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INTRODUCTION

Mutation or somaclonal variation is one of the most
useful tools in breeding of vegetatively propagated
plants such as fruit trees.  Mutation mainly occurs at the
gene or chromosome level in a given plant.  Para–fluo-
rophenylalanine (PFP), which is an amino acid ana-
logue, alters amino acid metabolism (Widholm, 1977),
inhibits mitotic spindle formation (Thao et al., 2003)
and, subsequently, reduces chromosome number to hap-
loid number in the daughter cells (Lhoas, 1961).  The
effect of PFP on the reduction of chromosome number
has been firstly reported in diploid Aspergillus niger

from which haploid cells were induced (Lhoas, 1961).
After this report, similar effects of PFP have been
described in many plants such as Ribes (Knight et al.,
1963), Allium (Sinha and Bhojwani, 1976), Fragaria

(Niizeki and Fukui, 1983) and Alocasia (Thao et al.,
2003). 

In Vitis, it has been reported that PFP effected on
the change of chromosome number in the root cells of
seedlings (Omura and Akihama, 1980; Omura et al.,
1985) and induction of a triploid from PFP–treated
shoots of tetraploid ‘Kyoho’ (Omura and Akihama,
1981).  However, there are no reports as to somaclonal
induction of hyper– and hypo–tetraploid grapes by PFP
treatment.

Hyper– and hypo–tetraploid grapes (2n＝4x±1 or
4x±2) resulting from failure or irregularity of meiosis
were found as a spontaneous (probably S1) seedling of

‘Kyoho’ (Yamane et al., 1978), appeared in selfed
seedlings with abnormal cotyledons in ‘Kyoho’ (Park et

al., 1999a) and rarely found in hybrid seedlings from
interploid crosses between triploid and tetraploid grapes
(Park et al., 1999b, 2002).  ‘Takao’, a spontaneous
hypotetraploid seedling of ‘Kyoho’, produces almost
seedless berries of small size, but it produces large
seedless berries with the aid of gibberellin treated at full
bloom (Ashikawa, 1972).  Thus, the crossing between
tetraploid cultivars, followed by selection of the resul-
tant seedlings with abnormal cotyledons, is an excellent
method to obtain hyper– and hypo–tetraploid hybrid
grapes for breeding of seedless cultivars.  On the other
hand, direct induction of hyper– and hypo–tetraploid
forms from excellent but seeded tetraploid grape culti-
vars without crossings may be useful for establishing
seedlessness in the seeded cultivars without greatly
loosing their high tree vigor and other characters such
as productivity, large berry size (Reisch and Pratt, 1996;
Notsuka et al., 2000) and berry quality, although high
parthenocarpy is required for the original cultivars to set
and produce large–sized seedless berries without gib-
berellin treatment.

To establish the efficient method to produce hyper–
and hypo–tetraploid forms, we studied the effect of in
vitro PFP treatment on the small change in tetraploid
chromosome number in cultured shoots of ‘Kyoho’,
colchiploid of ‘Rozaki’ and ‘Kyoho’ hybrids, all of which
are tetraploid plants with relatively high parthenocarpic
ability.

MATERIALS AND METHODS

Tetraploid cultivar ‘Kyoho’, a colchicine–induced
tetraploid form of ‘Rozaki’ (‘Rozaki–4x’) and two
tetraploid hybrids KRi4x2014 and KRi4x2181 (Kyoho×
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Direct induction of hyper– and hypo–tetraploid forms (2n＝4x±1 or 4x±2) from tetraploid grapes
without crossings may be useful for establishing seedlessness in the seeded cultivars without greatly loosing
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including those of control, 233 explants survived.  Of the survived explants, 208 tetraploid (2n＝4x＝76),
six mixoploid consisting of cells with 76 and those with less than 76 chromosomes and two aneuploid plants
(2n＝72 and 69) were identified by the chromosome observation in their root tip cells; chromosomal
variation in 17 explants showing no growth and rooting could not be identified.  With increase of the PFP
concentration, the rates of survived explants and explants showing no growth increased.  Treatment of
75–150 mg/l PFP for 30 and 60 days was effective for elimination of a few chromosomes in the tetraploid
explants.  The result suggested the possibility of somaclonal induction of hyper– and hypo–tetraploids from
tetraploid cultivars by PFP treatment in vitro.
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tetraploid from of ‘Rizamato’) were used for this study to
induce their hyper– and hypo–tetraploid forms.  All of
these cultivars and hybrids showed relatively high
parthenocarpy. 

The shoots of each genotype were collected early in
June and trimmed so that they were 3–5 cm in length
and had a few young leaves.  The trimmed shoots were
sterilized in a solution of 0.5% sodium hypochlorite for
12 minutes and rinsed three times in distilled water.
The shoot tips (0.5–2 mm in length) excised from the
sterilized shoots were cultured on MS medium
(Murashige and Skoog, 1962) containing 0.8% agar, 3%
sucrose, 1 µM indole–3–acetic acid (IAA) and 5 µM
benzyladenine (BA) for shoot multiplication.  The pH of
the medium was adjusted at 5.7±0.1.  After one month
of culture, multiplied shoots were transplanted on MS
medium supplemented with 0.8% agar, 3% sucrose,
1 µM IAA and 2 µM BA for shoot growth.  For the multi-
plied shoots of ‘Kyoho’, 0.2% activated charcoal was
further added to the medium.  After one month of the
culture, shoot terminal with three or four expanded
leaves was excised from the developing shoots and
cultured for 30 and 60 days on MS medium containing
0.8% agar, 3% sucrose, 1 µM IAA, 2 µM BA and PFP.
The concentration of FPF was adjusted at 0, 25, 50, 75,
100 and 150 mg/l.  The PFP–treated shoots were
transplanted on the MS medium lacking PFP.  After
eight weeks of the culture (Fig. 1), developing shoots
with 2–4 young leaves were excised from the explants
and planted on the same medium.  When the planted
shoots expanded several leaves, they were subcultured
on half strength MS medium with 2% sucrose to
enhance their rooting. 

Throughout the culture, the conditions of growth
chamber (Sanyo, MLR351H) were maintained at
26 ˚C/21 ˚C for day/night and 16/8 hour photoperiod with
a light intensity of about 100 mMcm–2s–1, and one explant
was planted per vessel (Conical flask; 100 ml).

Chromosome observation was carried out in several
root tip cells according to the procedure of enzyme mac-
eration method described by Park et al. (2001).  At least
three root tips were used for chromosome observation in
each explant.

RESULTS

Shoot proliferation and growth

The extent of proliferation and growth of the shoot
tip explants was high and almost same in different geno-
types except ‘Kyoho’.  ‘Kyoho’ shoot tips cultured on
initial proliferation medium containing 5 µM BA were
successful as those of the other genotypes.  When they
were transplanted on the second medium containing
2 µM BA, however, about 60% of the explants died and
the survived showed slow growth.  When the explants
were transplanted on the medium supplemented with
0.2% charcoal, they showed a high survival rate and the
same extent of growth rate as those of ‘Rozaki–4x’
(Table 1). 

Of 348 PFP–treated explants including control, 233
explants were survived on the medium (Table 2).  The
survival rate was the highest in KRi4x2014 (90%),
followed by KRi4x2181 (70.8%), ‘Kyoho’ (60%) and
‘Rozaki–4x’ (54.2%).  In each genotype, the rate of sur-
vived explants decreased with increase of PFP con-
centration.  Of the 233 explants survived, 17 explants
that showed very slow or no growth were observed on
the medium containing more than 50 mg/rPFP.  The
rate of these explants increased with increase of PFP
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Fig. 1. In vitro treatment of grape shoots with PFP.  Left: in
vitro PFP treatment of shoot with four leaves.  Right:
A PFP–treated explant on subculture medium lacking
PFP, showing new shoot development from the
treated shoot. 

Table 1. Effect of activated charcoal on the survival and
growth of transplanted shoots of ‘Kyoho’ on MS
medium after one-month culture

Concentration
of charcoal 

(%)          

No. of
explants    

transplanted

No. of
explants    
survived

Mean growth
rate

(cm/month)

0
0.2

20
22

8
21

2.4
6.3

Fig. 2. Metaphase figures in root tip cells of PFP–treated
explants.  Left: a ‘Kyoho’ shoot explant without PFP
treatment, showing 76 chromosomes.  Right: an
explant from a new shoot developing from the
150 mg/l PFP-treated explant of KRi4x2181 for 30
days, showing 72 chromosomes.



concentration.  On the rooting medium, neither root nor
shoot formation was observed in these explants by eight
months of culture.  In ‘Kyoho’ and KRi4x2181, the rate
of survived explants treated for 30 days was slightly
higher than those treated for 60 days.

Variation of chromosome number

Only tetraploid cells with 76 chromosomes were
detected in root tips of 208 explants that showed normal
growth (Fig. 2).  Cells with 69 (4x–7) chromosomes
were exclusively found in root tips of a KRi4x2181
explant treated with 100 mg/l PFP for 30 days, while
those with only 72 (4x–4) chromosomes were detected
in a KRi4x2014 explant treated with 150 mg/l PFP for 30
days.  In vitro growth and morphology of these explants
that reduced their several chromosomes appeared to be
almost normal, although in vivo behaviour of these
explants has not been examined yet.  Cells with differ-
ent number of chromosomes coexisted in root tips of
three explants treated with 75 and 100 mg/l PFP for 30
days and those of three explants treated with 100 and
150 mg/l PFP for 60 days.  The root tips of KRi4x2181
explants consisted of three cells with different number

of chromosomes, i.e., the cells with 76 chromosomes and
a few cells with 69, 70, 74 or 75 chromosomes, while
those of the others consisted of two cells with different
number of chromosomes, i.e., the cells with 63, 65, 68,
71, 72, 73, 75 or 76 chromosomes.  These explants were
considered to be mixoploid plants consisting of aneu-
ploid cells with a maximum reduction of 13 chromo-
somes.  In vitro growth of these mixoploid explants was
appeared to be almost normal.

Chromosomal variations in seventeen explants
showing very slow growth or no growth were not identi-
fied because no adventitious roots initiated in them in
vitro.

DISCUSSION

The result of this study suggests that in vitro

treatment of PFP to developing shoots of tetraploid
grapes is effective for the elimination of a few
chromosomes to induce aneuploid forms of them.
However, Omura et al. (1987) reported that in vitro

variants induced from PFP–treated ‘Kyoho’ shoots
consisted of normal tetraploid cells together with a few
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Table 2. Survival rates and reduction of chromosome number in shoot tip explants treated with various concentrations of PFP in

vitro in ‘Kyoho’, ‘Rozaki–4x’ and hybrid plants (‘Kyoho’×’Rozamato–4x)

Genotype
Days of

treatment
Concentration

(mg/l) Tetraploid (76) Mixoploid Aneuploid

Kyoho

Rozaki–4x

KRi4x2014

KRi4x2181

30

60

30

30

30

60

0
25
50
75

100
150

0
25
50
75

100
150

0
25
50
75

100
150

0
25
50
75

100
150

0
25
50
75

100
150

0
25
50
75

100
150

(0)
(0)
(0)
(0)
(0)
(1)
(0)
(0)
(1)
(0)
(1)
(2)
(0)
(0)
(0)
(0)
(1)
(1)
(0)
(0)
(0)
(1)
(0)
(2)
(0)
(0)
(1)
(1)
(0)
(1)
(0)
(0)
(1)
(0)
(1)
(2)

8
9
8
4
4
1
5
5
3
4
1
2
6
6
5
4
2
1

10
10
9
7
8
5

12
12
8
6
3
5

10
10
6
5
3
1

0
0
0
1(71, 73)
0
0
0
0
0
0
1(72, 75)
0
0
0
0
0
0
0
0
0
0
1(63, 76)
0
0
0
0
0
0
1(65, 68)
0
0
0
0
0
1(69, 70,76)
1(74, 75, 76)

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1(72)
0
0
0
0
1(69)
0
0
0
0
0
0
0

No. of explants with indicated ploidy

Treated Survived*

No. of explants

* Parenthesis indicates No. of explants with no growth.

10
10
10
10
10
10

8
8
8
8
8
8
8
8
8
8
8
8

10
10
10
10
10
10
12
12
12
12
12
12
10
10
10
10
10
10

8
9
8
5
4
2
5
5
4
4
3
4
6
6
5
4
3
2

10
10

9
9
8
8

12
12

9
7
5
6

10
10

7
5
5
4



cells with reduced chromosome number but almost all of
the cells were euploid (2x and 3x).  The great difference
between their and our results may be due to not only
small difference in procedure of in vitro culture of
shoots and PFP treatment but also difference in method
of chromosome observation.  Since Vitis has many and
very small chromosomes of n＝1x＝19, exact count of
chromosomes in root tip cells that were fixed by
modified Carnoy’s fluid and stained by aceto–orcein
method (Omura et al., 1987) is very difficult, as their
number increased more than diploid level.  The enzyme
maceration method that we used in combination with
pretreatment of cells with 8–hydroxyquinoline and
staining with Giemsa gave us beautiful mitotic figures
from which chromosome counting was easily and exactly
carried out.  On the other hand, we did not find the vari-
ants with a few diploid and triploid cells reported by
Omura et al. (1987).  Although the reason of this is not
obvious, it seems that these cells were eliminated during
shoot development after PFP treatment and in subse-
quent subculture process, as aneuploid cells with chro-
mosome number distant from tetraploid with 76 chro-
mosomes were eliminated during the process. 

In autotetraploid plants such as Vitis, hyper– and
hypo–tetraploids show vigorous growth (Sybennga,
1992).  Park et al. (2002) reported the occurrence of
aneuploid seedlings from interploid crosses between
triploids and tetraploids, and suggested that Vitis is a
plant moderately patient to aneuploidy.  Thus, cells with
75, 74, 73, 72 and 71 chromosomes were frequently sur-
vived in the PFP–treated explants.  The appearance of
cells with 75 (4x–1), 74 (4x–2) and 73 (4x–3) chromo-
somes and appearance of two aneuploid explants with
72 (4x–4) and 69 (4x–7) chromosomes suggest the pos-
sibility that in vitro treatment of PFP to tetraploid
shoots induces hypotetraploid mutants. 

If once the hyper– and hypo–tetraploid grapes were
established from tetraploid cultivars or hybrids through
elimination of one or two chromosomes, they could be
easily propagated though grafting, even if the rates of
induction of hyper– and hypo–tetraploid forms from the
tetraploid grapes were very low.
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