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INTRODUCTION

The wild species of the genus Solanum section Tuberarium are
potential sources of desirable characters which would be of value if
they were incorporated in the cultivated varisties of potato, Bukssov
(2) and Hawkes (10). The characters of major interest to the pohsato
breeder ars resistance o late blight, virus resistance, insect
resistance, frost resistance, drought resistance, and high protein
content.

Rybin (2l)) established the existence of a polyploid series in
the wild and eultivated species. Species exist with a somatic chromo-
some number of 2L, 36, L8, 60, and 72.

Several cytological investigations have been reported in regard
to meiotic behavior of species, secondary association of chromosomes,
mature of polyploidy, interspecific hybridization, and sterility.

The previous cytological work has been sumarized by Koopsman (1L).

The survey of the literature indicated several opinions in repard
%o the nmature of polyploidy and the basic nuwber of the genus. Some
investigators have proposed a basic number of six instead of twelve.
The proposals of a basic number of six has been based on the high
degree of chromosome pairing in triploids, secondary association of
chromosomes, and complex genetical behavior. The original basice
number of the genus may have been sixy however, congidering the
regular bivalent formation reported in diploid speciesg, it is evident

that a bagic mmber of fwelve iz well stabilized.



The meiotic behavior of certain speecies and interspecific hybrids
was studied in this investigation., The crossability of the species
also was investigated. An interpretation, other than the pairing of
chromosomes within a genome, is proposed in regard to the high fre-

quency of chromosome pairing in %triploids.



HATERIALS ARD METHODS

The species investigated ecytologically and used in hybridization
are listed in table 1. The spescies are arranged in a taxonomical
scheme after Bukasov (3). The somatic chromosome mumbers of the
species are listed in the third column of the table,

A1l material was obtained from “he United States Department of
Agriculturs, Bureau of Plant Industry. The plants were grown in the
greenhouse at the Plant Industry Station, Beltsville, Maryland, during
the spring months of 1951 and 1952. All plants were grown from seed
with the exception of the following species which were growm from

tubers:

In regard to 8. chacoense Bitt. two lots of seed were selected
from the material available. One packet of seed was marked S. caldasiiy
and the other, S. commersonii. The plants grown from both lots of sced
were found to have a somatic chromosome number of 2l and differed only
slightly in morphological characteristics. Both agreed with the de-
scription of 5. chacoense Biti. and are considered by the author to
be forms of that species. As used in this report S. ghacoense refers
to the matsrial obtained under the name 5. caldasil and 3. chacoense
var. latisectum (Hassler) Bitt. refers to material received under the
mane of 5. commersonii.

Table 2 lists the hybrids that were examined cytologically. The
second column of the table gives the somatie chromosome numbers of the

hybrids.
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TABIE 1. Scheme of taxonomie relation of the species of Solanuwm,
section Tuberarium investigated (after Bukasov).

Chronogsune
Group Species number
Stellata
Comersoniara S. ghacoense Bitt, 2h
Se chacoense var.
latisectum (Hassler) Bitt. 24
Hotata
Articulata
Polyadenia 5. polyadenium Greerm. 2k
Tuberosa
Eububerosa Se Ltubsrosun L.
var. narlaine L8
var. Katahdin 48
Demissa 5. gemidemissum Juz. 60
S. denissum Tindl, 72
Acaulia S. acaule Bith, L&

TABIE 2. Interspecific hybrids investigated in this study.

Chromosome
Hybrid number
S. z2caule x 8. chacoense 36
S. acaule x S. chacoense var. Jatisectum 36
8. demissun x 3. chacoense 60
S. demissum x S. tuberosum var. Earlaine 60

In an attempt b0 obtain interspecific hybrids pollinations were
made among the species. These were made without regard 0 taxonomic
relationship or to chromogome nutber. | A1l possible corbinations were
made excep’ in cases where a limited mumber of flowers made this inm-

posgible. Pollinations were made on flowers which had been emasculated
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before the anthers started to dehisce.

Buds for cyhtolorical imvestigation were collscted in the morning
and fixed for 2L howrs in 3 parts 95% alechol to 1 part glacial acetic
acid. After fivation they wers transferred 4o T0% alcchol and stored
until used. HMaterial fixed and stored in this mamer wes satisfactory.
However, freshly fixed material was superior, especially for diskine-
sis.

Smears of the microasporocytes were made hy the assho-carmine smear
technique. Observations were made with the aid of 10X and 90X apo-
chromatic objectives and 15X compensating oculars. All photomicrographs
were taken from temporsry nmounts,

An attempt was made to study all stages of wmeiosis from diakine-
sis through the sporad stage. However, diakimesis was not found in
some of the material collected,

Somatic chromosome counts were made of the hybrid seedlings %o
establish their chromesome nurber and hybridity ab an early astage of
developnent. Smears of young leaves and root tips were atbempted.

The material was pretreated with 2 saturated solution of paradichloro-
benzene for one hour before fixation in 3 parts 95% aleohol to 1 part
glacial acetic acid. Smears were made by the aceto-cammine technique.
Both young unexpanded leaves and root tips were satisfachory for
chromosome counting. The pretreatment with paradichlorobenzene
shortened the chromosomes and inhibited the formation of the spindle

which resulted in 2 good spread of the chromosomes (Fig. 1).



RESULTS

Interspecific Pollinations

The results of the interspecific pollinations made in 1951 are
sumarized in %able 3. The diploid S. polyadeninm was the only speciss
which failed as both a male and female parent. In the crosses in-
volving species with differences in chromosome mumber, the cross was
more successful when the species with the higher chromosome number
was used as the female parent. The one execepiion was the cross 3.
chacoense x Katahdin and its mciml. In this case a comparison
is not justifiable because of the few number of pollinations made
when Katahdin was used as the female parent. From the cross S. acaule
x S. demissum, 168 aborted seed were obtained. This would indicate
that fertilization had taken plaece, but viable seed was not obtainsd

due to some cause other than the fajilure of fertilization.

Hybrid seedlings were obiained from the following crosses:

.
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hacoense x Katahdin
hacoengse var. latisectum x Katahdin
nle x S, chacoense
ule x S. chacoense var. latisectun
i dend saun x Katahdin

sgun x S. chacoense
misgum ¥ S. acaule

vt

emissun x Earlaine
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TABLE 3. Summry of interspecific pollinations mmde in 1951,
Fumber of  Fumber of  Number
Speciecs flowers fruit set of plump
pollinated seed
8. polyadentun
x S. ghacoensc 62 0 -
x 8. chacoensge
var, latisectun 39 o -
x 8. acaule 2L Y -
x Katahdin 57 0 -
x S. demissum 2% 0 -
S. chacoense
x S. %ﬁeﬁm 156 0 -
x S. acaule 128 0 -
x Katahdin L 28 13
x 8. semidenissun 19 0 -
X S. demissun 99 0 -
5. chacoense var. latisechum
X S. poiyadenium 120 0 -
x S. acaule 51 0 -
x Katahdin L6 11 6
x 5. semidemissun 110 2 0
x 8. Gemissun 129 0 -
S. Bcaule
X S. chacoense 6 1 137
x 8. chacoenge
var. latisectum 3h 12 1906
x Katahdin 3 0 -
x S. denissum 22 6 n
Katahdin
] 99 2 0
12 0 -
S. semidemigsum
x Katahdin 10 3 8l
§ . d@mssuﬂ
x S. chacoense 77 53 205
x 5. chacoense
Tar. latisechun 120 A 0
x . polyadeniun 90 0 -
x S. acaule 123 78 6
x Larlaine 22 3 99
x 8. senidemissun Lo o -




Cytolopical Investication of Speciss

S. chacoense (2n=2l;).--Five plants of this species were investi-
gated., Twenty microsporocytss from each of ths five plants were
studied at diakinesis. The results of these cbservations are summarized
in table L. From the results swmarized in table !y S. chacoense has a
chiasmata frequency of 1.032 (1238/1200) per bivalent. The terminali-
zation coefficient is 80,618 (998/1238 x 1M0). A cell at diakinesis
in which all of the chiasmata may be seen is shown in figure 2.

TABLE L. Types of bivalent formation and chiasmata in S. ghacoense as
determined from an analysis of 20 cells per plant.

Chiasmta
Plant Bivalents Univalents Terminal Inter- Total Average
Number Rod _ Ring stitial per. cell
12 229 10 2 229 20 249 12,15
i, 225 15 192 63 255 12.75
15 232 7 2 176 70 2h6 12.30
21 235 3 L 179 62 2h 12.05
1 2n 2 2 222 25 247 12,35
Total 1152 L3 10 998 2k0 1238

A cell at I-ifetaphase in which 12 bivalents are seen is shown in
figure 3. All the bivalents are of the rod type. Twe of the bivalents
show interstitial chiasmata.

The results of observations of the other shtages of meiosis are
summarized in table 5. The microsporocytes at I-Anaphsse, II-Prophase,
and II-Telophase were considered normal if twelve chromosome configura-

tions were counted in cach group. ©One of the cells observed at



I-Anaphase with & bridge and fragment is shown in figure L.

Figure 5 shows a cell at I+Telophase. A cell at II-Prophase is
shown in figure 6. These cells are normal with twelve chromosome
configurations in each group. Figure 7 shows 2 cell at II-Prophase
in which an unequal segregation of the dyads occurred during I-Anaphase,
One group has eleven dyads and the other group has thirteen. A cell
8t II-Telophase with twelve chromosomes in each of the four groups is

ghown in figure 8,

TABLE 5. Summary of meiosis in S. chacoense

Humber of microsporocytes observed

Stage of meiosis Normal _ Abnormal Nature of abnormalities
I-Anaphase 361 2 Bridee and fragment
II-Prophase 522 11 Unbalanced groups with

mumber of chromatid dyads
ranging from 10 to 1k.

II-Telophase L37 10 Unbalanced groups with
chromosome number ranging
from 11 to 13,

Sporad 59l 32 Dyads, pentads, hexads,
and septads.

S. chacoenss var, latisectum (2n=2L).--0On the basis of 20 cells from
cach of five plants the results of observations at diakinesis are
sunmarized in table 6. From the data presented in table & S. chacoense
var. latisectum has a chiasmta frequency of 1.073 (1288/1200) per
bivalent. The termimalization eoefficient is 61.91% (836/1288 x 100).

A cell at diakinesis is shown in figure 7.
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TABLE 6. Types of bivalent formation and chiasmata in S. chacoense
var. latisectun as determined from an analysis of 20 cells per

plant,.
Chiasrmts Average
Plant Bivalents Univalents Terminal Inter- Total per
Number Rod Ring gtitial cell
1 201 34 10 161 108 269 13.15
21 227 13 175 78 253 12.65
23 231 9 150 29 2L9 12.45
2k 191 o 18 18 90 271 13.55
25 230 8 L 169 77 246 12.30
Total 1080 10L 32 836 452 1288

The results of the other stages of meiosls are given in table 7.
In regard %o the data presented in table 7, the majority of the ab=
normalities wore observed in the two plants, mumbersl and 24. Figure 10
shows two cells at I-Anaphase. One c¢ell is normal with twelve dyads
in each group. In the other cell a precocious centromere split has
taken place in two dyads and four chromatids are lagging in the cyto-
plasm. Both of the two large groups have eleven configurations.

A cell at II-Prophase with the normal complement of dyads is
ghown in figure 11l. An abknormel distribution of eleven and thirteen
is .shown in the eell in figure 12.

Figure 13 shows a cell at II-letaphase with one dyad excluded
fronm the groups.

Figures 1! and 15 show cells at II-Telophnsc showing normal distri-
bution of chromosomes and three excluded chromosomes respectively.

A ecell at the sporad stage is shown in figure 16. In this cell

there are thrse large nucleil and three smaller nuclel.
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TABLE 7. Sumaryof meiosis in 3. chacoense var. latisechun.

Number of microsporocytes observed

Stare of meiosis Normal _Abnormal Nabture of abnormalities
I-Anaphase 1o 6 Unbalaneed groups, dyad

mmber in the group varying
from 11 to 13, Lagging dyads.

II-Prophase L69 82 Unbalanced groups, dyad
nunber in the group varying
from 9 to 15, Dyads excluded.
Precocious division of the
centromere.

II-Telophase Ly 56 Unbalanced groups, chromogone
number in the group varying
from 10 to 1. Chromosomes
axcluded,

Sporad L2 35 Dyads, “triads, pentads,
and hexads,

S. polyadenium (2n=2l) .~~eiosis was studied in five plants of
this species. At diakinesis it was difficult to distinguish between
bivalents with one chiasma (rod type) and bivalents with two chiasmata
{(ring type). The majority of the rod type bivalents had an inter-
stitial chiasma which held +the chropatic regions of the chromosomes
very close together. Ag & result it was often impossible to detemmine
whether a bivalent was of the rod or of the ring Ltype. It was possible
to determine with accuracy all 12 bivalents in only 22 cells. The re=-

sults of the observations on these 22 cells are surwarized in table 8.

TABLE 8. Types of bivalents and chiasmata frequency in $. polyadenium.

Humber of Bivalents  Bivalents —lVerage chiagmata
micro- with two with one Per cell Per bivalent

aporocytes chiasmata chiasma

s 223 i) 22,1236 1.8L5
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Figures 17 and 1¥ show ecells a% diakinesis.

The only abnormalities observed in this species was 2 bridge and
fragment at I-Anaphase (Fig. 19) and occasiomnl rwonads, dyads, and
triads at the sporad stape (Fig. 20).

Figure 21 shows a cell at II-Prophase. Figure 22 shows two
cells at I-Metaphase, The three cells shown in these two figures are
normal.

S.acaule (2n=18).--A% diakinesis in this tetraploid species only
bivalents were observed in (0 eells. Two bivalents were ahttached o
the mueleolus. The majority of the bivalents were of the ring type
(Fig. 23). Counts of the chromosomes in each rroup were made in 100
cells a% II-Prophase. In all eells there was an equal distribution of
chronmogsomes (Fig., 2L). The production of four wmicrospores at the
sporad stage was characteristic of this species. In only one of the
Tive plants investipated vas any meiotic abnormality obsserved. In
this plant four microsporocytes out of 107 had produced penhads at +the
sporad shtage.

5. tuberosum (2n=18).--Melosis was studied in the two varieties,
Katahdin and Farlaine, of this tetraploid species. In the variety
Katahdin L0 cells were classified at diakinesis. The results of these
observations are presented in %able 9. In Earlaine it was possible o
interpret diakinesis in only %wo cells. These two cells showed the
following confipurationss

3 quadrivalents, 2 trivalents, 12 bivalents, and ! univalents,
and

S quadrivalents, C trivalents, 13 bivalenis, and 2 univalents.
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Figures 25, 26, 27, 28, and 29 show cells of Katahdin at diakine=-
sis. The majority of the quadrivalents in Katahdin were the open
chain type. Diagrarmatic configurations of the different %ypes of
quadrivalents and their frequencies are shown in table 10.

TABIE 9. Frequencies of configurations a% diakinesis in Katahdin as
determined from an amalysis of L0 cells.

Configurations Total Range Average per cell
Quadrivalents 112 D=5 2.80
Trivalents 65 Ol 1.63
Bivalents 606 922 15.15
Univalents 65 D=5 1.63

TABLE 10. Types of quadrivalents observed in Katahdin,

L

e

e ebscaration S hiagmata Froquency

——— 3 68
>..... 3 11
3 3 3
O L 15
8 L 6
e kL 5
->e L 2
o<

Total 112




At dlakinesis usually only one nucleolus, %o which a single
bivalent was attached, was observed. A few cells, however, were ob=~
served in which there were two nucleoli with a bivalent attached to
each. Figure 25 shows this condition.

Counts at II-Prophase were made to determine the percentage of
mierosporocytes in which normal segregation occurred. A cell was con-
sidered normal if there were 2l dyads in each group. The results of

the counts at II-Prophase are summerized in table 11l.

TABLE 11. Distribution of dyads at IIsProphase.

Cells with Cells with unbalanced
normal groups. HNumber of dyads
distribution rangineg from 20 to 27
Katahdin 60 LE
Earlaine 21 22

Figure 30 shows a cell of Kaitahdin at IT-Prophase with the normal
distribution of dyads. A cell with an unequal distribution of 23 and
25 chromosomes is shown in figure 31.

Besgides the unequal distribution of dyads during the first meiotic
division, dyads were also eliminated in some of the cells. Such dyads
were obgerved in the cytoplasm during the second division. Observa-
tions were made at II-tletaphase to determine the number and frequency
of the elimination of dyads. As seen in %able, 12 dyads were more fre-
quently eliminated in the variety Earlaine than in Katahdin. A cell
of Earlaine in which there hms beecn one dyad eliminated is shown in
fipure 32. A cell at II-Metaphase showing two groups but no eliminated

dyads iz shown in figure 33.
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TABIE 12, Frequency of eliminated dyads at II-letaphase in Farlaine
and Katahdin.

Cells with the following number
of eliminated dyads

0 1 2 3
Earlaine 70 39 6 2

Katahdin 86 5 2 0

Observation of the sporads disclosed that 67% of the sporads of
Barlaine and 17% of the sporads of Katahdin had more than the normal
nuiber of L microsporcs. The detailed results of the observations at
the sporad siage arc shown in table 13. Figure 3L shows two cells of
Katahdin at the presporad stage. Qp@ qi: the cegaé is norml with four

nuclei; the other, abnormal with five muclei.

TABIE 13. Microspore formation in Earlaine and Katahdir

Sporads with the foiir .
of microspores

A A A N T
s

1

L.

L 5 N el
Earlaine 33 3k 28 3
Katahdin 83 17

Other than the elimination of chromosomes and the resulting pro-
duction of more than the usual number of four microspores, the meiotic
behavior of Earlaine and Katahdin was quite repular. A bridge and
fragment was observed in a single cell at I-Anaphase (Fig. 35) in
Katahdin., Figure 36 shows a cell at II-Metaphase in Farlaine in which
there is a chromatin bridge remining in the cytoplasm from the first

division,
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S. semidemissun (2n=60).~<Cood fixation of the first division
was not obiained., Consequently, dehalled conclusions cannot be made
in regard to the mediotic behavior of this species. During the second
division configurations were observed excluded in the cyhtoplasnm
(Fips. 27 and 38). A% the sporad stage only 35 cells from a total of
200 showed the formation of the normal number of four microspores. In
the other cells from five to seven microspores were observed.

S. gemisgsun (2n=72) .--leiosis in this hexaploid species was very
regular. Only bivalents were observed at diakinesis. A% II-Prophase
there was usually an equal distribution of 36 configurations in each
group (Fig. 39). In only one cell in the 500 observed was there a
chromosome eliminated. At the sporad stage only 19 cells from a total

of 1,00 showed the formmation of a fifth microspore.

Cytolorical Investigation of Hybrids

S. zeauls x S. chacoense (2n=36).--Somatic chromosome counts were
made on 15 of the F; hybrids from this eross. All had a somatic
chromosome number of 30, Diakinesis was studied in 65 cells. The
resulis are summrized in table 1h. Figure LO shows a cell at diakine=-
sis.

TABIE 1hi. Types of configurations at diakinesis in the triploid

hybrid 8. acaule x S. chacoense as determined from an analysis
of 65 cells.

Type of con- Range Average
figurations Total per cell per cell
Trivalents 218 1-7 3.82
Bivalents 558 513 8,58

Univalents L1805 212 7.38
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Sufficient material has not been examined to draw conclusions
on the other stages of meiosis. However, unequal distribution of
dyads (Fig. 1) and the elimination of chromosomes have been observed.
8. acaule x S. chacoense var, latisectunm (2n=36).-~The Fy plants
from this cross were all triploid hybrids with a chromosome number of
36. Twenty cells were observed at diakinesis. The results of the
observations at this stage of meiosis are swamarized in table 15.
Figures L2 and L3 show a cell at diakinesis.
TABLE 15. Types of configurations at diakinesis in the hybrid S.

acaule x 3. chacoense var, latisectum as determined from an
analysis of 20 cells.

Type of con=- ﬁénge Average
figurations Total per cell per. cell
Trivalents 90 1-7 Le50
Bivalents 175 512 8,75
Univalents 99 2-7 .95

At I-Anaphage a bridge and fragment were observed in six cells.
Three of these cells are shown in figures LL, L5, and l6.

Unequal distribution and lagging dyads occurred at the end of
the first division. OCounts were made in 112 cells at II-Prophase and
II-Hetaphage to determine the distribution of the dyads and the fre-
quency of eliminated dyads. The results of these counts are given in
table 16. A cell at II-Prophase with a distribution of 19 and 17 dyads
is shown in figure ,7; one with a distribution of 18 and 18 is shown

in figure L8.
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TABLE 16, Distribution and elimination of dyads at II-Prophase and
II-Yetaphsse in 3. acaule x S. chacoense var. latisectum.

Tliminated dyads

Groups with a dyad number of: per cell

1 15 16 17 18 19 20 21 22 o 1 2 3 L

- e W e e e
M = W ah Wi e o=

Frequency 5 1 32 K 50 38 27 10 21187 12 10 2 1

S. demissum x S.chacoense (2n=00).--Twenty-four of the hybrids
from this cross were checked for the somatie nunmber of chromosones.
A1l had the pentaploid chromosome number of &0, This indicates either
the formation of unreduced gametes or spontansous chromosome doubling
resulting in S. chacoense gametes with the diploid number.

Configurations from unlvalents %o pentavalents have been observed
a% diakinesis. The results of cbservations of ten cells are swamrized
in table 17,

TABLE 17. Types of configurations at diakinesis in the hybrid 3.
demissun x 3. chacoense as determined from an amalysis of 10 cells.

Type of con- Range per Average
figurations Total cell per cell
Pentavalents 3 0=3 0630
Guadrivalents 27 1=-7 2,70
Trivalents 18 3=7 L.80
Bivalents 13L 8-18 13,40
Univalents 65 L=10 6450

Counts were made at II-Prophase to determine the distribution of
the dyads and slso the elimination of dyads during the first division.

The results of the counts in 154 cells are shown in table 18.



TABLE 18, Distribution and elimination of dyads at II-Prophase in
S. demissum x S. ghacoense as determined from an analysis
of 134 cells.,

Eliminated
dyads per cell

n 1 2 3 L

1
Groups with a2 dyad number of: !

i

25 26 27 28 29 30 31 32 33 34!
t

2 7 22 51 s 71 L6 3 1 5 1102 31315 1 3

L]

Frequency

“w @ » @ wm]w w

The results of cbservations at the sporad stage are summarized in
table 19. The majority of the sporads had a number of microspores

greater than the normal number of four.

TABLE 19, Mierospore formation in S. demissum x S. chacoense.

Humber of microspores per sporad
4 5 6 7 8

Frequency 51 150 17 25 3

S. demissum x S. tuberosunm var. Barlaine (2n=60).=-Good preparations
of diakinesis wers not obtained. Consequently it was no% possible to
determine the frequency of the types of association during the firsh
division. Univalents, bivalents, trivalents, and quadrivalents were
observed. Fisures 1.9 and 50 show a cell at diakinesis in which uni-
valents, bivalente, and trivalents occurred.

Lagging dynds were frequent at I-Anaphase (Fig. 51). A bridge
and fragment at I-Anaphase was observed in four cells, one of which is
shown in figure 52. Counts were made at II-Metaphase to determine the

frequency and mmber of eliminated dyads. These results are presented

in table 20, Firure 53 shows a cell at II-Yetaphase with six dyads



eliminated,

TABLE 20, ZFliminated dyads at II-letaphase in the pentaploid hybrid
S. demissun x Harlaine.

2n

Kumber of dyads eliminated per cell
L 5

0 1 2 3 6

Number of cells 22 30 Lo T 1 2 1

Only a small percenbage of the microsporocytes produced the

normal nusber of four wlcrospores at the sporad stage. The results of

cbservations on 500 sporads are given in %able 21. Figure 5 shows a
cell at the presporad stage with five nuclei, a single chromosome,

and a group of five chromosomes.

TABLE 21. Microspore production in S. demissum x Farlaine

' >r of microspores per sporad
1L 5 6 7 8

Frequency 22 93 200 131 Lk 10

Percantage
of total Lok 18.6 0.0 26,2 8.8 2.0




DISCUSSION

The fact that pairing takes place in the interspecific hybrids
indicates homology bebtwsen the chromogomes of the different species,
Pairing was observed in all interspecific hybrids studied. Choud=-
huri (4), Emme (9), Xoopsman (1L), Lamm {(16), Propach (23), Rybin (29%),
and Swaminathan (28) observed as high a degree of pawring in hybrids
between diploid species as in the diploid species themselves.

Propach (23) considers that speciation on thes diploid level has been
genetic in nature, Howover, it is equally possible that structural
differentiation has also taken place. If structural aberrations in-
volve small segments of the chromosomes, they mulci héave little affect
on bivalen% formation. However, sterility of the hybrids could result,
That gross structural differences exist is demonstirated by the occur=-
rence of bridges and fragments in the diploid species S. chacoense

and S. polyadeniun and also in the interspecific hybrids, S. acaule

x S. chacoense var. latisectum and §. demissum x S. huberosum.

That polyploidy has played an lwmportan part in the speciation
of the genus is obvious from the large number of polyploid species.
The exact mature of the polyploids is not known since in no case have
diploid ancestors besn identified.

The polyploid species, S. acaule and 5. demissunm, studied in
this investigation have the meiotic behavior of allopolyploids. In
the case of $. dordssun, the only hexaploid species in the group,
polyhaploid plants have been reported by Bains and Howard (1) and

Doods (6). In these polyhaploid plants of S. derissum bivalents were



observed a* I-Metaphase. The number of bivalents per cell observed

by these investigators ranged from 2 to 6 and from 1 to 8 respectively.
The formation of bivalents indicates that there is some degree of
homology of chromosomes between at least two of the three genomes.

In view of these facts S. demissum is either an allohexaploid of the
segmental type with three different genomes or an allohexaploid with
two different genomes one of which has been duplicated. The regular
formation of bivalents in this hexaploid species would seemingly
indicate that three different genomes are present, in S. demissum.

The formation of quadrivalents in S. fuberosum indicates an
autopolyploid condition. Tetrasomic inheritance has also been re-
ported for this species by Lunden (19) and Mﬁller (20). However, both
of these conditions can occur in segmental allotetraploids. Ivancvskaia
(12) and Lamm (15) observed bivalent formation in a polyhaploid S.
tuberosum plant. Univalents were also observed and I-Anaphase bridges
and fragments were frequent. 7The plant was completely sterile.
Ivanoysiaja considefs Se tuberosﬁm to be an allotetraploid which develop~
ed from a hybrid between two closely related diploid species.

Considering the distribution of chremosomes during meiosis in S.
tubercosum, pollen grains are formed with the normal complement of 2l
chromosomes, with a number of chromoscomes greater than 2k, and with a
number of chromosomes less than 2. It would seem that the pollen
grains with aneuploid numbers should function occasionally. However,

a survey of the literature fails to reveal a single such report.
Forty-five varieties counted by Zllison (7) and 37 varieties counted
by Longley and Clark (18) had the normal somatic chromosome number of

LL18. The varieties in which chromosomes have been counted have all



been selections of the plant breeder. It is possible that weak
apeuploid plants were eleminated. Counts in an entire seedling
population from either selfs or intervarietal crosses have not been
made. I% is possible that such an investigation would reveal the
presence of aneuploid plants. However, it seemg likely that aneuploid
gametes or zypotes of 3. ituberosum are under selective disadvantage.
The only incidences of aneuploid plants in the renus Solanum section
Tuberarinm have been in the progeny of friploid and pentaploid species
and hybrids or in the progeny of fertile aneuploids originating from
triploids or pontapleids.

All the hybrids from the cross 3. demissum x 5. chacoense were
pentapleids. This indicates that the barriers 4o interspecific
hybridization between S. demissum and S. chacoense were overcome by
the functioning of S. chacoense gametes with the diploid number of
chronoscmes, The failure to ob%ain any tetraploid hybrids from this
eross emphasizes this fact. Livermore and Johnstone (17) and Swami-
mthan (28) have reported increased crossability and self-fertility
effected by the artificial doubling of the chromosomes in certain
species. The natoral ocecurrence of chromosome doubling or artifi-
cially induced doubling mey make possible otherwise difficult crosses.

The high frequency of trivalents and bivalents (Tables 1} and 15)
in the triploid hybrids S. acaule x S, chacoense and S. acaule x S.
chacoense var. latisectum is of interest, This same high frequency
has been reported in other triploid species and hybrids, Fmme (8),
Ivanovsiaja (13), Tarmm (16), v. Olah (21), Propach (22), and Schwar=
(26). The sum of trivalents and bivalents has often exceeded 12,

the basic number of the ponus. This has been interpreted as the
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result of pairing of chromosomes within a genome.
Another interpretation, consistent with the present concepts of
polyploidy, Stebbins (27), secms more plausihle. For an illustration

the tripleid hybrid S. acaule x S. chacoense will be discussed.

-

Since trivalents and bivalenis were observed in this triploid hybrid,
pairing must take place between the genomes of 3. acaule and S.
chacoense. This indicates homology of chromosomes of the two species.
However, this is probably homology of chromosome segments and not
necessarily entire chromosomes. I this is the case this hybrid is

a segmental alloiriploid. It is also probable that the tetraploid

S. acaule 1s a segmental allotetraploid in which only bivalents are
formed due to differential affinity, Darlington (33 pp. 198-300).
However, it is posgible that heterogenstic pairing can ftake place
between chromosomes of the two genomes of S. acaule when their exact
homologs are not present. Consequently, heterogenetic pairing between
the two genomes of S. acaule could account for some of the bivalents
observed in the triploid hybrid. A chromosome of 5. chacoense could
be composed of segments of which the homologs in 5. acaule are distri-
buted in two or more chromosomes. Considering that chromosomes pair
segment by segment, a chromosome from S. ghacoonse would then have more
than one possible partner within the two genomes of J. acaule. If the
chromosomes of the two genomes of S. acaule do pair, and a chromosome
from 8. chacoense has more than one pessible pariner within the two
genomes of S. acanle, a type of pairing could %ake place which would
account for the high frequency of trivalents and bivalenis observed in
this triploid hybrid. A polyhaploid plant of S. acanle would probably

furnish the answer ‘o the possibility of pairing between the two



genomes of S. acaule. However, such a plant has not been reported.

The utdilization of the wild speciss in transferring desirable
genes to the cultivated S. tuberosum should probably be undertaken
on the tetraploid level. FElimination of chromosomes in the triploids
and pentaploids, as pointed out by Howard and Swaminathan (11), could
result in the elimination of desirable genss from many of the func~-
tiomal gametes,

The solution to the problem of speciation of the group, whether
mainly genetic or dus to small structural differences, should be
looked for in the diploid species. Bafore the diploid species and
their hybrids hmre been thoroughly invesitigated both cytologically
and genetically, it will be difficult to interpret in detall the
behavior of the polyploid species.



SUMARY

Fight species and varieties and four interspecific hybrids in
the genus Solanum secticn Tuberarium were investigated in regard to
their meiotie behavior. The cressabillty of the species was also
investigated.

Pentaploid hybrids were chbtained from the cross, hexaploid
8. demigsun x diploid S. chacoense. Since no tetrapleid hybrids were
obtained from this cross as would be expected, it seems that the
barriers %o interspecific hybridization were overcome by the func-
tioning of S. chacoense gametes with the diploid number of chromo-
scnes,

Abortive seed were ob%ained from the cross fetiraploid S. acaule
x hexaploid S. demissum. Viable seed were not obtained presumably due
%o some cauée other than the failure of fertilization.

In the diploid species, §. chacoense and 8. chacosnse var.
latisectum, the majority of the bivalents at diakinesis were rod
shaped. Ring type bivalents were less frequent. Univalents were
also occasionally observed. This resulted in the unequal distribution
of chromosome configurations in some of the microsporocytes during the
first division. Precocious division of the centromere was occasionally
observed at I-Anaphase.

In the diploid spscies, 5. polyadenium, ring bivalents were more
frequent than rod bivalents at diakinesis.

The observation of bridges and fragments at I-Anaphase in both

gpecies and interspecific hybrids indicated that grossg structural



27

differences of the chronosomes cccurred. The pairing of chromosores
observed in all interspecific hybrids indicated a degree of homology
between the chromosomes of the different species.

The tetraploid 3. scaule and the hexapleid S. demissum had the
meiotlie behavior of allopolyploids. Considering the behavior reporied
in polyhapleid S. demissum plants and the probable pairing of S. acaule
chromosomes in triploid hybrids, it is likely that these species are
segnental allopolyploids. The formation of quadrivalents in the culti-
vated S. tuberosum indicated an autopolypleid condition.

Numerous trivalents and bivalents were observed in the triploid
hybrids, S. acaule x 5. chacoense and S. acaule x S. chacoense var.
latisectum. A high frequency of chromosome elimination was cbserved
in the triploid and pentaploid hybrids. The faght that desirable genss
may be eliminated with these chromosomes makes these types undesirable
for a practical breeding program. _

The diplaiﬁ speclies and hybrids should be investigated cyto-
genetieally to determine whether gpeciation has been mainly genetic
in nature or hasg involved struchtural differences. Before this has
been accomplished, it will be impossible to interpret in detail the
behavior of the polyploids,
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FIATE I
Chromosomes in cell of root tip. Meiosis in 3. chacoense.

Fige. 1. Chromosomes in cell of root %ip in %the pentaploid
hybrid 5. demissum x Barlaine, 2n=0(0. 600K,

Figs, 2~8 leiosis in S. ghacoense, 2n=2L, 1350X,
Fig. 2. Diakinesis. One ring and 11 rod bivalents,
Interatitial chiasmata indicated by arrows., All
other chlasmia are termimal,

Fig. 3. I-letaphase, Two bivalends in upper left with
interstitial chiasmata,

Fig. L+ I-Anaphase. Bridge amd fragment.
Fig . 9 « I -T&loph%‘me N
¥ ig. 6. II -?’I‘opha&e .

Fig. 7. II~Prophase., Unequal distribubtion, 11 and 13,
of chromatid dyads.

Fig. 8. II-Tolophase
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PIATE II

e var. latisectum, 2n=2L, 1350X.

Fig. 9. Diakinesis., Two ring and 10 rod bivalents. Intere
stitial chiasmata indicated by arrows. All other
chiasmata are termimal.

Fig. 10, I-Amaphase. Cell on right, normal. Cell on left,
li chromatids lagging in cytoplasm.

Fig. 11. II-Prophase.

Fig. 12, II-Prophase. Unequal distribution, 11 and 13, of
chromatid dyads.

Fig. 1. II ‘Tﬁlﬂphaw .
Fig. 15. II-Telophase. Three chromosomes exeluded.

Fig. 16. Early sporad. Three large nuclei and three smaller
miclei,
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Figs., 17-18. Diskinesis.

Fig. 19. I-Amaphase, DBridge and fregment.
Fig. 20. Sporad. Monads, dyads, triads.
Fig. 21. II-Prophase.

Fig. 22, Two cells at I-Metaphase,
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PIATE IV
Meiosis in tetreploids. 2n=l8, 1350X.
Fig. 23-2L. S. acaule
Fig. 23. Diakinesis.
Fig. 2L. II-Prophase,
Figs. 25~29, Diakinesis in S. tuberosum var. Katahdin.

Fig, 25, Two quadrivalents, one trivalent, and 18 bi-
valents. Two mucleoli.

Fig. 26, Diagremmtic presentation of Fig. 25.
Nueleoli, W. |

Fig. 27. Two quadrivalents, two trivalents, 16 bivalents,
and two univalents.

Fig. 28. nNisgrammatic presentation of Fig. 27.
Fig. 29. Zigzag quadrivalent.
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PIATE V
Yeiosis in tetraploids, contimued from Plate IV.

Fig. 30. II-Prophase in Katahdin. Fqual distribution, 2L
and 2, of chromtid dyads.

Fig. 31. II«Prophase in Katahdin. Unequal distribution,
23 and 25, of chromtid dyads.

Fig. 32. II-Metaphase in Earlaine. One dyad excludsd.
Fig. 33, Ii-tetaphase in Earlaine.

Fiz. 3. Presporad in Katahdin., One cell with four nvelei,
Other cell with five nuclei,

Fig. 35. I-Anaphase in Katahdin, Bridge and frament,

Fig. 36, II-Metaphase in Barlaine. Chromatin bridge from
first division.
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PIATE VI
Yeiosis in S, semidemissum, 2n=(0, S. demissum, 2n=72,
and S. acaule x S. chacoense, 2n=36. 1350X,

Fig, 37. II-Metaphase in £. semidemissum. Three chromosome
configurations excluded.

Fig. 38. II-Telophase in S. semidemissum. Two chromosomes
excluded.

Fig. 39. II-Prophase in 5. demissum.
Fig. L0, Diakinesis in the triploid hybrid S. acaule x S.

« Five trivalents, 7 bivalents, and 7 uni~
valenhs.

Fig. hl. II-Prophase in S. acaule x S. chacoense., Distri-
bution of chromatid m‘ﬁ%ﬂ and 22. e
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PIATE VII
Meiosis in the triploid hybrid S. acaule x S. chacosnse
var, latisectum. ©2n=36, 1350X%.

Fig. h2. Diakinesis., Three trivalents, 10 bivalents, and
7 anivalents. - v

Fig. ;3. Diagrammatic presentation of Fig. Li2.
Figs. lli-16. I-Anaphase showing bridges and fragments.

Fig. 47. II-Prophase, Unequal distribution, 17 and 1%, of
chromatid dyads.

Fig. 418, II-Prophase. Equal distribution, 18 and 18,
chromatid dyads,.



42 43

44 45 46

» *

47 48
PLATE YII



PIATE VIII
Meiosis in the pentaploid hybrid S, demissum x Earlaine,
=60, 1350%,

Fig. 9. Diakinesis. Five trivalents, 16 bivalents, and
13 univalents.

Fig. 50. Didgrammtic presentation of Fig. L9.
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PIATE IX
Meiosis in S. denm
VIII.
Fig. 51. I-Anaphase, Lagping chromosome econfigurations.
Fig. 52, I-Anaphase. Bridge and frapgment.

Fig. 53. II-lstaphase. Six chromosome configurations
exeluded.

dsgum x Earlaine, continued from Plate

Fig. Sh. Presporad. Five nuclel, 2 single chromosome, and
a group of five chromosomes.
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