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ABSTRACT

MORPHOLOGICAL AND CYTOGENETIC ANALYSIS
OF AN INTERSPECIFIC HYBRID EGGPLANT,
SOLANUM MELONGENA L. X SOLANUM TORVUM SW.

by

Kenneth R. McCammon

An interspecific hybrid between S. melongena L. cv, Mil-
lionaire and S. torvum Sw. was produced by means of unilater-
al sexual hybfidization. S. torvum was used as the pollen
parent. The cross was made in an effort to transfer resis-
tance to Verticillium wilt (Verticillium dahliae) from S.
torvum into the cultivated species. .The progenies were de-
termined to be hybrids based on morphological observations.
Attempts to self and backcross the hybrid to the parents were
unsuccessful. Observations of the pollen from the Fq plants
indicated low viability. Meiosis in the parents appeared
normal., Cytological observations of hybrid PMCs showed gross
abnormalities in all stages of meiosis, It appears that the
sterility may be due to lack of homology and genic imbalances
of the parental genomes. This results in abnormal pairing at
metaphase I and altered chromosome distributions at anaphase
I and subsequent stages, producing pollen with an abmormal

complement of chromosomes.
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INTRODUCTION

Commercial production of eggplant (Solanum melongena

L.) in Michigan is limited by a high incidence of Verti-
cillium wilt. This soil borne disease is caused by the

fungus Verticillium dahliae Klebahn, (referred to as V.

albo-atrum Reinke and Berth. in earlier literature), and
results in severe wilting, stunted growth, vascular dis-
coloration, reduced yields, and premature death. This pro-
blem is compounded by the lack of genetic resistance within
S. melongena, and the absence of chemical or physical meth-

ods for the control of Verticillium wilt.

In an effort to solve this problem, Solanum torvum Sw.,

a wild species of eggplant, was crossed with S. melongena
L., in order to transfer its resistance to V. dahliae into
commercial eggplant. An interspecific hybrid between the
two species has been produced that is sterile. The purpose
of this paper is two-fold: (1) to report on the morphologi-
cal characteristics of the hybrid, and (2) to present a

probable explanation of the sterility cytologically.



LITERATURE REVIEW

Burton and deZeeuw (1958) conducted a series of stu-
dies to determine the importance of seed transmission of V.

albo-atrum as a causative agent in Verticillium infection

and determined that the disease was not seed transmitted.
Wilhelm (1955) found the pathogen had a wide range of hosts,
enabling it to survive in soil for long periods of time,

Due to the lack of efficient means of soil treatment to
eliminate the pathogen, Lockwood and Markarian (1961) at-
tempted to breed cultivars of eggplant resistant to Verti-

cillium, utilizing germplasm sources within S. melongena L.,
with limited success.

According to Bhaduri (1951), the genus Solanum contains
approximately 2000 species, the majority of which are of the
non-tuberiferous type. They are mostly herbs and shrubs,
though some may attain the size of small trees. Within the
non-tuberiferous types are two types, with and without
spines on the leaves and stems.

Yamakawa, et al (1978) screened a number of species

related to S. melongena for resistance to Verticillium and

other diseases which attack eggplant. They found Solanum

torvum Sw. to be resistant not only to Verticillium wilt,

but Fusarium and Pseudomonas wilts as well. Both of these




Solanum species are spined.

Rai (1959) reported that S. melongena L. originated in
either India or tropical Africa, and is cultivated through-
out the warmer regions of the globe. According to Rao
(1972) and Deb (1979), S. torvum Sw. is indigenous to India
and southeast Asia, but extends through Malaysia and the
Phillipines, to Australia, Africa and tropical America.

The general morphological features of S. melongena L.
have been elucidated by Khan (1979), while S. torvum Sw. was
described morphologically by Hossain (1972). A review of
cytogenetic studies in the genus Solanum was conducted by
Magoon, et al (1961), in which they reported a chromosome
number of n=12 for both species. Two previous attempts to
hybridize these two species appear in the literature. The
first, reported by Pearce (1975), involved the crossability
of S. melongena L. with related species. He was able to
produce healthy F, progeny from a cross between S. melongena
and S. torvum, however, they were sterile and exhibited few
stainable pollen. Yamakawa, et al (1978) also produced a
hybrid between these species, but neither F, nor backcross
progenies were obtained. To the author's knowledge, the
morphological characteristics of the hybrid or the cytologi-
cal bases for their sterility have not been reported.

Efforts to hybridize S. melongena and other related
species appear in the literature. Tatebe (1936) made a

cross between S. jpntegrifoljum Poir. and S. melongena L., in
which a hybrid was only produced when S. melongena was used
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as the pollen parent. The hybrid showed a closer resem-
blance to S. integrifolium than to S. melongena, and was
sterile. Although cytological observations suggested that
meiosis was normal through the tetrad stage, shortly after
liberation of the microspores from the tetrad, they were ob-
served to disintegrate, resulting in inviable pollen pro-
duction.

Khan, et al (1978) produced a semi-fertile hybrid with
Se integrifolium, using S. melongena L. var. Pusa Purple
Long as the female parent. Meiosis appeared normal, though
various meiotic abnormalities were noted in about 15% of the
pollen mother cells (PMCs). They concluded that the two
genomes had been differentiated by cryptic structural changes
of the chromosomes.

In a study involving the hybridization of S. melongena
L. and S. cumingii Dunal, Campinpin, et al (1963) were able
to produce a fertile hybrid. Cytological observations in-
dicated that there was considerable similarity between the
two parental genomes. In the F,, pairing was found to be
normal, and the percentage of viable pollen was approximate-
ly the same as that of the parents.

In an effort to incorporate resistance to Verticillium
wilt into S. melongena, Nasrallah and Hopp (1963) made
crosses with S, gilo and S. indicum. Reciprocal F;'s were
produced, and all F, plants were highly sterile. The hybrid

S. melongena X S. gilo could be backcrossed to S. gilo, but
not to S. melongena. In this hybrid, pairing appeared to be
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normal at metaphase I, however, irregular chromosomal dis-
tributions as well as the formation of bridges were noted in
anaphase I.

Rajasekaran (1970) conducted cytogenetic analyses of
the F hybrid S. indicum X S. melongena L. and its amphi-
diploid. The cross was only successful when S. indicum was
used as the pistillate parent. The hybrid exhibited normal
meiosis, although it was semi-sterile, with 49% stainable
pollen. They were able to produce a fertile amphidiploid
and concluded that the sterility was due to small segmental
differences existing in the chromosomes of the parental ge-
nomes,

Cytological studies were also conducted by Rajasekaran
(1971), on the F hybrid S. xanthocarpum Schrad. and Wendl.
X S. melongena L. and its colchicine derived amphidiploid.
The hybrid was produced only by using S. xanthocarpum as the
female parent. The resulting F; was sterile, despite normal
meiosis, Fertility was restored in the amphidiploid, sug-
gesting cryptic structural hybridity.

A similar study by Rajasekaran (1971) utilized S. me=-
longena var. insanum Prain. A hybrid was produced only when

S. xanthocarpum was used as the female parent. The result-

ing hybrid was sterile, and efforts at selfing and back-
crossing to either parent were unsuccessful. The most com-
mon chromosomal association noted at metaphase I involved
the formation of 10 bivalents and 1 quadrivalent. Only

about one-third of the cells observed exhibited normal



6

pairing of 12 bivalents at metaphase I. Subsequent stages
appeared normal. The pairing in the hybrid indicated a
close affinity between the two parental genomes, and the
differences appeared to be due to segmental interchange, as
indicated by the formation of a quadrivalent at metaphase I,
followed by normal anaphase 1 segregation.

The breeding behavior of S. zuccagnianum Dun. with S.
melongena L. was reported by Rajasekaran and Sivasubramanian

(1971) using S. zuccagnianum as the female parent. As in

previous studies, the reciprocal cross was unsuccessful,

The hybrid was sterile, and backcrosses to the parents were
unsuccessful., Examination of the pollen indicated sterility.
Metaphase I associations of 10 bivalents and 1 quadrivalent
were most commonly observed, with a small percentage of cells
showing 12 bivalents. Subsequent stages generally appeared
normal. The parental genomes appeared to possess some homo-
logy, and the sterility was explained on the basis of seg-
mental interchanges and small cryptic differences of the
chromosomes.,

Solanum macrocarpon L. was used as the pollen parent

and was crossed with two varieties of S. melongena L. in-
digenous to India, by Wanjari (1975). While most PMCs show-
ed regular bivalent formation at metaphase I, some univalents
and multivalent formations were noted, with corresponding
irregularities in subsequent stages. Sterility was postu-
lated as due to cryptic structural differences between the

genomes,
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Schaff, et al (1980) also utilized S. macrocarpon in
interspecific hybridizations with eleven genotypes of S.
melongena. When S. melongena was used as the female parent,
five of the eleven combinations of crosses set fruit. Using
S. macrocarpon as the female, nine of the eleven combina-
tions were successful. The fertility of the F; progenies
was variable, ranging from complete absence of flowers to
the production of fruits with few seeds.

Rao, et al (1979) conducted a study to determine the
inter-relationship between S. melongena L. and S. hispidum
Pers. They utilized an Indian cultivar of S. melongena,
var, Pusa Purple Long, as the female parent. The recipro-
cal cross was unsuccessful. The resulting hybrid was high-
ly sterile, with less than 2% pollen fertility. Hybrid
meiosis was irregular. Few bivalents and large numbers of
univalents were noted. The chromosomes appeared to be very
lossely paired in the bivalents. Anaphase I exhibited er-
ratic behavior of the univalents with varying numbers of
laggards., Delayed separation of the bivalents, as well as
bridges and fragments, were also noted in anaphase I.
Micronuclei were observed in both telophase I and II, with
most sporads containing multiple clumped and degenerating
pollen grains.

Based on the meiotic abnormalities observed, the pa-
rental genomes were considered dissimilar. The high fre-
quency of univalents, coupled with loose associations of the

bivalents, suggest that the differences in the parental
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genomes were due to structural changes within the chromo-
somes which may have occured during the evolution and dif-
ferentiation of the species.

Rao (1980) obtained similar results from the hybridiz-
ation of S. melongena L. var, Baromishi X S. hispidum Pers.
The resulting hybrid was sterile with 1.4% pollen viability.
Hybrid meiosis was irregular, and anomalies were observed at
every stage. He concluded that structural changes of the
chromosomes, coupled with disharmonious interaction of the
parental genes were responsible for the sterility of the hy-
brid.

Attavian, et al (1980) reported the crossability of
several Solanum species and classified the crosses into
three groups: A, species reciprocally crossable (S. gilo
Raddi X S. integrifoljum Poir.; S. nodiflorum Jacq. X S.
integrifolium), capable of producing fully fertile F; plants,
B, species unilaterally crossable (S. indicum L. X S. incanum
Le; S. gilo X S. nodiflorum), and C, species reciprocally
noncrossable (S. gilo X S. indicum). Several varieties of
S. melongena L. were used to investigate the possibility of
gene transfer between species as a method of varietal im-
provement, and they found that many species of Solanum are

crossable inter se.



MATERIALS AND METHODS

The parents utilized in the hybridization were S.
melongena L. cv. Millionaire, (Takii Seed Company of Kyoto,
Japan), and a selection of S. torvum Sw., supplied by Pro-
fessor K. Yamakawa of the Vegetable and Ornamental Crops
Research Station, Tsu-City, Japan.

Morphological Study

S. melongena L. is an erect, branched shrub, about one
meter tall, with spines confined to the flower pedicel and
calyx. The leaves are large, oblong-ovate, shallowly sin-
uate-lobed, nearly glabrous above but densely tomentose be-
neath (Khan, 1979). In S. melongena L. cv. Millionaire, the
flowers are large, solitary, or occasionally, in clusters of
2 to 3., The calyx is spiny, purple, deeply lobed and per-
sistent. The corolla is about 3.7 cm in diameter., The
fruit is a large elongate berry, an average of 20 cm long
and 4.5 cm in diameter, dark purple in color.

Hossain (1973) reports that S. torvum Sw. is usually 2
to 3 meters tall, a much branched and moderately spined
shrub, with simply lobed to lobate-sinuate leaves. Its in-
florescences represent a form of a cyme. The calyx is deep-
ly five-lobed, white and deciduous. The fruit is a smooth,
spherical berry, 10 to 13 mm in diameter, green when young,

yellowish green to yellow when ripe.
9
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Plants of each species were grown in the greenhouse.
After anthesis of the initial flowers, bud pollinations were
made reciprocally by emasculating the female parents, fol-
lowed by hand pollination. Repeated pollinations were made
for each cross, and were successful only when S. melongena
was used as the female parent. The fruit, upon harvest,
yielded very few seeds. The seeds, when grown, produced
both selfed and hybrid seedlings.

The Fy8 were identified from the selfs by several
morphological characters. The following hybrid and parent-
al information were recorded: flower size and color, fruit
size, shape and color, leaf width, length and margin type,
amount and location of spines, number of flowers per in-
florescence, and the presence of stem anthocyanin. Data on
flower size, fruit size, leaf width, leaf length, and flo-
wers per inflorescence were obtained by averaging 10 mea-
surements per character. All other data were based on
visual observations.

Cytological Study

In order to determine the proper stage for the col-
lection of flower buds for cytological analysis, samples
were collected from greenhouse grown plants of both parents
and the hybrid, at two hour intervals, beginning at 9 AM and
ending at 5 PM. Cytological observations indicated that
buds collected between 9 and 11 AM and 3 and 5 PM, were most
suited for analysis. However, buds collected at 10 PM

yielded better cells for observing metaphase I chromosomes
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for the hybrid.

Buds were collected and fixed in a 1:3 acetic acid-
absolute alcohol solution. After 24-48 hours, they were
transferred to 70% alcohol and stored in a refrigerator un-
til used. In preparation for analysis, buds were hydrolyzed
in 1N HC1l for 6 minutes., After hydrolysis, buds between
8 and 10 mm long, with anthers 4 to 5 mm long, were selected
and the anthers removed and smeared in 1% acetocarmine. All
observations were made on pollen mother cells. Photomicro-
graphs were made to record the meiotic process for both
parents.

For the hybrid, data on meiotic abnormalities were re-
corded at diakinesis, metaphase I and 11, anaphase I and II,
and the tetrad stage. Photomicrographs were made to record
the anomalies at the various meiotic stages. The presence
of micronuclei was determined by observing the tetrad stage.
Pollen viability estimates were based upon the percent of
pollen stainable with potassium iodide (IoKI). 1000 pollen
grains were counted for the parents and the hybrid and those
stained darkly were considered viable.

For the study of hybrid mitosis, root tips were col-
lected from actively growing roots and pretreated in 0.02%
orthodichlorobenzene (ODB) for 45 minutes. After pretreat-
ment they were fixed in a 1:3 acetic acid-absolute alcohol
solution for 24 hours, hydrolyzed in 1N HC1l for 10 minutes,

and smeared in 1% acetocarmine.



RESULTS

- Morphological observations of the parents and the Fj
hybrid are summarized in Table 1. ILeaf length, leaf width
and number of flowers per inflorescence were greater for
S. torvum than for S. melongena, while flower diameter and
fruit size were larger for S. melongena than for S. torvum.
Due to sterility, the fruiting characteristics of the hy-
brid are not available.

The hybrid plant more closely resembled S. torvum in
flower diameter, spininess, leaf margin, inflorescence type
and flowers per inflorescence. The lavender colored flowers
resembled those of S. melongena. The leaves of the F, ex-
hibited the presence of anthocyanin as in S. melongena, but
were spined and deeply lobed as in S. torvum (Figure 1).

All other traits were intermediate between the parents.
Cytological Study

The parents and the Fl had 2n=24 chromosomes. No mi-
totic irregularities were noted in the hybrid. Meiosis in
the parents appeared normal, with 12 Bivalents at metaphase
I, followed by normal meiosis in subsequent stages (Figure
2). The pollen appeared well developed and exhibited a
viability of 87.5% for S. melongena, and 96.9% for S. torvum.

The size of the hybrid pollen varied greatly, viability

12



13

quasaad
9v° ¥ ¢°12
sawko esoquixod

sator3ad pue
saaeal *suwagys

juesqe
69° ¥ 6°LV
swAhd asoquhkaood

satorjad pue
saAedl ‘swals

quasaad
oT* + 1°1
aTdurs

1901 pad pue xATed

utruefooyjuy
80U8088JI0TJUL /SIOMOTI
ad L], aousdsagxoTJul

uoT3®BO0T aurdg

- uaaxsd ardand xaep 070D 31nay
- OT* ¥ 0°1 T2 ¥ 6V yptm
- TT1° ¥ 2°T Gb* ¥ 0°02 ysJual
(wd) 82TS 3TNag
- Jeinqo13 91e3uoTa adeyg 3Tunayg
JapuaAeT 21TYM Japuaael JOTO0) JIBMOTH
GT® ¥ V°¢ YT® ¥ 1°¢ 61 F L°¢ (wo) xojawerq I9MOTd
paqoT A1deap paqoT Atdeap paqoT-9j3enurs ut3ael JeoT
ov* ¥ L°GT Gv* ¥ v°0¢ ¢e® ¥ 6°0T YptHM
2y ¥ 8°81 Gv* ¥ 8°0¢ W ¥ v° LT ygduag
(wo) 8z1IS Jeol
praqhy lg UMAIOT °S BUsFUOTAU °S oT3s8TI930RIRYD

*praqhy Ug

pue sjuaded 8yl JO sOT3STa93oeaeyd Teorforoydaow uregasd Jo uostaedwo) °*T ATAVL



Figure 1.

A,

B.

C.
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Morphology of leaves and inflorescences of S.
melongena, S. torvum and their F; hybrid.

Ieaf morphology. ILeft: S. melongena; Right:
S. torvum; Center: F; hybrid Z.ZOXS.’

Individual flowers. Ieft: S. melongena;
Right: S. torvum; Center: F; hybrid z.%SX).

Inflorescnece types. Ieft: S. melongena;
Right: S. torvum; Center: F,; hybrid l.Eéx).






Figure 2.

A.

B.
C.
D.
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Meiosis in S. melongena and S. torvum.

?iakinﬁsis in S. melongena showing 12 bivalents
1050X) .

Anaphase I in S. melongena (1155X).
Anaphase II in S. melongena (975X).

Metaphase I in S. torvum showing 12 bivalents
(2575%). -

Anaphase I in S. torvum (1050X).

Anaphase II in S. torvum (935%).
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was estimated at 1l.7%. Meiosis in the hybrid was highly

irregular. The data on chromosomal associations at dia-

kinesis of the hybrid are presented in Table 2.

TABLE 2. Chromosome associations at diakinesis in S.

melongena X S. torvum.

Association Cells Observed
Univalents Bivalents No. %
8 8 3 11.1
12 6 3 11.1
16 4 13 48,2
20 2 8 29.6
x 15.85 4,07 Total 27 100.0

A total of 27 PMCs were analyzed at diakinesis, in which
the formation of 4 bivalents and 16 univalents was observed
in 48.2% of the cells. Complete pairing of all of the chro-
mosomes was not observed. A maximum of 8 bivalents was ob-
served in 11.1% of the cells. Mean numbers of univalents
and bivalents observed were 15.85 and 4.07, respectively.
The bivalents exhibited very loose pairing, characterized by
wide separation with a thin strand of chromatin joining the
two chromosomes (Figure 3A).

Data on chromosome associations at metaphase I of the
hybrid are presented in Table 3. A total of 75 PMCs were
observed. A maximum of 4 bivalents were observed in 28% of
the cells, while 29.3% of the cells showed 24 univalents

(Figure 3B). The mean number of univalents and bivalents



Figure 3.

A,

B.
C.
D.
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Meiosis of S. melongena X S. torvum hybrid.

Diakinesis with loosely paired bivalents and many
univalents (915%4).

Metaphase I showing 24 univalents (1045X).
Anaphase I with 15/9 disjunction (1125X).

Anaphase I with 15/8 disjunction and 1 lagging
chromosome (arrow) (1340X).

Anaphase I with 12/7 disjunction and 5 lagging
chromosomes (1105%).

Anaphase I with quadripolar distribution of chro-
mosomes (1315X).

Anaphase II with hexapolar distribution of chromo-
somes (950X).

Sporad stage showing 2 large cells and 1 small
cell (1560X).

Sporad stage showing a pentad (1670X).
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for a2all of the cells observed, were 19.71 and 2.15, respec-

tively.

TABLE 3. Chromosome associations at‘metaphase I in S.

melongena X S. torvum,

Association Cells Observed
Univalents Bivalents No. %
16 4 21 28,0
18 3 17 22,7
20 2 11 14.7
22 1 4 5.3
24 - 22 2903
x 19.71 2.15 Total 75 100.0

A total of 143 PMCs were observed at anaphase I, and both
dipolar and multipolar chromosome associations were noted.
Data on anaphase I dipolar distributions and the occurence
of lagging chromosomes are presented in Table 4, Segrega-
tion of 12 chromosomes to each pole was noted in 8.4% of the
cells, while 14.,7% showed a 14-10 distribution, which was
followed by 13-11 in 12.6% and 15-9 in 11.2% of the cells
(Figure 3C). The number of lagging chromosomes varied from
1l to 6 (Figure 3D,E).

Spindle abnormalities were observed occasionally, proba-
bly due to split or multiple spindles, which resulted in mul=-
tipolar distributions. Data for multipolar distributions at
anaphase 1 are presented in Table 5. Seven percent of the
PMCs observed showed .these anomalies, with 5.6% showing tri-

polar segregation and 1.4% with quadripolar segregation

!
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TABLE 4. Frequency of laggards and dipolar distribu-
tions at anaphase I in S. melongena X S.

torvum,
Cells Observed
Distribution  Number of laggards No. %
12-12 - 12 8.4
18- 6 - 3 2.1
16- 6 2 1 0.7
16- 7 1 1 0.7
16- 8 - 8 5.6
15- 9 - 16 11.2
15- 8 1 4 2.8
14-10 - 21 14.7
14- 9 1 4 2.8
14- 8 2 3 2.1
13-11 - 18 12.6
13-10 1 4 2.8
13- 9 2 6 4.2
12-11 1 17 4.9
12-10 2 10 7.0
12- 7 5 4 2.8
11-11 2 5 3.5
11-10 3 3 2.1
11- 9 4 1 0.7
9" 9 6 2 104

O
W
.

(@]

Total 133



23

TABLE 5. Frequency of multipolar chromosome distri-

butions at anaphase I in S. melongena X S.

torvum.
Cells Observed

Distribution No. %
Tripolar
14-6-4 2 1.4
14-5-5 1 0.7
12-6=6 1 0.7
10-9-5 2 104
10=-7=7 2 1.4
Quadripolar
11-6-6-1 1 0.7
7-7-6-4 1 0.7

Total 10 7.0

TABLE 6. Frequency of chromosome distribution at meta-

phase II in S. melongena X S. torvum.

Number of bivalents on Cells Observed
metaphase plates No. %
12-12 3 20,0
13-11 4 26.7
14-10 4 26.7
15' 9 2 1303
12=-10=2 2 13.3

Total 15 100.0
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(Figure 3F).

The frequency of chromosome distribution observed at the
second metaphase was determined from observing 15 PNMCs
(Table 6)., Unequal distribution of chromosomes at metaphase
IT was probably due to the unequal distributions noted in
anaphase I. The most frequent distribution types were 13-11
and 14-10, each occuring in 26.7% of the cells, followed by
a normal 12-12 distribution in 20.0% of the cells.,

Quadripolar and multipolar distributions of the chromo-
somes were noted when 57 PMCs were observed at anaphase 11.
Data on the frequency of quadripolar chromosome distribution
at anaphase II are presented in Table 7. Segregation of 12
chromosomes to each of the poles was observed in 7.0% of the
cells., Seven percent of the cells also showed distributions
of 14-14-10-10 and 15-15-9-9, while 5.3% showed distribu-
tions of 13-13-11-11 and 14-12-11-11. Multipolar distri-
butions were observed in 26.25% of the cells (Table 8, Fig-
ure 3G).

Microspore formafion at the tetrad stage is presented in
Table 9. Examination of 69 sporads showed that the number
of microspores formed from each microsporocyte was irregular,
with 4.3% forming single cells, 18.8% dyads, and 18.8% triads
(Figure 3H). Only 15.9% of the cells appeared to have normal
tetrad formation. The remaining sporads contained 5 or 6
microspores (Figure 3I). Micronuclei formation varied from
1l to 4, with 37.7% of the cells producing 1 micronuclei and

18.9% producing two. A maximum of 4 micronuclei per cell




25

TABLE 7. Frequency of gquadripolar chromosome distri-
bution at anaphase II in S. melongena X S.

torvum.

Cells Observed

Distribution No. %

12-12-12-12
20-20- 4-
20-16- 9-
18-12-12~
17=17=- 7=
17-12- 8-
16-16- 8=~
16-15- 9=~
16-14-11~
16-14- 9~
16-13-10~
16-12-12-10
15-15- 9- 9
15-12-11-10
14-14-10-10
14-13-12- 9
14-13%-11-10
14-12-12-10
14-12-11-11
13-13-12-10
13-13-11-11
13-12-12-11
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UIW-JWuUl1-00~1uui-1uun-J-J3-1-1-10

Total 42 73.75
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TABLZ 8. Frequency of multipolar chromosome distri-

butions at anaphase II in S. melongena X S.

torvum,
Cells Observed
Distribution No. %
Pentapolar
15-13- 9=7=2 1 1.75
14-11-10-8-5 1 1.75
14-11- 9-9-5 1 1.75
13-12-11-8-4 1 1.75
13-12- 8-8-7 1 1.75
11-10-10-9-8 1 1.75
Hexapolar
19-17-4-4-2-2 1 1.75
14-12-8=-8=3=3 1 1.75
13-13-7-6=5-4 1 1.75
13-11-9-5-5-5 1 1.75
12-12-8=7=5=4 1 1.75
10-10-9-8-6-5 1 1.75
9- 9-9-9-6-6 1 1.75
9- 9-8-8-8-6 1 1.75
Heptipolar
11-11-8-5-5-5-3 1 1.75

Total 15 26.25
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were observed in 2.9% of the cells.

TABLE 9., Microspore formation at the "tetrad" stage in

S. melongena X S. torvum.

Cell Size Cells Observed
Cells/"Tetrad"

Large Small No. %
1 l - 3 403
2 2 - 13 18.8
3 1 2 2 2.9
3 2 1 11 15.9
4 2 2 4 5.8
4 3 1 1 1.5
4 4. - ll 1509
5 5 - 1 1.5
5 3 2 2 2.9
5 4 1 14 20.3
6 2 4 2 2.9
6 4 2 5 T.3

Total 69 100.0

Determination of the presence of micronuclei was by visual
observation, with no assurance that a "normal" appearing cell
contained the proper chromosomal complement to insure fer-

tility in the mature pollen.




DISCUSSION

The hybridity of the interspecific Fl from the cross of
S. melongena X S. torvum was determined on the basis of mor-
phological characteristics and from cytological observation
of the meiotic abnormalities exhibited by the hybrid.

The "loose" associations observed at diakinesis and
metaphase I may be due to asynapsis, a failure of the chro-
mosomes to pair at prophase, or desynapsis, a premature se-
paration of bivalents prior to these stages. Univalents
were observed in all of the cases., Short chromosomes have
been reported to have a lower chiasma frequency than long
chromosomes, and thus a tendency towards early separation
(Kostoff, 1940). Short chromosomes are characteristic of
many Solanum species (Swaminathan, et al, 1954). The low
chiasma frequency in the hybrid chromosomes may have con-
tributed to the "loose" associations and occurence of uni-
valents at diakinesis and metaphase I.

Lack of homology between the two genomes may also be
a cause of univalent formation., The degree of homology
between the chromosomes of two species is generally con-
sidered as an indication of the evolutionary relationship
between them. However, pairing appears to be based upon a
balance between chromosome development and the stage of mei-

otic development. Rao, et al, (1979) suggest that these

28
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timing relationships may be controlled in such a manner that
slight changes in genetic constitution and genic balances
may inhibit pairing of chromosomes which may otherwise pos-
sess enough homology to pair.

Bivalents resulting from allosyndetic pairing between
chromosomes derived from the two parents, would suggest that
the parental chromosomes possess homologous segments., How-
ever, the occurence of 24 univalents in some of the PMCs,
coupled with the "loose" associations of bivalents in the
other cells, would suggest that the species may have differ-
entiated by structural changes of the chromosomes.

Based on observations at anaphase I, the aberrant be-
havior of the chromosomes would probably not allow for the
development of viable pollen grains. The abnormal segre-
gations noted in anaphase I was a continuation of the fail-
ure of the chromosomes to pair at metaphase I. When biva-
lent formation is limited, the resulting univalents are
scattered throughout the cell. As the bivalents begin to
divide, the univalents either move to the equatorial plate,
or gather about the pole nearest their former position (ILi,
et al, 1945). The univalents which fail to reach the equa-
torial plate are seen to lag behind at anaphase I, and de-
pending upon their proximity to the poles, are either in-
cluded in the daughter nuclei, or are lost in the cytoplasm.
These excluded chromosomes may, in part, be the micronuclei
observed in the tetrads of the hybrid.

The anomalies observed in anaphase I were present in
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the subsequent stages of meiosis. Abnormal chromosome dis-
tributions at anaphase II, and the occurence of multipolar
meiosis at both anaphase I and II, may result in the pro-
duction of gametes with unbalanced chromosome complements.
According to Tai (1970), non-homology between genome-specif-
ic spindle organizers can result in multipolar meiosis and
each genome possesses a genome-specific spindle organizer,
During fertilization, the male spindle organizer enters the
egg cell and either the spindle organizers fuse, or one de-
generates in favor of the other.

The behavior of the chromosomes may be due to an inter-
action of chromosome homology and the homology between chro-
mosomes and their spindle organizers. Thus, if either the
male or female spindle organizer disintegrates, the affinity
between the spindle organizer of one species and the chromo-
somes of another may be limited or non-existent. In such a
case, chromosomes released from the control of their spindle
organizer will move randomly within the cell, and may be ob-
served as laggards. In this species hybrid, both male and
female spindle organizers may be present, causing the sepa-
ration of genomes into different groups by means of multi-
polar meiosis,

The abnormal microspore formation observed at the tetrad
stage of the hybrid was most likely due to multipolar meio-
sis occuring in the PMCs. Cytokinesis appears to result
from an interaction of spindle organizers, such that when-

ever an organizer is present, cytokinesis occurs, cleaving
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the cytoplasm and maintaining a constant ratio of one spin-
dle organizer per cell (Tai, 1970). As the number of spin-
dle organizers increases, so does the number of cytokineses,
resulting in the formation of more microcells. Cells con-
taining more than four microspores would arise from this
process,

Cells with only one or two microspores were observed in
the hybrid. Apparently in these cells, normal nuclear en-
velope formation and cytokinesis were hindered by multipolar
divisions and unpaired chromosomes, resulting in the forma-
tion of one or two microspores. According to Machado (1978),
this is a common occurence in interspecific hybrids. The
formation of a restriction nucleus, which results from the
inability to separate the chromosomes into individual nuclei,
can result in a polyploid nucleus which would exhibit normal
meiosis and give rise to a viable gamete.

Although meiotic irregularities appear to be responsible
for the sterility of this hybrid, it is very difficult to
distinguish between genic and chromosomal sterility cytologi-
cally (Stebbins, 1958). Thus, genic imbalances and lack of
homology of the parental chromosomes may be acting Jjointly

to produce sterility in this hybrid.
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