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To establish a rapid and simple method to determine aneuploidy in seedlings derived from
crosses between tetraploid grapes, chromosome number and morphology of cotyledons were
examined in the seedlings from self-pollinated two tetraploid grapes, KA9301 and RB9127.
Three of 24 seedlings from self—pollinated KA9301 were aneuploid plants with hypotetraploid
chromosome number 75 (4x-13, 74 (4x-2) and 73 (4x-3). One of 35 seedlings from
self—pollinated RB2127 wasg also an aneuploid plant with hypotetraploid chromosome number 74
(4x%-2). These four aneuploid seedlings showed almost normal growth and leaf morphology, but
in three of the four aneuploid seedlings, morphology of cotyledens was highly abnormal.
These results suggested the possibility that in crosses between tetraploid grapes most aneuploid
seedlings were efficiently selected by their abnormal morphelogy of cotyledons scon after seed
dermination.

INTRODUCTION

Seedlessness is an important breeding character in grape (Vitis. spp.) as well as in
most fruit trees. Seedless grape cultivars are classified into four types, ie., stimulative
parthenocarpy (Winkler et al., 1962), stenospermocarpy (Stout, 1936), triploid and
aneuploid. Most seedless grape cultivars in the world have been bred using‘cultivars with
the stenospermocarpic character controlled by recessive genes (Weinberger and Harmon,
1464; Constantinescu et af., 1975, Dudnik and Moliver, 1976; Loomis and Weinberger,
1979; Spiegel-Roy et al., 1990). However, application of this breeding method to the
crosses between grape cultivars is restricted, since at least one of two cultivars used for
the crossing must have genes controlling stenospermocarpy.

In the last decade, triploid grape cultivars such as King Dela,) ‘Osuzu’ and ‘Honey
Seedless’ were bred in Japan using croesses between various diploid and tetraploid
cultivars. In vitro techniques to produce triploid grapes from 2x—4x crosses also were
developed (Yamashita et al., 1993, 1995 and 1998). [n addition to triploid breeding in
grape, aneuploid breeding is also expected as another method to produce seedless grape
cultivars, since only one aneupleid cultivar ‘Takao’ (2n=4x-1=75;Yamane et al., 1978}, a
chance seedling from open pollinated tetraploid ‘Kyoho' has become one of commercially
important cultivars in Japan. GPI-2 and PGM-2 isozyme analyses indicated that ‘Takao’
originated either from self-potlination of ‘Kyoho’ or from outcross with a tetraploid
cultivar very closely related to ‘Kyoho' (Ohmi ef al., 1993). In self-pollinations of
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tetrapioid cultivars and in crosses between tetraploid cultivars, appearance of aneuploid
seedlings such as ‘Takao’ is considered to be dependent on the failure of meiosis, since
tetraploid has four homologous chromosomes in each of 19 types of chromosomes. Thus,
appearance of hypertetraploid and hypotetraploid secdlings resulting from failure of
meiosis { are especially expected in such cases. Except for ‘Takao,” however, there is no
report on the production of hypertetraploid and hypotetraploid plants from crosses
between tetraploid grapes, probably because of their very low frequencies. In addition,
examination of exact chromosome number in the seedlings from crosses between
tetraploid grapes is very tedious and proficient work, because they have a large number of
small chromosomes. Hence, simple and rapid methods to identify aneuploid seedlings are
requested for the development of aneuploid grape breeding using crosses hetween
tetraploid grapes.

In this report, we demonstrate that hypotetraploid seedlings appear among seedlings
from self-pollinated tetraploid grapes and that morphology of their cotyledons is very
abnormal. From these results, we suggest a simple method to select aneuploid,
especially, hypotetraploid grapes.

MATERIALS AND METHODS

Plant materials

Two tetraploid grapes, KA9301 and RB9127 were used. KA9301 was an
eight—year—old hybrid seedling obtained from ‘Kyoho' (4x) X ‘Muscat of Alexandria’ (2x),
while RB9127 was an eight-year—old hybrid seedling obtained from ‘Red Pearl’ (4x) X
‘Muscat Bailey A' (2x). These tetraploid grapes resulted from the fusion of diploid egg
and unreduced male gamete. The two tetraploid hybrid grapes were grown under a
greenhouse at Sasaguri Orchard of University Farm, Kyushu University, Fukuoka.

Pollen germination test

Pollens of KA9301 and RB9127 each were collected from just opened flowers at a full
bloom stage of the clusters, and immediately cultured on pollen germination medium in
50X 15 mm sterile plastic disposable petridishes so that pollen grains were dispersed.
The medium consisied of 0.8 g1 agar, 20 g/ sucrose and 10 mgA boric acid, Culiures were
mainlained at 25°C. After fourhours incubation of the cultures, the rate of pollen
germination in each tetraploid grape was examined using about 600 pollen grains. In
addition, diameters of all these pollen grains were measured with a micrometer under a

microscope.

Self-pollination

Ten clusters of the two tetraploid grapes each were bagged several days before
anthesis to prevent outcross, and the flowers were self—pollinated by tapping the bags at a
full bloom stage. Fully developed seeds were excised from mature berries about four
months after self-pollination. Only sinkers were sown in 300X 400mm seedling culture
boxes filled with moist sand in September 1998 and stored under natural conditions.
They were carried in a greenhouse in February of the next year to facilitate seed

germination.




Abnormal cotyledons in hypotetraploid grapes 83

Chromosome observation

The root tips of seedlings from self-pollinations were collected just after the
expansion of cotyledons, pre—treated with 2 mM 8-hydroxyquinoline at room temperature
for first 2 hours and then at 4 °C for 2 hours, and fixed in acetic alcohol (1:3 v/v) at 4°C for
2hours. They were washed with distilled water and macerated in a solution of enzyme
mixture for 30 to 60 minutes at 38°C. The solution consisted of 4% Cellulase RS (Yakult),
1% Pectolyase Y23 (Seishin Pharmaccutical), 0.07 MKCl and 0.075 MNa,EDTA. It was
adjusted at pH 4.0 with 0.1 M HCl (Zhuang et ai., 1990). After washing with distilled
water three times, the macerated root, tip was placed on a glass slide with a few drops of
acetic alcohol (1:3 v/v) solution, spread by tapping with fine tweezers and air dried under
room temperature conditions. The air dried specimens were stained with 4% Giemsa
diluted with 1/15M phosphate buffer (pH 6.8) for 5 to 10minutes and air dried again.
They werc mounted in Permount and observed under a microscope of 1000 magnifi-
cations. Chromosome number was exactly counted in at least three cells per seedling.

Observation of seedling morphology

Morphology of cotyledons was observed just after the expansion of them, and then
the seedlings were transplanted in 240 X 300 mm polyethylene pots filled with soil and leaf
mold mixture (2:1). Morphology of leaves and stems of these seedlings was obscrved
about four months after transplanting.

RESULTS

A total of 59 seeds germinated and grew Lo seedlings being available for this study.
Chromosome numbers of all the seedlings were determined (Table 1). In self—pollination
of KA9301, 24 of 54 seeds germinated. Out of the 24 seedlings, three were aneuploid
plants with hypotetraploid chromosome number 75 (4x-1), 74 (4x-2) and 73 (4x-3),
while 21 were identified to be tetraploid planis with 76 chromosomes. In self-pollination
of RB9127, 35 of 64 seeds germinated. One of the 35 seedlings was an aneuploid plant
with 74 (4x-2) chromosomes (Fig. 1), while 34 seedlings were tetraploids.

In four of the 24 seedlings from self-pollinated KA9301, abnormal morphology of
cotyledons was observed (Fig. 2). Out of the four seedlings with abnormal cotyledons,
three were aneuploids and one was tetraploid. In one of the cotyledons of the tetraploid

Table 1. Aneuploidy and morphology of cotyledons in seedlings from
two self-pollinaled tetraploid grapes.

"5 T—— No. of seedlings from No. of seedlings from

e ——— KA9301 in indicated RBY127 in indicated
seedling morphology of cotyledons  morphology of cotyledons
(Ploidy) Nomal  Abnormal - Normal  Abnormal

76 (4x) 20 1 33 1

75 (4x-1) 0 1 0 0

74 (4x-2) 0 1 1 0

73 (4x-3) 0 1 0 0
Total 20 4 34 1
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Fig. 1. Melaphase figures in root tip cells of ancuploid scedlings from scif-pollinated tetraploid
grapes.
A: Seedling of KA9301, 2n=4x-2=74, X 3000; B: Seedling of RBY127, 2n=4x-2=74, X
3000; C: Seedling of KA9301, 2n=4x-3=73, X2400; D: Seedling of KA9301, 2n=4x-1=75,
X 2400.

seedling, a deep and narrow incision was observed from the terminal end to central part.
Onty one of 35 seedlings from RB9127 showed abnormal morphology in its cotyledons.
The cotyledons had entire margin, but proliferation of very small and narrow leaf like
structure was observed on the midrib of adaxial side. However, it was not an aneuploid
but tetraploid. On the other hand, one of the 34 seedlings with normal cotyledons was
aneuploid (4x-2). The cotyledons of this 4x-2 seedling were classified as normal but
showed slighty undulate margin (Fig. 2). '

The four hypotetraploid seedlings continued to grow almost normally as compared
with tetraploid seedlings from the same self-pollinations. When growth was compared
between the four hypotetraploid seedlings, 4x—1 seedling and 4x-2 seedling from KA9301
were very vigorous, whereas 4x-2 seedling from RB8127 and 4%-3 seedling from KA9301
were glow in growth. In addition, 4x-3 seedling from KA9301 had short internode and
relatively small leaves, and the first four leaves of the seedling showed slightly abnormal
morphplogy (Fig. 3).

Percentages of pollen grains germinating on the artificial medium were relatively low
in the two tetraploid grapes KA9301 and RB9127. In KA9301, 128 of 615 pollen grains
germinated, while in RB9127 138 of 671 pollen grains germinated. Diameter of almost all
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Fig. 2. Morphology of cotyledens of aneuploid seedlings from self-poliinated tetraploid grapes.

A: Adaxial surface of almost normal cotyledon of a seedling (2n=4x-2=74} from RB9127. The
cdge of cotyledon is smooth and no lobing is observed. Note also the symmetric veins.

B: Adaxial surface of abnormal cotyledon of a scedling (2n=4x-2=74) from KA9301. Note the
irregular shape, presence of lobing, asymmetric arrange of veins and lack of a midrib.

C: Abaxial surface of abnormal colyledon of a seedling (2n=4x-3=73) from KAS301. The
cotyledons are imperlectly fused at the basal hall. Note also the presence of lobing.

D: Abaxial surface of abnormal colyledon of a seedling (2n=4x-1=75) {from KAS9301. The
cotyledon is small in size, narrow in shape and asymumetric in shape,

pollen grains germinating ranged from 27 10 332:m in the two tetraploids and was 31 pm
in average (Fig. 4). In RB9127, however, a few of relatively large pollen grains (35~
37 2m in daimeter) also germinated. Histogram showing frequency distribution of pollen
size was symmetric in RB9127. whereas it was asymmetric in KA9301, in which most of
pollen grains with diameters belween 21 #m and 26 zm formed a large peak in the
histogram of KA93(01 pollen. The difference of [requency distribution of pollen size
between RB9127 and KA9301 was mainly due to the presence of this large peak and
lacking of a large number of pollen grains with diameter more than the average diameter
31 pm in KA9301, Diameters of all pollen grains ranged from 13 to 40z in KA9301 while
in RB9127 they ranged from 13 to 49 pum.

DISCUSSION

In autotetraploids, reduced fertility results not only from meiotic irregularities hut
from gene dose imbalance (Sybenga, 1992). The very low rates of pollen germination and
seed set in self-pollinated tetraploids, KA9301 and RB9127, are considered to result from
both effects. However, appearance of hypotetraploid secedlings is obviously dependent on
the meiotic irregularities in the two tetraploid grapes. According Rieger el al. (1976),
anecuploidy can be caused by any of the four following disturbances: (1) loss of
chromosomes in miotic or meiotic cells, often caused by lagging chromaosomes, (2)
non-disjunction of chromosomes or chromatids, or failure of such genetic units to
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Fig. 3. Aneuploid seedlings derived from self-pollinated KA9301 and RB9127 about three
months after germination.
A: Seedling of KA9301, 2n=4x-3=73; B: Seedling of RBI127, 2n=4x-2=74
C: Seedling of KA9301, 2n=4x-2=74; D: Seedling of KA9301, 2n=4x-1=75

separate properly, (3) irregularities of chromosome distribution during meiosis of odd
polyploids, and (4) the occurence of multipolar mitosis.

It is considered that in the case of KA9301, loss of chromosomes during meiosis may
be caused by laggards, since no hypertetraploids appeared and since a loss of either one,
two or three chromosomes occurred in the three hypotetraploid seedlings. The
asymmetric frequency distribution of pollen size in KA9301 (Fig. 4) may partially support
this conclusion. In the pollen mother cells of a tetraploid grape cultivar ‘Red Pearl,” we
found one to four univalents in relatively high frequencies, ie., 28% for one, 8% for two,
4.5% for three and 2% for four univalents (unpublished data). Univalents like this lag at
the equator and get lost in most cases. However, further study on meiotic events in
KAS301 will be necessary to ascertain this hypothesis.

1t is known that in autotetraploids the quadrivalent also will not always segregate 2:2
(Sybenga, 1992; Singh, 1993). The failure of the quadrivalent to separate properly can
cause hypo- and hypertetraploid chromoscme numbers. The symmetric frequency
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Fig. 4. Frequency distribution of pollen size in two tetraploid grapes, KA3301 and RB9127.
The pollen size was measured four hours after culture on 0.8g/ agar medium
supplemented with 20 2/1 sucrose and 10 1mg/i boric acid.

distribution of pollen size in RB9127 (Fig. 4) may partially support this, but further study
will be required to ascertain whether the hypotetraploid in RB9127 resulted from the
disjunction of chromosomes or not.

Diameter of ix poilen from dipioid grapes is about Z5um and that of Zx poilen from
tetraploid grapes is about 31 um {Dermen, 1954; Martens et al., 1989; Zhang et al., 1998).
Among the pollen grains germinating, a small number of giant pollens with a diameter of
35~ 37 uin were observed in RB9127 together with about 31 zem pollens. These giant
pollens are considered to be unreduced 4x or near 4x pollens resulting from the failure of
meiosis in the tetraploid grape. The hexaploid embryos resulting from the fertilization of
a 2x egg and the 4x pollen are considered to degenerate during embryogenesis as
reported in various interploid crosses (Sanford, 1983).

The most interesting result of this study is a relationship between hypotetraploidy
and abnormal cotyledon morphology. The abnormal cotyledon morphology attributes to
the disturbance of morphogenesis during embryogenesis. In tetraploid embryos with
balanced genome, expression of genes controlling morphogenesis is normal, but in
hypotetraploid embryos lacking one or more chremosocmes it is considered to be
abnormal. In addition, it may be considered that in hypotetraploid seeds the function of
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endosperm during their development is also different from that in tetraploid seeds.
However, occurrence of abnormal cotyledons in two tetraploid seedlings suggests that in
tetraploid seeds disturbance of normal morphogenesis of cotyledons also occures during
their development depending on some factors intrinsic to the embryos, the envircnment
and so on. On the other hand, the degree of abnormal morphology in cotyledons of
hypotetraploids may be highly dependent on the types and number of chromosomes
lacking.

For practical applications of abnormal cotyledon morphology to hypotetraploid grape
breeding, the characteristics of hypotetraploids are of considerable importance. All
hypotetraploid seedlings obtained in this study showed normai growth and development
as tetraploid seedlings from the same pollinations showed. A hypotetraploid cultivar
‘Takao’ has been cultivated as one of the major cultivars in Japan. These facts indicates
that hypotetraploid grapes have potential to develop as economically important cultivars
with various desirable characters such as seedlessness.

In general, meigtic irregularities cause aneuploidy in the progeny, which may have
quite undesirable consequences. However, the sensitivity for aneuploidy is the greatest at
low ploidy levels and decreases when the number of genomes increases (Sybenga, 18992).
It s inferred from this result and the reports of triploid, tetraploid and hexaploid grapes
with vegetative vigour (Olmo, 1952; Sanford, 1983) that ancuploidy in grape has a very
pronounced effect around the triploid and tetraploid level.

The present study clearly indicated that vigorous hypotetraploid seedlings can obtain
from self—pollinations of tetraploid grapes, and that most of the hypotetraploid seedlings
have cotyledons showing abnormal morpholegy. Application of the cotyledon morphology
as a marker for the detection of hypotetraploids will greatly improve the efficiency of
hypotetrapioid seedless grape breeding.
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