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CYTOLOGY OF A FERTILE MONOPLOID TOMATO.

Introduction.

The term jmonoploid is used here rather than hap-
loid, not merely because'it is réplacing haploid in recent
literature, but because monoploid signifies "true Haploidy"
(Darlington, 1932.) Thus the strain of the Farliana variety
of tomato used in this investigation is considered to be a
monoploid, since it is naturally occuring, has twelve chromo-
somes or the basic number of the genus, in somatic cells as
Well és in the gameﬁes. The pollen is highlyﬂfertile and
ovulefdQVelopment 1s apparently parthenocarplc resulting in
abundant fruit with viable seeds. This i1s the first highly
ferﬁile monoploid tomato to be reported, and as far as can be
ascertained the first fertile monoploid flowering plant.

The observations to be reported in this paper are
part of a serieg of investigations carried on for the past ten
years at the Dominion Experimental Station at Summerland,
British Columbia, in an attempt:to.determine the cause of
roughness in the Earliana tomato. A rough fruit may be des-
cribed as one, Which; instead of having a regular smooth and
round shape, is irreéular in shape~ that is with éorrugations
and grooves., These rough fruits are rejected byvthe canners,
resulting in serious losses to the growers, Breeding, select-

ion, and nutritional studies have been of no avail in the

elimination of roughness. Temperature, especially the cold



rnighk~ham@eratﬁres of the'earlywsuﬁmeg<s@emwt@khaveesgmﬂ>§ffsnt,
 giving an increase in the.ammount of-roughness.--Besides-cold
the other main factor influencing Toughness is heberozygosity
@ﬁ;tﬁe,planbsggaigonﬁitiaai?hi@h iﬁ‘iﬁ,&ﬁ@gr& with our present .
fay kno@leﬂgégﬂfvmbﬁmpiaids, ﬁ@~@aﬁ@5@?t0&§g&ﬁal_sta@y haﬁ
' ih0t @oﬂzrihaﬁed~greatlyaﬁa~thewaﬁﬁlan&tﬁ0ﬁ aﬁa sa&uﬁioﬂ‘of
reughﬁass, a9 amly"mlerosnoroganesis hes been tharwaénly
investigateds l@wgver, this progegs is mf‘&nte@est ginee 1%
,&iffers fr0m~ﬁﬂ&ﬁ'§9$ﬁﬂi%ﬁﬁ fa?;mthﬁr'moma§ie&d pianus in

that there is an equal distributlen of the “chromogones st the
'bwo ézvisinns, Whiﬁh are, in effeat two 3&@9@3&1?@ m&teseg

‘ﬁuyinb which each ehromogone Aivides twlees
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Material and liethods,

The material for this investigation was grown
during 1933, 1934 and 1935 at the Dominion Experimental Station,
Summerland, B.C. Two strains of the Earliana variety were
used; A common diploid veriety, John Baer, was used for comQ
parison. DBuds and>blossoms were collected ét random through-
~out the field plots in order to insure that the material was
representative of the variety and not of one particular plant.

Two killing and fixing solutions were used.

One was weak chrom-acetic solution (Schaffner's formula),and
the other was an alcohol-acetic fluid known as B.C. Fixing
Solution. 1t haé the following constituents:- 95 per cent
alcohol, 100cec; acetic acid (glacial), Z2cey formalin, 5 ccj;
and water, 25 cc. Both causéd gome plasmolysis but the B.C.
Fixative was the superior, and was very convenient because
material could be left in it for an indefinite length of time.
The material was imbedded in parafin and sections were cut

8 to 10 microns in thickness and stained with iron alum and
g@matoxylin.

Anther smears were made With both the monoploid
and diploid maferial, fixed with Navaschin's solution and
stained with Gentian Violetv(La Cour, 1931). This method
proved Quite satisfactory but the parafin method was used

almost entirely as it gave series of stages in single anthers.
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Experimental Results.
Somatic chromosome counts.
Chromosome counts Wééimade in root ép cells of
the monoploid Earliana tomato and twelve chromosomes or the x
number were observed. (Fig. 1). Ih order to be sure that each
bud used for microsporogegesis studies was a monoploid, chrome-
gome counts were made in somaklic cells of the sepals, petals,
anthers, and style. Fig. 2 shows a metaphase plate in a betal
cell; Fig. & shows a side view of metaphase chromosomes of
three levels of a nucleus in an anthertip cell; and Fig. 4
shows a late. anaphase stage in a cell of the styie;‘ A1l Stages
show twelve chromosomes which is the monoploid number for the
tomato,. |
Microsporogenesis.
In the following descriptinn of microsporogenesis
in the monoploid, terms used to deséribe’stages analogous
;to those occuring in the diploid, particularly the prophase
stagés, will be placed in quoﬁatioﬁ marks to show that they
are not strictly applicable here._
Ihe nucleus at the last resting stage preceding
melosis in the microsporocytes consists of a fine reticulum
of chromatic substance. Scattered along this reticulun are an
indefinite number of dafk staining bodieé (Fig.5).
With the beginning of the early prophase the
number of anastomosing reticular threads becomes greatly

reduced. ‘Those remaining thicken slightly, forming single
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leptotene threads which are joined together by finer strandé
(Fig. 6). Sometimes the remains of the chromatic bodies
that wererscattered on the reticulum are still present, but
these disappear later. At late leptotene the threads become
a little thicker and the fine connecting fibres become less
disbtinet, (Fig. 7).

As the prophase progresses the threads continue
- to thicken and show considerable variabion in diameter
(Fig. 8%. This corresponds to zygotene at which stage synapsis
' normally takes place. ‘he contraction known as synizesis
has not been observed in this monoploid although some CDR-
traction of the nuclear cqnstitienta takes place. It is
probably an artifact caused by fixation. At late “zygotene"
there is no evidence of pairing between the chromosomes or
any part of them as would be expected in a diploid.

The next stage is "pachytene'where the chromosomes
thicken and begin to %?rten in length. Again they show =
evidence of having paired (Fig. 9).

"Diplotene”, where in normal diploid meiosis
it 1s customary for the chromosomes to shorten and thicken and
vfor loops to occur bétween the paired parts. Wbereas in the
‘monoploid Earliana there is shortening and thickening of
the chrdmosomes but no ldoping,— a Turther evidence that
no palring took place. Figures 10 and 11 show two consec-
utive stages of this. 1he fine connecting fibres are still
present but this is the last stage at which they were seen.

Fig. 10 A. shows a special case of a nucleus at "diplotene'.
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Tuclel of this sort eccasionally occur and the parallel
position of some of the threads and chromosoies wight easily
be interpreted~to be the result of pairing, but nothing was
-observed previous to this stage that would substantiate this.
" Perhaps itwis an accidental paralleliém or else the chromos-
omes are beginning to form daughter chromatids.

At "diakinesig"

the chromosomes present an un-
expected appearance. They are "doubled". Apparently a
longitudinal splitting haé taken place giving them an appear-
ance similar to that of the paired chromosomes of a diploid,

but instead of being in the form of tetrads they are diads,

~and the number of diads is 12. Individuality of the chromo-

somes 1s prominent at this stage, but they do not possess the -

same characteristics as those of the usual diploid tomato.
The split univalents are scattered throughout the nucleus
and one noticeable feature about them is that the univalent
halves widely repulse each other to varying extents but they
are not entirely separated and wandering (Fig. 12). During
late "diakinesis"the univalent halves draw together and bthe
nucleolus and nuclear membrane disappear (Fig. 13). This
‘compacting process éontinues until the chromosomes becomé
rounded and shrunken to form small sphereé losing their in-
dividuality entirely. Now & metaphase plabe is formed at
which the split in the greatly contracted chromosomes can be

observed only with difficulty, (Fig. 14).

-

At metaphase of the first division the chromosomes

line up regularly at the equatorial pPlate and =z bi-polar
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spindle is always present. In early anaphase the twelve
daughter uniValents (or halved univalents)pass regularly
to each pole (Pig. 15)., 1In a few odd cases as shown in PFigure

.16 the dividing univalents are scattered on the spindle, a
regular metaphase plaﬁe not being formed in these cases.
Figure 17 shows the individuality of the lé chromosomes at
"disjunction" during first metaphase, eleven of which show
varying degrees of telomitic or terminal spindle attachment,
and the other one a telomitic attachment, the spindle being
attached to the centre of the arc-shaped chromosome. A%
early anaphase these chrombsomes do not pull apért in the form
of V's as is characteristic of paired diploid chromosomes.
Late anaphase shows 12 chrpmosomes moving regularly to each
pole (Fig. 18). At telophase 1 the chromosomes mass together
in a loosse aggregation (Fig. 19).

At interphase there is a definite reorganization
of the nucleus. Figure 20 shows the twoiﬁuolei at early inter-
kinesis. Figure 21 shows a later stage where the nuclei are
complete with nucleoli and definife chromosomes. The chromo-
somes at this stage show doubleness and individuality. It
_was observed that the individuality of the chromosomes was
consistent and the same types could be identified at diakin-
esis, métaphase.l, and interkinesis; - see figures 12, 17, 21,
which are place@ side by side to facilitate comparison.

Foilowing the double stage during interphase the
chromosomes become smaller and rounded, the nuclear membrane

and nucleolus disappear, and the second metaphase plates are
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formed with well-defined spindles (Fig. £2). Both groups of
chromosones divide simultaneously and pass to the poles in
regular and orderly manner (Fig. 23). At late anaphase the
Spindle fibres near the poles are not clearly defined (Fig.
24). Upon reaching their respective boles the chromosome
groups are surrounded by a nuclear membrane and a nucleolus
appears. The chromosbmeékat this stage lose their spherical
shape and become elongated (Fig. 25).

Pollen tetrads are formed and these break apart
and develop into pollen grains. Pollen is about 90 per cent
fertile although this figure varies for different buds. Thisg
was determined from counts made of heavily stained, well-
rounded full pollen grains in various anthers. Pollen germ-
inates readily on the stigma and the style is packed with
pollen tubes passing down it.

Pollen nuclei were seen to enter the embryo sac,
but fertilization was not obsecrved to take place, however there
is not sufficient evidence on this point yet, and many more
~embryos will have to be examined;before it can be proved that
parthenogenesis takes place. Endosperm development appears
normal but there aré certain peouliérities in the embryo dev-
elopment that require a great deal more research before it

can be described completely.
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Review of Iiterature and Discussion.

Haploid sporophytes have been described in elight
,genera of flowefing plants. 'Datura, Oenothera, Nicotiana,
Triticum, Crepis, Braééica,.Matthiola, and Solanum. The hap-k
loids are smaller than the'dipioids, with smaller cells and
certain other alterations in form and character. They are
almost complétely stebile. TPhese have appeared (a) after
crossing with a distantly related.species, (b) after subjection
to cold at the time of fertilization and ﬂc) in the tomato,
”spontaneously". (From a summary of Gates and Goodwin@,
1930). |

The monoploid Earliana tomato does not conform to

any of the above described general characteristics for hap-

<-:1lolids. This monoploid plant is not noticeably smaller than

the diploid, yet it is slightly smaller. Among the most
notlceable dlfferences observed in the field are the following:
”sllghtly smaller leaves with edges curling inwards exposing
lighter colored under surface; an increase in the number of
floral parts , usuvally two more parts than in most diploids
'andvofteh more than two extra stamens; fruits are, as a rule,
borne in large numbers on a truss insgéad bf a hanging cyme
as 1is c@stomary for other varieties. The size of the cells
is approx1mat 1y wmid-way between the measurements reported
for the cell size of. haploid and diploid tomatoes by Humphrey,
(1934). It appears that this monoploid originated "spon-

taneously”. The following history is copied from U.3.D.A.
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Miscellaneous Publication No. 160: "Eariisna was introduced
in 19200 byqthe firm of Johnson and 8tokes, of Philadelphia.
The original stock was produced by George Sparks, of Salem,
N.J. and is reported to have been developed from a single
plant selection made iﬁ a field of tomatoes grown from seed
purchased under the name of Stone.” The author does not
know Whethef all Earliana tomatoes are monoploid or if this
condition only exists in the strains develdped by Mr. W.M.
Fleming at the Summerland Experimental Station and described
in this paper.

The cytology of the monoploid Earliana tomato
differs from that of any haploid previously described.
selling and Blakeslee (1927, 1927) give an account of the
cytology of Datura haploids produced by subjecting the plants
to low temperature at the time of fertilization. The 12
chromosomes show no attraction for each obher at the metaphase
of the heterotypic mitosis in the microsporocytes but either
move at random to the poles (in assortments of 1 and 11, 2
and 10, 3 and 9, 4 and 8, 5 and 7, 6 and 6), or there may be
non-reduction. If there is segregation the groups of chromo-
1somes after a short interphase pass through a homeotypic
metosis where each divides and the halves are distributed
in the usuval manner. Such microsporocytes form 4 small
microspores, usually 2 equal and smaller and 2 equal and
larger. Polyspores are developed when lrregularities during
anaphase of the first division give chromosomes independent

of the main groups and these organize very small cells in
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additlion to the 4 principal cells, All of these small grains
constitute the mass of abortive pollen which is developed.
Non-reduction takes place when the 12 chromosomes split and
.the halves are distributed in two sets, 12 + 12, and two
pollen grains result éach with the haploid set of chromosomes,
These constitute the good pollen’grains~whiéh make up about
12 percent of the total. The Datura haploid and Barliana
tomato monoploid are not similar since in the latter there
are two divisions in the tomato and the chromosomes divide
at the first division as Wéll-as at the second and 12 halves
Pass regularly to the ptles in each division resulting in
Tertile pdllen.

Chipman and Goodspeed (1927) made = cyééolgioal
Study of meiosis in the microsporocytes of the haploid from
Nicotiana tobacum, var.purpurea, one of the two haploids
reported by Clausen and Mann (1924). This hapldid had 24
chromosomes and was female sterile but some viable pollen
was produced. There was pairing of the threads before syn-
izesis in the diploid but not in.the haploid, Synizeses in
the haploid is followed by pachynema and the single spireme
 then segments into the hapdoid set of 24 chromosomes, Bipolar
spindles are often formed resulting in a random distribution
of the 24 chromosomes some of which occasionally pass into
the cytoplasm. Univalents sometimes divide during the hetero-
typic mitosis and when rarely all 24 divide there results a
giant spindle and the formation of dyads which might develop

into pollen grains with a full set of haploid chromosomes.
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Hére there 1s a division of all univalents at the first
division, but this is not fbllowed by a second division as in
the tomato and pollen dyéds and not tetrads are formed.
P A haploid occuring in a pure line of N. glutinosa
was described by Goodspeed and Avery (1929). This plant was
one of a culture which had Ween subjected té x-rays as seed-
lings but its origin was "spontaneous" and unconnected with
the treatment received. The 12 chrbmosomes were distributed
at random in pollen meiosis.,

Clausen and Lammerts (1929) crossed N. digulata,
an allahexaploid with carmine flowers and 36 bivalent chromo-
somes, with the pollen of)a form of N. tabaccum, identical
with var. purpurea except in having white flowers. The latter
had 24 bivalents. The F1, consisting of 173 plants had a
single plant with small white flowers and was identical in
other features With'haploid purpurea. It was completely
sterile, had 24 univalent chromosomes in its pollen mother

~cells aﬁa these were usually distributed at random. In one
mother cell 19 of the univalent ghromosomes were seen to -
divide, while the rest separated, one half-univalent being
| fragmented into two.

Kostoff (1929), obtained a hapioid by pollinéting
an aberfant plant of Nicotiana Tabaccumcmacrophylla having

70-72 chromosomes with pollen of N. Langsdorffii (n = 9).

Out of 1000 seedlings one reached maturity. This was a Hap-
~loid Langsdorffii, somewhat smaller than the diplold and

having 9 Langsdorffii chromosomes. In pollen mother cells
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the 9 chromosomes do not form an equatorial plate, but
spread out towards the poles‘of the spindle and separate at
random. Sometimes some of the chromosomes divide in the
first division. When all the chromosomes remain in a group
at interkinesis they all freguently divide in the second
division forming pollen dyads. They may sebarate into two
or more groups, each ‘of which forms its own spindle, with
resulting pollen triads, pentads or even octads. About 8%
of the pollen appears good.

With Nicotiana haploids, random distribution of
the undivided univalent chromosomés seems to be tﬁe general
rule. Such 1s not the case in the monoploid Farliana tomato
where all univalents divide at the first lelSlon.

Gaines and Alse (1926) obtained a haploid w1th
21 chromosomes by pollenating winter wheat, Triticum compactum
humboldtii (42 chromosomes), with Aegilops cylindrica. The
haplbid could not be distinguished from the femsle parent
No. 128 until the time of flowering when peculiaritiés char-
acteristic of sterility appearedf The plant was about 99.8
percent sterile. There was no palring of chromosomes during
bme1031s in the microsporophytes because there were probably
three dlSSlmllar sets of 7 chromosomes each. The chromosomes
are generally distributed irregularly during the heterotypic
mitosis or there may be a mixture of the two processes. The
homeotypic mitosis continmes the disorderly distribution of
the chromsomes giving many irregularities and forms of

Polyspory. No normal pollen grains were observed to develop

-
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although such might rarely be found. Pollen mother cells
sometimes coglesce forming giant pollen grains. In some
respects this haploid ressembles the tomato,~- the §ploid
,being indistinguishable from the others, and the univalent
chromosomes splitting lengthwise at the first dicision.
- However this is not the rule as it is in the tomato.

In some Matthiola hybri@s, Lesley and Frost (1928)
obtained in Fo two extreme dwarfs, one of which was diploid
(i4 chromosomes with two extra chromosome é}agments, the other
haploid with one such fragment. In some cases there is ran- *
dom segregation of the haploid chromosomes followed by other
irregularities. Frequently the chromosomes split and; septuc
arate (except sometimes the extra fragment) the heterotyp?c
mitosis evidently being omitted. This results in pollen
dyads.

Hollingshead (1928) described two haploid individ-
uals of Crepis capillaris (n = %) among Progeny of a cross C;
capillaris x C. tutorem. It is not certain whether cold or
foreign pollen is the exciting cause for the haploid béing

\ formed. ‘he cytology of the haploid is not described in

.‘this article, and unfortunately the 1930 paper by this same’
author which deals with the cytological study was not avail-
able.

Emersonr(1929) describes the reduction division
in an atypical plant appearing in the Fl from the cross
Oenothera franciscana x the hybrid @rancisoana sulphurea.

The spireme in the pollen mother cells of this haploid is not
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continuous and parallelism of the threads is common at Syn-
apsis. Pairing was seen at many stages but not as frecuently
as in the diploid. Later the spireme appears continuous and
,is thwown into loops, the arms of which are twisted about
each other. After secbnd contraction the thread thiCKensfand
segments int¢ 7 chromosomes formed end to end. Anaphase
chromosomes have not the typical v's with spindle Tibres
attached to the center. There is no similarity between thisg
and the tomato as there ig no pairing in the prophase stages
of the tomato and the chromosomes divide at the first division
and are distributed regularly,
An account of another haploid in Oenothera is
given by Davis and Kulkarni (1930), This one is a haploid
| mitation in Oe. franciscana and is called "pointed tips",
In‘the pollen mother cells the spireme segments into V‘Chromo-
somes which do not pair, Irregﬁlar distribution of the
chromosomes in-the heterotypic mitosis (6 ¥ 1), (5% 2) (4 ¢ 3)
gives a mass of sterile pollen. functional pollen grains are
the result of‘the multipolar spindle becoming unipolar, the
7 chrqmosomes all becoming attached to the spindleafibres
‘from that polé. he heterotypic mithis being omitted, the
nucleusris reconstituted and the chromosomes split. This
corresponds to the period of interkindsis and is followed
by an ordinary homeotypic mitosis in which seven chromosomes
pags to each pole ofithe spindle and a dyad of pollan grains
1s formed. Here ﬁhe formation of a dyad of fuil sized pollen

grains by omission of the reduction division is similar to that
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found by Belling and Blakeslee in Datura, but is not at. all
comparable to the tomato where two divisions occur.

Other Oenothera haploids have been reported by
“Uates and Goodwin (1930%, Stomps (1930 a and b) and Catcheside
(1932). The cytology of these is somewhat similar to thosel
described above, | N

A hapdoid tomato mutant with 12 chromosomes has
been described by Lindstrom.(lQZé). It appeared in the Fo
numbering 327 plants of a varietal cross showing complete
fertlllty, and may therefore be regarded as spontaneous.
It is dwarf and completely sterile,  Z&n account‘of the cyt-
ology of the haploid is given by Lindstrom and Koos (1931).
thtle attentlon was given to the prophase but it was believed
thab a contlnuous splreme was bresent. No metaphase plate
was formed., wistribution was irregular but all combinétions
were Qbserved. Uccasional micronuclel were present. ‘he
results of cytokinesis were not unigorm, groups of from two
to sixycells appearéd. Humphrey (1934) describes the eyt~
ology of this particular haploid with special emphasis on
the prophase. He found single léptotene threads with lack
"of pairing and thickening and shortening of these to form_
'dhromosomes which existed as unpairgd univalenté at diakinesis.
The author’s.obserVations of the prophase stages in the mono-
ploid Earliana tomato agree very closely with those of Hum-
phrey. But at diakinesis the chromosomes of the Earliana
tgﬁato are 1ongitudinally split and the first division is

- a regular mitosis, in which 12 halved univalents pPass to each



polefan@«are4@i3tributed regularly andwnotQatwrandqm~aS~in the
“other haploid. - Humphrey somdtimes ocbserved !thriyee spindles at
the- second lelSlon whereas in-this monoplold three ‘Were
never observed.~ Also normal spores occa31onally ‘result .
fram non-reductlon at the flrst lelSlon, and hexads are 0¢t-
,a31onally formed but in the Earllana tetrads are always
formed, |

: Jorgensen 1928 ‘gives. an. 1nterest1ng descrlpt-
ylon of some Solanum hap101ds.i These were produeed by att-‘
| ,empts to oross two. specles that Would cross only Wlth dlff-
1cu1ty.- The polleﬂ tdbe of Solanum luteun may enter the
¥ embryo -sac. of S ﬁlgrum and dlscharge 1us two ‘Sperm nuclel -
but they fall to fuse- Wlth the egg and. endosperm nucleus
and flnally dlslntegrate.- From some of the unfertilized
eggs embryos begln to develop and 1t is more than. 11kely
that the geeds whlch produce haplolds come lrom partheno-
genetlc deVelogment. During melos1s in. Lhe mlcrosporocytes
;the~50 chromosomes of the haplold atfdlaklne31s show some’
degree of pairinv the number of palrs ranglng from 3 to 11
’~Qr~12, ~The large number of - pairs suggest a reduotlon of the‘
l,1221+ 121 type.f AL the heterotyplc metaphase only the. bl—
valents are constantly present on ‘the equatorlal plate,
the unlvalents belng-scattgred‘through the cells and most
Eoften in the pOlarnregions, ‘The number of bivalents bn,the
plate range f:ééma to 12 Withhumbers of 5 to 8 most frequent.
Univéleht chrOszomes 1jing‘near‘thedplate maykdivide and |

their products can'bé recognized by their small sige. The
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Qhromosomes-passuirreguiarly to the poles in numbers ranging
from 15 to 22 with 18 most -frequent. . The hbmeotypicumitosis
more- commonly  presents 18 chromosomes at metaphase, these-
7divide andjanaphase proceeds regularly giving 4 pollen grains
usually with 18 chromdsomes.

| A striking peculiarity of the Sélanum haploid is
the/pairing of certain chfomosomes in the heterotypic mito-
sis,‘ This, as Jorgensen (1928) points’out, suggésts that the
86 chromosomes of the haplbid constitute a group composed
of 6~setS-of»12,atwo of these‘sets'Contain homologues of
sufficient similarity to bring them together in a true syﬁ~
apsis. Such béhavior could not be expected to occur in the
tomato where twélve, the haploié& number, is the basic chrome-
some number of the genus.

Jorgensen found that;parthenogenetic embryo de-
velopment~ih Solanum nigrum was the resul§‘of a ferﬁilization
stimulus caused by the nuclei from pollen of distantly re-

“lated S. luteum entering the embryo sac but failing to fuse
‘with the egg nucleus. Tn the tomato the pollen tube was
seen to enter the embryo sac and disgharge its two nuclel,
though they came from the same plant, fusion of the egg and
pollen nucleus was nét observed. This is a difficult pro-
ceedure to see at any time, but it is a sbill more difficult
tagk to prove that fertilization does not take place, and
many more embryo sacs will have to be examined before parth-
enogenesls can be definitely demonstrated. If partheno-

genesis 1s shown to take place in the tomato and the pec-
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vliarities -of -the ensuing embryo deVelopmentAclearéd up it
will explain how viable seeds are producéd, and ho%ﬁiife
life cycle of this monoploid perpetuated.~

The Earliana when used in crosses with other to-
matoes seems to act normally. There are no apparent irreg-
uliarities in the progeny of these crosses,’but as yet no
cytological examination of these has been made.

This monoploid, though there are but one set of
‘non-homologous chromosomes in its cells, it is not homo-
Zygous. This’was demonstrated by Mr. Fleming at Summerland
when he. developed by‘selection (self—fertilization not being
Necessary as the tomato is self—pollinated) strains which
were homozygous for smooth frpit shape. Later these same
strains became hopelessly rough. This can perhaps be eX~
plained by considering that mutations resulted from non-
disjunction, translocation, Oor reduplication of small gortions
of the chromosomes of the monoplold as suggested by Bast

(1930) and Darlington (1932).
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SvNEIaTY .
. l.~rChromoste~countsrmade'inithe cells of root tips,

sepals, petals, anthers andustylé,frevealed the somatic num-
, ber of chromosomes to be 12, the monoploid number and the
basic nunber for the genus.

2. Barly prophase stages showyéingle leptotene
threads with no pairing.

3. Later prophase stages show a thickening and
shortening of these threads. to form,chromosomes, and there
. 1s no evidence of pairing having taken place.

4. At diakinesis the chromosomes are "doubled"
due to a longitudinal splitting. There are 12 diads or 24
monovalent halves.

5« A regular metaphase plate is formed and the
“univalent halves pass regularly to each pole exactly as im a
homeotypiec mitosisgs.

6. At interkinesis the nucleus is definitely re-
constituted and the chromosomes appear double.

7. The chromosomes show characteristic individ-
‘uvality at diakinesis, first metéphase diéjunotion, and inter-
kinesis.

8. The second division is normal in all respects,
12 chromosomes passing to each of the four poles.

9. Pollen tetrads are formed and the resulting
pollen is 90»per éent fertite.

10. Evidence suggests parthenogenetic embryb dev-

elopment and the seed produced is about-85 per cent viable.
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Descriptiii-of-Plates.

All -drawings were~maderwith.a camera lucida
giving a magnification of 3700 diameters. In reproduction
the drawings were reduced one half.

’ ‘Plate 1.

Fig. l; Metaphase plate in a root tip cell showing
12 somatic chromosomes. }

- Pig. 2. VMetaphase plate in a petal cell with 12
chromosomes.’ Adjacent to it is a resting nucleus also with
12 ohromosomes;v

Fig. 3. Three levels of a nucleus in an anther
tip cell showing a side view of the 12 chromosomes at meta-
Phasw.

Fig. 4. ILate anaphase’in a ceil of the style,

.12 chromosomes passing to each pole,

Fig. 5. HMicrosporocyte nucleus at last resting
stage prior to meiqsis. |

Fig. 6. Early leptotene, threads beginning to
thicken.

Fig. 7. Late leptotene, single threads becoming
thicker, the connecting fibres are less distinct. “

- Fig. 8. '"Zygotene" with lack of pairing between
the chromogomes. |

Fig. 9. "Pachytene". The chromosomes show no
evidence of having been paired.

Fig. 10. Early "diplotene". The chromosomes
lack the characteristic looping of pairéd parts as in

diploids.
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- Fig. 10.A, ~$omewo£»the chromosomes have the app-
earance of being paired, but this is believed to be a stage
in the Tformation of daughter chromatids.

- Pig. 11. - Shortened and thickened irregular
chromosomes of late "diplotene” and diakinesis.

Fig. 12. Diakinesis. The chroﬁosomes are-"doub-
led" due to a longitudinal-splitting, The univalent halves
repulse esach other widely and show marked. individuality.

Fig. 17, Side view of metaphase 1 at the time
of disjundtion. The chromosomes are separated in the draw-
ing in order to bring out their individuality,

Fig. 21. Interkinesis. Note that certain in-
dividual echromesomes can be picked out at this stage,
diakinesis, and metaphase.

Platebll;

Fig. 1%.  Late diakinesis. The univalent halves
of the @iadg are drawing closer together and the nuwleolus
has disappeared‘acoompanied by the breakdown of the nuclear
membrane. ,

Figu 15. Early anapﬁase 1, daughter univalents
bassing regularly to poles. .

Fig. 16. Exceptional case where a regular
equatorial plate is not forned.

Fig. 18. Late anaphase, 12 chromosomes passing
to each pole. |

Pig. 14. Metaphase plate of first division with

contracted spherical chromosomes.
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Fig. 19. Telophase 1. -
waig,rzO-~—Earlyfinterkinesisy~the~ehromosomes
have not yet acquired their characteristic shapes.
Fig. 22. Metaphase 11.
Fig. 23. EBarly anaphase-11, the chromosomes in-

dicate that a regular divisidp has taken place.

Fig. 24. Late angphase 11, 12 chromosomes -

prassing to each of the four poles.

Fig. 25. Four nucleil result from the second di-

vision,

Fig. 26. Tetrad of pollen grains.
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