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Variation for 2n Pollen Production in Clones of Solanum phureja
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Summary. Frequency of unreduced polien grains was esti-
mated for five genotypes of Solanum phureja (2n = 24)
growing in three environments; (E1) cool (7.2-13.3°C)
and (E2) warm (12.2-17.2°C) growth chambers and (E3)
field conditions. Highly variable frequencies were found,
with genotype, environment, and genotype X environ-
ment interaction as significant components of variance.
The frequency of unreduced gametes for two additional
genotypes was studied over time in two growth chamber
environments (cool and warm). One genotype, charac-
terized by mostly fused spindles at the second meiotic
division, expressed a high frequency of big pollen (BP) in
both environments, whereas the second, characterized by
fused, parallel and tripolar second division spindiess was
found to increase in BP frequency over time in the cool
chamber, but remained consistently low in the warm
chamber. The identification of specific environmental
components with general effect on the expression of un-
reduced gametes is not possible because of the large geno-
type X environment interaction component of variance. A
genetic hypothesis based on incomplete penetrance and
variable expressivity of a dominant gene is presented as an
alternative to the currently accepted theory of control of
parallel spindles by a single recessive gene.
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Introduction

The occurrence of unreduced male gametes, which are
widespread in the plant kingdom (Skiebe 1969; Harlan
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and de Wet 1975), has been attributed to three influences
which affect meiotic processes: 1) hybridization between
sufficiently unrelated species so that normal meiosis, par-
ticularly pairing of homologous chromosomes, cannot
proceed properly in the F1 (Karpechenko 1927; Wood-
worth 1929; Darlington 1930; Wagenaar 1968a, b); 2)
gene mutations which alter the course of microsporogene-
sis (Bergner et al. 1934; Satina and Blakeslee 1935; Dow-
rick 1953; Mok and Peloquin 1975a, b); and 3) extremes
of environment (reviewed by Sax 1937; Okuno 1951,
1952). Infestation with virus (Chavez and de Sosa 1971)
or gall mites (Kostoff and Kendall 1929), either natural
(Longley and Clark 1930) or artificial (Giles 1939) dehy-
dration, age of the plant (Ramanna 1974) and treatment
with chloroform (Lutkov 1937) have all been identified as
environmental agents which promote the formation of un-
reduced gametes. Allele differences influence the occur-
rence of unreduced gametes (Skiebe 1972). Extremes of
temperature, cold [Belling 1925 (Uvularia); de Mol 1929
(Tulipa, Hyacinthus); Lutkov 1937 (Raphanobrassica);
Okuno 1951, 1952 (Solanum)), heat {Stow 1926 (Sola-
num); Lebedeff 1940 (Zea); Lewis 1943 (Prunus); Jain
1962 (Lolium)], and cold followed by heat [Matsuda
1936 (Petunia); Sax 1936, 1937 (Rhoeo, Tradescantia)]
are the environmental influences most commonly thought
to affect meiosis.

Regardless of the causal agent, frequency of unreduced
gametes has usually been found to be highly variable
among locules within an anther [Fukushima 1930 (Bras-
sica), Vorsa and Bingham 1979 (Medicago)], among an-
thers within a bud [Sakamura and Stow 1926 (Gagea); de
Mol 1929 (Tulipa); Darlington 1930 (Prunus); Matsuda
1936 (Petunia); Giles 1939 (Tradescantia)], among flow-
ers on a plant [Matsuda 1936; Lebedeff 1940 (Zea)] and
among plants of the same clone [Jacobsen 1976 (Sola-
num)} or cultivar [Eenink 1975 (Brassica)]. Only Dowrick
(1953) reported a consistent 63% ‘precentric’ cells, i.e.
cells which showed precocious splitting of centromeres, in
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all five anthers per floret on four plants, presumably of
the same clone of Chrysanthemum. Mok and Peloquin
(1975a) found a high correlation between the frequencies
of dyads and unreduced polien grains in diploid Solanum
hybrids. Vorsa and Bingham (1979) observed a much
weaker correlation between these same frequencies in di-
ploid Medicago selections, in which paraliel second divi-
sion spindles were identified, and they attributed the im-
perfect correlation to sampling error due to variation
among anthers and Ilocules. Mok and Peloquin (1975b)
later reported that the frequency of unreduced pollen
varies from 3 to 99% among their Solanum genotypes.

Significant levels (> 5%) of unreduced pollen were de-
termined in flower buds of several genotypes of Solanum
phureja Juz. & Buk. which had been grown in the field.
When some of these same genotypes were subsequently
grown in the greenhouse the following winter, big pollen
frequency was found to be insignificant (< 5%). Mok and
Peloquin (1975b) have presented evidence that expression
of unreduced gametes in diploid Solanum genotypes is
due to the presence of one of several recessive mutations
which alter the course of microsporogenesis. The variabili-
ty in frequency of unreduced gametes in genetically iden-
tical clones grown simultaneously in three environments is
the subject of this report,

Materials and Methods

Twenty-five seedling families (about 1000 plants) of S. phureja,
which had previously undergone several cycles of recurrent selec-
tion for photoperiod adaptation by F.I. Haynes at the University
of North Carolina, were grown under irrigation at the Sandplains
Research Station in 1977 at Becker, MN. Buds were collected
from each plant and polien samples were screened at a magnifica-
tion of 400X for the presence of greater than 5% big pollen (BP)
{Quinn et al. 1974}, or if pollen size was ambiguous, for a signifi-
cant frequency of dyads. Sixty-two BP selections representing ten
families were made, Seven of these BP genotypes representing six
different families were chosen for the frequency study. Cytologi-
cal determination of the type of restitution present in each geno-
type was made with aceto-carmine anther squashes. Two ran-
domized compiete blocks consisting of one plant/genotype of the
five genotypes were placed in each of three environments: El)
cool growth chamber (7.2-13.3°C, 19 hr photoperiod), E2) warm
growth chamber (12.2-17.2°C, 19 hr photoperiod) and E3) field
(St. Paul, planted 5/9/78). Tubers for each genotype for planting
in all three environments were derived from the same parent plant.
Plants were maintained in their respective environments from
planting through flowering. Separate pollen samples were taken
from the first three flowers to bloom on each plant and again on
three flowers in bloom 10-20 days later. Frequency of unreduced
gametes was determined by examination of a minimum of 200
pollen grains/sample using the size classification of Quinn et al.
(1974). A Zeiss standard RA routine and research microscope
equipped with a focusing eyepiece and 10 X 10 NET eyepiece
micrometer was employed to facilitate classification and scoring.
In a second study, plants of two genotypes (148-17 and 154-1)
were grown in warm (8.3-18.3°C) and cool (8.3-12.8°C) growth
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chambers under a 19 hr photoperiod. A cool night temperature
was employed in both chambers because it was thought to pro-
mote flowering. Pollen was collected from three different flowers
twice weekly during a 4-week flowering period and frequency of
BP was estimated as in the first study.

Results

Meiotic restitution in ail seven genotypes was found to
occur by spindle abnormalities during the second meiotic
division (Table 1). Most genotypes expressed some com-
bination of fused, tripolar and parallel spindle arrange-
ments as well as the normal tetrahedral orientation of
second division poles. The absence of one or more of
these abnormal configurations was notable and genotype
specific. Parallel but unfused spindies could be readily
identified in microsporocytes of 148-17 and 127-14; in
154-1, however, parallel spindies were indistinct from
fused spindles.

All genotypes were highly variable with respect to ex-
pression of BP (Table 2), with 115-1 showing the least and
126-1 showing the most variability. Significant (> 5%) as
well as nonsignificant (< 5%) frequencies of unreduced
gametes were found for each genotype over the range of
environments tested. Both plants of the same genotype
generally responded to each environment with a similar
expression of BP, e.g. in E2, both plants of genotype 127-
14 expressed a low percentage of BP at the initial flower-
ing period and a higher percentage at the second flowering
period (Table 2). Bud-to-bud variability was high for a
given genotype, flowering time, and environment, particu-
larly when the mean frequency of BP was greater than
10%.

Table 1. Pedigree and cytological observations of the seven clones
of Solanum phureja used in the study

Clone no. Pedigree Meiotic Functional
configurations®  2n pollen?

1151 147-6 X 153—4  ps, fs, ts, nm ?

1261 154-1 X 155-12 ps,fs, ts,nm no

127-14  154-1 X 160-6  ps, fs, nm yes

128-26  154-1 X 165-15 ps,fs, ts, nm ?

136-1 162-1 X 160-7  ps, fs,nm ?

148-17  PI1225669 OP°  ps, fs, ts, nm yes

154-1 P1 225682 OP fs, nm yes

3ps = parallel spindles at the second meiotic division; fs = fused
spindles at the second mejotic division; ts = tripolar spindles at the
second meiotic division; nm = normal meiosis

etermined by seed set and the generation of 4x hybrids in crosses
with 4x potato cultivars; ? = insufficient pollinations for unambi-
guous interpretation
“Open pollinated by S. phureja and S. stenotomum plant intro-
ductions
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Table 2. Mean big pollen percentages (3 buds/mean), standard errors and ranges for individual buds of five clones of S. phureja growing in
three environments at two flowering times. The original BP estimates made from 3 buds/plant grown in Becker, MN in 1977 are also given

Early Late Original
flowering flowering estimates,
Becker
Geno- Environ- Plant 1 Plant 2 Piant 1 Plant 2 Range 1977
type ment? X + S.E. X + S.E. X + S.E. X ¢ S.E.
E, 12+ 11 50+ 6.0 3.7+ 3.2 6.0+ 4.1
115-1 E, 13+ 08 3.3+ 2.8 3.8+ 09 2.8+ 0.7 0-12.1 263+ 5.1
E, 20+ 14 33+ 1.3 7.0+ 1.5 27+ 4.1
E, 60.1 =+ 18.4 379+ 9.4 51.9+10.2 22.5+18.4
126-1  E, 24+ 24 1.9+ 28 M€ 315+ 4.6 0-76.1 274+ 15.2
E, 23+ 1.6 1.2+ 1.7 1.0 0.6 0.2+ 0.3
E, 1.7+ 19 0.0+ 0.0 1.5+ 1.5 22+ 3.1
127-14 E, 1.6+ 0.5 39+ 3.1 10.1 + 6.8 36.2+ 1.3 0-37.7 12.8+13.9
E, 3.7+ 3.0 12.2+10.8 112+ 3.7 75+ 6.8
E, 23+ 1.2 41+ 09 122+ 7.7 17.0+ 3.1
128-26 E, 23.6+17.9 124+ 11.1 82+ 438 203+ 5.0 0.9-43.3 20.0 £ 14.0
E, 43+ 13 1.9+ 1.7 4.2+ 22 6.8+ 36
E, 08: 1.0 16+ 16 1.1+ 1.2 1.7+ 0.9
136-1 E, 1.5+« 0.7 0.3+ 0.6 0.5+ 0.5 26+ 0.9 0-13.2 15.7+13.7
E, 20+ 1.1 06+ 1.0 70+ 2.8 93+ 2.8

2E, = cool growth chamber, 7.2-13.3°C: E, = warm growth chamber, 12.2—17.2°C; E, = field, St. Paul, 1978
Early = first flowers on each plant; late = flowers in bloom 10-20 days later

cMissing plot
Table 3. Analysis of variance for percent unreduced gametes of 50t
ve clo . i ingi ee environme: ith pol-
o colestions made o s Rowering tmes - £ ool growth chambe
Wk £, Warm growth chamber
£, Field,St.Paul
Source d.f. Ss MS F w First flowers
-~ | = Later flowers
Environment (E) 2 1554.5 777.2 4.9* g
Blocks/E 3 757.7 2526 El
Genotype (G) 4 55053 13763 8.7** £
EXG 8 12039.0 1504.8 9.5** s
Flowering time (F) 1 448.4 4484 238 El
FXE 2 290.5 1452 09 =2
FXG 4 258.0 645 04
FXGXE 8 1948.7 2436 1.5
Experimental error 27 4283.8 158.7
Sampling error 120 3691.8 30.8

* Significant at 5%
**Significant at 1%

E6E ERE 6HEHE HEH o
— e e [ D ——
Genotype  115-1 136-1 127-14 128-26 1280

Analysis of variance revealed significant main effects
for genotype (G) and environment (E) as well as a highly
significant G x E interaction (Table 3). Frequency of un-
reduced gametes was lowest (mean = 4.5% over all geno-
types) under field conditions and highest (mean = 11.7%
over all genotypes) in the cool growth chamber; however,
the G X E interaction prevents generalization about the
effect of these environments across genotypes.

Although analysis of variance did not reveal flowering

Fig. 1. Mean frequency of big pollen for five genotypes of Sula-
num phureja in three environments at two flowering periods

time as a significant effect, a trend toward higher BP fre-
quency later in the flowering period was apparent for
several combinations of genotype and environment (126-
1, E2; 127-14, E2; 128-26, E1; 136-1, E3) (Table 2, Fig.
1). Mean percentage of BP over all genotypes and environ-
ments was 6.6% for the first flowers and 10.5% for the
later flowers. Specific plants which did not exhibit this
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Fig. 2. Frequency of big pollen over time in cool (8.3-12.8°C)
and warm (8.3-18.3°C) growth chambers for genotypes 148-17
and 154-1 (Solanum phureja)

trend (126-1, E1) were observed to have sufficiently large
standard errors such that discrimination between the two
flowering periods was not possible. BP estimates for buds
of the parent clones grown at Becker in 1977 were typi-
cally higher than those for any of the environments
studied in 1978,

The second study again revealed genotype-specific pat-
terns of expression of unreduced gametes over time in
different environments. Genotype 154-1 was found to
have a high constant expression (approximately 90%) of
BP in both environments throughout the flowering period
(Fig. 2). However, genotype 148-17 was found to gradual-
ly increase in expression of BP over time in the cool
chamber, but to maintain a considerably lower constant
expression of BP throughout the flowering period in the
warm chamber (Fig. 2).

Discussion

No one set of environmental conditions, apart from the
1977 field conditions at Becker, induced a high frequency
of unreduced gametes in all five genotypes in the first
study, despite the occurrence of similar cytogenetic ab-
normalities in these genotypes. Many tetraploid potato
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cultivars express some level of dyads or BP, resulting from
the same mechanisms found in diploid Solanum species,
i.e. formation of restitution nuclei after the first meiotic
division or fused spindles at the second meiotic division
(Ellison 1936; Fukuda 1927; Stow 1926, 1927). Longley
and Clark (1930) reported that the frequency of dyads in
the same potato cultivars differed over two years of obser-
vation. They suggested that the higher frequencies in one
year may have been caused by soil moisture deficit, the
most apparent climatic difference between the two grow-
ing seasons. Our experience with S. phureja would not
confirm this because the plants in which the highest fre-
quencies were found were grown under irrigation and
would have been expected to encounter little soil mois-
ture deficit.

Our observation that plants of the same genotype re-
spond similarly to each environment, with respect to ex-
pression of BP at a given flowering time, leads us to con-
clude that selection for individuals which express a high
level of unreduced gametes within the same clone, as sug-
gested by Jacobsen (1976), would be futile. The observed
increase in expression of unreduced gametes as plants
mature is in agreement with Ramanna (1974). The process
appears to be a function of physiological rather than en-
vironmental factors, because of the stable environmental
conditions provided by the growth chambers throughout
the flowering period.

The identification of specific environmental compo-
nents which influence BP expression is not possible, both
because of the large G x E interaction and because of
several uncontrolied environmental factors among our
treatments. The temperature regimes employed were not
as extreme as those of others working with the effects of
temperature on meiotic processes; attempts to induce
flowering on plants of S. phureja in a growth chamber
with mean temperature greater than 22°C were unsuccess-
ful.

Mok and Peloquin (1975b) have provided genetic evidence in the
form of segregation ratios from test crosses among genotypes with
various mechanisms leading to the formation of unreduced ga-
metes to demonstrate that these cytological phenomena in diploid
potatoes are governed by several distinct recessive genes. The ob-
servation of such segregation patterns depends upon the selection
of some ‘significant’ level of BP expression around which gene
presence or absence is decided. Neither the 3% level of Mok and
Peloquin (1975b) and den Nijs and Peloquin (1977) nor the 5%
level of Quinn et al. (1974) would have provided the same pheno-
typic classification of our five genotypes over all three environ-
ments.

During our initial screening for unreduced gametes in hun-
dreds of genotypes of the diploid species, S. phureja, it
was observed that occasional unreduced pollen grains
could be found in most genotypes, the majority of which
have never been observed to express a frequency greater
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than 5%. The present study clearly indicates that even
those genotypes which do express a significant frequency
of unreduced gametes, do so only in some environments.
Alternative genetic explanations to the single recessive
mutation hypothesis appear to be viable.

A genetic hypothesis that we favor is that parallel or
fused spindles at the homotypic division of meiosis are
due to an incompletely penetrant dominant gene with
variable expressivity. The gene product is possibly essen-
tial to the normal progress of microsporogenesis and cyto-
kinesis. Certain microenvironmental influences on devel-
oping pollen mother cells, perhaps by causing premature
or delayed induction of a key enzyme, result in the abnor-
mal phenotype. The environment of the whole plant may
generally affect microsporogenesis, but the intralocular
microenvironment determines the fate of individual
microsporocytes. This hypothesis can accomodate the oc-
currence of occasional unreduced gametes in genotypes
which have mostly reduced gametes as well as the variable
nature of genotypes with significant but inconsistent ex-
pression of unreduced gametes. We hope to provide ana-
tomical and cytogenetic evidence for this hypothesis in a
future publication.

Parallel, tripolar, and fused homotypic spindles can be
regarded as various phenotypic manifestations of the same
gene. Alternatively, these various configurations may be
similar but genetically distinct cytogenetic events, each
dependent on a separate locus. Genotype 154-1, the most
consistent with respect to expression of BP, was also
found to have the least variable cytogenetic mechanism
underlying this trait, i.e. only fused second division spin-
dles. This could be interpreted to mean that fs is the most
intense expression of the same gene that induces parallel
and tripolar homotypic spindles.

That three progeny of 154-1 (Table 1) were found to
be more variable with respect to both spindle arrange-
ments and BP frequencies, lends some credence to this
hypothesis. On the other hand, genetic contribution from
the male parents may have been responsible for the ap-
pearance of tripolar and parallel spindles. Further elucida-
tion of the relationship, if any, between spindle arrange-
ments and intensity of expression of unreduced gametes
must await progeny testing of hybrids between known
genotypes.
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