Agrobacterium infection,
and transgenic plants with uidA and nptll
genes were successfully generated through
the following three steps: transformation,
proliferation of positive embryos and plant
regeneration (Figure I). The rate of stable
transformation with 4.06% on average was
achieved.
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Compared to the previous embryogenic
callus transformation in H. brasiliensis,
somatic embryos as the target material
for Agrobacterium infection can be stably
maintained by secondary embryogenesis
in a reproducible manner. Therefore, the
transformation material can be available
year round, avoiding the need to frequently
collect explants (e.g. anthers, fruits, or
leaves) in the field. Additionally, after
transformation and production of resistant
embryos, only small piece of tissue needs
to be excised from each resistant embryo
for GUS assays, and then the remaining
GUS-positive fragments can be proliferated
by secondary embryogenesis in successive
cycles.  Proliferation of  GUS-positive
embryos by successive cycles of secondary
embryogenesis results in each transgenic
embryo generating a transgenic embryo
line with uniform genotype, after plant
regeneration, allowing the avoidance of the loss
of transformants during plant regeneration and
transplantation (Figure 5). Of course, not all
of transgenic embryos could be successfully
propagated. About 42.9% (6/14) of transgenic
embryos were successfully propagated by
secondary embryogenesis using only two
cycles, so the propagation rate needs to be
improved.

Due to poor transformation -efficiency,
only a small number of genetically modified
rubber trees have been previously able to be
produced from the clones GL1, RRII 105,
PB260 and CATAS 7-33-97°**"2% The poor
transformation efficiency of H. brasiliensis
mainly results from poor regeneration
capability of the transformed calli*®. Blanc
et al®® produced transgenic plants from 6
of 9 independent transgenic callus lines
(66.7%), which is the highest efficiency
reported for H. brasiliensis. In contrast, 6 of
7 transgenic embryo lines (85.7%) from our
study produced transgenic plants, and because
of the ability to proliferate the transgenic
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Infection (A)

\
l A Secondary transformed embryos =

|
|
|
|
| |
Long subscultured calli I |
Inner integuments ——p- (Montoro et al. 2003; | l

Blanc et al. 2006) , _ I \
—>Resistant callus lines —»Transformed embryos ————Transgenic Plants

Embryogenic calli *
B> (Arokiaraj et al. 1994; |
Jayashree et al. 2003; I

|
Huang et al. 2010) |

Anthers or Leavies

I /’ Secondary embryos «
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/
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Primary embryos — — — — == — —— — — — — p Secondary embryos =~

Infecltion (B)

The major difference with previous reports was that the somatic embryos (B) were used as the target
material with Agrobacterium instead of calluses (A), resulting in the infection materials being available
year round and transgenic plants being directly proliferated by repetitive secondary embryogenesis (I and I,
respectively).

Figure 5. Comparison of transformation strategies in previous reports (solid lines)
and this study (dotted lines).

embryos by secondary embryogenesis, there ScFv4715, was relatively stable in transgenic
were enough individuals in each line so H. brasiliensis after three successive vegeta-
that each line had transgenic plants that tive propagation cycles by budding'®*%, but
survived after transplantation. In addition, the a lower level of GUS activity and greater
friable embryogenic calli are difficult to be variability were observed in fourth to seventh
produced?. generation of budded plants compared with

self-rooting transgenic plants®, indicating
somatic embryogenesis remains an effective

Secondary Embryogenesis as an Effective way of propagating transgenic lines®. In
Way to Propagate Transgenic Plants in H. this investigation, five propagation cycles
brasiliensis were successfully produced, and number
of embryos generated per cycle tended to
Transgenic plants have been widely progressively increase with each proliferation
produced and utilised in many plant species. cycle (Table 5). Therefore, secondary
Preliminary studies showed that the expres- embryogenesis system could be an effective
sion of three transgenes, uidA, nptll and way to propagate the transgenic plants.
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Transformation of H. brasiliensis Somatic
Embryos

Secondary embryos usually originate from
epidermal but not mesophyll cells of somatic
or zygotic embryos, and this characteristic is
beneficial for infection by Agrobacterium®.
Thus, many plant transformation systems
choose somatic or zygotic embryos as target
tissues for Agrobacterium infection'**°??, In
our investigation, Agrobacterium infection
of H. brasiliensis somatic embryos was
cytologically characterised, and we found
that both epidermal and mesophyll cells were
successfully infected and that the T-DNA
was also transferred into the infected cells.
However, H. brasiliensis secondary embryos
mainly originate from the epidermal cells
of somatic embryos (unpublished data), so
infecting mesophyll cells will not help to
improve the transformation efficiency. On
the contrary, excessive infection might result
in a decrease of the ability of epidermal
cells to undergo embryogenesis, and reduce
the transformation efficiency. The infection
protocol used, such as concentration of the
bacterial cells, duration of inoculation and
pre-treatment of somatic embryos, could be
optimised to balance the infection efficiency
and vigour of the epidermal cells.

To date, nptll has been the only selectable
marker gene wused in H. Drasiliensis
transformation, including this study’? %%,
However, two kinds of selection antibiotics,

paromomycin® and kanamycin™*’** have
been chosen to select transformants.
Paromomycin had a higher selection

efficiency than kanamycin; for example,
19 out of 24 resistant transgenic callus
lines selected using paromomycin gave a
positive GUS assay®, whereas 6% and 8%
of transgenic callus lines selected using
kanamycin were positive in Arokiaraj et
al? and Sobha et al respectively. Notably,
two selection strategies were used: selection
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with a gradually increasing concentration
of antibiotics® and continual selection with
the same concentration of antibiotics™*"*. In
our study, only 1.92% (47/2445) of resistant
embryos was found to be transgenic using
continual kanamycin selection with the same
concentration during subculture. Therefore, it
is necessary to optimise selection strategies
further for somatic embryo transformation in
H. brasiliensis.

The Generation of Escape and Chimerism

Here, we found that only 1.92 % (47/2445)
of resistant embryos was transgenic using
continual kanamycin selection with the same
concentration during subculture, and Blanc
et al. also observed the production of non-
transgenic tissues according to their GUS and
paromomycin-based protocol®. The objective
of transformation selection is to let the
transgenic cells develop into plants and inhibit
development of non transgenic cells, but
high concentration of selection agent would
inhibit development of both transgenic and
non transgenic cells, so escape and selection
should be balanced in plant transformation.
In this investigation, lower concentration
of kanamycin (50 mg L) was chosen for
selection of putative transformants, which
enable transgenic tissues to survive in the
brown non-resistant surrounding tissues™.

In this investigation, five multiplication
generations were successfully produced, but 2
out of 18 embryos from Line 20 were GUS-
negative in the fifth generation, subsequent
propagation and GUS assay showed that
some embryos were GUS-positive but
the others were negative, we inferred that
the initial embryo of Line 20 should be
chimeric. In apple and tomato, chimerism
was detected as well under selective and non
selective conditions with kanamycin®-°. The
development of chimeric plants depends
mostly on the transformation system which



T.D. Huang ef al.: Somatic Embryo, an Alternative Target Tissue for Agrobacterium-Mediated

is responsible for whether dedifferentiated
or differentiated cells become transformed™.
Our study showed that secondary embryos of
rubber tree occurred at both epidermal and
subepidemal cells but mainly at epidermal
cells, and secondary embryos- derived
epidermal cells originated from single cell
(unpublished data). Here, the microscopic
observation of transient expression of GUS
showed that the epidermal and subepidermal
cells could be infected by Agrobacterium. We
inferred that chimeric transgenic embryos
may derive from subepidermal cells which are
multicellular origin and need to be verified in
further experiments.

CONCLUSION

In this study, we showed that somatic embryos
is a viable alternative to embryogenic callus
in transformation of Hevea and stable trans-
formation embryos was 4.06% (47/1158)
on average. Additionally, 33 plants derived
from six individual transgenic embryos were
produced through somatic embryo transfor-
mation.
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