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STUDIES ON THE SPECIES DITFERENT

TIATION "IN THE

SEC’I ION TUBERARIUM OF SOLANUM

VL Meiotic Behaviér of Amphiploids from Solanum longipedicellatum
xS clzacoense and its Bearing on Genomic Affinity between
the Parent Spec1es

Kojiro Kawaxamr and Motokazu MATSUBAYASHI

It has been gugge°tcd by Sressixs (1950) that, in
1dent1fymg genomes of closely related diploid
species whose chromosome differences are so small
as not to affect’ pairing, an available evidence is
given from analysis of cytological behavior of am-
phldlplOldS mduccd from between them ‘HowaArp
and SWAMINATHAN (1952) have pointed out that
cytological method based on' this ‘suggestion can
availablly be used for tuberous Solanum. According
to this. method, . several diploid species in the
genus bave, already, been studied by earlier workers
(SWAMINATHAN 1953 and WA\lINATHAN & How D,

1953)

On the othcr hand; ‘when genomic affinity is
studied :in Fy; hybrids. between : polyploids and
diploids, or, between the formers, it is of importance
to, determine whether the chromomme associations
found in the hybrlds are due to autcsyndesw or
allosyndesis, or both. This, however, is very
difficult or almost imposeible under the conditions
that the materials arec kept intact. In such case
the method mentioned above also is very useful
means. B )
“In’ the earlier preliminary  report,” MATSUBAYASIL
(1955b)..-has : discussed : a:.mode of chromosome
pairing observed in the tnplmd F4 hybrid (2n 36)
from S. lonwpedzcellatum (2n=48) x S. chacoense
(2n 24), on referencé to the data on the cytolo-
gical''behavior of its doubled -plant (2n=72), and
suggested -. that ./ the . paried chromosomes may
had been formed allosyndetically. Thereafter, this
was .confirmed by further examipaticns of the
came amphxplold materr‘l and the detailed reeults
vull be given'in- thlS paper. :

CHROMOSOME ASSOCIA T ION AT
. FIRST '\/IETAPHASE ,
"“Meiosis was studied in the pollen ‘motker cells,
The .acetocarmine techniques. employed here are

*  Contributions from the Laboratory of Plant
Breeding, Hyogo Agricultural College, Sasayama,

Japan. .No. 28.
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the same as those described. previously (Marsupa-
vasHI, 1955a).”

Since the meiotic configurations at first meta-
phase observed in 1955 had been too variable,
careful observations for the same material were
again done in the next year to make sure of it,
The details of chromosome associations found in
this stage are presented in Table 1.

From this table, it will be seen that the data
obtained by both the observations in 1955 and 1956
are closely. similar to each other.. The meiotic
configurations are characterized by that pairing
frequencies show so divergent variation that their
maxima are unable to be decided. There are not 36
bivalents formed regularly at all but various com-”
binations of quadrivalents, trivalents, bivalents and
univalents, their numbers per cell being 0-6, 0-6,
17-31" and 0-10 respectively. The mean pairing
frequencies were calculated as 3.10 xv+3 17 m+
22.80g +4.50 1 in 1955 and as 2.721v +3. 08m +23.
2911 +4.471 .in 1956. Figures 1, 2 and 3 show
certain configurations at this stage. For reference,
a critical analysis of the chromosome assoc:atlons
at diakinesis also was done in several cells, and its
result was found.to be almost similar to those
observed at first metaphase, even though it shows
a.slightly higher frequency of multivalents than
in the latter. In any case, for considering genome
constitution of this amphiploid plant, it should be
noticed that such high multivalent frequency as
is indicated as 3 quadrivalents and 3 trivalents in
the mean number per cell is found and that primay
associations of higher order than quadrivalent are
never observed in any cell so far as the authors
concerned. ‘

Thus, the fu’esent material differs evidently from
two other amphiploids with 72 somatic chromoso-
mes, which have been induced from the triploid
hybrids S. acaule (2n=48) x S. phureja (2n=24) and
S. acanle x S. simplicifoliuin (2=24) by Baixs (1951)
and SwaMIxaTHAN (1954 a), and then found to form
25.92y +0.161 and 35.8 +0:4 1 at first metaphase
by the same authors respectively.
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TasrLe 1. Chromosome association at first metaphase
- o 1955 B o - 1956 .
~_ Frequency per cell of " No. of cell Frequency per cell of | No. of
o v I nor (hoeteesy gy Il II 1 cells
0 2 28 10 | 1 0 4 28 4 1
{ 0 4 27 6 : 1 0 6 25 4 1
i 1 1 31 3 1 1 3 28 3 1
1 4 25 6 1 1 4 24 8 1
1 6 20 10 1 1 5 23 7 1
: 2 1 30 1 1 1 5 25 3 1
i 2 3 25 5 1 2 2 25 8 1
i 2 3 26 3 1 2 2 27 4 1
i 2 3 27 1 1 2 3 25 5 1
g 2 4 22 8 1 2 3 26 3 1
= 2 5 22 5 1 2 4 24 4 1
2 3 1 28 1 1 2 5 22 5 1
=) | 3 2 27 0 1 3 1 28 1 1
5 3 3 23 5 1 3 2 24 6 1
O 3 4 23 2 2 3 2 25 4 2
3 5 21 3 1 3 2 26 2 2
3 6 19 4 1 3 3 22 7 3
4 2 21 8 1 3 3 24 3 4
4 3 21 5 1 3 4 20 8 1
4 4 19 6 1 3 6 19 4 1
4 4 20 4 2 4 1 26 1 1
4 5 18 5 1 4 2 21 8 1
5 2 20 6 1 4 2 23 4 2
5 2 21 4 1 4 3 22 3 1
5 4 18 4 1 4 4 20 4 2
6 0 21 6 1 4 5 17 7 1
6 1 21 3 1 5 0 24 4 1
6 3 17 5 1
Total 93 95 684 135 30 98 111 853 161 36
M+m 3.10 3.17 22.80 4.50 2.72 3.08 23.69 4.47
+0.29  +0.28 +0.69 -0.55 +0.23 +0.23 40.42 +£0.33
Tasre 2. Frequency of different types in quadrivalent formation
————————e fﬂ,ﬁ — —
N/ 7 Mm A N Vv
Y v o 8N X Total
| 1
Freq. 31 36 7 6 60 19 25 7 191
g 16.23 18.85 3.66 3.14 31.41 9.95 13.09 3.66
Tasui 3. Frequency of laggards at first anaphase
Number per plate
e e n Total
0 1 2 3 4 5 6
Freq. 42 24 20 7 12 2 3 110
% 38.18 21.82 18.18 6.306 10.91 1.82 2.78
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TasLe 4. Chromosome distribution at second metaphase

Vol. 3, No:'2

© . Chromosome numbers -
T : 1955 N 1956 Total %
in sister plates o
36 — 36 4 15 19 22.09
37 — 35 3 10 13 15.12°
38 — 34 1 3 4 4.65
36— 1 —3 1 8 9 10.47
37— 1 — 34 1 5 6 6.98
038 — 1 33 1 2 3 8.49 e
39— 1 — 32 1 2 3 8.49
3B — 2 — 35 1 6 7 8.14
36 2 — 34 2 4. 6 6.98
37— 2 — 33 2 2 4 4.65
3B — 3 —H 0 1 1 1.16 .=
36 — 3 — 33 0 1 1 1.16
37 — 3 — 32 0 1 1 1.16
34 — 4 — 34 1 2 3 3.49
35 — 4 — 33 1 2 3 3.49
36 — 4 — 32 1 1 2 2.32
34— 6 — 32 0 1 1 116
Total 20 66 86 N
TaBLE 5. Frequency of chromosome number in second metaphase plates
. j Number per plate
: Total '+
' 32 33 M 35 36 37 38 39 sk
Freq 7 11 24 40 56 24 7 3 172, |
% 4.07 6.40 13.95 23.26 32.56 13.95 4.07 1.74 sl

As seen in Table 1, the frequency of bivalents
varied widely ranging from 17 to 31. About one-third
of the bivalents observed were of ring type paired
closely by two chiasmata and the remainings were
of rod-shape with single terminal or subterminal
chiasma. In the trivalents V- and Y-shaped types
were seen in most cells and three types of single
chain, triangle and P-shape in a few cell. The
quadrivalents were formed in various shapes. Thexr
types and frequenmes are given in Table 2.

CHROMOSOME BEHAVIOR AT
THE SUBSEQUENT STAGES

" The chromosome se;‘)arvationA af first anaphasé
was considerably irregular in most cells, showing
the lagging chromosomes ranged from 1 to 6 ('Tab.
"3 and F1g 4). Dxccntnc bridges and acentnc frag-
ments' were presen 1t rarcly A few cell showed first
lelSlOn rest1tut1on rcsultcd from fallure of chro-
mosome SCparat‘on at first anaph :

At second’ metaphace, some c11rom0°omes were

frequently scattered off both of the sister plates

‘and hence the distribution of chromosomes became

fairely irregular. The cccurrence of these scattered
chromosomes may be mainly attributed to non-
orientation of the univalents at first metaphase
and delayed separation of some of the bivalents
at first anaphase. Of 86 cells studied, thus, only
19 (22.1%) had normal distribution 36-36. The
chromosome numbers per plate varied from 32 to
39 and numerically balanced plates with 36 chro-
mosomes amounted to over -3274 -of the: plates
examined (Tabs. 4, 5 and Fig. 5). e
At second anaphase lagging of divided chro-
mosomes also occurred often. Restitution nuclei
having 72 chromosomes on each of sister plates
were observed occasionally at this stage. The cells
at cecond telophase exhibited frequently =evéral
m1cronucle1 scattered around’ four daughter nuclel

- (Fig. 6).
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The porads obcervcd comprlce var1ous kmds
rangmg from monads to decad<‘ and about“lO/‘?f
them were normal tetrads (Tab. 6'and Fig. 7)" " The
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TaBLe 6. Sporad analysis

Monad Dyad Triad Tetrad Pentad Hexad Septad Octad Nonad Decad“ Total

Freq. | 1 1 1 11 21 36 25 12 6 2 116
% | 0.86 0.86 0.86 9.48 18.10 31.04 21.55 10.34 L 1.72\
TasLe 7. Pollen analysis
o Stainableﬁi )
Normal form B Abnormal form Abortive | Total
Giant Large Middle Small Total Large Middle Smazll Total
- Freq. 2 698 48 8 756 49 34 5 88 1508 2352
ay
% C.09 29.68 2.04 0.34 32.15 2.08 1.45 0.21 3.74 64.12
4ok (Freq. | 6 566 48 8 628 92 37 8 137 2324 3082
uly

% 0.19 18.32 1.55 0.26 20.32 2.98 1.20 0.26 4.44 75.24

formation of monads and dyads must be certainly in the mean rumber per cell. For considering a

due to restitution nuclei occurred during the course reason why it forms the multivalents in such a

of first and second divisions. high frequency, the present authors will use here
again the symbols for the ciromesome rets which

have been used in the previous reports (MaTsuBa-

yvasH1, 1955b and Kawakavi & Marst Bavasur, 1956).

Thus, parentage and chromosome constitution of

this amphiploid plant are presented as follows:

POLLEN FERTILITY

Pollen camples were prepared with dilute
acetocarmine solution in both months of May and
July and analysed in detail in order to ascertain C C
good pollen ratio as indicated by their stairabilities, Ll Ll LZLZ X
forms and cizes. The results are presented in
Table 7. The stainable grains with normal form

(5. longipedicellatum; 24y (5. chacoense; 12g)

were assorted on tne ground of their sizes into L L C
four classes: ‘giant’, ‘large’, ‘middle’ and ‘small’, 142

their diameters being 35-42, 30-32, 26-28 and 20-24 (F; nybrid; 12y + 12y

in p respectively. From a close similarity between

the sizes of the three latters and those of pollen

grains from naturally occurring hexaploid, tetra-

ploid and diploid Solanum species, it may be sug-

gested that the large, middle and small grains have LlLl LzLZC C
the addition or loss of some chromosomes to or Clpstarotay Sye Swa Vg + 3)

from the chromosome complimerts of 3x, 2x and
x respectively, and that the giant grains have
unreduced number resulted from restitutiorn. Ap-
proxithately 24 per cent on an average, thus, is a
ratio of the good pollers produced naturally in
ti:e present amphiplold plart (Fig. 8).

S. longipedicellatum is krown to have regula,
meiosis, forming 24 bivalents at firet metaphase
(Swamixariay, 1954 and MartsuBavasur, 1955 a) and
S. chacocnse also to form 12 bivalents regularly
(MaTtsusavasur, 1955b). In the former cpecies, espe-
cially, no multiva’ent formation has been obsérved
— so far. If the ciromosome set (C) from S. chaco-

RSN ense, therefore, does rot mate with either (Ljy or

As mentioned above, unlike the two other Lz2) of those from S. longipedicellatum, it should be
doubled plants wita 72 chromoscomes from S. acaule expected that this amphipleid rlant shows ornly
x S. phureja zvd S. acaule x S. simplicifolium, the 36 bivalents usually at first metaphase, even though
present material was fourd to have a cignificantly there are come irregularlities in its gairing be-
Ligh multivalent frequercy at first metaphace, havior. Neverthelecs, there was in fact a high degree
showing three quadrivalents and three trivalents of the multivalent frequency. From this fact the
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¥i6s. 1, 2 and 3: First metaphase plates, with 61y
+3m + 17g +51, 6v+1m+21ly +31 and 4v +
3m +21p +5 1 respectively. Fia. 4: First anapha-
se, showing two laggards. Fi6. 5: Second metaph-
ase, showing 34-3-35 distribution. Fic. 6: Second
telophase, having several scattered chromoso-
mes. Fie. 7: Sporad stage, showing various
polyads. Fia. 8: Pollen grains, indicating a low
proportion of stainable ones.

(Figs. 1 to 6: ca.x1500. Fia. 7: ca.x250. Fia. 6:
ca.x100).
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present authors are obliged to judge -that the
multivalent formation must have beern made be-
tween CC and either LiLy or Lale.

Furthermore, as seen from Table 8, this plant
can be compared very advantageously with colchi-
cine-induced autotetraploid forms of several related
species in the frequency of multivalents. The mul-
‘tivalent coefficient, that indicates the p’érceptage
“of ‘the observed multivalents calculated on the
total number of possible multivalents, is 48.38 and
. 52.22 in the present material and 49.65 in the
autotetraploid S. verrucosum which has been known
to show the highest multivalent frequency among
the induced autotetraploid Solanums studied so
far. The former’s values are no less higher than
the latter’s one. This suggests that C is almost
completely homologous with either Ly or L.

Such a interpretétion "would be further suppor-
ted by the various irregularities of chromosome
behavior at the subsequent stages, such as the

Agriculture

11956),

frequent occurrence of laggards at first anaphase,
the low frequency .of .balanced plates at -second

-metaphase, - the frequent - formation of  several

micronuclei at the .sporad stage and the low :per-
centage  of pollen fertility.. These irregular behav-
iors also have been found. usually in some auto-

. tetraploid Solanums (MarsuBavasHI, unpub.).

Taking these considerations into account,
chromosome constitution of the amphiploid plant
should be symbolized -newly as LLCCCC instead
of LyL1LpL2CC that has been used previously.
Hence this - plant is regarded as a ‘digenomous
allohexaploid. . a

On the other hand, in the previous reports (Ma-
TSUBAYASHI, 1955b and Kawakamr & MATSUBAYASHI
the. authors” have -found that the triploid
F4 hybrid: S. longipedicellatum x S. chacoense shows

.the mean -pairing frequency of 12 bivalents plus

12 univalents at first metaphase.: On-the basis of

‘the : considerations mentioned ' above, .it can: be

TasLe 8. Comparison of multivalent fréquenéy between the present material
and several induced autotetraploid Solanums

of quadrivalents + trivalents

No. of Number, per cell Mean | Multiv.| - -
Material . cells - per | coeffi- Reference
studied) ¢ 1 2 3 4 5 6 7 8 9 | cell |cient ’
1955 30 — — 2 1 2 5 4 8 4 4 6.27 52,22 .
lI_r’lraetseerrilatt1 Present study
1956 36 — — — — 5 10 14 3 2 2 5.81 48.38 | & -
S. rybinii (4x) 20 — — 1 4.6 5 3 1 — — 4.40 | 36.67%| Lamm (1945)
S. polyadenium o 4 _ SWAMINATIIAN
(4%) 25 3 5 5 4 4 5.56 46.67 (1954)
S. schickii (4x)| 75 4 14 10 22 12 6 6 1 — — | 2,95 | 24.56 | MATSUBAvASHI
. (unpub.)
S. verrucosum )
(4%) 24 —— — — 2 512 3 1 1 5.96 49.65 ”
* Calculated by the authors from the original data.

concluded that 12 bivalents in this case were
formed allosyndetically. Also, the same conclusion
would be able to be applied to the case of the
triploid Fy hybrid S. longipedicellatum x S. schickii,
in which 1y + 11g + 111 have been observed by
MarsuBayastur (1955a), for the reason that the
pollen parents of both the Fy hybrids have been
accertained to be completely homologous with each
“other in the genome constitution (MATsUBAYAsm,
unpub.).

SUMMARY

In this paper, the meiotic behavior of an
amphiploid plant with 72 somatic chromosomes,

129

induced from S. longipedicellatum x S. chacoense,
is described and its significance to the genomic
affinity between the parent species is discussed.

This plant shows- such unexpectedly high
multivalent frequency as is indicated as three
quadrivalents plus three trivalents in a mean number
per cell at first metaphase; The chromosome
behavior during the subsequent meiotic course are
considerably irregular, showing various abnormari-
ties such as laggards at first and second anaphases,
unbalanced plates at second metaphase, micronuclei
in the sporads and pollen abortion.

From considerations on these behaviors, a sug-
gestion is given as follows: 1) the genome of
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S. chacoense is completely homologous with either
"of ‘the two genomes of S. longipedicellatum, 2)
‘thus, the genome formulae of LLCCCC for the
amphiploid plant and LCC for both the triploid
Fy hybrids from crossing S. longipedicellatum with

~S. chacoense. and S. schickii respectively are pro--

posed anew.: (Laboratory = of - Plant Breeding,
) g : Received -Aug. 31, 1958),
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