was enough to afford some protection against a mild freeze on
April 9, 1977; but did little to prevent damage during a —4.4C
(24°F) freeze on May 1, 1978.
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Inheritance Studies of Seedlessness in Grapes?
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Abstract. More than 10,000 seedlings were studied to elaborate the mode of inheritance of seedlessness in grapes
(Vitis spp.). Self-pollinations of seeded selections having seedlessness in their parentage gave 0 to 10.7% seedless
progeny. Crosses between seeded selections with seedlessness in one or both parents gave similar proportions.
Crosses of seeded x seedless selections gave 0-55% seedless. Results were extremely variable, without apparent
correlation to normal genetic ratios. Seedlessness appeared to be largely controlled by recessive factors.

Seedless grapes have been prized for hundreds of years, yet
the genetic basis of seedlessness remains obscure. Controlled-
breeding work with grapes, primarily for the development of
improved seedless cultivars, has resulted in reports on fewer
than 10,000 progeny, which gives little genetic information.
Seeded x seedless crosses seldom give as many as 50% seedless
progeny. Crosses of seeded x seeded result in very few seedless
progeny. Inheritance of seedlessness is reported to be extremely
variable.

Seedless grapes are of 2 types (11, 19, 20): those which
produce seedless progeny in the F; generation, as in ‘Black
Monukka’, ‘Sultanina’ (‘Thompson Seedless’), and ‘Sultanina
Rose’; and those which do not as in ‘Concord Seedless’, the
Corinths, and ‘Sultana’. The first type all are stenospermocarpic,
fertilization occurs but embryo development fails soon after.
The amount of seed development varies from almost none to
_ full-sized, sclerified seeds without embryos. The second type

include parthenocarpic cultivars where fruit development occurs
without fertilization as in the Corinths and stenospermocarps
as in ‘Concord Seedless’, and ‘Sultana’. Stenospermocarpic
seedless types may produce some parthenocarpic berries within
their fruit clusters (11).

Susa (23) concluded that various grades of seedlessness
were possibly caused by various “grades” of embryo abortion.

1Received for publication March 15, 1978.

The cost of publishing this paper was defrayed in part by the payment of
page charges. Under postal regulations, this paper must therefore be
hereby marked advertisement solely to indicate this fact.

2Horticulturists (retired).
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Gustafson (4) found a higher auxin content in the flower-
bud ovaries of the seedless grape cultivars ‘Black Monukka’
and ‘Sultanina’ than in the seeded cultivar ‘Muscat of Alexan-
dria’.

Recently a difference in the degree of seed development
was observed in the ‘Flame Seedless’ cultivar grown on dif-
ferent rootstocks (unpublished). The following year no dif-
ferences were observed.

Progeny of crosses range from completely seedless to nor-
mally seeded, with various degrees of seed development and
intermixtures of types. Consequently, the classification “‘seeded”
or “seedless” is not clear cut. Within each cultivar and under the
same conditions, the time of embryo abortion as indicated by
amount of seed development is remarkably uniform regardless
of pollen type involved. This suggests that seedlessness is caused
by a physiological condition. _

Mutations from seeded to seedless types have been reported
in: ‘Geo. Haskells No. 45” (1), ‘Chasselas’ (1), ‘Concord’ (19),
‘Catawba’ (16), ‘Emperor’ (8), ‘Muscat Hamburg’ (22), ‘Tokay’
(2), ‘Red Muscadel’ (12), and ‘Liatiko’ (3). Mutations from
seedless to seeded have been recorded in ‘Panariti’ (14), and
‘Sultanina’ (5).

Seeds or viable embryos have been reported in practically
all of the seedless grape cultivars: ‘Concord Seedless’ (17), the
Corinths (11), ‘Black Monukka’ (13), and ‘Sultanina’ (7). Thus,
the classification seedless includes cultivars in which there is
an occasional occurrence of viable seeds. Olmo and Baris (9)
classified the seedlessness on dry weight of seeds as well as on
the usual visual or sensory perceptions.

Attempts were made as early as 1875 (13, 24) to obtain new
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seedless selections from controlled crosses. In 1921 Stout (17)
derived 4 completely seedless seedlings (from seed, not pollen)
from ‘Concord Seedless’. In 1928 (18) he attempted to obtain
seedlessness by intercrossing the seeded F; progeny of ‘Concord
Seedless” “on the general theory of multiple complimentary
factors. . .” In 1937 (20) he concluded that seedlessness in
‘Sultanina’, ‘Sultanina Rose’, and ‘Black Monukka’ was ap-
parently controlled by a single dominant factor. This theory
was refuted by his later report (21) of a seedless plant among
6 fruiting vines of selfed progeny. The selfed progeny was
from a seeded plant so the seedless plant occurred as a result of
a recessive factor. His success in obtaining a seedless selection
(‘Stout Seedless’) worthy of introduction from a progeny of
2 fruiting vines is the envy of all grape breeders.

In 1952 Synder and Harmon (15) reported 13.5% seedless
progeny from crosses with a seedless variety used as the male
parent, and Weinberger and Harmon in 1964 (25) reported on
47 mixed crosses producing nearly 5,000 progeny. They ob-
tained about 8% seedless from crosses of seeded x seedless and
less than 1% from seeded x seeded crosses. They concluded that
seedlessness was recessive but was not a simple recessive.

In 3 instances of crosses of seeded x seedless, Olmo (9)
obtained a good approximation to a ratio of 1 seeded:1lseed-
less, In another cross the ratio was about 3 seeded:1 seedless.
He stated that in breeding for seedless grapes a high tendency
towards parthenocarpic seedlessness should be combined with
stenospermocarpy, but he had no conclusions as to the mode
of inheritance.

The present study was set up to investigate the inheritance
of seedlessness from (a) self-pollinating vines with seedlessness
in their parentage, (b) crossing seeded types with various pro-
portions of seedlessness in their parentage, and (c) crossing
seeded x seedless vines with various proportions of seedless-
ness in the female parent. Table 1 gives parentage of cultivars
and selections used in these studies.

Materials and Methods

Seeds obtained from controlled crosses were planted in the
greenhouse in January, and the seedlings were transplanted
to the field in late April or early May. Fruit records were taken
through the fifth growing season. Vines that produced seedless
fruits without large stony integuments were recorded as seed-
less. We noted whether the fruit was parthenocarpic.

Results and Discussion

The crossing of seeded types resulted in a low percentage of
seedless progeny, with no apparent correlation to the amount
of seedlessness known to be in the parentage (Table 2). Seed-
lessness ranged from O to 11% in the various crosses, including
self-pollinations of seeded x seeded. Two F; seedlings of a
seedless parent, 14-47 and 56-83, and 2 F, seedlings of a seed-
less parent, 15-162 and 85-68.5, gave no seedless progeny
when selfed. The two F; seedlings, 11-88 and 60-26, gave 9%
seedless progeny when selfed.

Nine cross-pollinations of seeded types gave no seedless
progeny, and 13 yielded seedless progeny. The recovery of
seedless progeny from some crosses of seeded x seeded selec-
tions and the lack of it in other crosses and in self pollina-
tions could occur in the case of dominant triplicate comple-
mentary factors. This explanation is supported by the work of
Patel and Olmo (10), which showed the chromosomes of
Vitis to occur in 3 genomes, and of Mortensen (6), which
showed the resistance to Pierce’s Disease was controlled by 3
independently inherited genes. However, 2 self-pollinations
of seeded types yielded seedless progeny, which would be
impossible if the seedless factor was dominant. Seedlessness
must be controlled by recessive factors.

Crosses of seeded x seedless showed great variation (Table 3).
With no known seedlessness in the seed parent, the percentage
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Table 1. Parentage and seed type of grape varieties and numbered selec-
tions used in breeding for seedlessness.

Cultivar or

Selection No. Parentage Seeded  Seedless
Agadia ? X
Almeria ? X
Alphonse
Lavallee M. Hamb. x Bl. Hamburg X
Bicane ? X
Black
Hamburg ? X
Black
Monukka ? X
Backrose (Damas Rose x Bl. Monukka) x
Al. Lavallee X
Calmeria Almeria OP X
Cardinal Tokay x Alphonse Lavallee X
Damas Rose ? X
Divizich
Early Probably a U.C. numbered selection X
Emperor ? X
Italia Bicane x M. Hamburg X
Malaga,
White ? X
Mus.
Alexandria ? X
Mus.
Hamburg Bl Hamburg x M. Alexandria X
Nunakasia ? X
Perlette Scolokertek kiral. x Sult. marble X
Queen M. Hamburg x Sultanina X
Scolokertek
kiral ? X
Sultanina ? X
Sult. Marble ? X
Tafafihi
Ahmr ? X
Thompson
(see Sultanina) ? X
Tokay ? X
4-37 M. Alex. x Sultanina X
4-39 Malaga x Sultanina X
G4-74 Calmeria x 4-37 X
8-18 M. Alex. x Sultanina X
11-18 [talia x G4-74 X
11-160 ox 7 X
1447 5§5-10 x 35-126 X
15-122 Calmeria x Blackrose X
15-133 ” o x ” X
15-162 ” o x ” X
16-80 (Almeria x Emp.) x G4-74 X
19-153 Blackrose x 64-18 X
20-110 11-88 x G4-74 X
32-25 60-26 x X
32-68 ” x43-13S X
32-106 60-26 x 43-13S X
32-129 ”ox 7 X
32-136 ”ox X
32-139 ”ox 7 X
32-141 > o ox 7 X
32-145 ”ox 7 X
32-155 45-98 x O.P. X
32-188 ”ox 7 X
33-199 11-160 x G4-74 X
35-75 45-98 x 43-13N X
3593 ?ox 7 X
35-106 Blackrose x 35-75 X
35-126 46-45 x 43-13N X
(Continued)
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Table 1 (Continued)

Cultivar or

Selection No. Parentage Seeded  Seedless
37-45 Blackrose x 64-18 X

384 Tokay x Alphonse Lavalee? X

41-125 Blackrose x 43-13N X

43-13N (Malaga x Taf. Ahmr) x 64-18 X
43-138S « 7 x . L)x 7 X
44-121 Queen x Alphonse Lavallee X

45-98 [(Agadia x M. Hamb.) x Perlette] OP X

46-1 (Agadia x M. Hamb.) x Perlette X
46-45 (Malaga x Taf. Ahmr) x 8-18 X

55-10 Calmeria x G4-74 X

56-83 ” x 43-13S X

58-22 ” x 64-18 X
58-93 ” x 7 X
60-26 Cardinal x Sultanina X

63-88 4645 x 46-1 X

64-18 M. Alex. x Sultanina X
64-80 46-45 x Divizich Early X

78-53 Blackrose x 43-13N X

78-68 ” x 7 X
85-68.5 ” x Calmeria X

10047 Calmeria x Al. Lavallee X

101-120 16-80 x Alphonse Lavallee X

103-138 38-4 x 4-39 X

2]n California this grape is known as Ribier.

of seedless progeny ranged to about 38%; with seedlessness
in the parentage of the seed parent, the seedless percentage
ranged to slightly more than 50%, with many progenies in
the range of 25-50%. Multiple factors are suggested by the
increases in the percentage of seedless progeny with increases
in the known amount of seedlessness in the parentage of the
seeded parent. The results obtained from crosses of seeded
x seedless parents would be possible if controlled by either
dominant or recessive factors.

Certain seedless parents, particularly G4-74,32-139, 32-141,
and 43-13S, at times appeared to be prepotent in the pro-
duction of seedless progeny (Table 3). However, variation
was great even when the same cross was made in different
years.

Variation was also great when the same seedless pollen
parent was used with different seed parents. If seedlessness
is a simple recessive, the use of different seedless pollen par-
ents with the same seed parent should result in identical pro-
portions of seedless progeny. This was not the case.

It would also seem that the 2 selections that produced
seedless progeny when selfed would more effectively trans-
mit the seedless character when crossed to a seedless par-
ent. This was not the case (Table 3). Selections 11-88 and
60-26, which transmitted seedlessness when selfed, were
crossed to the seedless selection 43-13S and gave respectively
18% and 6% seedless progeny. On the other hand, 56-83 and
85-68.5, which failed to transmit seedlessness when selfed,
were crossed to the same seedless selection, 43-13S, and gave
29% and 55% seedless progeny. The seedlings 56-83, which
gave no seedless progeny when selfed, and 60-26, which gave
9% seedless when selfed, were crossed to the seedless selec-
tion 32-145 and gave 47% and 7% seedless progeny.

A possible explanation of the extremely varied and in-
consistent transmission of seedlessness is that some embryos
in seeds that are genetically “seedless” may abort. Such em-
bryos would have the same genetic constitution as other em-

J. Amer. Soc. Hort. Sci. 104(2):181-184. 1979.

Table 2. Seedlessness resulting from crosses or selfs of seeded grape
parents.

A. Self pollinations of selections with established seedlessness in their

parentage.
1. Fjseedlings of a seedless parent.
11-88 54 5 9.3
14-47 25 0 0.0
56-83 89 0 0.0
60-26 105 10 9.5
Total 273 15
2. Fjseedlings of a seedless parent.
15-162 41 0 0.0
85-68.5 39 0 0.0
Total 80 0
B. No known seedlessness in the parentage.
Calmaria x Alphonse Lavallee? 68 0 0.0
Nunakasia¥ x Cardinal 28 3 10.7
” x 100-47 178 3 1.7
Total 274 6
C. Seedlessness in the seed parent. No known seedlessness in the pollen
parent.
Blackrose x Calamaria 130 2 1.5
” x Cardinal 21 0 0.0
Queen x 7 130 3 2.3
15-133  x Alphonse Lavallee* 69 1 1.4
” x ” » X182 0 0.0
35-106  x ” ” 62 1 1.6
41-125 «x ” ” 110 4 3.6
101-120 x ” ” 123 0 0.0
Total 827 11
D. Seedless in both parents.
15-133 x 11-88 131 1 0.8
” x20-110 20 2 10.0
” x 3225 92 0 0.0
” x60-26 102 2 2.0
15-162 x 16-80 63 0 0.0
” x 3225 31 0 0.0
” x 85-68.5 10 0 0.0
32-25 x 15-162 13 0 0.0
45-98 x 11-88 82 3 3.7
” x 3225 37 1 2.7
” x60-26 27 2 7.4
Total 608 11

ZIn California this grape is known as Ribier.

¥In California this grape is known under the name Kishmishi or Kishmiski
(= ‘little seedless’ in Russian), an obvious misnomer.

XThese crosses were made in different years.

bryos that produce seedless vines. As adults, genetically seed-
less vines cannot produce viable seeds and embryos in certain
seeds may not even survive past the embryo stage. In this
way a part of the seedless progeny would be lost and nor-
mal inheritance ratios would not be obtained.

In mature seedless vines, embryo abortion or stenospermo-
carpy is probably due to genetically induced physiological
conditions; the embryos abort regardless of the pollen par-
ent even if the latter is genetically seeded. The loss of em-
bryos due to either genetic or other physiological causes
prevents the occurrence of normal genetic ratios.

The data substantiate the conclusion of Weinberger and
Harmon (25) that “seedlessness appears to be recessive in
nature, though not a simple recessive.”
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Table 3. Seedlessness resulting from crosses of seeded x seedless grape

parents.
No. progeny %
Cross Blossoming Seedless  seedless
A. No known seedlessness in the seed parent.
Calmeria x G4-74 252 27 10.7
Malaga x 7 Z 181 47 26.0
” x 7 223 84 37.7
” x 43-13S 27 2 7.4
Tokay x Black Monukka 71 9 12.7
” x 43-13S 40 1 2.5
Total 794 170
B. Seedlessness in the parentage of the seed parent.
Blackrose x 43-13N 70 14 20.0
Queen  x 19-153 196 7 3.6
? x 68-68 195 4 2.1
11-88 x G4-74% 38 13 34.2
> x ” 2 55 9 16.4
» x 43-13S 38 7 18.4
15-122  x 58-22 46 0 0.0
» x 33-199 29 0 0.0
15-133 x ” 13 0 0.0
” x 58-22 138 37 26.8
16-80 x 35-75 264 12 4.5
” x 43-138% 36 3 8.3
» x » Z 468 3 0.6
” x 64-18 181 4 2.2
32-155 x 43-138% 43 3 7.0
» x » Z 76 4 5.3
32-188 x G4-74% 50 3 6.0
” x 2 326 126 38.7
” x 32-139 138 37 26.8
» x 32-145% 80 22 27.5
i x » Z 299 108 36.1
> x 43-138% 12 2 16.7
” x » Z 302 74 24.5
» x » Z 94 37 394
35-93 x 58-93 92 32 34.8
3745 x G4-74% 117 13 11.1
” x 7 Z 198 66 33.3
” x 32-136 202 65 32.2
» x 35-75 33 1 3.0
44-121 x 32-106 43 3 7.0
45-98 x Black Monukka 85 24 28.2
” x 32-139 176 71 40.3
” x 43-13S 704 225 32.0
56-83 x G4-74 396 167 42.2
” x 32-68 32 9 28.1
” x 32-145 462 220 47.6
» x 35-75 100 12 12.0
» x 43-13S 55 16 29.1
60-26 x 32-106 226 68 30.1
” x 32-145 27 2 7.4
” x 35-75 151 6 4.0
” x 43-138% 63 7 11.1
” x » Z 61 1 1.6
63-88 x 64-18 19 2 10.5
64-80 x 43-13S 59 0 0.0
> x 64-18 32 3 9.4
78-53 x 32-129 81 24 29.6
” x 32-141 78 19 244
85-68.5 x 35-75 45 3 6.7
» x 43-13S 20 11 55.0
103-138 x 32-141 103 42 40.8
Total 6847 1641

ZThese crosses were made in different years.
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