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Breeding of a New Aromatic Strawberry by Interspecific Hybridization

Fragaria x ananassa X F. nilgerrensis
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Kurume branch, National Research Institute of Vegetables, Ornamental Plants and Tea, Kurume, Fukuoka 839 — 8503

Summary

The wild, Asian diploid strawberry, Fragaria nilgerrensis has not been exploited as breeding
material until now, although interspecific cross compatibility has been investigated with the
cultivated strawberry. Breeding to introduce a new aroma from a diploid wild strawberry, F.
nilgerrensis, was tried to expand the genetic variation in the cultivated strawberry, F. x ananassa.
All lines, derived from interspecific hybridization between F. nilgerrensis var. Yunnan and F. x
ananassa cv. Toyonoka, were completely sterile. By doubling the chromosome by in vitro
colchicine treatment of the sterile lines, some superior fertile lines were obtained. From the results
of RAPD analysis, ‘TN13-125, one of these derived from the interspecific hybridization, had
fragments specific to both parents. The morphological characters of ‘TN13-125" almost
resembled ‘Toyonoka’, but it had some characters from F. nilgerrensis such as numerous hairs on
the petioles and peduncles. The fruits have almost the same size, brix and acidity levels as the
cultivated strawberry, but they are very soft and pale pink in skin color. The interspecific hybrid
resembles F. nilgerrensis in aroma components, with enriched ethyl acetate. The characteristic
fragrance of the interspecific hybrid is peach-like. Moreover, it was possible to introduce the
aroma from wild strawberry to cultivated types by back - crossing. We are using this hybrid line as
the parental material to breed a cultivar with a special flavor.
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Introduction

The modern, cultivated strawberry (Fragaria x
ananassa) originated from the interspecific hybrid be-
tween F. virginiana and F. chiloensis. As the first
interspecific hybrids were produced accidentally in
Europe from limited parental plants, the descendant do
not have great genetic variation. Crosses with wild
octoploid species have been tried to expand the genetic
variation of the cultivated strawberry (Scott and Law-
rence, 1975). In Japan and other East Asian countries,
there are no indigenous octoploid wild strawberries that
were progenitors of the cultivated strawberry, but some
diploid and tetraploid species with a broad diversity of
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various characters exist. F. nilgerrensis is a wild diploid
strawberry, native to southwestern China, where the
climatic condition is comparatively similar to Japan.
Though interspecific cross compatibility of F. nilger-
rensis with cultivated strawberry has been studied, this
species has not yet been exploited as a breeding
material. In America, F. nilgerrensis has been rejected
for breeding (Bringhust and Voth, 1984), because of its
undesirable aroma and taste (Hancock and Luby, 1993).
However, the mature fruits typically have aromas like
banana (Staudt et al., 1975), melon or peach (Oda et al.,
1990). Thus, the introduction of this interesting fra-
grance from F. nilgerrensis to cultivated strawberry was
attempted. This is the first report of a fertile, fruit-
setting strawberry from an interspecific hybrid of F. x
ananassa and F. nilgerrensis.

Materials and Methods

Interspecific hybridization and chromosome doubling

Fragaria x ananassa cv. Toyonoka was pollinated
with pollen from F. nilgerrensis var. Yunnan in May
1992. The achenes were sown on wet filter paper in petri
dishes in June. The seedlings were planted on vermic-
ulite; when the seedlings developed more than three
leaves, they were transplanted to 12 cm polyethylene
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pots in October, and raised for about one year in a glass
house. They were transplanted to a plastic house in
September 1993 and cultivated under forcing condition.
“TN13°, which developed many runners, was treated
with colchicine for chromosome doubling. Runner tips
of ‘TN13’ were cultured on B5 medium (2 % of sucrose,
0.2 % of gellan gum), containing 100 mg - liter " colchi-
cine, 2.0 mg- liter ! 6-benzyladenine (BA) and 0.02 mg
-liter™' 1-naphthalene acetic acid (NAA) under 25°C,
12-hr photoperiod (3000 Ix) in October 1993. After one
month, the developed shoots from each runner tip were
divided, and transplanted on BS medium without growth
regulators to produce plantlets. 152 plantlets, which
originated from ‘TN13’, ‘Toyonoka’, ‘Yunnan’ and
‘TN13’ were cultivated in the plastic house under
forcing condition from September 1994.

Randomly amplified polymorphic DNA (RAPD) analysis

‘TN13’ and two lines ‘TN13-113’, ‘TN13-125’,
which regenerated from colchicine- treated apex of
“IN13’, and their parents ‘Toyonoka’ and ‘Yunnan’
were prepared for RAPD analysis to confirm the hybrid-
ity. DNA was extracted from 5 g fresh weight of frozen
young leaves of each line or variety and polymerase
chain reactions (PCR) were performed in a volume of 20
11, containing 2 1 reaction buffer (Pharmacia), 1.6 ul
dNTP (Pharmacia, 2.5 mM), 0.8 11 (5 pmol - ¢1') oligo-
nucleotide primer and about 10 ng of template DNA.
Eleven random primers (three from Operon Technol-
ogies and eight synthesized in NIVOT) were used to
develop the RAPD markers. The reaction mixtures with
one unit of Tag DNA Polymerase (Pharmacia) were
overlaid with one drop of mineral oil; amplification was
carried out with a thermal cycler (TSR-300, IWAKI),

programmed for 50 sec preheating at 94 °C , followed by
45 cycles, each consisting of 94 °C / 30 sec, 38 °C / 2 min
and 72°C / 3min for denaturation, annealing, and
reaction extension steps, respectively. This was followed
by a final soak at 72 °C for 5 min. Amplified DNA was
electrophoresed on 1.5 % agarose gel. Each amplifi-
cation was repeated at least twice and only the re-
produced bands were considered for analysis.

Back- crossing to parental cultivars and fruit characters
of back- crossed progenies

In the spring of 1996, 16 seedlings were obtained
from back- crossing the interspecific hybrid line “TN13
-125’ to F. x ananassa cv. Pajaro, which has excellent
fruit appearance and firmness. Two lines, “TNP-05’ and
“TNP-14’, which had good fruit appearance and aroma
similar to ‘Yunnan’ by the organoleptic test, were
selected under forcing culture in the spring of 1997.
“TNP-05" and ‘TNP- 14’ were propagated and planted
to a plastic house in September 1997 with ‘TN13-125’,
‘Pajaro’ and ‘Toyonoka’ as controls. Fruit weight, fruit
length and the fruit diameter were measured. The flesh’
firmness was determined with a disk plunger (3 mm
diam.) with a push-pull gage (Model-9501A, Aikoh
Engineering). Each fruit was squeezed and the Brix
determined with a refractometer (DBXSS, Atago); the
acidity was measured with an acidimeter (Acilyzer
Model 6, Fujihira Kogyo). In addition, the aromatic
volatile components of the mature fruit were analyzed
by gas chromatograph - mass spectrometer (GC-MS,
SHIMADZU QP-5000). The quadrisected fruits were
maintained at 60 °C , and the headspace gas was intro-
duced directly to the capillary column. The column flow
rate was 0.9 ml- min~' and the column temperature was

Table 1. Comparison of characters of regenerated plant groups, which have a different fertility, originated from ‘TN13’ (F. x

ananassa cv.‘Toyonoka’ X F. nilgerrensis var.Yunnan) after chromosome doubling treatment.

Leaf character Flower character
Fruit-* Leaf area” Petiol i
GrouPs and Flowering® rul' No. of plants a a;ea etiole length Anther size
varietes setting (em®) (mm) Petal color* (mm)
Mean SD Mean SD Mean SD
Group 1 ¥ - - 15 9.0 83 20.0 11.3 - - -
Group IV + - 28 28.3 16.8 54.5 29.9 w 1.26 0.15
Group I * + + 109 41.5 20.9 59.1 16.9 W-S.P 1.76 0.24
Toyonoka + 102.2 - 101.5 - w 1.88 -
Yunnan + 16.6 - 38.3 - w 1.28 -
TN13' + - 55.1 - 82.6 - w 1.31 -

* —: Not flowering or fruit- setting, +: Flowering or fruit- setting.

Y Leaf area=leaf length X leaf width X 2/3 X 3.

* W: White, S.P: Salmon pink.

¥ Group 1 was composed of plants without flowers.

Y Group II was composed of plants that bloom but do not set fruits.

! Group I was composed of plants that bloom and set fruits.

' “TN13’ was a sterile interspecific line between F. x ananassa cv. Toyonoka and F. nilgerrensis var.Yunnan.
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raised linearly from 50 °C to 230 °C . The relative value
of each peak area was estimated in the TIC charts.

Results

Interspecific hybridization and chromosome doubling

Out of 152 plants regenerated from colchicine treated
apex of ‘TN13’, 137 bloomed and 109 set fruits by
March 1995. Several plants showed typical higher
polyploidy characters, such as thick leaflets and mal-
formed fruits. The leaves of the fertile plants were
bigger than those of the sterile plants (Table 1). Their
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Fig. 1. RAPD profiles of F. x ananassa cv. Toyonoka, F.
nilgerrensis var. Yunnan and interspecific hybrids
(‘TN13°, “TN13-113°, “TN13-125") generated by the
primers OPAA-17 and RP - 15. Amplified products were
resolved on 1.5 % agarose gel and stained with 10 mg-

liter™!

ethidium bromide. “TN13’ is a interspecific cross
line between ‘Toyonoka’ and “Yunnan’. “TN13-113’ and
“TN13-125’ are regenerated lines originated from ‘TN13’
after chromosome doubling treatment. Marker—1 is A /
Hind Il Marker-4 is ¢ /Hae IIL. White arrows O\ )
indicate the bands specific to “Toyonoka’. Gray arrows

(K ) indicate the bands specific to “Yunnan’.

petioles became thicker and shorter than these of the
original line. Although the petals were white in most
flowering plants, petals in some plants were light salmon
-pink. The anthers of fertile plants which originated
from ‘TN13’ were bigger than those of the sterile plants.
Although many plants set conical fruits, some differ-
ences were recognized in fruit shape, from the cone
shape that was similar to ‘Toyonoka’ to a short cone-
like globular fruit.

Randomly amplified polymorphic DNA (RAPD) analysis

The electrophoretic pattern of the PCR products, using
four kinds of primers (Table 2), indicated poly-
morphism. With primer OPAA-17, two specific PCR
products for “Yunnan’, about 2.1 kbp and 1.7 kbp, and
also two specific PCR products for “Toyonoka’, about
1.35kbp and 0.87 kbp, were recognized (Fig. 1). With
primer RP-15, a specific PCR product for “Yunnan’,
about 4.3kbp, and three specific PCR products for
‘Toyonoka’, about 0.87 kbp, 1.35kbp and 2.50 ksbp,
were recognized. The lines derived from interspecific
hybridization and colchicine treatment had all the PCR
products that were specific for both parents. Based on
plant morphology and the electrophoretic pattern of PCR
-RAPD analysis, these two lines are undoubtedly inter-
specific hybrids between ‘Toyonoka’ and “Yunnan’.

Back~crossing to parental cultivars and fruit characters
of back-crossed progenies

The harvest of “TN13-125’ began a little later than
the parental cultivars but it was about one month earlier
than back-crossed lines ‘TNP-05’ and ‘TNP-14’
(Table 3). The mean fruit weight of back-crossed lines
is lighter than ‘Pajaro’ and ‘Toyonoka’, but heavier than
“TN13-125’. The Brix of ‘TN13-125" was 7.9 %
which is lower than ‘Toyonoka’; ‘Pajaro’ had the lowest
value, whereas those of ‘TNP-05’ and ‘TNP- 14’ were
equal to their maternal parent “TN13-125’. Fruit of
“TNP-05’ and ‘TNP- 14’ were softer than ‘Pajaro’ but
almost as soft as “Toyonoka’. The fruit of “TN13-125"
has a short cone shape with an inferior skin gloss and
pale color (Fig. 2- A). The fruit of ‘TNP-05’ is conical
with excellent skin gloss, shiny scarlet in color, and a
superior overall appearance (Fig. 2-B). The fruit of
‘TNP-14’ is a short cone with moderately good skin

Table 2. The base sequence of primers that indicated
polymorphism on F. x ananassa cv. Toyonoka, F.
nilgerrensis var.Yunnan and their hybrids.

Primers Base sequence

OPAA-177 5-GAG CCC GAC T-3
RP- 8" 5-CGC  TGT CCT T-3’
RP-12¥ 5’-GAC  GAG TAG G-3
RP-15Y 5'-GTG CGT ATG G-3%

? Operon Technologies.
¥ Synthesized in NIVOT.
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Table 3. Fruit characters of interspecific hybrid line and the back - crossed lines.”

Mean fruit Fruit characters
Li Harvest iehht " y —
ines . weig, Fi Acidit Shape
starting date Brix" rrmness ey Fruit shape | P Skin gloss Taste
(8 (g/3mm ¢ ) (g/100gFW) index
TN13-125" 1/21 13.0a' 7.9b 0.399b Short conic 1.2 inferior medium
TNP-05" 2/23 14.1a 7.2b 125.9a 0.418b Conic 13 good medium
TNP - 14" 2/23 13.5a 8.2b 127.8a 0.450b Short conic 1.3 slightly good  slightly good
Pajaro 1/16 19.5b 5.8a 233.0b 0.217a Long conic 1.7 excellent  slightly inferior
Toyonoka 1/12 16.9b 10.4c 126.0a 0.532b Conic 13 good good

%10 plants were used for the assessment.

¥ Brix of the fruit juice was determined as the sugar concentration.

¥ Pressure of the disk plunger diameter 3 mm into the flesh was determined as the firmness of fruit.

¥ Shape index=fruit length/fruit width.

v “TN13-125" was a line originated from “TN13’ after chromosome doubling treatment.

Y “TNP-05" and ‘TNP- 14’ were back - crossing lines of ‘TN13-125" X ‘Pajaro’.

* Means indicated by different letters within a column are significantly different at 0.01 level by LSD.

Table4. Comparison of the main aroma components of interspecific hybrids.

Relative values of peaks(%)

Lines Components”
I I | v v VI VI
TN13-125Y 23.0 1.5 1.3 6.6 4.8 1.5 24
TNP-05* 5.8 6.9 2.8 12.3 - 0.9 1.2
TNP-14* 5.9 1.1 8.7 6.0 - 1.2 1.8
Toyonoka 1.9 8.5 21.5 3.7 1.3 14 3.1
Yunnan 19.5 0.0 5.5 7.0 1.4 0.8 34

* 1:Ethyl acetate, I: Methyl n—butyrate, II: Etyl n - butyrate, IV: Butyl acetate, V: Formic acid,
VI: Caproic acid, VI: 2, 5- Dimethyl 4 - hydroxy (2H) furanone.

Y “TN13-125’ was a line originated from ‘TN13’ after chromosome doubling treatment.

* “TNP-05’ and “TNP- 14’ were back - crossed lines of “TN13-125” X ‘Pajaro’.

the highest Brix among the back-crossed lines with a
better taste than ‘TN13- 125’ and ‘Pajaro’.

Many peaks were detected in the aromatic volatile
components analysis by GC- MS (Table 4). Esters (ethyl
acetate, ethyl butyrate, methyl butyrate, butyl acetate,
etc.) were detected in the early retention times. Alcohols
(hexanol, ethanol etc.), organic acids (butanoic acid,
hexanoic acid, caproic acid, formic acid, etc.) appeared
subsequently, and a furanone (2,5-dimethyl 4-hydroxy
(2H) furanone) was detected finally. The relative value
of the peak area in TIC of ethyl acetate was lower than
that of ethyl n-butyrate in ‘Toyonoka’. Nevertheless,
the relative value of ethyl acetate was higher than that of
ethyl n-butyrate in “Yunnan’, whose specific aroma was
similar to peach. The aromatic volatile constituent of

Fig.2. Fruit appearance of the interspecific hybrid “TN13- ‘TN13-125’, in which the relative value of ethyl acetate
125’ (A), and the back - crossed lines “TNP-05 (B) and was higher than that of ethyl n-butyrate, is similar to
“TNP-14’ (C). “Yunnan’. The relative value of ethyl acetate of the back

-crossed lines ‘TNP-05" and ‘TNP-14" was higher
gloss and slightly pale color (Fig. 2-C). “TNP-14’ has than ‘Toyonoka’. The relative value of ethyl n-butyrate
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of ‘TN13-125" and back- crossed lines was lower than
“Toyonoka’.

Discussion

Various polyploid species (diploid, tetraploid, hexa-
ploid and octoploid) of genus Fragaria are distributed in
the world, including many wild strawberries, such as the
diploids F. daltoniana, F. iinumae, F. nilgerrensis, F.
nipponica, F. nubicola, F. vesca, F. viridis, F. yezoensis,
and the tetraploids F. moupinensis, F. orientaris, which
exist in Asia. Although the wild species native to Asia
are not utilized for commercial purposes, probably they
have adapted to the Asian climate and have some locasl
resistances against the diseases and insects. Among
them, F. nilgerrensis, which is native to the south-
western China, is recognized its specific aroma, similar
to peach. It is desirable to utilize these characters for
strawberry breeding.

Although cross-incompatibility has been recognized
between the wild species and the cultivars in the genus
Fragaria, it was reported that F. vesca has a compara-
tively high compatibility to many Fragaria species
(Yarnel, 1931; Evans and Jones, 1967, Hancock and
Luby, 1993). Some decaploid hybrids, which have been
produced by crossing cultivars to F. vesca, have been
released, such as ‘Spadeka’ (Bauer, 1979), ‘Annelie’
and ‘Sara’ (Trajkovski, 1996). However, cross compati-
bility of F. nilgerrensis to other species is comparatively
low and the hybrid seedlings are dwarfish and weak in
vigor (Hancock and Luby, 1993). In this study, some
fasciculate plants having very small leaves were ob-
served, although more than half of the interspecific
hybrid seedlings were intermediate between both par-
ents. These intermediate plants bloomed but they were
completely sterile because they are considered to be
pentaploid interspecific hybrids. Therefore, the chro-
mosome doubling treatment by colchicine was at-
tempted to restore the fertility.

There are many reports on the chromosome doubling
by treating seeds or seedlings with colchicine in straw-
berry (Dermen and Darrow, 1938; Hull, 1960; Sebas-
tiampillai and Jones, 1976; Morishita et al., 1996).
However, these methods are not suitable as a chro-
mosome doubling method of the pentaploid, which do
not set any seed because of their complete sterility. The
method of dipping the organs such as shoot apex in a
colchicine solution was reported suitable for sterile
materials (Niemirowicz- Szczytts et al., 1986; Morishita
et al.,, 1996). In this study, colchicine treatment to the
shoot tips in vitro according to Morishita et al., (1996)
resulted in 71% of the regenerated plants set fruit, which
confirms that the chromosome doubling treatment was
effective. The interspecific hybrid line “TN13- 125" was
selected and confirmed to be a decaploid by ploidy
analysis using flow cytometter (unpublished).

Morishita et al. (1996) produced decaploid lines
through back - crossing the interspecific hybrid between

an octoploid cultivar and tetraploid F. vesca, to a
cultivar. However, the pollen fertility of the decaploid
hybrids was very poor, although the malformed fruits
had an aroma similar to that of F. vesca. Inhibition of
normal chromosome disjunction, caused by partial ge-
nomic homology of the octoploid cultivar and F. vesca,
may have affected the fertility of the decaploid. There-
fore, it might be possible to produce fertile interspecific
hybrids with the wild species remote from the cultivated
strawberry in the genetic relationship. Li et al. (1996)
and Lei et al. (1999) estimated the relationship among
the cultivated and wild strawberries, including native
species in Asia by the PCR-RAPD. They reported that
F. vesca was the closest to the cultivated strawberry
among the diploid species, whereas F. iinumae and F.
nipponica were more distant and the relationship of F.
nilgerrensis with commercial cultivars was farthest.
Arulsekar and Bringhurst (1983) reported that F. nilger-
rensis was reproductively isolated from all other straw-
berry species on the basis of electrophoretic analysis
using glucose-6-phosphate isomerase. Therefore, it
was considered that the high fertility of the colchicine-
doubled interspecific hybrid, was based on the low
genomic homology between the cultivated strawberry
and F. nilgerrensis.

“IN13-125’, the interspecific hybrid between F. x
ananassa cv. Toyonoka and F. nilgerrensis var. Yunnan,
may have practical value as a cultivar, because fruit
yield and quality are close to the F. x ananassa culti-
vars, and moreover it has a specific peach-like aroma.
However, the shipping quality and appearance are infe-
rior because the ftuit is very soft and pale in color. We
consider ‘TN13-125" to be useful for processing and
further breeding because it is possible to transmit the
special aroma from the wild strawberry by back- cross-
ing this hybrid.
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F. nilgerrensis 15 E 357 UV TICHET 2 2{EH B4
L, g/ F T LOTMMAII DV THEIN TV DN,
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7. ‘IN13-125 o R %12, FH—BE, Brix, BEICE
TEHEAFITLREKETH - 1ohS, REFENMEL, BRD
ERNS - . BHERRKOFT IS BIL F. nilger-
rensis 3L L, ethyl acetate W&EETH Y, EEHOEFD %
BoZ LI TH - 7. X510, ‘TNI3-128 BELXR
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