Genetic improvement of potato microtuber production
in vitro by gamma irradiation
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ABSTRACT

The potato (Solanum tuberosum L.) is a major food crop in Egypt. The main problem in the program of conventional
seed potato production is the low rate of multiplication in field conditions and the susceptibility of potato to diseases
such as fungi, bacteria and viruses, thereby resulting in poor quality and yields. Recently, plant tissue culture technology
has become very popular and has a visible impact on the production of virus free pre-basic seed potatoes. This study
was aimed at producing virus free microtubers in vitro, to investigate the stimulating effects of low doses of ggmma
irradiation on microtuber mean number, mean fresh weight and size. Among the gamma radiation doses tested
(1.5,2,2.5,5and 10 Gy), the 5 and 10 Gy doses gave the highest number of microtubers, had significant effects
on microtuber weight increase and also generated the highest size microtubers (180 cm?®). Additionally, nine potato
unique markers were identified among the 45 polymorphic bands, as analyzed by random amplified polymorphic
DNA-polymerase chain reaction profiles, with one marker detected for the 5 Gy gamma radiation dose and none
for the 10 Gy. The highest number of markers (4) was obtained with the 2.5 Gy dose.
Keywords: microtuber gamma irradiation, meristem-tip, random amplified polymorphic DNA
technique, Solanum tuberosum L.
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RESUMEN

Mejora genética de microtubérculos de papa in vitro mediante irradiacién gamma. La papa (Solanum
tuberosum L.) es uno de los cultivos més importantes de Egipto. Los principales problemas del cultivo en este pais
son las limitaciones en cuanto a las velocidades de multiplicacién alcanzables con los programas convencionales de
propagacién por semillas, asi como la susceptibilidad de esta planta a enfermedades fungicas, bacterianas y virales
que frecuentemente repercuten en la calidad y cantidad de las cosechas. Una alternativa, la tecnologia de cultivo
in vitro de tejidos vegetales, es muy popular, y ha ejercido un impacto visible en la produccién de semilla prebésica
libre de virus. Este estudio tuvo como obijetivos la produccién in vitro de microtubérculos libres de virus, asi como la
investigacién del efecto estimulador de las dosis bajas de radiacion gamma en los promedios del nimero de micro-
tubérculos, peso fresco y talla. Se ensayaron varias dosis de radiacién gamma (1.5, 2, 2.5, 5y 10 Gy). Los mayores
pesos, tallas (180 cm3) y cantidades se obtuvieron con dosis de 5 y 10 Gy. Adicionalmente, se identificaron nueve
marcadores Unicos para papa entre 45 bandas polimérficas en los patrones obtenidos por amplificacién aleatoria de
ADN polimérfico por PCR (RAPD), con un marcador detectado con la dosis de radiacién gamma de 5 Gy y ninguno
con 10 Gy. El ntmero mas alto de marcadores (4) se obtuvo con la dosis de 2.5 Gy.

Palabras clave: irradiacion gamma de microtubérculos, punta del meristemo, técnica del ADN polimorfo
amplificado aleatorio, Solanum tuberosum L.

Introduction

The potato (Solanum tuberosum L.) is a major food
crop in Egypt after wheat, rice and maize. The main
problem in the program of conventional seed potato
production is the low rate of multiplication in field
conditions and the susceptibility of potato to diseases,
which can be transmitted through potato tubers. The
risk of infection with viruses, bacteria or other patho-
gens increases with each multiplication of potato in
the field [1, 2].

Plant tissue culture is the only technique that can
eliminate viruses in tuber seed production programs
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and microtuber is one of the strategies in this per-
spective [3]. The apical meristem, together with one
to three young leaf primordia, (0.1-0.5mm) used for
virus elimination, has also enabled plants to be freed
from other pathogens, including mycoplasmas, bacte-
ria, and fungi [4]. Factors that affect microtuber pro-
duction in vitro include growth regulators, cultivars,
light quality, photoperiod and temperature. Low doses
of irradiation have been reported to stimulate plant
growth in vitro [5]. Radiation induced mutations have
been extensively used for the improvement of crop
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plants. A combination of in vitro techniques and ra-
diation induced mutagenesis has been recommended
to improve cultivars of vegetatively propagated plants
[6]. When the initial explant is obtained from an in-
dexed tuber free from viruses, endogenous fungal and
bacterial pathogens, the in vitro culture allows multi-
plication of high quality, disease-free and true-to-type
tubers. The subsequent irradiation and multiplication
as microtuber permits a rapid method for producing
variants of standard cultivars.

The objective of the present study was to produce
virus free microtubers in vitro, to investigate the stim-
ulating effects for low doses of gamma irradiation on
mean number, mean fresh weight and size of microtu-
bers. In addition, changes in DNA caused by gamma
irradiation compared with the control by random am-
plified polymorphic DNA-polymerase chain reaction
(RAPD-PCR) profiles were determined.

Materials and methods

Plant material

Tubers from Diamond potato cultivar grown in Egypt
was obtained from Ministry of Agriculture, Dokki,
Giza, Egypt.

Plant culture

Under aseptic conditions, potato tubers were surface-
sterilized using 5% sodium hypochlorite solution for
10 min. The tubers were washed three times with
sterile distilled water. The apical meristem together
with one to three young leaf primordia (0.25 mm)
was planted in glass tube with one segment per tube.
Each tube contained 12 mL of MS-medium containing
0.1 mg/L 1-naphthaleneacetic acid, 0.5 mg/L kinetin
and 2.25 gm/L phytagel, and they were incubated
under 24 °C and 16-h fluorescent light [4]. Develop-
ing shoots from Diamond cultivar were multiplied
several times to obtain enough plants to conduct the
experiments.

Irradiation of cultures

In order to investigate the stimulating effects of low
doses of gamma irradiation on microtuber production,
growing shoots were irradiated one week after culture
with five doses of gamma irradiation (1.5, 2, 2.5, 5
and 10 Gy). The source of gamma irradiation used for
irradiation potato was ®®Co gamma cell 3500, from the
Middle Eastern Regional Radioisotope Center for the
Arab countries, Giza, Egypt.

DNA extraction

Gamma irradiation-treated potato plantlets of Dia-
mond cultivar were collected and soaked in liquid
nitrogen for DNA extraction using the 2% CTAB
method modified by Agrawal et al. [7].

RAPD-PCR technique

A total of seven primers (Table 1) were used to am-
plify DNA [8] (manufactured by Bioneer, New tech-
nology certification from ATS Korea). The total reac-
tion mixture was 15 pL containing 10 X PCR buffer,
2 mM MgCl, 0.2 mM dNTP mix, 10 pmol primer,
1.25 U Taq polymerase and about 150 ng genomic
DNA. Amplification was obtained through 35 cycles
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Table 1. Sequences of primers used for potato
random amplified polymorphic DNA-polymerase
chain reaction

Primer Sequence (5°-3)
Primer-1 GITTCG CTC C
Primer-2 AAC GCG CAAC
Primer-3 CCC GTC AGC A
Primer-4 CCACAGCAGT
Primer-5 AAG CCCGAG G
Primer-6 TCG TTC CGC G
Primer-7 GAG GGA GAG T

in a DNA thermal cycler. The temperature profile was
as follows: denaturing at 94 °C for 30 s; annealing at
45 °C for 1 min; and extension at 72 °C for 1 min,
with a final extension at 72 °C for 5 min. After com-
pletion of the amplification, the PCR products were
separated on a 1% agarose gel containing 1 x TBE
buffer (0.045 M Tris-borate, 0.001 M EDTA) and
0.5 pg/mL ethidium bromide for 45 min at 90 V. The
size of each fragment was estimated with reference to
a 1 kb DNA ladder marker.

Gel analysis

The gel was analyzed by using a program (UVI
Geltec, version 12.4, USA).

Production of microtubers

Ten plantlets of Diamond cultivar derived from mer-
istem-tips cultured on hormone-free MS medium with
vitamins [9], and sucrose (3% w/v) as carbon source.
Media were adjusted to pH 5.7. Five jar replicates
were used per each treatment. The cultures were incu-
bated at 20 °C for 16-h daylight during 3 weeks until
plantlets formation. Afterwards, the jars were taken
to a laminar flow cabinet and the residual medium
solution was drawn with sterilized pipette and re-
placed by 50 mL/jar of the tuberogenic liquid medium
supplemented with 6% sucrose, 50 mg/L coumarin
[10, 11]. The cultures were incubated at 20 °C in the
dark. After 10 weeks, microtubers were harvested and
the number, weight and size (measured by water dis-
placement) produced per jar were recorded.

Statistical analysis

All the experiments were arranged in a factorial com-
pletely randomized design and data were compared
according to the method described by Snedecor and
Cochron [12]. Analysis of variance (Anova) for all
measured variables was performed using the software
MSTAT-C (version 2.1). The level of significance was
measured running a Duncan’s multiple range test;
p < 0.05 was considered as significant.

Results and discussions

Number, fresh weight and size of microtubers

Microtubers were harvested after 10 weeks from cul-
ture and the number, weight and size of microtubers
produced per jar were determined (Figure 1). An
Anova revealed a non-significant effect of irradia-
tion on the number of microtubers produced in vitro.
Nevertheless, the 5 and 10 Gy doses gave the high-
est number of microtubers. The average numbers of
microtubers in jar at the 5 and 10 Gy doses measured
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Figure 1. Microtubers harvested from potato plantlets cv. Diamond treated with different five doses of gamma radiation (1.5,

2,2.5,5, 10 Gy) compared to the control (untreated).

ten weeks after culture were 17.20 and 17.00, respec-
tively. On the other hand, the 1.5, 2 and 2.5 Gy doses
had no significant effect on microtuber weight. Fur-
thermore, the 5 and 10 Gy doses had significant ef-
fects on microtuber weight compared to the control
(0 Gy), weighing 1.834 and 1.790 g, respectively.
These two doses were the best in microtuber size
among all irradiation treatments. The results showed
that irradiation with 2, 2.5, 5 and 10 Gy doses had
significant effect on microtuber size compared to
the control. Once again, the 5 and 10 Gy doses gave
the best results, with the highest microtuber size of
1.80 cm? for both (Figure 1 and table 2).

Formation of potato microtubers in vitro is a com-
plicated developmental process controlled by many
factors. These factors include cultivar, growth regula-
tors, sucrose, temperature and light. Many researchers
have investigated these factors in vivo and in vitro.
Pelacho and Mingo-Castel [ 10] found that Coumarin at
50 mg/L used to initiate tubers. The tubers obtained in
this way were larger than those grown on the medium
with added kinetin (2.5 mg/L). By increasing the Cou-
marin concentration to 100 mg/L, tuberization was de-
layed and the tubers were smaller. However, our study
is about the effect of gamma irradiation on the induc-
tion of microtuber formation in vitro. Low doses of
gamma radiation have been reported to stimulate plant
growth and development, and to improve the yields
and qualities of plants in vitro [13]. Irradiation of
plantlets (4 Gy) led to a significant increase not only
in the microtuber number (116.7 and 34.5% over the
control) but also in the fresh mass (77.6 and 23.2%)
in the Shepody and Atlantic potato varieties, respec-
tively [14]. Mutation breeding is a methodology for
crop improvement based on the possibility of altering
genes by exposing their vegetative parts, cells, tissues,
gametes or seeds to physical and chemical mutagens.
Mutagenesis of in vitro cultures avoids the need for
large-scale facilities and allows better control of treat-
ment, as hyperhydric tissues may be more permeable
to mutagens. The irradiation of callus cultures, which
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are capable of embryogenesis and organogenesis, can
be used to obtain mutants quickly and in large numbers
[15, 16]. Radioactive materials like ®Co emit high ener-
gy photons which are called as gamma radiation.
These radiations can alter the structure of chromo-
somes in two ways [17]: directly by quanta of energy
which hit the chromosomes like bullets hitting a tar-
get, and indirectly by ionization which produces free
radicals.

RAPD-PCR analysis

Changes in DNA caused by gamma irradiation result-
ing in genetic variations were detected by RAPD-PCR
profiles, performed using seven arbitrary primers,
which detected polymorphisms between the controls
and potato plants treated with the physical mutagens
(Figure 2 and table 3).

A total of 62 scorable amplified DNA fragments
ranging from 128 to 21 000 bp were observed us-
ing the seven primers, whereas 45 polymorphic and
17 monomorphic bands were detected among potato
plants treated with five doses of gamma radiation and
the control. The seven primers showed a mean poly-
morphic percentage of 72.58%. The polymorphic
percentage of primers 1 and 2 recorded the highest
(100%), whereas primer-5 displayed the lowest per-
centage (30%). Among the 45 polymorphic bands,
nine were unique markers with a total average of
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Table 2. The effect of gamma irradiation on potato microtuber number, fresh weight and

size means in vitro*

Gamma radiation dose Number

Fresh weight (g)

Size (cmd)

(Gy) of microtubers

0 11.8a 0.892 b 0.72 ¢

1.5 140 a 1.108 a, b 0.84b, c

2 10.0a 1.394q,b 1.18q, b, c
2.5 14.0a 1.5144q,b 1.404qa,b

5 172 a 1.834 a 1.80a

10 17.0a 1.790 a 1.80 a

* Means followed by the same letters are not significantly different from each other with a 5% level of signi-

ficance at a Duncan’s multiple range test.
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Figure 2. RAPD-PCR profiles generated by primers 4 and 5
(A), and 6 and 7 (B). Lanes 1: controls (0 Gy). Lanes 2 to 6:
potato plants treated with the different five doses of gamma
radiation (1.5, 2, 2.5, 5 and 10 Gy doses, respectively) for each
primer. M: DNA ladder (20, 10, 7,5, 4,3,2,1.5,1,0.7, 0.5,
0.4, 0.3, 0.2 and 0.075 kbp from top to bottom).

14.52%. The potato plants markers per dose of gamma
radiation varied considerably using the seven prim-
ers, with the 2.5 Gy dose showing the highest num-
ber (4), followed by 2 Gy (3) and 1.5 and 5 Gy dos-
es (1 each), and none for the 10 Gy dose (Table 3).
Ancora and Sonnino [18] used rachis, petiole and leaf-
let discs of potato for irradiation and observed that

leaflets produced a higher number of mutated plants at
lower radiation dose.

Molecular markers are important tools for precise-
ly detecting the effects of gamma radiation since they
identify genetic polymorphisms at DNA level and
have been used to study genetic dissimilarity in many
crop species [19-21]. For example, the inter-simple
sequence repeat markers are semi-arbitrary markers,
amplified by PCR using primers complementary to a
target microsatellite, which have been widely used in
Musa genetic diversity studies [22-24]. In those stud-
ies, the pattern quality and reproducibility of these
markers have indicated that they are quick, easy to
apply and highly reproducible. Rani et al. [25] found
that polymorphic amplification products which repre-
sent one allele per locus can result from changes in
either the sequence of the primer binding site, such as
point mutations, or from changes altering the size or
preventing successful amplification of a target DNA
such as insertions, deletions and inversions. Tradi-
tional methods for mutant plant selection are based
on morphological and biochemical markers, but these
markers are less reproducible due to the influence of
environmental conditions. Hence, mutation detection
based on PCR and non-PCR techniques is more reli-
able and reproducible and have been used in various
mutant crops for screening. The simplest use of PCR
in mutation analysis determines the presence or ab-
sence of a particular region of DNA [26].

Conclusions

Irradiation with low doses of 5 and 10 Gy enhanced
microtuber production efficiency (number, weight and
size of microtubers). Gamma irradiation, as a physical
mutagen, is potent, inexpensive and easy to apply on
the potato plantlets in vitro to create point mutations.
The mutant plant variants can be easily selected from
potato plants by RAPD-PCR.

Table 3. RAPD-PCR amplified bands, polymorphic bands and markers of gamma irradiation treated potato

plantlets using seven primers

Polymorphism No. of markers

Gamma radiation dose (Gy)

Primer Bands P % P % Marker size (bp) 15 2 25 5 10
Primer-1 13 13 100 4 30.77 15786 +
11817 +
4000 +
745 +
Primer-2 12 12 100 1 8.33 7000 +
Primer-3 7 5 71.43 1 14.29 8675 +
Primer-4 7 4 57.14 2 28.57 3468 +
2895 +
Primer-5 10 3 30.0 0 0 0
Primer-6 7 3 42.86 1 14.29 3390 +
Primer-7 6 5 83.33 0 0 0
Total 62 45 72.58 9 14.52 - 1 3 4 1 0

P: number of polymorphic bands.
+: presence of marker band.
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