Genetic markers for cultivar identification in potato in
relation to insect tolerance as reveald by RAPD analysis
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1 ABSTRACT |

In Egypt losses of agricultural products by mole cricket are abundant. However the genetic
information on tolerance to mole cricket is limited Therefore, in the present study the yield of four
potato cultivars (Alfa, Scort, Desrea and Diamond) were compared under natural mole cricket
infestation. The tuber yield decreased by this insect infestation, and the reduction differed
significanly among cultivars. The cultivar Alfa prooved to be the one of choice under the soil that
has infection with mole cricket. The infestation of potato by mole cricket reduced the carbohydrate
concentration in the infected compared to the non-infected tubers. For RAPD analysis, seven
arbitrary 10-mer primers were used. A total of 62 scoreable bands was detected of which 30 bands
were polymorphic(48.4 %). Based on the data obtained by RAPD analysis, it was possible 1o
discriminate between the four potato genotypes used in the present study. The genotype-specific
marker indicates that six markers distinguish the cultivar Alfa (OPB-09-800, OPB-09-650, OPD-
04-1970, OPD-04-475, OPD-04-317,0PE-13-890), three markers distinguish Diamond (OPA-06-
1250, OPD-04-1000,0PD-04-600) one marker for Scort (OPD-04-580) and one marker for Desrea
(OPA-15-2190). The cultivar-specific markers represented 17.7% of the total markers and 36.6 %
of the polymorphic markers. These markers can help in marker-assisted selection breeding
programs for improving mole cricket tolerance in potato plants.
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l INTRODUCTION | insects  including  mole-cricket  causes

remarkable damage in plant yield and quality

r I Yhe cultivated potato  Solanum
tuberosum sub spp. fuberosum is one of
the most important world food crops. It

is nutritious, highly productive, and is an

‘effective cash crop. It is well known that the

appearance of fresh fruits and vegetables is a

primary criterion in making purchasing

decisions. According to Kays (1999), the
product appearance is characterized by size,
shape, color, condition and absence of defects.

The infestation of potato fields by several soil

due to insect feeding on the tubers, leading to
reducing its economic value.

Losses due to pests and diseases have
been estimated at 37% of the agricultural
production world-wide, with 13% due . to
insects (Gatehouse et al., 1992). Mole cricket,
Gryllotalpa spp. is a subterranean insect and
constitutes one of the largest economic
important pests. They cause tremendous
damage to seedlings and tuber crops every
year by direct feeding on roots (Walker, 1985).
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DNA fingerprinting using molecular
markers 1s a tool for plant -cultivar
identification used to assist in the application
of Plant Breeders’ Rights (Morell e al., 1995).
Molecular markers have also been used to
estimate genetic diversity and examine genetic
relationships between cultivars in a range of
horticultural crops (Bradley er al., 1996;
Graham ef al, 1996). Random amplified
polymorphic DNA (RAPD) analysis (Welsh
and McClelland, 1990; Williams er al., 1990)
has previously been used in genetic studies of
potato, for the differentiation and identification
of cultivars and clonal variants (Sosinski and
Douches 1996; Ford and Taylor, 1997) and
somatic hybrids (Baird er al, 1992;
Rasmussen and Rasmussen, 1995), and in the
assessment of genetic diversity and
relationships of cultivated and wild potato
species (Demeke et al., 1996; del Rio et al.,
1997 Paz and Veilleux, 1997). RAPD analysis
is a fast, simple, cost-effective method and can
give high resolution for DNA fingerprinting
and genetic relationship studies in potato and
other crops.

The present study was carried out to
compare the degree of tolerance of four potato
cultivars to high infection by mole-cricket in
terms of changes in tuber production and
carbohydrate concentration.  The genetic
variation between the potato cultivars used
~was resolved using the random amplified

polymorphic DNA (RAPD) markers, and
thereby the genotype-specific markers for each
cultivar were determined.

| MATERIALS AND METHODS |

Four potato cultivars namely, Alfa,
Scort, Desrea and Diamond were grown under
natural infestation with mole-cricket at
Behiera Governorate, Egypt during late
summer plantation of potato (Augst-
December, 2005).

The following amount of fertilizers (130
kg ha™' N and 150 kg ha™' P,Os and 180 kg ha™'
K;0) were applied uniformely at a basal
dressing to the field. The experimental design
used was a randomized complete block design
with four replications. Each plot consisted of 3
rows spaced 90 cm apart with 60 cm between
hills. One potato tuber was planted per hill.
Fifteen plants were grown per plot. Data on
tuber yield, number and weight of infested
tubers and non-infested tubers, infestation
percentage in each cultivar were scored from
2000 tubers harvested randomly from each
cultivar. The data were statistically analyzed
according to Snedecor (1956).

The  differences in  carbohydrate
concentration of the intact and infected tubers
from each cultivar were determined according
to the methods described in A.O.A.C., (1980).

DNA extraction and random amplified
polymorphic DNA (RAPD) analysis

Total genomic DNA was isolated using
the method descried in Rogers and Bendich
(1985). PCR reactions were conducted using
arbitrary 10-mer primers (Operon Technology,
Inc.,, Alameda, CA, USA). The names and
sequences of the primers that gave reproducible
bands are listed as fellows:

Primer code  primer sequence
OPA-06 GGTCCCTGAC
OPA-15 TTCCGAACCC
OPB-09 TGGGGGACTC
OPD-04 TCTGGTGAGG
OPD-07 TTGGCACGGG
OPE-07 AGATGCAGCC
OPE-13  CCCGATTCGG
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The reaction conditions were optimized
and mixtures (25 pl total volume) were
composed of DNA (50 ng), 1x reaction buffer
(Promega), 1 unit Tag DNA polymerase
(M1861, Promega), 3 mM MgCl;, 0.2 mM of
each dNTP, and 20 pM primer. Amplification
was carried out in a PC708 Program Temp.
Control System (ASTEC, Japan) programmed
for 45 cycles as follows, 94 °C/ 4 min (1
cycle). 94°C /Imin., 35°C / 1 min, 72°C / 2
min followed by one additional cycle at 72°C
/6 min. The amplification products were
separated in 1% (w/v) agarose gel in 1xTBE
buffer and visualized by staining with ethidum
bromide. Reproducibility of DNA profiles was
determined by replicating all RAPD reactions
for three times. Variations among potato
genotypes across the primers used in the
present study were evaluated from pairwise
comparison for the proportion of shared bands
amplified (Nei, 1987).

l RESULTS AND DISCUSSION |

The Egyptian farmers used to grow
potato at three plantations, early summer, late
summer and in winter. Potato planted during
late summer (Nili) plantation has been
suffered more severely from mole-cricket
infestation compared with the early summer
and winter plantations Hemeida ef al. (1994).

In the present study, four potato
genotypes were compared for their tolerance to
mole-cricket infestation in terms of changes in
yield quantity and quality. The yield of the
cultivar Alfa was higher than the others,
followed by Desrea, then Scort and the least in
Diamond (Table 1).

The infestation percentage was the
highest in the cultivar Diamond, followed by
Scort then by Deserea and least in Alfa (Table
1). The reduction in average tuber weight by
infestation was the highest in the cultivar
Diamond (48%), followed by Scort (27.8%),
then by Desrea (19.4%) and least in Alfa
(16.6%) (Table 1). These data indicate that the
tolerance in the cultivar Alfa is not due to the
reduction of tuber weight but to the reduction
of frequency of tubers infested by mole
cricket. This is probably due to the production
of glycoside compounds as previouly reported
by Shehata (1986). These results are consistent
with Ibrahim (1993) and Hemeida er al.
(1994).

The infestation of potato by mole-cricket
not only adversely affected the yield but also
reduced the tuber quality. The data indicated
that the cultivars differed significantly for the
yield per plot (Table 2).

The results of this study reflects the
differential response of cultivars to mole-
cricket infestation, suggesting that the cultivar
Alfa is more tolerant and the cultivar Diamond
is  highly susceptible to mole-cricket
infestation. This result is consistent with the
findings reported by Matsuura and Echizaki,
1985 and Ibrahim (1993) in which the cultivar
Alfa was found tolerant to mole-cricket
infestation. Shehata (1986) reported that the
tubers of Alfa contain more glycoside
compounds, which are not favorable for mole-
cricket, therefore the insects do not prefer to
attack the tubers from this cultivar. The
carbohydrate concentration in the infected
tubers was decreased compared to the non-
infected tubers (Fig. 1).
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Table (1):The effect of mole-cricket on tuber weight and infestation % in four potato cultivars
under natural infestation.

Cultivars Healthy Infected Infestation % Healthy Infected Reduction%s
tuber tuber tuber weight  tuber weight in tuber
number number (kg) (kg) weight
Alfa 1680 320 16 300 50 16.6
Desrea 1500 500 25 180 33 19.4
Scort 1200 800 40 215 70 278
Diamond 1030 950 48 250 120 48.0

Table (2):Analysis of variance of yield / plot of four potato cultivars under natural infestation by

mole-cricket.

LAY d.f 5.8 M.S F-cal F 0.05
Replications 3 6 2 0.9 3.85
Cultivars 3 45 15 673
Error 9 20 1.2
Total 15 71

100 OHealthy
< 80 M Infected
8 |
B 604
&5
=
=
O 20 4

0

Alfa Scort Desrea Diamond

Potato cultivars

Fig. (1): Total carbohydrate % of the infected and intact potato tubers from four potato culfivars
grown under natural infestation by mole-cricket (The bars indicate the £SE).

In the present study, in order to considered as useful RAPD markers for the
investigate the genetic differences between the four potato cultivars used in the present study.
cultivars used, the random amplified The largest number of RAPD bands was
polymorphic DNA (RAPD) analysis was detected for primers OPD-04 (14 band) and
performed. All primers used in the present OPE-07 (11 bands), while the lowest was
study resulted in the appearance of PCR scored for OPA-06 (6 bands) (Fig. 2 and Table
products with a variable number of bands. A 3 ). The data presented in Table (4) show the
total of 62 DNA markers was detected among polymorphic bands generated from each
the four potato cultivars, 30 bands out of them primer.
were polymorphic (48.4%) and can be
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Table (3): Primers used in RAPD analysis and their number of bands and _size range.

Primer code No. of scorable bands  Size range of scorable  No. of Polymorphic
(bp) bands (bp) bands
OPA-06 6 690-1490 3
OPA-15 9 790-2190 7
OPB-09 8 650-2200 4
OPD-04 14 317-1970 9
OPD-07 il 229-1400 2
OPE-07 11 270-1917 |
OPE-13 7 785-2100 4
Total 62 30
Polymorphism % 48.4 %

Similarity indeces for any pair of
cultivars used in the present study are shown
in Table (5). The specific RAPD markers for
the different potato cultivars used are listed in
Table (6). Eleven out of the 62 generated
RAPD markers were found to be genotype-
specific (17.7 %). The largest numbers of
RAPD specific markers were scored for Alfa
(6 markers), then Diamond (three markers)
while Scort and Desrea (one marker each). In
the meantime, the largest number of RAPD
genotype-specific markers was generated for
primers OPD-04 (six markers) and OPB-09
(two marker). From these results, one may
conclude that these RAPD-bands can be
considered as genetic markers for detecting
mole-cricket tolerance in the potato genotypes.

Considering all the results, it is
concluded that the infection of potato cultivars
by mole-cricket reduces the tuber yield and

quality. The differences in tuber yield between
cultivars is expected due to the difference in
the genetic background between them. The
cultivar Alfa prooved to be the one of choice
under the soil that has infection with mole
cricket.

Based on the data obtained by RAPD
analysis, it was possible to discriminate
between the four potato genotypes used in the
present study. The genotype—specific markers
indicate that eleven markers distinguish the
cultivar Alfa, Diamond, Scort and Desrea
respectively (Table 6).These bands can be
verified as being RAPD markers associated
with mole-cricket tolerance in the potato
genotypes. Subsequent experiments need to be
achieved to determine the linkage between
these RAPD markers and gene(s) for pest
tolerance in the potato cultivars used in the
present study.
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Fig.(2): RAPD banding patterns of four different
potate  genolypes using seven selected.
random primers, M: DNA ladder marker, 1-

4: the potato cultivars Alfa , Desrea, Scort,
and Diamond, respectively .
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Table (4): RAPD polymorphic bands generated by seven different primers in four different
___potato genotypes.

o OPA-06 OPA-15 ;
M Alfa Desrea Scort  Diamond M Alfa Desrea  Scort Diamond
1300 + + + - 2190 - + - 5
1250 - - - + 2100 + - - +
970 - * + - 2000 + - T =
1980 + + - ¥
1670 + - + -
1220 + + +
Ta0 - + + -
OFB-09 = OPD-04
M Alfa Desrea  Scort  Diamond M Alfa  Desrea  Scort  Diamond
1000 + - + + 1970 + - - -
900 + - + - 1710 - + + -
800 L - - - 1385 - + + -
650 + - - - 1315 - + . -
1000 - - -
600 o 5 o2 +
380 - & + 5
475 + = 4 2
17 +
OPD-07 OPE-07
M Alfa  Desrea  Scort Diamond M Alfa  Desrea  Scort  Diamond
590 + + + = 270 L + + +
229 .. + a4l
OPE-13 %
M Alfa  Desrea Scort  Diamond
2100 - - + =+
00 - -+ + +
890 + - - -
785 i + + 3

Table (5): Similarity index (%) of each pair of examined potato cultivars.

Potato genotypes Alfa Desrea Scort Diamond
Alfa 100
Desrea 70.9 100
Scort 75.8 88.7 100
Diamond 69.3 726 709 100
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Table (6):Genotype-specific RAPD markers of the potate cultivars Alfa, Desrea, Scort

and Diamond respectively .

Genotype RAPD marker Total markers

Alfa OPB-09-800, OPB-09-650, OPD-04-1970, OPD-04- 6

475, OPD-04-317,0PE-13-890

Desrea OPA-15-2190 I

Scort OPD-04-580 |

Diamond OPA-06-1250, OPD-04-1000,0PD-04-600 3

Total 11
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