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Abstract

Inheritance of the Bialaphos resistance (bar) gene was investigated by sexual
hybridization of the transgenic pineapple cv. ‘Phuket’ (TP) with the commercial pineapple cvs.
‘Pattavia’ (PV) and ‘Phuket’ (PK). Direct crosses, reciprocal crosses, and selfings were made. A
total of 2,437 F, seeds, resulted in 1,459 plants were obtained from direct and reciprocal crosses
of TP with PV and PK with PV. Of these, 1172 F; seeds and 886 F; plants were obtained from
crossing between TP and PV. All selfed parental plants, and both direct and reciprocal crosses
between TP and PK, either failed to set seed or set seeds with no kernels. B-glucuronidase (GUS)

activity as conferred by the gus gene, was used in the initial screening for gene transfer into F;
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plants at 2 cm in height. Two hundred and fifty-three from 886 plants obtained from sexual
crosses involving PV and TP parents were checked for GUS activity and 116 were GUS positive
while 137 were GUS negative, giving a ratio of 1:1 by a Chi-square test. When grown in pots,
the GUS positive versus GUS negative F, plants showed a corresponding 1 : 1 ratio of resistance
to sensitivity when sprayed with the herbicide Basta™. The hemizygous transgenic plants bar/-
transmitted the bar gene to the normal -/- (coin herewith as nullizygous) plants in the Mendelian
manner. Thus the bar transgene can be fully utilized in the future conventional pineapple

breeding programs.

Key words: transgenic pineapple, inheritance, hybridization, transgene, bar gene
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Introduction

Pineapple (4nanas comosus L.) is one of the most popular and important fruits in the
world. In 2007, world production of pineapple was 18.87 million tons with an average yield of
19.749 t ha'' from a total harvested area of 955,646 ha. Thailand was a major producer and
exporter, generating 2.32 million tons from 96,081 ha, with an average yield of 24.144 t ha™
(FAO, 2009). Thailand is the largest exporter of pineapple products, sending around 600,000
metric tons to the world market, representing about 43% of the world’s processed pineapple.

Two common pineapple cultivars are grown in Thailand. The most commercially
important cv. for both canning and fresh fruit is ‘Pattavia’ which is classified into the Cayenne
group. The second cv., ‘Phuket’, is classified in the Queen group and grown extensively in
southern Thailand for fresh fruit market. Other cvs. that are cultivated in a smaller scale include
‘Nanglae’ or ‘Nampeng’ (Cayenne group), ‘Intarachit Daeng’ and ‘Intarachit Khao’ (Spanish
group). The cv. Pattavia usually has spineless leaves and flat eyes, in contrast to Phuket which
has spiny leaves and deep eyes. Pineapple has low genetic variation, particularly within the
Cayenne group, partly due to self-incompatibility. Sanewski and Giles (1997) reported a failure
in selective breeding to control blackheart in ‘Smooth Cayenne’ due to sterility factors.
Consequently, advance in varietal improvement has been very slow. Until recently, the use of
conventional sexual hybridization in combination with biotechnological approaches have helped
accelerating progress in genetic improvement of this fruit crop.

Most pineapple breeders make crosses between pineapple groups to generate viable F;
hybrids to increase heterosis (hybrid vigor). However, traditional pineapple breeding consumes
time and yet crosses can be made from only between different varieties or groups. The offspring

share characteristics of both parents, and genes are transferred randomly from the parents to the
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new variety. Current biotechnology, such as tissue culture combined with genetic engineering,
can be exploited to increase genetic variation within pineapple germplasm. In addition, the
biotechnological techniques enable pineapple breeders to target trait loci and thus increase the
efficiency of pineapple breeding for some traditional intractable agronomic problems such as
herbicide and drought resistance, control flowering and ripening trait (Botella et al., 2000), and
to control blackheart disease (Ko et al., 2006). These techniques can directly introduce the
foreign or novel DNA into potentially regenerative cells. Transgenic pineapple plants have been
generated carrying agronomically useful transgenes. An example is the development of plants
genetically modified for Bialaphos herbicide resistance (Sripaoraya et al., 2001), and
subsequently assessed for stability and expression of herbicide resistance under field condition
(Sripaoraya et al., 2006).

The present experiment was undertaken as an extension of the previous investigations
(Sripaoraya et al., 2001; Sripaoraya et al., 2006), in order to assess the feasibility of transferring,
by sexual hybridization, agronomically useful genes from transformed plants into commercial,
non-transgenic pineapples. This approach should help introgressing genetic variation into
commercial cultivars. The donor plants were those transformed previously by Biolistics-
mediated gene delivery of the construct pHAC2S, carrying the B-glucuronidase (gus) and
Bialaphos resistant (bar) genes, into leaf bases of the cv. Phuket (Sripaoraya et al., 2001). The
bar gene encodes phosphinothricin acetyltransferase (PAT) which converts the active
component, phosphinothricin (PPT), to a non-herbicidal acetylated form by transferring the
acetyl group from acetyl CoA to the free amino group of PPT. This investigation gives the first

report on inheritance of a transgene pineapple into its progeny.
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Materials and Methods

Plant materials and sexual hybridization

Transgenic plants of the cv. Phuket (TP) that exhibited stable expression of the bar gene under
experimental field conditions (Sripaoraya et al., 2006) were micropropagated from leaf bases
using the culture technique as described earlier by Sripaoraya et al. (2003). Micropropagated TP
plants were transferred to pots and used for sexual hybridization with commercial pineapple
cultivars. Suckers of non-transformed plants of the commercial cvs. Pattavia (PV) and Phuket
(PK), lacking bar and gus genes (both with the expected genotypes -/-, -/- coin herewith as
double nullizygous), were grown for sexual hybridization using the method of Sripaoraya (2009).
Direct and reciprocal crosses were made between the parental plants (i.e. TPxPV, PVxTP;

TPxPK, PKxTP, PVxPK and PKxPV). The parents were also selfed (i.e. pollinated between

plants of the same cv. TPxTP, PVxPV, PKxPK).

Seed germination and seedling establishment

Ripening fruits were harvested, the seeds were collected and germinated according to Sripaoraya
(2009). The F; seeds obtained were sown in trays of sand for germination and left grow for 2
months. Seedlings, each 2 cm in height were transferred to plastic bags containing a mixture of

equal parts of coconut sheet (coir) and clay soil.

Confirmation of transgene expression in the F; progeny
The gus and bar genes were linked on the same transformation construct (pHAC25) used to

transform plants of the cv. Phuket (Sripaoraya et al., 2001). The histochemical GUS was assayed
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according to Jefferson et al. (1987) to analyze for transgenes stability and the GUS activity in
order to initially select for F, seedlings carrying the transgene. F; seedlings, each 12 c¢m in
height, were sprayed with the commercial herbicide Basta™ (Bayer, Germany) containing
glufosinate ammonium as the active ingredient, at the commercially recommended dose (5 lha™)
in order to confirm the herbicide resistance of the F; plants. Chi-square analysis was applied to
determine the segregation ratio of gus expression and bar gene inherited from TP to commercial
pineapple cultivars. Since TP and PV parents are expected to carry the genotype of bar/- and
-/-, respectively, the segregation of F; progeny is expected to fit a 1: 1 ratio of hemizygous bar/-

to nullizygous -/~.

Results and Discussion

Production of F seeds and seedlings

A total of 2,437 F, seeds were obtained from sexual hybridization (Table 1). Viable F; hybrid
seeds were obtained only from sexual crossing (Fig. 1a-c) of TP with PV and the reciprocal cross
PV with TP, and between the non-transformed parents PV with PK and the reciprocal cross, PK
with PV. Selfing of the transgenic plants (TPxTP) did not generate viable seeds. Likewise,
selfing of non-transformed plants (PVxPV and PKxPK) failed to produce viable seeds. Any
seeds produced through selfing were lacking in kernels and not viable. This confirmed that self-
incompatibility in pineapple occurs in the non-transformed pineapples (Bhowmik and Bhagabat,
1975; Py et al., 1987; Coppens d’Eeckenbrugge et al., 1993; Leal and Coppens d’Eeckenbrugge,
1996; Sripaoraya, 2009). Our work is the first to report on self-incompatibility in transformed
pineapple. The same self-incompatibility was observed from the cross between TP and its non-

transgenic progenitor PK (Table 1). Of the seeds that were produced, 1,459 seedlings were
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obtained from direct and reciprocal crosses of TPxPV and PVxPK (Table 1, Fig. 1d,e). One
thousand one hundred and seventy-two F; seeds and 886 F; plants were obtained from both
crosses between TP and PV parents. Eight hundred and ninety-nine F, seeds and 728 F, plants
were obtained from PVxTP. Since TP was grown in pots, flowers and seeds set from the
reciprocal cross TPxPV were not good, giving 273 F, seeds and 158 F; plants. Crossing between

normal PVxPK and PKxPV gave a normal seed set of 594 and 653 seeds, and 235 and 338

seedlings, respectively.

Expression of the gus and bar genes

GUS histochemical staining of leaves showed that, of 158 seedlings obtained from the TPxPV,
72 were GUS positive revealing stable expression of transgene, while 86 of them failed to
express the gus gene (Table 1). The difference in number of seedlings showing gus expression
was not significant by Chi-square analysis. Similarly, of 95 seedlings obtained from the
reciprocal cross, PVxTP, 44 were positive for GUS activity, while 51 were GUS negative. Ten
sampled F, seedlings, each from the normal parents PVxPK and PKxPV were all GUS negative

with the expected nullizygous -/~ in both gus and bar loci.

Expression of the bar gene was confirmed by spraying the F; seedlings with the commercial
herbicide Basta™. All GUS positive seedlings were also herbicide tolerant, retained their
chlorophyll and remained healthy following application of the herbicide. In contrast, the GUS
negative plants were not tolerant to the application of Basta™ and died (Fig. 1f). This confirmed

that bar gene was inherited into the F; plants through sexual hybridization.
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Inheritance of Bialaphos resistance in F; plants

Chi-square analysis showed that the GUS positive and GUS negative plants exhibited a 1:1 ratio
following Mendel’s Law of Inheritance. The same expected ratio was also found for the bar gene
controlling Bialaphos resistance. All GUS positive plants are herbicide tolerant indicated that gus
and bar genes are transmitted together as linked genes. Such information is essential for
assessing the inheritance of transgenes from genetically modified pineapple plants to non-
transgenic plants. This is the first paper that reports inheritance of transgene in pineapple. Since
pineapple takes at least five years from crossing between pineapple varieties to obtain F; fruit.
Pineapple propagation by suckers required 13-15 months for Queen group such as Phuket
cultivar or 18-24 months for Cayenne group such as Pattavia cultivar. For crossed seed
propagation, at least 3.5 years per crop is used for pineapple production. So, there is no paper
reported about inheritance of transgene in pineapple thus far. However, in annual crops such as
maize, soybean and rice, inheritance of transgenes were reported up to 5 - 6 generations and the
transgenes were found inherited following Mendel’s Law. For example, mcry34 transgene in

maize transferred from Bacillus thuringiensis var. tenebrionis (B.t.t) was inheritable and stable

during the study for five generations. In generation five (Ts), individual plants were assayed for
the presence of corn rootworm resistance for mcry34 gene. The expected Mendelian inheritance
ratio of positive and negative plants for hemizygous triat in Ts population is 3:1 (Syngenta,
2009). The surviving F, seedlings were grown and used for selfing and backcrossing to all
parents in order to further evaluate inheritance of the bar gene. F; plants exhibiting herbicide
resistance showed segregation in plant morphology and agronomic characteristics such as leaf
spiny, number of suckers and slips and virus wilt resistance. Some progenies showed spiny

leaves as Phuket cultivar while some had smooth leaves with spiny tip as Pattavia. There are
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slips in some progenies whereas both parents, Phuket and Pattavia, have no slip. Some progenies
produced more aerial suckers than Pattavia but less than Phuket. All F; progenies showed
resistance to virus wilt and heart rot diseases. These F; progenies will be selected based on their
agronomic characters, including fruit yield and quality. The potential F; plants will be multiplied
by tissue culture and evaluated for superior F, hybrids in the future.
Conclusions

The Bialaphos resistance (bar) gene from transgenic pineapple is inherited as a single gene into
commercial, non-transformed pineapple cultivars. F; plants showed a 1: 1 ratio of herbicide

resistant to susceptible plants following the Mendelian inheritance.
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Table 1 Number of F; seeds and seedlings generated, GUS activity and Chi-square analysis of
the number of F; plants from sexually crossing transgenic pineapple of the cv. Phuket (TP) with
non-transformed plants of the cvs. Pattavia (PV) and Phuket (PK). The results of crossing

between non-transformed cvs. and selfing are also presented.

No. No. Seedlings Number of F, e Apparent
Crosses of of assessed seedlings (1:1) genotype
seeds seedlings for GUS GUS™ GUS™ of F
activity  BastaR® BastaS" seedlings*
TPxPV 273 158 158 72 86 1.24™ gus/- bar/-
PVxTP 899 728 95 44 51 0.52% gus/- bar/-
PVxPK 594 235 10 - 10 - -/- -/-
PKxPV 653 338 10 - 10 - -~ -/
PKxTP 14 0 - . 2 "
TPxPK 0 - - - ~ 3
TPxTP 0 - " - > -
PVxPV 2 0 - - - -
PKxPK 2 0 - - - .
Y(PVxTP) 1,172 886 253 116 137 1.74N8
Total 2473 1,459 273 116 157 -

* GUS": GUS positive, GUS™ : GUS negative.
® BastaR: Bialaphos-resistant, Basta$S: Bialaphos-sentitive.
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© gus : gus gene, bar : bialaphos resistant gene.

NS: not significant.
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Fig. 1 Hybridization of transgenic with non-transformed pineapple plants, and germination of F,
seeds. (a) Inflorescence of a transformed plant of the cv. “Phuket” (TP; Bar = 1.4 cm), (b) Fruits
obtained from PVxTP (Bar = 2.7 cm), (c) F; seeds from direct (TPxPV) and reciprocal crosses of
PVxTP (Bar = 6 mm), (d) Seedlings of PVxTP 1 month after seed germination (Bar = 2 cm), ()
Seedlings 1 month after potting in a coir/soil compost in plastic bags and transfer to the
glasshouse (Bar = 5.7 cm). (f) F, seedlings sprayed with the herbicide Basta™. All GUS-
positive (Gp) plants were tolerant and retained their chlorophyll (two weeks after application of

the herbicide). GUS-negative plants (Gn) were not tolerant to Basta™, became necrotic and died

(Bar = 3.8 cm).
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Abstract

Weeds are the main factor for pineapple production. Pineapple plantation growers
spend at least a half of production cost controlling them. The other important factor for
production is pineapple cultivar. However, all current commercial pineapple cultivars are
sensitive or susceptible to biodegradation herbicide. This research project aims to establish F;
hybrid pineapple variety resistant to herbicide by conventional breeding. Direct and
reciprocal crosses between genetically modified pineapple (TP) carrying bialaphos resistant
(bar) gene and two commercial pineapple cultivars [cvs. ‘Pattavia’(PV) and ‘Phuket’(PK)]
were made in 2005 at Faculty of Agriculture, Rajamangala University of Technology
Srivijaya, Nakhonsithammarat, Thailand. 1,172 F, seeds and 886 F; plantlets were obtained
from the first crossing of both crosses of PV and TP. However, no seeds could be obtained
from neither direct nor reciprocal crosses of PK and TP. The 886 F; plants were studied and
evaluated for agronomic characteristics, fruit quality and bialaphos herbicide resistance. Of
886 F; plants, 410 F; plants showed resistant to Basta-X herbicide. Furthermore, there are
eighteen potential F, plants showing other good agronomic characters and good fruit quality.
Three promising hybrids, (PV x TP)-51; (PV x TP)-46 and (PV x TP-34), showed resistant to
biodegradation bialaphos herbicide, a high percentage of brix (18-22.2° brix), a fragrant
smell, crispy flesh and a smooth leaf with only the tip being spiny. In particular, (PV x TP)-
34 hybrids presented pale pink bract and fruit and it gave 22.2° brix, cylindrical fruit shape,
dark yellow flesh, as well as pleasant flavor. These potential hybrids will further be
propagated and evaluated to confirm the traits and consequently release to farmers.

INTRODUCTION

Pineapple (Ananas comosus L.) is one of the most popular and important fruits in the
world. World production in 2007 was 18.8 million tons with an average yield of 19.7 t ha
from a total harvested area of 955,646 ha. Thailand was a major pineapple producer and
exporter, generating 2.3 million tons from 96,081 ha, with an average yield of 24.144 t ha™
(FAO, 2009). For pineapple production, the main cost is generally from weed control and



fertilizer application. Weeds are the main factor for pineapple plantation and growers spend
at least a half of cost controlling them. Farmers use both herbicide and mechanical methods
to control weeds. However, all current commercial varieties are sensitive and susceptible to
biodegradation herbicide including Thai pineapple cultivars such as “Pattavia” and “Phuket”
which are classified into the Cayenne group and in the Queen group, respectively. Pineapple
has small genetic variation, particularly within the Cayenne group. Advance in varietal
improvement has been very slow. Until recently, the use of both conventional sexual
hybridization and biotechnological approaches has helped to accelerate progress in the
improvement of this fruit crop. Several research groups are developing basic and applied
studies to create new varieties with better agronomic performance. This research project
aims to establish F;, hybrid pineapple variety resistant to biodegradation herbicide and having
good yield and good qualities.

Since, there is no resistant biodegradation herbicide gene in any natural pineapple
resources. However, pineapple breeders inserted transgenes to pineapple cultivar and
obtained transgenic pineapple carrying herbicide resistant transgene such as Sripaoraya et al.
(2001) and Espinosa et al. (2002). The donor plants were those transformed previously by
Biolistics-mediated gene delivery of the construct pHAC25, carrying the B-glucuronidase
(gus) and Bialaphos resistant (bar) genes, into leaf bases of the cv. “Phuket” (Sripaoraya et
al., 2001). The bar gene encodes phosphinothricin acetyltransferase (PAT) which converts
the active component, phosphinothricin (PPT), to a non-herbicidal acetylated form by
transferring the acetyl group from acetyl CoA to the free amino group of PPT. This bar gene
is stable after evaluation in the field for the first generation of vegetative propagated
transgenic pineapple (Sripaoraya et al., 2006). Moreover, biochemical side effects of
herbicide FINALE on bar gene—containing transgenic pineapple plantlets was studied (Yabor
et al., 2008).

The present experiments were undertaken as an extension of the previous
investigations, in order to assess the feasibility of transferring, by sexual hybridization,
agronomically useful genes from transformed plants into commercial, non-transgenic
pineapple cvs., with the long-term aim of using this approach to introgress genetic variation
into commercial cvs., consequently select resistant to biodegradation herbicide F; hybrid.
These investigations are the first on the inheritance of a transgene into the progeny in
pineapple.

MATERIALS and METHODS

Plant Materials and Sexual Hybridization

Transgenic pineapple plants of the cv. “Phuket” (TP) that exhibited stability and expression
of the bar gene under experimental field conditions (Sripaoraya et al., 2006) were
micropropagated from leaf bases using culture techniques as described earlier (Sripaoraya et
al., 2003). Micropropagated TP plants were transferred to pots and used for sexual
hybridization with commercial pineapple cvs. Suckers of non-transformed plants of the
commercial cvs. “Pattavia” (PV) and “Phuket” (PK), lacking bar and gus genes (both with
expected genotypes of -/-, -/-), were grown for sexual hybridization using the method of
Sripaoraya (2009). Direct and reciprocal crosses were made between the parental plants (i.e.



TP x PV, PV x TP; TP x PK, PK x TP, PV x PK and PK x PV). The parents were als
(i.e. TP x TP, PV x PV, PK x PK). —

Seed Germination and Establishment of Seedlings

Ripening fruits were harvested, the seeds were collected and germinated according to
Sripaoraya (2009). The F, seeds obtained were sown in trays of sand for germination and left
grow for 2 months. Seedlings, each 2 cm in height were transferred to plastic bags containing
a mixture of equal parts of coconut sheet (coir) and clay soil.

Confirmation of Transgene Expression in the F; Progeny

Since the gus and bar genes were linked on the same transformation construct (pPAHC25)
used to transform plants of the cv. “Phuket” (Sripaoraya et al., 2001), GUS activity was used
initially to select F; seedlings carrying transgenes. F; seedlings, each 12 cm in height, were
sprayed with the commercial herbicide Basta™ (Bayer, Germany) containing glufosinate
ammonium as the active ingredient, at the commercially recommended dose (5 lha™) in order
to confirm the herbicide resistance of the F; plants. Chi-square analysis was applied to
determine the segregation ratio of gus expression and bar gene inheritance from TP to
commercial pineapple cultivars. Since TP and PV parents are expected to carry the genotype
of bar/- and -/- , respectively, the segregation of F; progeny was expected to fit a ratio 1:1 of
bar/- to -/-.

Selection F; hybrid pineapples resistant to Bialaphos herbicide
F; hybrid pineapple plants which tolerant to Basta-X herbicide were selected for good
agronomic performance.

RESULTS and DISCUSSION
F; Seeds and Seedling Production

A total of 2,437 F, seeds were obtained from sexual hybridization (Table 1). Viable F,
hybrid seeds were obtained only from sexual crossing (Fig. 1a) of TP with PV and the
reciprocal cross PV with TP, and between the non-transformed parents PV with PK and the
reciprocal cross, PK with PV. Selfing of the transgenic cv. did not generate viable seeds.
Likewise, selfing of non-transformed cvs. failed to produce viable seeds; any seeds that were
produced (PV x PV; PK x PK) lacked kernels and were not viable. This confirmed that self-
incompatibility in pineapple occurs in the non-transformed pineapple plants (Bhowmik and
Bhagabat, 1975; Py et al., 1987; Coppens d’Eeckenbrugge et al., 1993; Leal and Coppens
d’Eeckenbrugge, 1996; Sripaoraya, 2009) and is not the result of transformation. These are
also the first experiments to report on self-incompatibility in transformed pineapple. Of the
seeds that were produced, 1,459 seedlings were obtained from direct and reciprocal crosses
of TP x PV and PV x PK (Table 1, Fig. 1b-c). One thousand one hundred and seventy two F;
seeds and 886 F; plants were obtained from both crosses between TP and PV parents. Eight
hundred and ninety nine F; seeds and 728 F plants were obtained from PV x TP compared to
273 F, seeds and 158 F; plants from TP x PV. Since the female parent influences the number
of flowers in the inflorescence, PV had more flowers than the TP female.



Expression of the gus and bar Genes

GUS histochemical staining of leaves showed that of 158 seedlings obtained from the
TP x PV, 72 were GUS positive revealing transgene stability and expression. However, 86 of
them failed to express the gus gene (Table 1). The difference in the number of seedlings
showing gus expression was not significant by Chi-square analysis. Similarly, of 95 seedlings
obtained from the reciprocal cross, PV x TP, 44 were positive for GUS activity, but 51 were
negative.

Expression of the bar gene was confirmed by spraying seedlings with the commercial
herbicide Basta™. All GUS positive seedlings were also herbicide tolerant, retained their
chlorophyll and remained healthy following application of the herbicide (Fig.1d). In contrast,
the GUS negative plants were not tolerant to the application of Basta™ and died (Fig. le).
This confirmed that bar gene was inherited in the F, plants obtained from sexual
hybridization.

Inheritance of Bialaphos resistance in F; plants

Chi-square analysis showed that the GUS positive and GUS negative plants exhibited
a 1:1 ratio following Mendel’s Law of inheritance for a pair of genes controlling Bialaphos
resistance. Such information is essential for assessing the inheritance of transgenes from
genetically modified pineapple plants to non-transgenic plants. The surviving F; seedlings
were grown to flowering and used for selfing and backcrossing to all parents in order to
further evaluate inheritance of the bar gene. F, plants exhibiting herbicide resistance were
selected based on their agronomic characters, including yield and fruit quality.

Bialaphos herbicide resistant F; hybrid selection

The 886 F, plants were studied and evaluated for agronomic characteristics, fruit
quality and bialaphos herbicide resistance. Of 886 F, plants, 410 F; plants showed resistant to
Basta™ herbicide and gave variation for fruit shape, size, color and firm flesh (Fig.2a). There
are eighteen potential F, plants showing other good agronomic characters and good fruit
quality (Table 2, Fig.2b). Three promising hybrids, (PV x TP)-51; (PV x TP)-46 and (PV x
TP-34), showed resistant to biodegradation bialaphos herbicide, a high percentage of brix
(18-22.2° brix), a fragrant smell, crispy flesh and a smooth leaf with only the tip being spiny.
In particular, (PV x TP)-34 hybrids presented pale pink bract and fruit and it gave 22.2° brix,
cylindrical fruit shape, dark yellow flesh, as well as pleasant flavor.

CONCLUSIONS

The Bialaphos resistance (bar) gene from transgenic pineapple was inherited as a
single gene into commercial, non-transformed cvs. of pineapple. F; plants showed a 1: 1 ratio
of herbicide resistant to susceptible plants. Inheritance and stability of the bar gene is being
assessed in the F, and subsequent seed generations. Three promising hybrids, (PV x TP)-51;
(PV x TP)-46 and (PV x TP-34), showed resistant to biodegradation bialaphos herbicide, a
high percentage of brix (18-22.2° brix), a fragrant smell, crispy flesh and a smooth leaf with
only the tip being spiny. In particular, (PV x TP)-34 hybrids presented pale pink bract and
fruit and it gave 22.2° brix, cylindrical fruit shape, dark yellow flesh, as well as pleasant



flavor. These potential hybrids will further be evaluated to confirm the traits and
consequently release to farmers.
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Tables

Table 1. Number of F, seeds and seedlings generated, GUS activity and Chi-square analysis
of the number of F, plants from crossing sexually transgenic plants of the cv. Phuket (TP)
with non-transformed plants of the cvs. Pattavia (PV) and Phuket (PK). The results of
crossing between non-transformed cv. and selfing are also presented.

No. No. Seedlings  Number of F; x’ Apparent
Crosses  of of assessed seedlings genotype
seeds seedlings for GUS GUSs™ Gus™ (1:1) of Fy
activity BastaR” BastaS" seedlings*
TP x PV 273 158 158 72 86 124" | gus/- bar /-
PV x TP 899 728 95 44 51 0.52™" | gus /- bar /-
PV x PK 594 235 10 - 10 - - /- - /-
PKxPV | 653 | 338 10 - 10 - |-/ -
PK x TP 14 0 - - - -
TP x PK 0 - - - - -
TP x TP 0 - - - - -
PV x PV P 0 - - - .
PK x PK 2 0 - - - -
Y(PVxTP | 1,172 | 886 253 116 137 | 1.74%
parents)
Total 2,473 1,459 273 116 157 -

* GUS™: GUS positive, GUS™ : GUS negative.

®BastaR: Bialaphos-resistant, Basta$S: Bialaphos-sentitive.
€ gus : gus gene, bar : bialaphos resistant gene.

NS: not significant.




Table 2. Brix and agronomic characteristics of Basta™ resistant F 1 hybrids pineapples
PV x TP for 18 potential F; hybrids.

4 - it si ore Cup+
HI)\,le)nd °Brix wt. (g) | Shage Fl‘.UIt size (cm) ((31 - de:th z'eiaf
. crown  fruit width  length (cm) (cm) piny
7 17.15 120 1450 cylindrical 12,0 17,0 2.8 1.5  spiny
8 17.5 100 1580 cylindrical 125 19,0 3.0 1.1 tip only
13 17.25 130 1420 cylindrical 120  18.0 4.5 1.5 spiny
15 17.15 130 720 round 10.5 115 2.5 0.7 tip only
17 16.9 130 720 cylindrical g9 14.2 2.0 0.7 tip only
23 18.5 130 730  cylindrical 92 13.8 2.0 1.0  spiny
24 1755 70 840 cylindrical 100  13.0 2.0 1.0 tip only
25 16.2 80 850 cylindrical 100  14.0 2.0 0.9 spiny
H 2B B O m = B W W = s
37 17.4 130 1060 cylindrical 11.5  13.5 32 1.1 tiponly
39 1745 280 1160 cylindrical 124 180 24 12  tiponly
45 18.7 120 850 round 10.5 11.5 . 0.7  spiny
E B = 0 o N B O m @
B S o B S O ps B 3 s
308 17.4 140 700 round 11.5 8.0 4.0 0.9 tiponly
312 17.65 130 1340 cylindrical 110  18.0 1.5 1.0 spiny
320 17.25 140 680 round 11.5 9.0 3.5 1.1 irregularly
322 17.6 250 990 round 13.0 11.0 5.0 0.6 spiny




Figures

Fig. 1 Seeds and seedlings from hybridization between transgenic and non-transformed
pineapple plants. (a) F, seeds from direct and reciprocal crosses of PV x TP (b)
germinating F; seeds from PV VX TP (c) seedlings in plastic bag in greenhouse (d) F;
plants before spraymg Basta™ and (e) plants showed brown and died after 2 weeks
herbicide spraying
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