Genetic stability of transgenic potato expressing crylAa7 gene
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[ ABSTRACT __}

Potato (Solanum tuberosum L.) is seriously infested with potato tuber moth (Phthorimaea
operculella Zeller). Accordingly, genetically modified (GM) potato (cv. Desiree} expressing
crvlAa7 gene from a local Bacillus thuringiensis isolate (Bt-C12) was previously generated and
analyzed. The aim of the present study was to evaluate Bt-transgenic potato lines D8, D9, D26, D27
and D37 at vtological, morphological and molecular levels for possible murations and
chromosomal aberrations that could lead to somaclonal variation. The results indicated that all
lines under investigation, except D37, exhibited similar phenotypic appearance and tuber yield
compared to control. In line D37, number of tubers per plant (31.8) was significantly higher than
the other tesied lines (23.7). SDS-PAGE, on the other hand, revealed that protein banding patterns
of leaves collected from transgenic and non-transgenic lines were comparable. In addition,
polymerase chain reaction {PCR) and fifteen arbitrary 10-mer primers, randomly selected, were
used to generate random amplified polymorphic DNA (RAPD) markers. The size of the generated
DNA fragmments ranged from 200 to 2500 base pairs. Identical banding profiles with eleven of the
fifteen primers (73%) were observed and a total of nine polymorphic bands (11.5%) were detected
and used as RAPD markers. It is concluded that non-significant genetic variation in potato plants
expressing the crylAa7 gene based on cytological and morphological examination as well as
protein profile and RAPD analysis.
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I ' INTRODUCTION I al., 2002). This strategy would give the
transgenic potato self-protection and many

due to infestation with insect pests such as

potato tuber moth (PTM), Phthorimaea
operculella  Zeller.  Currently,  Bacillus
thuringiensis  (Bt)-based  biopestcide is
frequently wused against PTM as an
environmentally safe alternative to chemical
pesticides. In addition, potato plants harboring

In Egypt, potato yield is greatly reduced

different crystal (cry) protein genes isolated-

from many Bt strains have been generated,
(Hudy, 1998, Ibrahim et al., 2002; Davidson et

advantages over topical applicate of Bt-
biopesticide. In addation to potato, genetically
altered tomatoes, squash, canola, cotion, maize
and soybean have been in the market since
1994. However, there are centaverse views
concerning transgenic food crops (Ruibal-

- Mendieta and Lints, 1998).

Many reports demonstrated that callus
induction and regeneration might be
responsible for chromosomal aberration and
genetic changes Rietveld et al. (1987). For
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instance, Fish and Karp (1986) stated that
regenerated plants through protoplasts showed
50% abnormal chromosome breeding clones
and inter specific hybrids. In addition,
Pijnacker et al. (1989) reported that numerical
and structural chromosome vanation arising
during in vitro culture, might contribute to
variatton in genotype, type of culture, culture
medium and culture age. Fleming et al. (1992)
studied ploidy doubling during callus of potato
dihaploid leaf explants and detected variation
in regenerated plants. Recently, many
techniques have been developed detect and
identify genetic variations (Ruibal-Mendieta
and Lints, 1998). Molecular techniques such as
random amplified polymorphic DNA (RAPD),
for instance, is a quick and reliable method
that could significantly detect smali genetic
changes in transgenic plants, (Williams et al.,
1990). In addition, RAPD analysis has been
successfully used for linkage map studies in
tomate (Kiein-Lankhorst ef af., 1991) and in
cultivar identification in brassica, (Hu ef al.,
1995) and in faba bean and soybean (Hussein
et al., 2000, 2001) and in Phaseolus vulgaris,
El-Fiky et al., 2002). Moreover, Xu et al.
(1993), reported that the identification of
somatic hybrids between Solanum tuberosum
and Solanum brevidens can be carried out
using PCR-RAPD technique. Morphological
and molecular analysis together with
cytological examination were also used to
study the genetic instability of monohaploid,
dihaploid and tetraploid genotypes of potato
(Karp ¢t al., 1984; Sree-Ramulu et al., 1986).
The aim of this work was to elucidate
the genetic stability of potato lines harboring

crylAa7  gene, which regenerated via
Agrobucrerium mediated-transformation
system. Accordingly, morphological and

cytological analyses together with RAPD-
typing and protein finger printing were
investigated.
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B MATERIALS AND METHODS

]

Plant materials

Leaves drived ‘rom !ive Bt-transgenic
potato lines (D8, D9, Di3. D26 and D37 and
non-transgenic control were coilected from in
vitro regenerated Desirce niunts conserved at
Micropropagation  “echnology  Laboratory
{AGERI/ARC) and used as a source for DNA
and protein purification.

Cytological analysis

Roots from ‘ransgeruic and non-
transgenic potato lincs were taken from in
vitro culture and examined for cell division
and chromosomal aberrations using the aceto
carmine sqush method described by Grant
(1982). Basically, root ups were cut at a
certain time of the day and immediately fixed
in ethanol and glacial acetic ucid sofution (3:1,
viv) for 2 hr, washed with H-O and stored in
70% ethanol at 4°C until microscopically
examined. Otherwise, it was treated with IN
HCI for 5-8 min at 60°C directly before shide
preparation.

Morphological examination

Adaptation and acclimatization of
transgenic and non-transgenic potato lines
were carried out in the Bio-containment
greenhouse facilities at AGERI. Plantlets (3-5
cm), obtained by in virro culture technique,
were washed to temove phytagel traces and
soaked in fungicide solution {2 g/l of Benlate)
for 15-20 minutes. Washed plantlets were
cultured in plastic pots (15 c¢m in diameter)
containing a mixture of peat moss and sand
(2:1, v/v), and watered immediately. Plantlets
were transferred to pilastic pots (23 cm 1n
diameter) after 3 weeks {rom adaptation,
irrigated with water containing ig/l Kristalon
(N.P.K./19:19:19) every {0 days up to
maturity (120  days). Obscrvations on
morphological characters such as plant height
and number of leaves were recorded after 90
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Genetic stability of transgenic potato 115

days from adaptation. Tuber yield was
evaluated after full maturation of the plants.
Ten individual plants from each line were
examined and the number and weight of tubers
were calculated after harvesting. The statistical
analysis was camied out using SAS computer
programme  according to  Snedecor and
Cochran (1980) using 1..S.D. test,

Protein analysis

SDS-polyacrylamide gel electrophesis
(SDS-PAGA) was investigated for the total
soluble proteins of five transgenic lines as well
as non-transgenic control plants according to
the method described by Laemmli (1970). One
hundred mg of leave tissue were collected
from in vitro culture and macerated in 100 |
extraction buffer (1M Tris-HC] pH 6.8, 10%
SDS, IM glycerol and 1 mM DTT) using glass
rod. Soluble materials were collected by brief
centrifugation and equal volume of 2x protein
breakage buffer (150 mM Tris-HCI, pH 6.8,
1.2% SDS, 15% B-mercaptoethanol, 1.8 mg
bromophenol blue and 30% glycerol) were
added. Protein sumples were boiled at 95°C for

3 min, briefly centrifuged and analyzed on
15% SDS-PAGE.

DNA extraction and RAPD analysis

DNA extraction was carried out
according to Edwards ef al. (1991) with minor
modification. Basically, a small piece of leaf
tissue (100 mg) was macerated in 400 Ml
extraction buffer (100 mM Trnis-HCI1 pH 8, 500
mM NaCl, 50 mM EDTA, 0.7 pl/mi 8-
mercaptoethanol). Soluble materials were
collected by centrifugation at 13,000 rpm for 5
min, then 4 pl RNase A (10 mg/ml) were
added and the tube was incubated at 37°C for
30 min. DNA was precipitated by adding 1
volume isopropanol, washed twice with 70%
ethanol, dried and dissolved in 100 ul sdH,0.

Fifteen 10-mer primers (A07, A09, A10,
Al7, Al19, Bol, BO7, B09, B19, C20, E15,
FO6, O06, 012 and OI13) were sclected
randomly and synthesized on a DNA
synthesizer (model 380 A;  Applied
Biosystems, CA, UUSA) and used for RAPD
analysis. The nucleotide sequences of the
primers are listed in Table (1).

Table (1): Nucleotide sequences of the random primers used for RAPD analysis.

Primer code No.

Sequence 5' to 3'

Primer code No.

Sequence 5' to 3'

B-19 ACCCCCGAAG
C-20 ACTTCGCCAC

E-15 ACGCACAACC
F-06 GGGAATTCGG
0-06 CCACGGGAAG
0-12 CAGTGCTGTG
0-13 GTCAGAGTCC

A-07 GAAACGGGTG
A-09 GGGTAACGCC
A-10 GTGATCGCAG
A-17 GACCGCTTGT

A-19 CAAACGTCGG
B-01 GTTTCGCTCC

B-07 GGTGACGCAG
B-09 TGGGGGACTC

PCR amplification was carried out in 1X
rcaction buffer containing 0.2 m dNTPs, 50
pmol primer. (1.5 unit of Taq polymersae, 50
ng of genomic DNA. All components were
mixed and sdH-O was added to a final volume
of 25 1. The PCR reactions were carried out
in a Gene Amp PCR system 2400 (Perkin-
Elmer Corp.) that was programmed for an

initial denaturation step of 94°C for 3 min,
then 40 cycles of 94, 36 and 72°C for 40, 60
and 90 sec, respectively. Ten ul from each
sample was analyzed in 1.5% agarose gel in
IXTAE buffer and gels were photographed
under UV light.
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| RESULTS AND DISCUSSION ]

Gene modification (GM), is a recent
development which allows specific genes to be
identified, isolated, and inserted into other
hosts with a high level of specificity and select
for desirable qualities (Gasser et al., 1989;
Beck and Ulrich, 1993). Potential benefits of
GM crops include increased nutritional value
and enhance pest and disease-resistance
features. Although GM crops sounds
acceptable, the introduction of GM food to the
human diet has caused considerable debates.
There 1s a concern that gene insertion and
regeneration may cause mutations or
chromosomal aberrations (somaclonal
variation) that could have safety imphcation
and may affect other genes.

Cytological and morphological examination

Previously, we have reported the
productton of Egyptian transgenic potato
expressing cryl/Aa7 gene derived from a local
Bt isolate (Ibrahim et al., 2002). To confirm
the stability of transgenes during subsequent
regeneration and selection, PCR using npt-IT
and crylAa-specific primers were carried out
on totul DNA extracted from Bt-transgenic
potato [eaves. Results showed amplified DNA
fragments (0.41 and 2.1 kb) corresponding to
npt-1I and crylAa7 genes, respectively (data
not shown). Subsequently, root tips were
collected from transgenic and non-transgenic
potato lines for cytological examination, It has
been previously reported that the use of in
vitro cultures leads to genetic instability
expressed as chromosomal disturbance in
regencrated plants (Grant, 1982). Results from
the present study indicated that there was no
genetic variation in the transgenic potato lines
under investigation. The cytological data
emphasized that there was no detectable
chromosomal abnormalities occurred during
regeneration and transformation steps. Similar
findings were reported by Koga-Ban et al.

(1998) who stated that transgenic cucumber
plants expressing rice chitinase had no
chromosomal aberrations or uany characteristic
difference to non-transgenic cucumber except
expression of rice chitinuse gene and
resistance to fungal diseasc. The chromosomal
instability, that detected in other reports may
be attributed to variation in regeneration
protocols or to differences in plant genotypes
used in their experiments.

For morphological examination, criteria
such as plant hight (cm), average number of
leaves and tubers per plant, were investigated
in transgenic and non-transgenic potato plants
under greenhouse conditions (Figure 1). Data
were taken after 90 days from planting date
and were statistically analyzed (Table 2).
Results indicated that there werc no significant
morphological differences between transgenic
and non-transgenic lines. The average number
and weight (gr) of tubers per transgenic potato
line were 26 and 94.6 gr, respectively. D9,
D26 and D27 lines produced almost the same
number of tubers as conirol, while D37
produced 31.8 tubers/plant. Although number
of tubers of D37 was significantly high, the
weight of these tubers (86.8 gr) was the lowest
among all tested lines (Figure 1 & Table 2).
Regenerated potato plants through tissue
culture technique has been morphologically
evaluated in a similar way (Cuassells et al,,
1983, Rossignol er al., 1984, Berlijak, 1991),
Some investigators were not able to identify
any phenotypic variation among potato plants
derived from tissue culture (Cassells et al.,
1983; De-Block, 1988). On the other hand,
others (Weeb er al., 1983) repoted that the
morphological responses were found to differ
according to cultivars under investigation.
Additionally, Conner e/ al  (1994),
morphologically exmined 13 transgenic potato
expressing npt-II gene. They observed that ail
lines developed unexpected changes in the
phenotypic appearance of shoots, and/or poor
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Genetic stability of fransgenic potato 117

tuber yield (generally involving reduced
number of small tubers). Moreover, their
results reveald that each independently
selected transgenic line showed distinctly
different changes in phenotypic appearance or
yield performance. They suggested that these

changes were attributed to either epigenetic or
genetic events occurring during tissue culture
phase of transformation. We are postulating
that this contradiction migh be due to using
different potato cultivars (llam Hary, lwa and
Rua) rather than Desiree in their study.

R

B

Fig. (1): Morphological examination of transgenic and non-transgenic potato lines. A:
Transgenic and non-transgenic potato lines grown under biocontainment greenhouse
conditions. B: Minitubers of transgenic and non-transgenic potato lines harvested
from pot experiment at biocontainment greenhouse after 120 days.

Table (2): Statistical analysis of plant hight, number of leaves, number and weight of tubers per
_ plant for genetically- modified and non-modified potato line (control).

Characters el 3
S Plant hight (cm) r;‘;;lgfl:“""s :}‘:;ih:{;’;;‘:}m No. of tubers / Plant
Control 78.1* 21 94.9 24.2 =
D8 20.5 88 25.3
Do 20 99.| 24.]
D 26 15.8 100 238
D 27 20.4 98.5 23.7
D 37 20 86.8 31.8
LSD SRS CMISI AR e e . 0
L.5.D. a1 0.5% T '

* Each datumrepresents the average of ten individual plants from one independent transgenic line,

Protein profile and RAPD analysis

The electrophoretic protein  banding
patterns for five transgenic lines compared to
the non-transgenic line (control) are shown in
Figure (2). SD5-protein patterns exhibited nine
major bands, none of which were polymorphic
and all lines showed identical SDS-protein

patterns. This finding may suggest that the
protein banding profiles were not sufficient to
detect variations among transgenic and non-
transgenic lines. Accordingly, DNA-based
analysis was applied due to its high sensitivity
and accuracy in detecting single base changes.
Badr (2000}, reported that RAFPD markers

Arab . Bigtech., Ve, 6, No.l) Jan. (2003): 113-124.
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were used to charcterize and detect somaclonal
vanations in calli of five commercial potato
cultivars, Their results reveald that somaclonal
variations were found to be genotype
dependent. In the present study, fifteen,
randomly selected, Operon primers (Table 1)
were used and each tested primer produced
distinct banding profiles Fig. (3). All primers
used in this study resulted in the appearance of
DNA fragments varied in numbers and sizes.
Of the fifteen primers tested, eleven (73%)
produced identical banding patterns as the
non-transgenic lines. A total of seventy eight
DNA bands were detected across the fifteen
random primers (Table 3), nine of which

kDa M 1 2

126 ——»i8
73 _——i*
43 — il

3] — i
1§ —»

A

b
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(11.5%) were polymorphic. For phenogram
demonstration and relationships among five
Bit-transgenic and non-transgenic plants, bands
were scored and computer analyzed (Table 3).
Intensive bands were considered positive (+),
while weak bands were considered negative (-
). The size of the amplified fragments ranged
from 200 bp for primers C20, E15 and 006 to
as high as 2500 bp for primer B09. All primers
used, except BO1, B09, B19 and F06, did not
show any polymorphism. The largest number
of amplified bands was scored for primer B19
(9 bands), while the lowest was scored for
primer O12 (3 bands).

Fig. (2): SDS-PAGE of total protein extracted from transgenic and non-transgenic potato lines.
Lanes I1-6 are control, D8, D9, D26, D27 and D37, respectively. M represents the
protein marker (217, 126, 73, 43, 31, 18 and 7 kDa).

Arab J. EiJE'r'-'r. Vol. 6, No(T) Jan. (2003): 113-124.
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A B C D
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5

Primer B 19 Primer F 06 Primer A 10 Primey € 20

- Fig. (3): RAPD analysis demonstrating polymorphisms among six transgenic and non-transgenic
potate lines. Control (1), D8 (2), D9 (3), D26(4), D27 (5) and D37(6) using fifteen
random 10-mer primers (4-0). M1, M2, M3 & M4 refer to DNA markers.
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Table (3): Survey of RAPD-PCR markers in the five transgenic lines (DS, D9, D26, D27 & D37)
and control (C) using fifteen random primers. The presence and absence of
corresponding bands are represented by (+) and (-) signs, respectively.

-

Primers Mw C D8 DY D26 | D27 | D37 | Primers MW C b3 ny D26 | D27 | D37
(bp) {bp)
A 67 2000 | + + + + + + Bo7 1100 | + + + + + +
1904 | + + + + + + 000 | + + + + + +
1400 | + + + + + + 750 + + + + + +
1300 | + + + + + + 550 + + + + + +
600 + + + + + +
300 + + + + + +
A9 950 + + + + + + Bo9 2800 | + + + + +
3010 + + + + + + 1750 | + + + + + +
690 - + + - + +
600 + - - + - -
| 500 + + + + + +
L A0 1650 | + + + + + + B19 2000 | + + + + + +
1200 | + + + + + + 1300 | - + + + + +
900 + + + + + + 1200 | + ¥ + + + +
750 + + + + + + 1000 { - + + + + +
600 + + + + + + 750 + + + + + +
500 + + + + + + G50 + - - + + +
570 |+ + + + + +
450 + + + + + +
320 - + + |+ + +
A 17 1300 | + + + + + + 1C20 900 | + ¥ + + Py +
1000 1 + + + + + + 700 + + + + + +
750 + + + + + + 650 + + + + + +
610 + + + + + + 600 + + + + + +
300 + + + + + + 490 + + + + + +
420 + + + + + + 390 + + + + + +
g 210 + + + 1+ + +
Al9 1500 | + + + + + + E 15 900 + ¥+ + + + +
oo ) + + + + + + 300 + + + + + +
950 + + + + + + 700 + + + + + +
850 + + + + + + 600 + + + + + +
750 + + + + + + 400 + + + + + +
650 + + + + + + 300 + + + + + +
500 + + + + + +
450 + + + + + +
BN L2200 )+ - - - - - F oo 2100 | + - - + + R
1250 | 4 + + + + + 1400 | + + + + + +
1003 | + + + + + + 1300 | - + + + + +
200 + + + + + + 10600 | + + + + + +
720 + + + + + + 900 - + + + + +
600 + + + + + + 600 * + + + + +
40 |+ + + + + + 400 | - + + + + +
13 304G + + + + + + 006 1500 | + + + + + +
700 + - + + + - 800 4 + + + + +
GO + + + + + + 250} + + + + + +
N Q12 600 + + + + + +
30 + 4 + + + +
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In conclusion, our results confirmed
genetic stability of transgenic potato lines
expressing cryvlAa/ gene.
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