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Abstract A new source of russet germplasm has been iden-
tified as a parent for processing and fresh market breeding
programs. It was derived via bilateral sexual polyploidiza-
tion following a cross between a diploid cultivated potato
and the diploid wild species Solanum infundibuliforme. This
clone, designated M7, is tetraploid and highly fertile, based
on crossability to tetraploid germplasm. It produces large
tubers with long shape and russet skin. M7 offspring pro-
duce tubers with a desirable appearance and some are resis-
tant to cold-induced sweetening. In addition, M7 is resistant
to common scab and soft rot.

Resumen Se ha identificado a una nueva fuente de ger-
moplasma de piel castaño-rugosa como uno de los pro-
genitores para programas de mejoramiento para proceso y
mercado fresco. Se derivó por vía de poliploidización
sexual siguiendo una cruza entre una papa cultivada dip-
loide y una especie silvestre diploide, Solanum infundibu-
liforme. Este clon, designado como M7, es tetraploide y
altamente fértil, basado en cruzabilidad con germoplasma
tetraploide. Produce tubérculos grandes de forma alargada
y piel rugosa. La progenie de M7 produce tubérculos con
apariencia deseable y algunos son resistentes al endulza-
miento inducido por el frío. Además, M7 es resistente a la
roña común y a la pudrición blanda.

Keywords Potato . Solanum tuberosum . Solanum
infundibuliforme . French fry . Cold induced sweetening .
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Introduction

Russet potatoes comprise the predominant market class in
the United States. In 2010, 71 % of the U.S. potato crop in
the 11 major potato producing states was composed of russet
cultivars (USDA NASS 2011). Major russet cultivars in-
clude Russet Burbank, Russet Norkotah, and Ranger Russet.
Russet Burbank originated from a somatic mutation of the
white-skinned cultivar Burbank (Miller 1954). Norgold
Russet is a grandparent of both Russet Norkotah (Johansen
et al. 1988) and Ranger Russet (Pavek et al. 1992), and is
likely the source of russet genes. Russet Burbank is, in turn,
a grandparent of Norgold Russet (Johansen 1965). The gene
pool of major russet cultivars is, therefore, small and the
russet phenotype appears to be conferred by just a few of
their progenitors.

The primary use of russet cultivars is for french fry
production. Consequently, other tuber quality traits required
by russet cultivars include long shape, low reducing sugar
levels at harvest and after storage, and moderately high
solids content. The production of russet skin is believed to
be controlled by three independent dominant genes (De
Jong 1981; Pavek and Corsini 1981). Homozygosity results
in a stronger russet phenotype, so additive gene action
exists, even though the genes are considered to be dominant.
Shape appears to be controlled by a major gene (Ro), with
multiple alleles (van Eck et al. 1994). Round and oval tubers
are dominant over long tubers (length/width>2.0). Major
genes also appear to control tuber reducing sugar levels,
which must be low in order to produce fries with a desirable
light color. A three-gene model has been proposed for light
fry color in potato chips (Thill and Peloquin 1994). Acid
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invertase and UDP-glucose phosphorylase appear to be
especially important for the production of reducing sugars
(Sowokinos and Thomas 1997; Sowokinos 2001; Li et al.
2005; McKenzie et al. 2005). Solids content is typically
determined by measuring specific gravity. This trait is likely
polygenic (Schafer-Pregl et al. 1998); specific gravity scores
of 1.082–1.088 are desirable for french fry cultivars (Novy, R.
pers. comm).

Materials and Methods

Discovery of the Clone M7 was first identified in a trans-
plant field at the Hancock, Wisconsin, Agricultural Experi-
ment Station in 2008. It stood out as an exceptional clone
because of its russet skin, long shape, and large size. Because
it was so unusual, we considered that it may have originated
from a misplaced seed piece. However, it was found in a field
that only contained transplants, that was far from other potato
fields, and that had not been planted in potatoes for the
previous 2 years. The female parent of M7 is the haploid
(2n02x) US-W4, a round white clone derived from the Min-
nesota advanced selection 20-20-34. The male parent was a
bulk pollen sample from the diploid wild species Solanum
infundibuliforme (PI 597701). A russet clone was found in
each of three families in that trial, but only M7 had large,
smooth, long tubers (Jansky 2011).

Confirmation of Parentage Young leaves from US-W4, M7
and a bulk of 10 plants of ifd PI597701 were collected and
stored at -80C. DNA was extracted using a DNeasy kit
(Qiagen, Valencia, CA, USA). Eight SSR markers (STM1049,
STM2022, STM1053, STM1052, STM2013, STM1106,
STM2030, and STM1064) were randomly chosen from those
published by Ghislain et al. (2004). PCR reactions were per-
formed in 7.5 μl volume containing 3.12 μl of sterilized Milli-
Q water, 1.5 μl of 5X Green GoTaq (Promega, Madison, WI),
0.3 μl of 10 mM dNTP (Promega, Madison, WI), 0.08 μl of
100 unit GoTaq Flexi DNA Polymerase (Promega, Madison,
WI), 0.375 μl of 10 mM each primer (forward and reverse,
University of Wisconsin Biotechnology Center, Madison, WI)
and 6 ng of genomic DNA. PCR was carried out in an iCycler
(Bio-Rad Laboratories Inc., Hercules, California, USA) set to
the following program: an initial melting step (94 °C for
3 min), followed by 24 cycles of 94 °C for 15 s, 66 °C for
30 s, and 72 °C for 30 min, a final elongation step (72 °C for
7 min), and then an indefinite soak at 4 °C. Annealing temper-
ature was modified from 53 °C (Ghislain et al. 2004) to 66 °C
in order to eliminate nonspecific bands. PCR products were
resolved on 6 % polyacrylamide denaturing gels (Gel Mix 6,
Invitrogen Life Technologies). The gels were silver-stained
using a Silver Sequence Kit (Promega, Madison, WI) for
SSR band detection.

Agronomic Trials M7 was planted in field trials in 2009–
2011 to evaluate agronomic traits, disease resistance, and
tuber quality. The trials were carried out using standard
production practices at the Lelah Starks Agricultural Exper-
iment Station, Rhinelander, WI, the Hancock Agricultural
Experiment Station, Hancock, WI, and the Langlade County
Research Station, Antigo, WI. Seed tubers were planted
between late April and early May. Plants were scored during
the summer for maturity and vigor. Maturity was evaluated
as 0 - dead, 1 - mostly dead vines, 2 - yellow, prostrate
vines, 3 - some flowers, vines erect, 4 - full flower, 5 - pre-
flower. Vigor was evaluated as 5 – very large plants, 4 –
vine size of a vigorous cultivar, 3 - vine size of a small
cultivar, 2 – smaller than a cultivar, 1 – less than 30 cm in
size. Scoring dates were late July through mid-August. Plots
were harvested with a single-row digger in early September,
2 weeks after vine kill.

Tuber Quality In 2010 and 2011, specific gravity of field
grown tubers was determined using 1–2 kg samples collect-
ed at harvest. Tubers were weighed in water and in air.
Specific gravity was calculated as weight in air (weight in
air - weight in water)−1. In 2011, tubers from M7 and its
offspring were placed at 12.8 °C within a week of harvest
and the temperature was incrementally decreased during a
6 week period to 5.0 °C, where they were stored for
2 months. To evaluate fry quality, a 1–2 mm thick, longitu-
dinal slice from the center of each of two stored tubers per
clone was rinsed in tap water and fried in corn oil at 190 °C
until bubbling ceased 2–3 min later. Each slice was scored
visually for color using a scale of 1.0–10.0 (light to dark), at
one unit intervals, based on the Snack Food Association
(Arlington, VA) color standards reference chart for potato
chips. Chips with a color score less than 5 were considered
acceptable (Hamernik et al. 2009). French fries were also
made from M7 by cutting tubers into 0.95 cm wide fries and
cooking them as described above, except that samples were
fried for 3 min.

Glycoalkaloid Levels A tuber sample from the 2011 Hancock
field plot was peeled and lyophilized after harvest. Alpha-
solanine and alpha-chaconine were quantified by reverse-
phase liquid chromatography (RP-LC). Approximately 2 g of
powdered, lyophilized sample was added to an acidified ion
pairing solution (0.02 M 1-heptanesulfonic acid sodium salt,
monohydrate in 2 % (v/v) acetic acid) and extracted for 3 min
with a Polytron tissue homogenizer. The resulting extract was
centrifuged to pellet tissue debris and a 10 mL aliquot of the
supernatant was passed through a methanolactivated tC-18
SPE (Waters Corp,Milford, MA, Cat #WAT036810) cartridge
followed by an acetonitrile-water (20:80, v/v) wash. After
vacuum drying, the sample was eluted from the cartridge with
a tetrahydrofuran-wateracetonitrile (50:30:20, v/v) solution
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and 20 μl was injected into the LC system, equipped
with a diode array detector (DAD) for analysis. Separation
was accomplished on a C-6 analytical column, with a buffered
(pH3.5) mobile phase.

Disease Resistance M7 was evaluated for resistance to early
blight, Verticillium wilt, common scab, and soft rot. The early
blight evaluation was carried out in replicated trials of three-
hill plots at Hancock in 2010 and 2011 in an Alternaria solani
nursery that was established using natural inoculum and main-
tained by eliminating fungicide sprays during the production
season. Plots were scored in August and early September for
percent foliage expressing early blight symptoms. Cultivar
standards were Atlantic (moderately susceptible) and Russet
Burbank (moderately resistant). Verticillium wilt trials were
carried out in a V. dahliae nursery with replicated trials of five-
hill plots at Hancock in 2010 and 2011. Symptom expression,
colonization of stem sap and colonization of dehiscent stems
were evaluated according to Jansky (2009). Cultivar standards
included Ranger Russet (resistant), Russet Burbank (moder-
ately resistant) and Russet Norkotah (susceptible). Common
scab resistance was evaluated by growing tubers in replicated
five hill plots in Streptomyces scabies infested fields at Han-
cock in 2010 and 2011 and Antigo in 2011. At harvest, plots

were given a visual score based on incidence and severity of
scab lesions. Cultivar standards included resistant Superior,
moderately resistant Russet Burbank, and susceptible Yukon
Gold. Tubers of M7, collected from the Hancock field in 2009
and 2011 were evaluated for soft rot resistance. Three
randomly selected tubers of each cultivar were rinsed
with distilled water and dried overnight before inoculation.
Pectobacterium carotovorum isolate WPP14 (provided by Dr.
Amy Charkowski, UW-Madison) was cultured and 10 μl of
prepared bacterial suspension (1.0×108CFU/ml) was used as
the inoculum source. A pipette tip was used to make a 7 mm
deep hole in each tuber and then the inoculum was injected
into the hole using a new pipette tip. Awater control inocula-
tion was made with the susceptible cultivar Atlantic in the
same tuber inoculated with WPP14. Then, the diameter of
decay was measured after a 72-h incubation period in the dark
at > 80 % relative humidity and room temperature (23 °C).

Offspring Performance M7 was crossed as a male and
female to White Pearl and as a male to Ranger Russet.
Seedlings from these families were transplanted to the field
at Hancock in 2010 and 2011. At harvest, family bags were
collected by picking up a representative tuber from each hill.
Tubers were scored for the presence of skin type (russet vs.
white), length (long is length/width>2.0), and fry color
directly from cold storage.

Results and Discussion

M7 is a mid-late season cultivar with vines that are vigor-
ous, but not excessive. Maturity and vigor scores are similar

Fig. 1 Genotypes of two parents and M7 using the SSR marker
STM2022, resolved on a 6 % polyacrylamide gel. Lane 1 is a 100 bp
ladder. Lane 5 is a control

Fig. 2 Field-grown tubers of M7. Bar indicates 8 cm

Table 1 Specific gravity of M7 and three russet cultivars in two years.

Clone Rhinelander 2010 Hancock 2010 Hancock 2011

M7 1.079 1.075 1.067

Russet Burbank 1.070 1.076 1.075

Ranger Russet 1.086 1.081 1.081

Russet Norkotah 1.065 1.064 1.060

Table 2 Tuber traits of families produced by M7

Female Male Year No. clones Russet Long Fry1

White Pearl M7 2011 103 58 % 55 % 14 %

White Pearl M7 2010 18 89 % 17 %

M7 White Pearl 2011 78 60 % 12 % 15 %

M7 White Pearl 2010 15 87 % 20 %

Ranger M7 2011 95 69 % 82 % 4 %

Ranger M7 2010 16 94 % 81 %

1 Acceptable fry color
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to those of Russet Burbank. The clone flowers profusely and
sheds abundant pollen in the greenhouse and field. Seed set
has been high when it is used as a male or female parent in
crosses to a broad array of tetraploid clones. In our program,
average seed set was 167 seeds per fruit when used as a male
and 214 seeds per fruit when used as a male. In another
breeding program, M7 was crossed as a male to eight
females, averaging 225 seeds per fruit. When used as a
female in crosses to five males, seed set averaged 222 seeds
per fruit. (Novy, pers. comm.).

SSR data provided support for the origin of M7 as a
production of bilateral sexual polyploidization between
US-W4 and ifd PI597701. Marker STM2022 produced
bands of the expected size and was polymorphic between
the parents (Ghislain et al. 2004). M7 displayed both paren-
tal bands (Fig. 1). The other seven SSR primer pairs either
did not amplify the ifd DNA or were not polymorphic.
Further support for bilateral sexual polyploidization is pro-
vided by our unpublished 2n pollen screening studies. We
have observed the presence of 2n pollen in 10 % of plants in
ifd 597701.

M7 expresses resistance to common scab, with perfor-
mance at least as good as the resistant cultivars Superior and
Hindenberg. In all three field trials, lesions were superficial
and covered less than 10 % of the tuber surface area.
Multiple field and greenhouse trials in our program have
determined that US-W4 is highly susceptible to scab. Con-
sequently, scab resistance likely originated from the ifd
parent. M7 was found to be more resistant to soft rot than
Atlantic, and as resistant as Russet Burbank. M7 expresses
the wound healing mechanism we have observed in soft rot
resistant germplasm. It forms a thin, dark barrier around the
wounded area, preventing further spread of the pathogen.
US-W4 is susceptible to soft rot, so again ifd is the likely
donor of soft rot resistance. M7 does not exhibit resistance
to Verticillium wilt or early blight.

Tubers traits in M7 are desirable for a french fry clone.
Tubers are large, long and blocky, with consistent expres-
sion of russet skin (Fig. 2). Specific gravity is toward the
low end of the desirable range for a processing clone
(Table 1). Tubers contain 5 mg total glycoalkaloids per
100 g fresh weight, well below the threshold level of
20 mg (Gregory 1984).

Because M7 is being released as a parent for breeding
programs, its ability to produce offspring with desirable
traits is important. M7 was crossed with the round white
chip cultivar White Pearl and with the french fry cultivar
Ranger Russet. A high proportion of russet-skinned off-
spring was produced, even when M7 was crossed to a white
parent (Table 2). M7 must carry at least one copy of each of
the three genes responsible for russet skin. Because it was
derived from polyploidization of diploid parents, it is likely
at least duplex for those genes. Consequently, it is a good

parent for the production of russet-skinned offspring. Sim-
ilarly, it produces a large proportion of long offspring in
some crosses (Table 2). Since both M7 and Ranger Russet
should be homozygous recessive for the Ro gene, it is not
surprising that most of the offspring from that cross are long.
M7 exhibits some resistance to cold sweetening. More
importantly, as a parent, it produces offspring with light
fry color after cold storage. When crossed with White Pearl,
a cultivar with resistance to cold sweetening, about 15 % of
the offspring produced acceptable fried products directly out
of 5.2C storage. Multiplying the frequencies of clones with
long shape, russet skin, and acceptable fry color within each
family reveals that 1–4 % of offspring are expected to carry
all three traits.
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