A NEW HAPLOID OENOTHERA, W l T H SOME
CONSIDERATIONS ON HAPLOIDY IN PLAlqTS
AIND ANIMALS.
BY PROF. R. RUGGLES G_A_TES ~ D MIss K. M. GOODWIN.
(With One Plate and Four Text-figures.)
I~ 1929, a single plant survived to matuzity in a culturc of nonviable _F1 hybrids resulting from Oe. rubricalyx pollinated by Oe. eriensis.
It was dwarfed in the size of all ira parts, as well as completely sterile,
and was finally suspected of being a haploid mutant. Subsequent cytological examination has ahown this to be the case. A short note has
already been published on the subjeet (Gates, 1929). Having observed
this haptoid, the senior author believes that certain amall aberrant
plants, not of the usual dwarf types, which have occasionaUy occurred
in bis cultures in earlier years, were also haploid in nature. Ir is desirable that geneticists should keep in mind the possibility of the
occurrence of such haploid sterile small plants in their cultures, for they
ate probably of more frequent occurrence than has hitherto been supposed. The sterility of such planta is in some cases more conspicuous
than their smallness of size.
0CCURRENCE OF HA_PLOID OENOTHERA RUBRIUMLYX.

In 1927, reciprocal crosses were made between Oenothera rubricalyx
and Oe. eriensis, both of which have fourteen cbxomosomes. Ov. eriensis
x rubricalyx gave a uniform Ex with the red pigmentation characteristic
of rubricalyx and the amaU flowcra of eriensis. In aeveral other characters
they were patroclinoua. This cross, which has been made three times
(84 plants), is iUustrated by Plate u
figs. 1 and 2. Photographs of the
parent forros can be seen: of Oe. rubricalyx in Gates (1914), Text-figs.
8-10 and of Oe. eriensis in Gates (1927), Text-figa. 5-7.
The reciprocal cross, rubricalyx x eriensis, made at the same time,
produced seedlings which, although they germinated promptly, were
yellowish in eolour, developed very little chlorophyll and died in about
2 weeks, jmmediately their store of nourishment had been exhausted.
This cross was made twice in 1927 and twice in 1928, the seeds ~rom
each cross being sown in the folIowing year. The four F 1 families, from
separate planta in each case, numbered respectively 36, 4, 21 and 85
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seedlings (total 146). All four families consisted of small, feeble seedlings
which died off simultaneously, showing the lethal effect of the cross.
The largest family, grown in 1929, numbered 85 seedlings, 2 of which
survived for 3 months. One of these died and the other lived long
enough to be planted out in the culture bed. Ir reached maturity and
belonged to a new type, very much dwarfed and almost completely
sterile as regards ponen and seed production. This was the haploid.

Description of haploid.
The rosette was very small, with very narrow leaves, which might
be supposed to resemble those of eriensis in shape, but with the red
fig. 3, is from a photograph
midrib colouring of rubricalyx. Plate u
taken when the stem was beginning to develop, and fig. 4 shows the
plant in flower. Several bags ate attached to t h e stem, as numerous
unsuccessful attempts were made to obtain seeds from ir by selfing and
crossing. The leaves of this plant were very narrow and pointed, only
slightly crinl~led, the midrib and petiole red above and below, as in
rubricalyx. The stem, ovary, hypanthium and sepals also showed the
characteristic red. The flowers were smaller than in rubricalyx, but unfortunately the petals were not measured, since the special interest of
the plant was not recognised unti] later. Throughout the flowering season
as the flowers opened the petals remained crumpled, as in a newly opened
bud, never becoming stiff and smooth as n0rmally. This was partly
because of their th~nner texture.
The po]len, on examination, was seen to consist mostly of sh¡
grains, but no estimation was made of the proportion of apparently
good pollen. The anthers were deformed, twisted, and yellowish brown
rather than b¡
yellow in colour. Not only were all attempts to
obtain seeds from the numerous flowers unsuccessful, but open pollination gave twisted poorly developed, shrivelled capsules. Most of the
ovaries feU off before any seed was set, but the capsules resulting from
open poUination showed the presence of a few small seeds, varying in
number from 1 to 6 in a capsule. &ttempts were made to gern¡
these seeds, but without success.
The whole appearance of this plant suggests that ir was a m~niatttre
rubricalyx, although in the earIy stages of its development the narrow
and pointed leaves were interpreted as resemblances to eriensis. Since
ir proved to have 7 chromosomes, it presumably carne from the development of a haploid rubricalyx egg cell without fertilisation, the
presence of the foreign eriensis pollen tubes presumably acting as
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stimulus. The non-viable seedlings from this cross were probably true
diploid hybrids, but there has been no opportunity to count their
chromosomes.
In crosses, Oe. Lamarckiana produces the well-known twin types
laeta (with broad, darker green leaves, etc.) and velutina (narrow-leaved)
and is, therefore, regarded as made up of the two eomplexes, gaudens
and velans, the homozygous reeombinations gaudens, gaudens and
velans.velans being non-viable. That being the case, ir is possible that
Oe. I, amarckiana cannot produce a viable haploid gaudens or velans.
Oe. rubrinervis is similarly regarded as deserens.velans by de Vries and
as subvelans.paenevelans by Renner (1918), subvelans corresponding to
gaudens. Oe. rubricalyx differs from rubrinervis only in a d0minant gene
mutation, both forros having the same chromosome linkage, four pairs
a n d a ring of six.
Probably both the surviving seedlings in the 1929 culture from
Oe. rub~icalyx x eriensis were haploids, a n d a s one was larger, stronger
and healthier than the other, ir is possible that one represented the
haploid subvelans and the other paenevelans. The narrow leaves of the
haploid which reached maturity might lead one to identify ir as paenevelans, but the haploids frequently have narrower leaves than their
diploid counterparts, a n d a s the other seedling was smaller and weaker
ir might represent paenevelans and the surviving haploid be subveIans.
On the other hand, the velans complex contains the tendency to
reddish sepals, and it appears most likely that the dominant gene for
rubricalyx bud-coloration arose in ~his complex. Hoeppener and Renner
(1929) suggest the terna pervelans for this altered complex.

Cytological observations.
Two collections of cytological material were made from this plant
by Mr D. G. Catcheside. Allen's modification of Bouin's fixative was
used in one case, and Kihara's method of dipping into Carnoy before
AUen's Bouin in the second. Sections were c u t a t 8-10~91and stained
with Heidenhain. Unfortunately the material did not show stages later
than synapsis in the poUen mother ceUs, so the behaviour of the chromosomes in diakinesis and the meiotic divisions has not been seen.
The poUen mother cells of a loculus ate sometimes in two ver~icaUy
se¡
rows, but generally there is only one (see Text-fig. 1). The
resting nucleus is followed by early heterotypic prophase, in which the
nucleolus passes to the periphery of the nuclear cavity, the fine network
of the nucleus becomes coarser, and the threads ate seen to be made
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up of a series of dark-staining granules on a finer filament. Larger
aggregations of chromatin ate constantly present towards the periphery.
The nucleolus soon changes in shape from spherical to lensiform, and

Text-fig. 1. Oe. rubrir.a[yz, (a) diploid, (b) haploid: pollen mother cells and
tapetum dur/ng synizesis.

Text-¡

a
b
2. CeIls from petal epidermis of (a) haploid, (5) diploid r~rric~yx.

remains for some time pressed up against the nuclear membrane. In
organic eonnection with it is the spireme, attached to the nucleolar
body, wkich can always be seen when the nucleolus is sufficiently de-
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stained. The nueleolar body does not project from the surfaee, but oecasionally ir appears to have spread over part of the surface of the
nueleolus. The spireme is then attached to ir at more than one point.
Irregular chromatin aggregations appear in the meshes of the spireme.
Examination of mitosis in somatie tissues showed seven chromosomes
(Plate VII, fig. 5). Counts were made from polar views of metaphase
plates in peral ceUs, wall cells of the young anther, and oceasionally in
stigma eells.

Cell measurements.
The haploid plant was conspicuously smaller than normal diploids,
and this afforded an opportunity of determining the relation between

a

I

b

Text-fig. 3. Cellsfromanther epidermisd (a) haploid, (b) diploidr~br~caJyz.
cell size and plant size. Comparisons of cell size formerly made between
Oe. I~marckiana and its tetraploid mutation, g~as (Gatea, 1909), showed
that the ratio of increase of cell size varied from tissue to tissue. Similar
series of measurements have been made of the tissues of Oe. rubricalyx
and the haploid. These include po]len mother eeUs, their nuc|ei and
nueleoli (Text-fig. 1), petal epidermis (Text-fig. 2), anther epidermis
(Text-fig. 3) and stigma cells (Text-fig. 4) in the buds of the diploid
and the haploid. The measurements of diploid rubricalyx were taken
from preparations made by Dr F. M. L. Sheffield (Sheffield, 1927). Since
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Text-fig. 4. Cells from stigma of (a) haploid, (b) diploid rubricalyx.
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the resting stage of the nuclei in the poUen mother cells was not availab]e
in the diploid, the stages of synizesis were used for comparison, and the
other tissue measurements were taken from buds of the saine age.
The results are rccorded in Tables I and II, but before considering
them a few words are necessary regarding the methods of cell measurement adopted. The cells to be measured were drawn in outline at table
TABLE I.
Relative volume of cells.
Oe. rubricalyx
P e r a l eells ( e p i d e r m a l )
A n t h e r eells ( e p i d e r m a l )
S t i g m a cells
P o l l e n m o t h e r cells
(synapsis)
Nucleus in synapsis
N u c l e o l u s (synapsis)
Synaptic "knot"
T a p e t u m cells ( a t s y n a p s i s )

Haploid
1
1
1
1

Oe. Lamarc]c. : Oe. gigas

: Diploid
: 2.3
: 3.5
: 2.3
: 2.1

Diploid
1
1
1
1

: Tetraploid
: 1-96
: 3.8
: 3-1
: 1-5

1 : 3.2

1 : 2-16

1 : 1.7
1 : 2-35
1 : 2-7

--1 : 1-44

Oe. rubricalyx
Diploid
1
1
1
1

:
:
:
:
:

Haploid
0-43
0.28
0.43
0-47

1 : 0.31
1 : 0"59
1 : 0.43
1 : 0.37

TABLE II.
Cell measurements in t~.
Haploid
"Resting nuclear" stage
No. of
measurements

Diploid
At synapsis

Mean
length

Mean
width

No. of
measurements

Mean
length

Mean
width

P e t a l cells ( e p i d e r m a l )
A n t h e r cells ( e p i d e r m a l )
S t i g m a cells
P o l l e n m o t h e r cells
Nucleus
Nucleolus
T a p e t a l cells

100
70
70
80
66
64
54

6.14
9-6
21-9
18.4
7-0
2.6
7.9
At synapsis

9.6
10-5
15"7
13-1
6.1
2.6
11.1

100
93
50
-__
---

8"3
16-2
28-0
-__
---

12.0
13-3
21-9

P o l l e n m o t h e r cells
Nucleus
Nucleolus
S y n a p t i e " k n o t " (surfaee
ama)
T a p e t a l cells

~ 56
56
56
53

23.6
9-6
3.4
4-4

18.4
8-7
2.4
3-4

40
40
40
40

29.8
13-0
4.3
5-7

24-0
10.1
2.6
4-8

32

7.4

13-5

50

10.5

18-4

N

---

level by means of a camera lucida. A Spencer binocular microscope used
as monocular with a ~~. in. oil immersion objective a n d a Zeiss K • 6
ocular was used, giving a magnification of about 1150 diameters. The
projected outlines were measured in mm., and the means recorded in mm.
In calculating volumes, the poUen mother cel]s, nuclei and the stigma
J o u r n . of Gen. x x m

9
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cells were treated as spheres. The cel]s of the other tissues were assumed
to be rectangular solids. Since the pollen mother cells ate polygonal to
roughly circular in outline, the greatest diameter was measured together
with the diameter at right angles to ir, the mean of the two being taken
as the diameter of the sphere in calculating the volume. The nuclcolus
presented greater difficulty on account of its fla~ened lensiform shape
during synizesis, but the mean of the longest and shortest diameters
(which ate at right angles to each other) was taken to represe•t the
diameter of a sphere of the same volume. The synaptic " k n o t " during
synizesis forros a roughly spherieal mass, which has been treated a s a
sphere although a certain amount of inaecuraey is doubtless involved.
In measu¡
the somatic cells wkich are approximately rectangular
in sufface view, i.e. the peral epidermis, anther epidermis and tapetum,
from flower buds collected at the time of meiosis, the cell measurement
along the long axis of the petal of anther was regarded as its "length,"
.and the measurement along the thiekness of the organ as its "width."
In ealculating the mean cell volume, the lesser of the two measurements
was taken as the third dimension in eaeh case. "Length" treated in
this way is frecluently less than "width." Thus in the case of the peral
epidermis, the mean dimension (7) measured parallel to the surfaee of
the peral as seen in longitudinal seetion is less than the mean" width" (11)
measured perpendicular to the surfaee of the peral. The mean volume
was then taken as 72• 11, since in surface view the epidermal cells are
approximately iso-diametric. Epidermal cells ate of relatively uniform
" w i d t h " but vary greatly in "length," sinee they grow mainly and
divide only in a p l a n e a t right angles to the sarface. But the majority
of measurements, even in this dimension, gave very steady and even
results. These methods ate essentially the same as were used in ah early
paper (Gates, 1909) in which the cell sizes of diploid and tetraploid
Oenothera were compared.
Examination of Table I shows many interesting relationships. In
every tissue examined, the cells ate smaller in the haploid than in the
eorresponding tissue of the diploid, but the amount of decrease in size
varŸ for dif[erent tissues. The comparative cell volumes for haploid : diploid ate given, together with the diploid : tetraploid ratios Ÿ gigas
(taken from Gates, 1909) and also the diploid : haploid ratio in rubricalyx,
to show the amount of decrease in eell size of the haploid. Comparing
coh~mns 2 and 3, ir will be seen that the n : 2n ratio is generally in quite
good agreement with the 2n : 4n ratio. Thus as regards peral epidermis
the ratio is in both tases near 2 : 1, while for the aather epidermis ir is
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for some unknown reason distinctly higher at about 3.5 : 1. In measu~ements of stigma eells the agreement is not so good, although in both
cases the ratio is above 2 : 1. There are divergences in the other tissues,
but whether these are signiŸ
could only be determ]ned by a larger
series of measurements and perhaps greater refinements in the methods.
It is signifieant that the size of the nueleolus and the area occupied by
the spireme in synizesis are conspicuously smalhr in the haploid, the
deerease being in much the same ratio as for cell size. The spireme is
presumably shorter, being eomposed of fewer chromosomes.
In the tapetum the ratio is less, the cells of the haploid being notably
small and less deep-staining than in the diploid, probably due to lack
of nutrition. The pollen mother cells also Iail to separate and round off
at synizesis as they do in diploid rubricalyx and generaUy in other forros.
In Oe. gigas, however (Gates, 1911), flowers were found in which the
pollen mother cells failed to separate even after the tetrad divisions
were completed. This is probably due partly to insufficient room owing
to lack of growth of the wall layers; and partly to low osmotie press~e
within the cells.
The actual cell measurements of the haploid and diploid in ~ ate
given in Table II. The mean diameter of the pollen mother eell nucleus
at synizesis is 9.15~ in the haploid and 11.5~ in the diploid. Comparison
of longitudinal sections of the anthers shows interesting differences
between the haploid and diploid in morphologieal detail. These ate s e t
forth in Table III.
TABLE III.

No. of pollen mother cells in median
lon~tudinal sectionsof anther

Haploid
40

No. of

No. of

moa, sure-

rneasuro-

men~s
30

Diploid

ments

48

37

No. ot cell !ayers in anther wall
4*
32
Yf
Width of loculus of anthor
32
25
55
* A few with ¡
layers, cells very narrow.
t A few with three layem, cells larger and broader.

52
25

Thus, although the pollen mother ceUs are smaller in the haploid,
yet the number of such cells is larger in the diploid. Again, both types
of anthers usually have four wall layers, yet there ate occasionally tire
in the haploid and three in the diploid. Hence the haploid does not
eorrespond cell for cell with the diploid. The same was true of the
tetraploid (Gates, 1909). As regards chromosome size, a few measurements of the somatic ehromosomes in dividing anther and peral ceUs of
both haploid and diploid failed to reveal any appreciable di~erence in size.
9-2
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~ E C O R D S OF HAPLOIDY IN :FLOWERING PLANTS.

Records of haploidy a r e a s yet uncommon in seed plants, and in
animals they are still rarcr, although in certain animal species haploidy
is the normal condition of the malea. The first haploid, seed plant was
described by Blakeslee, Belling, Farnham and Bergner (1922). Two such
plants appeared in the offspring of normal Datura plants, which had
been subjected to low temperatu~e at about the time of fertilisation in
an attempt to produce chromosomal irregularities. It was supposed that
the low temperature acted a s a stimulus in causing the parthenogenetic
development of two egg cells. Ir that is the case, it may be expected
that late seeds with haploid embryos will be found among species of
wiId or cultivated plants growing in climates with autumnal frosts
f011owed by warm weather. The relative weakness of such plants and
their failure to propagate themserves, together with their near resemblance to diploid plants except in sterility, would account for failure
hitherto to note their occurrence in the floras of temperate regions. The
haploids since recorded do not, however, show in thcir origin any special
relation to temperature, and carefu]ly con~rolled experiments ate required before it can be determined whether such a relation exists. Belling
and Blakeslee (1927) have also obtained haploid Daturas by pollinating
D. stramonium with pollen of D. ferox. About 12 per cent. of good
poUen grains are formed.
Although the haploids ate aImos~ completely sterile in ovules and
pollen, occasional seeds result from self-pollination, which produce completely homozygous diploid plants. Up to the year 1927, over 50 haploid
mutants of Datura had been identified (Blakeslee, Morrison and Avery,
1927). The o¡
plant was kept in cultivation by grafts and cuttings,
and produced 393 descendants from seeds. In this homozygous line have
been obtained 3n and 4n individuals as well as the various trisomic
(2n + 1) types, the latter appearing with the high frequency of about
3 per cent. in the F1 generation from selfmg. Moreover, the haploid has
produced twice, of probably four times, in the $'1 generation a plant
heterozygous f o r a new gene mutation. Probably eaeh oceurred in a
single egg of po]ten grain of the haploid. The new recessive mutations
ate called "curled" (referring to the cotyledons) and "tricarpel." Their
linkages show that they occurred in different chromosomes. Ah absolutely homozygous diploid line derived from a haploid does not therefore
necessarily remain homozygous.
The chromosome arrangements in haploid, diploid, triploid and
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tetraploid Daturas are compared by Belling and Blakeslee (1923). They
found that in the pollen mother cells of the haploid the chromosomes
ate usually distributed by chance, 6 § 6, 5 § 7, 4 § 8, etc., j u s t a s ir
their normal partners were present, produeing small nuclei and diminutive po]len grains which perish. Later (1927) ir was shown that all the
chromosomes divide regularly in the homotypie, forming usually two
larger and two smaller nuclei. One or more chromosomes may be
detached in anaphase I and forro extra microeytes. But frequently
non-reduction oceurs, the chromosomes dividing longitudinally and producing two pollen grains of normal size, each with 12 ehromosomes.
Non-reduction is mueh more frequent in the haploid than in the diploid
or triploid, varying in Ÿ
from 10 to 29 per cent. The authors
also found that the volume of the poUen mother cells in n, 2n, 3n and
4n plants was nearly proportional to the number of haploid groups of
chromosomes present.
Belling and Blakeslee (1927) showed that the volume of the pollen
mother ceUs in the haploid is about half that in the diploid, the relative
diameters being 1 : 1-26, i.e. the linear dimensions are about 1/5 less than
in the diploid. The organs of the haploid ate reduced in somewhat
similar ratio. This applies to the ovary, style, filaments, anthers, coroUa
and calyx; also to the leaves and the plant a s a whole.
The next record of haploid seed plants was by Clausen and Mann
(1924). One appeared in the F 1 (58 plants) of Nicotiana Tabacum var.
purpurea • N. sylvestris. The cross gave a uniform, vigorous hyb¡
progeny which was almost completely sterile. The exceptional plant was
a "reduced replica" of var. purpurea, but with its characters somewhat
more pronouneed. Ir was about three-quarters the height of normal
purpurea, with sma]ler ]eaves and flowers and more slender stems. Ir
bloomed Ireely but was completely sterile in pollen and seeds. This
plant had 24 chromosomes, whieh is the haploid number for N. Tabacum,
while N. sylvestris has n = 12. Another haploid plant appeared in F 1
(50 plants) of a fifth generation hyb¡ involving N. Tabacum var.
~nacrop¡
which was pollinated by N. sylvestris. The bulk of the
plants fell into two expected classes, while the haploid was a reduced
replica of macrophylla. Chipman and Goodspeed (1927) have since made
a eytological study of the purpurea haploid. Ÿ
find a pairing of threads
before synizesis in the diploid, but not in the haploid. In the l a t t e r a
single spireme segments into the 24 ehromosomes. These facts are
apparently regarded as showing a parasynaptie pairing in N. Tabacum.
It is also worth noting that the occurrence of synizesis in the haploid
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shows that its significance cannot be to bring about pairing of the
chromosomes, since bivalent chromosomes are not formed in the haploid.
In this connection ir is worth while recalling that synizesis has also
been observed in tapetal cells of Lactuca (Gates and Rees, 1921) in which,
of course, no reduction takes place.
Subsequently three more haploid N. Tabacum var. purpurea and two
var. Cuba plants appeared and were studied by Ruttle (1928). Examination of root tips Ÿ
cuttings of haploid plants showed that 52 were
haploid, 22 diploid and 8 contained both haploid and diploid cells. The
latter were always larger, b u t not so much so that every cell could be
identified as haploid of diploid when not in division. The arca of diploid
cells in the latter roots varied from a small group of cells near the growing
point to a large sector of irregular outtine in the me¡
region.
Diploid cells were not found in the archesporial tissue, pollen mother cells
or ovules of the haploids, such cells being apparently confined to the roots.
A haplont occur¡
in a pure line of N. glutinosa has reeently been
deaeribed (Goodspeed and Avery, 1929). The plant was one of a culture
which had been subjected to X-rays as seedlings, but its origin was
spontaneous and uncomaected with the treatment received. Ir waa considerably reduced in size, and the flower colour was greenish yellow
rather than salmon-red. The forros of leal and flower were considerably
altered, but anthers and ovaries were completely sterile. This plant
continued to grow vigorously long after the diploid plants had ceased
to flower. In poUen meiosis the 12 chromosomes were distributed at
random. Not infrequently, a suspended anaphase was followed by an
equation division, producing a po[len dyad. Such pollen grains should
be functional.
Clausen and Lammerts (1929) have discovered a most interesting
case of haploidy of another kind in Nicotiana. They crossed N. digluta,
an allohexaploid with carmine flowers and 36 bivalent chromosomes,
with the pollen of a forro of N. Tabacum, identical with var. Turpurea
except in having white flowers. The latter had 24 bivalents. The F1
(173 planta) included various plants with aberrant chromosome numbera,
b u t a single plant with small white flowers was identical in its other
features with haploid 29urpurea. Ir was completely sterile, had 24 univalent chromosomes in its po[len mother cells, and these were usually
dist¡
at random. This plant thus agreed morphologically and cytologicaUy with other haploid Tabacum planta. In one mother ce]3 19 of
the univalent chromosomea were seen to divide, while the rest separated,
one half-univalent being fra~o~nented into two.
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There seems no doubt that the origin of this plant is a case of androgenesis (Wilson, 1925) or haploid merogony i, the male nucleus developing in the egg cytoplasm, but there is no indication as to how the egg
nucleus was dispossessed. Probably' like other plants in this series it
had ah irregular chromosome content, which may have been incomplete in the embryo sac nuclei Ÿ
meiosis. When N. digluta
originated, a form occurred which is now reeognised as a purpurea
haploid which must also have a¡
merogonicaUy. In the back-cross
(N. sylvestris x Tabacum) x sylvestris, occasional plants have been known
to appear which are identical with N. sylvestris in cytology and morphology. These are now regarded as probably due to diploid merogony.
In such cases the male nucleus presumably entered the egg cytoplasm,
the egg nueleus disappeared and the chromosome number was doubled
shortly after this egg began its merogonous development. In no case
was there any detectable influence of the maternal cytoplasm.
Kostoff (1929) has obtained a similar case by pollinating an aberrant
plant of 2Vicotiana Tabacum macrophylIa having 70-72 chromosomes
with pollen from N. Langsdor~i (n = 9). An abundance of seeds were
obtained which germinated easily, producing about 1000 seedlings, of
which only one reached maturity. This was a haploid Langsdor~i, somewhat smaller than the diploid and having 9 Langsdorjfii chromosomes.
This androgenic haploid produced no seeds from selfing, but a few seeds
by pollinating with diploid Langsdorzfii. In the pollen mother cells of the
haploid the 9 chromosomes do not form ah equatorial plate, but spread
out towards the poles of the spindle and separate at random (4 + 5,
3 + 6, 2 + 7, rarely 1 + 8). Sometimes some of these chromosomes
divide in the first division. When aH the chromosomes remain in one
group in interkinesis they al] frequently divide in the second division,
forming pollen dyads. But they may separate into two or more groups,
each of which forros its own spindle, with resulting poUen triads, pentads
or even octads. About 8 % of the pollen appears good, but the grains
vary greatly in size. Of 58 root tips examined, all were haploid with ah
occasional diploid cell, except one which had 2n chromosomes. The
volumes of the n and 2n cells were as 1 : 4.
Gaines and Aase (1926) obtained a "haploid" with 21 chromosomes
by pollinating a winter wheat, Triticum compactum humboldtii, with the
pollen of AegiloTs cylindrica. UsuaUy only shrivelled seeds result, but
1 The first evidence of haploid merogony was obtained by F a r m e r a n d Williams (1898).
T h e y observed t h a t in the brown alga Halidrys, enucleate fragments of egg ceUs were
fertilized b y sperms and formed a cell wall in the n o r m a l manner. B u t development was n o t
seen
to proceed further.
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the single plump kernel which produced this plant was much larger than
a normal seed of the Triticum parent. Ir is suggested that both male
nuclei of Aegilops fused with the maternal endosperm nuclei to produce
a giant (tetraploid) endosperm while the egg developed parthenogenetically. Gaines and Aase state that this "haploid" ptant could not
be distinguished until flowering time, when the spreading of the glumes,
characteristic of sterility, drew attention to ir. Their Text-figs. 1 and 2
(the legends of which have evidently been transposed) show that the
hexaploid wheat has thicker stems and larger heads than the triploid
plant. Also the pollen mother cells of the latter ate distinctly smaller.
Ir may also be mentioned as a peculiarity of the "haploid" plant that
all the pollen mother cells of a loculus sometimes more or less completely
coalesce, large spindles appearing which bear the chromosomes of several
coalesced nuclei. In somatic tissues of the ovary giant cells were frequently found, with large nuclei formed by the fusion of pairs of somatic
nuclei. Binucleate cells ate known to be of widespread occurrence in
young tissues of flowering plants, but here they are of exceptional frequency. The nuclei in somatic cells of the stamens and pistil of the
haploid ate stated to be smaller than in the parent with 42 chromosomes,
but some large nuclei were fcund here with three of four sets of chromosomes. This frequent occurrence in the haploid of somatic cells with
two fused nuclei corresponds with the fact that in parthenogenetic frogs
the diploid chromosome number is restored dtrring ontogeny. One other
point concerning the haploid wheat plant is that its 21 chromosomes
were distributed by chance in meiosis, without any evidence of pai¡
although this point deserves further study. It therefore behaved as a
haploid, and n o t a s many t¡
behave. We may conclude that this
3n wheat plant was actually smaller in the size of its organs, as well as
in cell size, than the 6n parent.
J~rgensen (1928) obtained interesting results in producing haploid
as well as diploid individuals like the female parent by pollinating
Solanum nigrum with pollen from S. luteum, S. aethiopicum of other
species which would barely cross, ir at all, with S. nigrum. The pollen
must germinate on the stigma and stimulate the parthenocarpie development of the fruit. Such fruits are small, and many drop before maturity.
They contain few or no seeds, and such seeds as occur require special
methods of germination. In all, from 90 such pollinations 43 fruits were
obtained; about 70 seeds were prepared for germination, and 35 plants
were reared from them. Of these, 28 were diploid and 7 haploid, all
typical S. nigrum, and the diploids bred true.
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Only once was a true hybrid between S. nigrum and S. luteum
formed. In grafting experiments by Mr Crane at Merton, perielinal
chimaeras were produced, some of which after selŸ formed fruits with
viable seeds. One such plant from seeds of S. nigrum var. gracile with
a one-layered skin of S. sisymbrifoIium was a haploid. Perhaps, as
J~rgensen suggests, the germination of the nigrum pollen of the chimaera
on the sisymbrifolium skin was delayed and some of the egg cells were
meantime stimulated to form embryos. ApparentIy S. nigrum never
produces haploid offsp¡
when left to flower freely, but ir might do so
if only a few pollen grains were placed on the stigma, since their pollen
tubes might then a c t a s a stimulus to unfertilised eggs to develop.
Jorgensen has examined embryo sacs of S. nigrum from flowers pollinated by S. luteum. Ha finds that the male nucleus (sometimes both) enters
the egg cell, but there disintegrates while the egg divides to forro the embryo
(gynogenesis). Insome such embryos the mitotic divisions showed approximately the haploid chromosome number (36), in others the diploid (72).
Ir was not discovered how or when the doublin o in the latter case took
place, but the first mitosis of the haploid egg was regarded as the most
probable place. As regards external charaeters, the haploid S. nigrum
seedlings have narrow cotyledons and forro delieate and slender plants.
They have rather long internodes, and being almost completely sterile
they continue growth longer than the diploids. Their leaves ate smaller
and markedly narrower, with less dentation and a thin lamina. The
pollen is nearly all shriveUed, the few living grains being nearly normal
in size. Comparison of Jsrgensen's figures indicates that the cells of
the root tip and the pollen mother cells and their nuclei ate smaller in
the haploid than in the cliploid.
The meiotic divisions of haploids were studied, both in the microspore and megaspore formation. In the former, the chromosome pairing
approached the condition 12ii + 12i, as exhibited by many t¡
From this fact the conclusion is drawn that capacity for conjugation is
n o t a reliable measuze of the degree of identity between the chromosomes
in a pair. In the megaspore mother cell "the number of univalents
apparently does not exceed 12," but occasional trisomes occur and most
of the univalents go to the upper pole, so that unequal divisions, such
as 20 + 16, occur.
Noguchi (1928)has described in Brassica a case of pseudogamy
similar to that of Jorgensen in Solanum. When B. campestris var. oleifera
is pollinated from B. oleracea var. gemmifera, the pollen tubes enter the
embryo sac but the male nuclei do not fuse with the egg or the polar
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nuclei. They shortly disinte~ate, but the egg is stimulated to develop by
the entrance into ir of a male nucleus, and ah embryo is formed.
In some Matthiola hyb¡
Lesley and Frost (i928) obtained in F~
two extreme dwarfs, one of which was diploid (14 chromoaomes) with
two extra chromosome fragmenta, the other haploid with one sueh ~ragment. The pollen mother cells of the haploid had about hall the volume
of those in diploids. Po]len dyads were frequently formed, the cells of
which were of about the same size as the eells in a pollen tetrad of the
diploid. In some cases there la random segregation of the haploid
chromosomes, followed by other irregularities. But frequently the
chromosomes split and separate (except sometimes the extra fragment),
the heterotypic mitosis evidently being omitted. This results in a poUen
dyad. The seven chromosomes plus a fragment were also seen in somatic
cells from young buds.
Among a progeny of 1700 F 1 hybrids of Crepis capillaris • C. tectorum,
Hollingshead (1928) has clescribed two haploid individuals of C. caFil~aris
(n = 3). The records show that the prevailing temperatures were low at
the time of making these crosses, the mŸ
occur¡
on the night
foUowing the cross which gave rise to the two haploida. Ir is therefore
uncertain whether cold or foreign po]len is the cxciting cause in this
case. The haploids were much smaller than normal, with shorter and
narrower leaves. Root tips were examined and the cells found to be
smaller, b u t each wa~ recognisable by its characte¡
morphology.
Diploid tissue waa found in the roota of one plant, one root showing only
diploid cell plates, another a small diploid arca in the central cylinder,
and a third a sma[l arca in the outer cortex.
M. Navashin (1927) found in the F~ progeny (three plants)from
CreFis t~ctorum • C. alpina a diploid alpina plant, but this was probably
a case of segregation and not of merogony.
A haploid tomato mutant with 12 chromosomea has been described
by Lindstrom (1929). Ir appeared in the F 2 numbering 337 plants, of
a va¡
cross showing complete fertility, and may therefore be regarded
as "spontaneous." Its parents carried factors for dwarfness, and smooth,
ovate ffuit. Five generations of cuttings, numbering about 300 individuals, have been derived from ir. The stature of the haploid is that of
the dwaff types, and ir has been shown to be genetically a dwarf, but it
has much sma]ler leaves and distinctly smaller flowers. Although nearly
aterile, 42 plants have heen obtained by using the potlen of other
varieties. Three planta have been obtained from open-poUination, and
theae ate belŸ
to represent actuaUy self-pollinations, very small
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fruits being formed. These plants ate diploid dwarfs. Root tips of the
haploid show oceasional diploid cells. Nevertheless in al] the numerous
cuttings the haploid phenotype has persisted, and Lindstrom has failed
to get a diploid plant from them. This striking vegetative stability of
the haptoid tomato is in contrast with the Datura and Nicotiana haploids.
In the po[len mother cells irregular random separation of the 12 chromosomes takes place.
In the light of these cases, the results of Collins and Kempton (1916)
can be interpreted. From Tripsacum dactyloides • Euchlaena mexicana
they obtained 4 seeds and a single F 1 seedling whieh was like the male
parent. It remained true in the Fz (3 plants) and the E 3 (10 plants) and
was regarded a s a case of false hybridization of "patrogenesis." No cytological studies have been published, but this was probably a case of
androgenesis, the plant becoming diploid either in the F1 of lv~ generations. Tripsacum • Zea also produced a few seeds. The F 1 plants were
Tripsacum, so this was probably a case of parthenogenesis induced by the
maize-pollen, but whether these plants were haploid or diploid is unknowm
The eytology of hyb¡
from Nolana Ÿ
• N. atripIicifolia
was studied by R. O. Whyte (i929). Both these species have 12 ehromosomes as haploid number, but the F1 plants with 24 chromosomes show
only three or four bivalents in heterotypic metaphase, and produce only
5-10 per cent. of good po[len. The plants examined in F~ and later
gencrations, however, showed greater regularity in meiosis, 10 or more
bivalents occurring regularly, and about 50 per cent. of good po[len
being produced. One bud collected from an F 3 plant which was regarded
as typical of its generation was believed to be haploid. The evidence is
not very satisfactory, as the ehromosome number could not be aecurately
eounted, b u t a figure is given whieh bears some resemblance to the
"reduction" division in the pollen mother cells of haploids, and this
appeared to be confirmed by the examination of somatie plates in the
stylar tissue. This plant had previously given seed which produced a
normal F4, so ir is regarded as probably a diploid plant which developed
a haploid shoot late in the season.
V'ery reeently Davis and Kulkarni (1930) have published ah account
of haploid mutations in Oe. franciscana. The type first appeared in 1923
and was called "poiated tips." Such plants ate of about hall the stature of
franciscana, and all their organs are proportionately smaller. The leaves
are narrower, sharply pointed, and the bud cones more attenuate. The
flowers ate about hall as large as in the diploid, and po[len is developed
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only in small amounts, the grains being mostly shrunken. A few seeds
ate developed flora selfmg. This haploid has appeared "spontaneously"
Iour times in several generations, with a frequency of about 1 in 1000.
Ir has also oceurred in crosses of franciscana with certain of its derivatives. When selfed, the haploid produces diploid plants, but a few
haploids appear, indicating that the haploid egg can again develop
parthenogenetically. Two new mutant types also appeared, as well as
other aberrant individuals. The haploid crossed with diploid pollen gave
ordinary franciscana as expected. A eompletely sterile haploid of Oc.
Hookeri also appeared among 1291 plants, suggesting the same frequency
of parthenogenesis as in franciscana.
In the cytological account of these haploids, ir was found that the
spireme segments into seven chromosomes which do not pair. The mass of
sterile pollen results from irregular distribution of the chromosomes in the
heterotypie mitosis (6 + 1), (5 + 2), (4 + 3). In those cases whieh leadto
functional poUen grains, the multipolar spindle is stated to beeome unipolar,
the seven chromosomes all becoming attached to spindle fibres from that
pole. The heterotypic mitosis being omitted, the nucleus is reconstituted
and the chromosomes split. This corresponds with the period of interkinesis, and is Iollowed by ah ordinary homotypie mitosis in which seven
chromosomes pass to each pole of the spindle a n d a dyad of pollen grains
is formed. It is worth noting that sometimes a small enucleate mass of
cytoplasm is separated off from these cells. The homotypic spindle may
(rarely) also be unipolar, with the result that the seven split chromosomes
reconstitute a single nucleus, a n d a single giant pollen grain whose
nucleus contains 14 chromosomes will be formed. One such case was
observed, a smaU mass of cytoplasm without a nucleus being separated
off at one side of the cell. The formation of a dyad of full-sized pollen
grains by omission of the reduction division confirms the observations
of BeUing and Blakeslee (1923) on haploid Datura.
Ir may be remarked parenthetically that Metz (1926) has described
in four species of the Dipteran genus Sciara a monocenVric or unipolar
spindle in the first meiotic division in spermatogenesis. The chromosomes
consist of four pairs, and two others which make up the X. All ate
attached to spindle fibres from the single pole. Nevertheless, one of each
pair, together with the two composing the X, pass towards the pole,
while the remaining four diverge at first in the opposite direction but
fmally converge a t a point where the other pole would be expected
to exist.
StiU more recently, in a number of La Cellule which appears to have
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been actually published about 30 March 1930, Emerson (1929) gives an
interesting independent account of the pollen meiosis in haploid Oe. franciscana which is surprisingly different in some respects from that of
Davis and Kulkarni. Emerson's haploid appeared in an F 1 of 461 plants
grown at the University of Michigan, from Oe.franciscana crossed with the
hybrid known as franciscana su~furea. The atypical plant had extremely
narrow leaves in the rosette stage and was a weak semi-dwarf, almost
completely sterile. Ir is stated that the spireme in the pollen mother
cells is not continuous, and parallelisms of threads are found to be quite
as numerous during synapsis as in the diploid. Later, the spireme in
man~ nuclei appears continuous. Ir is thrown into loops, the arms of
which are twisted about each other. Ir is concluded that since this
twisting occurs in the haploid, ir caanot be the basis of genetical crossing
over.
A second contraction stage occurs, followed by segmentation of the
now heavy thread. The seven chromosomes ate probably aH end-to-end
in this spireme, but only a case with four attached tandem-wise is
actually shown. Later, the chromosomes are all separate, but in many
of the ce[ls two ate attached end-to-end. There is some evidence that
this pair behaves differently from the tire univalents. In heterotypic
metaphase they remain frequently, and perhaps always, attached. This
pair is less condensed than the others, which ate nearly spherical. In
early anaphase the members of the pair usua[ly pass to opposite poles,
while the other tire may occupy any position on the spindle. None ate
V-shaped as in a typical heterotypic anaphase. Counts of the chromosomes in the two daughter nuclei show in 7 cases (7 + 0) dist-ribution,
in 25 cases (6 + 1), 18 cases (5 + 2), 15 cases (4 + 3). The high frequency
of the (6 + 1) distribution indicates that the two members of the pair
frequently separate, while the five univalents remain with one of them. In
a single po[len mother ce]] this pair separated while the other tire divided.
In the homotypic mitosis the chromosomes on the two spindles
usually aH divide, as observed also by Davis and Kulkarni, forming a
tetrad. But frequently mother cells were observed containing a dyad of
po[len grains, probably functional, o r a hexad. The diploid franciscana
has tire paim of chromosomes a n d a ring of fottr in diakinesis, and
Emerson suggests that the associated pair in the haploid may represent
two ~rom this ring. As regards nuclear size, he fmds that the mean
diameters of the nuclei of the pollen mother ee]]s in the diploid and
haploid ate respectively 12.9/z and 9.6/z. This would gire relative
volumes of 1 : 0.41 of 2.4 : 1 (cf. Table II).
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In two papers reeeived while this was in the press, Stomps (1930 a, b)
dese¡
further eases in Oenot¡
in whieh parthenogenetically in_
duced haploids have appeared under the stimulus of the poUen tubes
from a distantly related species. All evidenee indieates that true hybrids
cannot be obtained be~ween species of the subgenera Onagra and Euoenothera. Oe. Hookeri x longiflora and Oe.franciscana x longiflora each
yielded to Stomps in 1928 a single plant, whieh was like the female
parent but smaller and more slender. These plants were haploid, with the
cytological peculiarities of haploids already deseribed. The Hookeri haploid was wholly sterile, but the franciscana haploid produced some pollen.
When selfed and when pollinated Ÿ
diploid franciscana, it "gave
typicalfranciscana plants, together with eertain aberrants resembling the
trisomic mutants scintillans and lata and the triploid semigigas.
From Oe. argiUicola • biennis Stomps (1930 b) obtained 58 plants-1 typieal argillicola, 41 hybrids and 16 haploid argillicola. Al~hough the
chromosomes of the tatter Were not eounted, their epidermal cells and
stomata were shown to be eonspieuously smaUer than in the diploid.
When Oe. argilIicola was pollinated by the more nearly related muricata,
Lamarckiana or mut. blandina, no haploids were obtained.
There are in the literature various reeords of tetraploid Oe. gigas and
gigantea forma giving oceasional diploids. They probably arise from parthenogenetie diploid eggs. Stomps adds a case in which, among 3300
individuals from Oe. biennis gigas • Oe. biennis cruciata gigas, 6 were
diploid.
The various investigations of haploid plants 1 thus show that they
appear through the parthenogenetic development of a haploid egg (a) after
crossing, preferably with a distantly related species, (b) fiero the stimulus
of cold, (c) "spontaneously."
HAPLOmY IN ~ ~ s .
For purposes of comparison we may discuss briefly the conditions of
haploidy in animals, where the males in various groups develop as
haploids from parthenogenetie eggs, so that problems both of haploidy
and sex determination ate involved. Ir is now ~vell established that in
Hymenoptera generally the sexual eggs undergo the two maturation
divisions, the males developing from unfertilised and the females from
fertilised eggs. The work of va¡
investigators shows that in the
honey bee 16 is the haploid number of chromosomes. Females b e ~ n
1 A number of these tases have been discussed by K u h n (1930) in a paper received while
this w a s in the press.
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with 32 which, at the end of development, appear as 64. Males begin
with 16, but the somatic tissues of the adults appear to eontain 64, as
in the females. According to Naehtsheim (1921) this increase in number
is due, not to a longitudinal spht but to transverse fragmentations of
the chromosomes. At reduction there is a hnking of the chromosomes,
giving the appearanee of only eight chromosome tetrads. While certain
of the facts are still in dispute, ir seems clear that the males begin their
development as haploids and their gonads remain as sueh, beeause in
spermatogenesis there is a single equation division and no reduction.
That the usual haploid-diploid size relation of cells and nuelei does not
hold, however, in the honey bee was shown by Nachtsheim (1913) and
Boveri, for unlike other Hymenoptera and the rotifers, drones ate larger
than (female) workers, and Nachtsheim showed that they have larger
eye facets, indicating larger cells and nuclei. But the honey bee appears
to be exceptional in this respect among haploid males, l~achtsheim's
figures indieate, however, that the nucleus and spindle in the first
cleavage of the unfertilised egg ate smaller than in the fertihsed egg.
In both bees and ants, virgin workers have been known exceptionally
to produce female offspring (workers and queens) which are presumably
diploid, in which case doubling of the chromosomes must have occurred
soon after the haploid egg began its development, or the egg may have
re-united with it as in the phyllopod, Artemia salina. All three of these
possible conditions apparently occur in different animals.
In a reply to Paula Hertwig, who assumed that haploids among
higher animals are non-viable, Iqachtsheim (1921) coneluded that the
existence of haploid males in Hymenoptera, rotifers and other groups is
proved. He asks: Ate haploid sporophytes viable? and the answer was
provided in the foUowing year by the discovery of haploid Daturas.
Meves found in bees and hornets (see Wilson, 1925) that a vestigial
reduction division takes place, with an incomplete spindle, no division
of the chromosomes, b u t a pinching of F of an enucleate mass of cytoplasta or "polar body." This is followed by an ordinary mitosis. The
enueleate masses of cytoplasm observed by Davis in haploid Oenothera
poUen formation may not be without sign~fieance in this connection. In
the spermatogenesis of the haploid males of the polyembryonic wasp,
Paracopidosomopsis (Patterson and Porter, 1917), synapsis does not
occur, the first maturation being dese¡
(as usual in aceo'unts of
Hymenoptera) a s a "feeble of abortive attempt a t a division." So lar
as the chromosomes ate concerned, the division may be said to be
omitted, as in haploid plants. Whether the extrusion of a "cytoplasmic
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bud" from the egg should be regarded as ah " a t t e m p t " a t a division,
seeing that something similar has beca observed in haploid plants, is
not certain.
In the saw¡
Peacock (1925) concluded from a study of Pteronidea
(Nematus) melanaspis and other species that al] male sawflies are
haploid, but that occasionally a female is produced by parthenogenesis.
In spermatogenesis of males there ate two maturation divisions but no
reduction of ehromosomes (n = 8).
In the gall-flies both diploid and haploid parthenogenesis occurs,
and Doneaster (1911) showed that in Neuroterus the males are haploid 1.
In the parasitic wasp, Hadrobracon, Whiting (1921) showed by genetic
study of an orange-eyed mutation that while malea are haploid they
may in certain cases arise from eggs which have been fertilised. In
general, there ate two conditions as regards the equation division of the
chromosomes in the haploid egg. Ir may be accomplished by ah equal
division of the cytoplasm, thus forming two funetional sperms; of the
second spermatoeytes may be unequal, in whieh case only one functional
spermatozoon is formed.
Among Homoptera, the green]aouse white fly, Trialeurodes vaporariorum, was found by Hargreaves (1915) to produce only females from
the eggs of virgin females, while in Ameriea only males arose from sueh
eggs. The English and American races thus differ in their parthenogenetie
behaviour. This was eonfirmed by Williams (1917), who found very few
males in England except in one collection from Hampshire. Schrader
(1920) found that in the American race unfertilised eggs develop with
the haploid chromosome number and produce malea, while fertilised
eggs ate diploid and produce females. In spermatogenesis the haploid
complex is retained, the reduction division is eliminated and on]:? an
equation division occurs.
Thomsen (1927) found both races of Trialeurodes vaporariorum in
Denmark. No difference was discovered in the meiosis in the two types
of eggs. Both undergo reduction (n = 11), but in the parthenogenetie
eggs the diploid condition is restored, probably by splitting of the
chromosomes.
Schrader (1923) has described in the n¡
(arachnid) Tetranychus
bimaculatus (in which the females ate conspicuously larger than the
males) the same condition as in Trialeurodes. The haploid chromosome
number is only three, aH the eggs undergo meiosis, fertilised eggs forro
* Doncaster found one mitotic figure with about 6n chromosomes in a developing
muscle ce]] of a female.
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embryos and larvae with six chromosomes, unfertilised with three. In
the latter (males), though not many cytological details ate given, ir
seems clear that the reduction division is omitted a n d a single equation
division occurs.
There is some evidence of haploid parthenogenesis producing males
also in rotifers (see A. F. Shull, 1929), lice and thrips, but these cases
need not be entered into here. Both in phasmids and in the grouse
locust, A~otettix, there is genetie evidence of segregation as well as
crossing-over in the first generation of parthenogenetically produced
offspring (Nabours, 1919, 1929); from which ir may be concluded that
chromosome reduction occurs in the unfertilised as well as in the fertilised
eggs. Thus ir appears that in Orthoptera generally all the eggs undergo
reduction, parthenogenetic eggs with rare exceptions producing females,
while fertilised eggs give a mixture of both sexes.
In Nematodes of the genus Rhabditis, although haploid males ate
not known to oecur, yet the conditions resemble those already mentioned
in eertain plants. In R. aberrans (Krª
1913) males ate extremely
tate, the individuals being mostly hermaphrodite with the appearance
of females. Sperms regularly enter the eggs, but degenerate there, while
the egg develops parthenoge,,etically without chromosome reduction.
Wilson (1925) calls this condition gynogenesis. In R. pellio, a related
species, which is dioeeious, producing males and/emales in nearly equal
numbers, Paula Hertwig (1920) found in her cultures a mutant which
produced diploid (2n = 14) females only. They and their descendants
showed the same meiotic behaviour as R. aberrans, the eggs remaining
diploid and developing parthenogenetically, but requiring the entrance
of a sperm to stimulate their development. The sperm persisted in a
compact forro in the egg cytoplasm, even into the early cleavage stages.
This interesting case shows that the condition of diploid parthenogenesis
c a n arise directly from the normal sexual condition with haploid eggs
and sperms. Similarly, as observed by J~rgensen in Solanum nigrum,
the haploid egg was stimulated to develop by the presence of a
degenerating male nucleus of S. luteum.
The case of the charophyte, Chata canescens (-- crinita), shows certain
points of simila¡
to Rhabditis. Ir has long been known that tkis
species oceurs in two forms, one haploid (n -- 12) with male and female
plants. This rare forro is known only in certain scattered localities, e.g.
Hungary and Sicily. When the oospore germinates, meiosis occurs,
producing four nuclei, three of which degenerate. The other forro is
diploid throughout, is widely distributed and appears to be somatically
J o u r n . of Gen. x x I ~
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indistinguishable from the form with haploid gametophyte. It is always
female and apogamous, the diploid egg developing without a reduetion
division when the oospore germinates. No doubt the Iatter condition
was derived from the former, as in the parthenogenetic strain of Rhabditis
peUio; but there is nothing to indicate what change in the fertilised egg
of Chata led to the omission of meiosis when the oospore germinated.
Ernst (1918) suggested crossing as the cause of the production of the
parthenogenetic forro, but this view is inadequate as an explanation, as
Winkler (1920) has pointed out. Ernst assumed that if a simple doubling
of the chromosomes had taken place in a haploid female, the resulting
plant would be hermaphrodite; but from our present point of view we
should expect it to be female, though probably stouter 1.
Winkler suggests two methods by which the diploid parthenogenetic
female forro may have arisen: (1) by chromosome doubling in ah apical
ce]] of the haploid female plant, (2) by union of two of the four haploid
nuclei formed when the oospore germinates. He recognised from the
Marchals' work on mosses that diploid gametophytes ate not necessa¡
parthenogenetic, and he favours the origin of diploidy in Chata from ah
apical cell. Since two of the nuclei in the germinating oospore ate presumably capable of producing a male gametophyte, and two a female,
Winkler points out that fusion of two of these nuclei might gire three
differcnt results: (a) c~ + ~ would produce a diploid male gametophyte
which would die out, (b) ~ + c~ should produce a diploid hermaphrodite,
(c) ~ + ~ would produce a diploid female, but there is no sut¡
reason to suppose ir would be parthenogenetic. None of these hypotheses explains at the same time the origin of diploidy and of parthenogenesis. On the other hand, we might assume that ah unfertihsed
oogonium began to develop parthenogenetically and that doubhng of
the chromosomes occurred in the first cleavage of the unfertilised egg,
but this gives no real explanation of the origin of the parthenogenetic
behaviour. Winkler's hypothesis of origin from an apical cell of the
haploid has at least as many difficulties. The widespread occurrence of
the dip]oid indicates that parthenogenesis is a suecess.
In Icerya Turchasi (Coccidae) Schrader and Hughes-Schrader (1926)
have clearly shown that hermaphrodites have four chromosomes in the
somatic and oogonial tissue, while males have two chromosomes in all
their somatic and spermatogonial cells, i.e. they ate haploid throughout,
their nuclei and cells being decidedly smaller in the early stages oŸ
1 Though not necessa¡
(Yamauouchi, 1906).
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development, but with many adjustments of size later. A single meiotic
division i˜ conclusively shown in" the males, since each cyst contains
16 nuclei before meiosis and 32 nuclei, producing 32 sperms, afterwards.
The germ cells of hermaphrodite embryos are shown by Hughes-Schrader
(1927) to be diploid (Iour chromosomes). But at the time of the first
nymphal instar, haploid nuclei appear among the diploid. How they
arise is not known, but from this haploid tissue arise the sperms oŸthe
hermaphrodite gonad. In spermatogenesis, both in hermaphrodites and
in haploid males, there is but one meiotic division (equational). In two
aberrant cases, however, the spermatids as weU as eggs arose from
diploid cells. There were then two reduction divisions, but ~dthout
synapsis. The same racial conditions, with diploid hermaphrodites and
haploid males but no females, were found both in Italy and America.
In the Coccidae, Lecanium hesperidium and L. hemisphcvricum,
Thomsen (1927) has found that both species oecur in two races, (1) a
purely parthenogenetic race of females only, (2) a bisexual parthenogenetic race of males and females, the latter in the minority. In the
former race the eggs undergo one equation division with 2n chromosomes,
but with neither synapsis nor the formation of chromatin tetrads. The
eggs of the bisexual raee undergo the reduction divisions, but in unfertilised eggs the 2n number of chromosomes is restored by fusion
between the egg nucleus and the second polar body. The females so
produced are thus diploid, and the nuclear fusion is said to be extraordinarily hke fertilisation.
Parthenogenetie development has been experimentally produeed,
especiaUy in sea-urchins, starfish, annelid worms, molluscs and frogs,
but only frogs have been reared to maturity by these methods, although
starfish and sea-urct¡ have developed through metamorphosis. It is
clear that the embryos ate haploid in the beginning of their development, at least in those cases, such as the sea-urehin, where the polar
bodies are formed before the egg is stimulated to develop. Shearer and
Lloyd (1913) counted the haploid chromosome number (18) in Toxopneustes and Strongylocentrotus larvae which had undergone metamorphosis, so ir is probable that such individuals would remain haploid
as adults. The parthenogenetic haploid larvae were readily distinguishable from normal diploid plutei. Their arms were one-third longer, the
protoplasm shghtly granular, less transparent, and the pigmentation
more scattered. They also developed much faster up to the 4- and
8-armed pluteus stage, and after that much more slowly, metamorphosis
taking place in 8-10 weeks instead of 5-6 weeks. Metamorphosis pro10-2
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ceeded so slowly that the larvae starved before ir was completed, which
apparently accounted Ÿ their death at this time. They appear to have
remained haploid throughout, but were not visibly smaller than diploid
plutei, and the nuclear sizes were not compared. Delage had previously
succeeded in rearing six parthenogenetic sea-urchin larvae through
metamorphosis, two of them attaining sufficient sexual matu¡
to be
identified as males.
Similarly in the annelid Thalassema and the mollusc Cumingia,
cleavage of the egg has been observed to take place with the haploid
chromosome number. Ir is equally clear, however, that in many cases
the diploid number is restored after development of the egg begins. The
various ways in whieh this may happen need not be discussed here.
The parthenogenetic frogs of Loeb (1918), obtained by pricking the
egg with a needle, proved to be 15 males, 3 females and 2 doubtful.
Some males reaehed full ad•flt size at an age of 10-18 months and were
entirely normal. There is very little doubt that all those, both males and
females, which reached maturity were diploid. In another lot of 65 {rog
larvae parthenogenetieally produced by Loeb, Parmenter (1920) counted
the chromosomes of 14 individuals, including one male frog and 13 tadpoles. In every case the number was diploid (26) of nearly so. Ir is not
known where the doubling takes place, but siace mortality is high in
the early stages of development, ir is reasonable to suppose that only
those larvae survive in which doubling of the chromosomes took place
suffieiently early, larvae with some haploid and some diploid tissue
having a high death tate. Hovasse (1922) has since counted chromosome
numbers from 8 to 27 in parthenogenetic frog larvae, but mostly approaching the haploid or diploid numbers. Among the young embryos
and larvae studied, 75 had about 24 chromosomes (which he regarded
as the diploid number), 65 had about 12 chromosomes and 14 had other
numbers. The haploid numbers were more frequent in the early stages,
up to 24 hours, while the oldest larvae (18 to 84 days) were all diploid.
The conclusion seems clear, although Hovasse denies that differential
mortality is at work here. The cleavage spindles in presumably haploid
frog eggs ate much smaller than normal. Also the tate of development
is less in parthenogenetic than in normally fertilised eggs.
Among various studies of the effects of radium emanation on the
eggs and sperm of frogs and toads, G. Hertwig (1913) found that when
eggs were inseminated with strongly irradiated sperm of another species,
the foreign chromatia was soon el~m~nated from the eggs, which were
stimulated to develop gynogenetically. The tadpoles so produced were
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conspicuously smaller than normal ones of the same age, and usually
showed va¡
imperfections although they developed at about the
normal rate. Their nuclei were evidently haploid sinee they had practically hall the volume of the nuclei in eorresponding tissues of normal
larvae, e.g. in the medulla and the liver. It appears highly probable
that in those tadpoles, unlike the parthenogenetic frogs of Loeb, the
haploid chromosome number was retained. In such experiments, however, in some of which the egg rather than the sperm was irradiated,
leading to inactivation of the egg ehromosomes (see also Wilson (1925),
p. 463), some tadpoles were of normal size and with larger, evidently
diploid, nuclei. These also probably began their development with a
single set of chromosomes (maternal of paternal) as in Loeb's parthenogenetic frogs.
The number of methods hitherto used to obtain haploid parthenogenesis is greater in animals than in plants. They include hypertonic
sea-water, addition to the medium of neutral salts (such as KCI), CO~
and weak acids or bases, and also physieal agencies such as inereased
osmotic pressure, mechanical shaking or puneture, temperature changes,
radium, or electrical stimulus. The work of Baltzer, Doncaster and Gray,
and Tennant showed that in cross-fertihsation of echinoderm eggs with
sperm of another species of genus the paternal or maternal chromosomes,
or some of each, might form vesicles and be elJminated from the egg,
whieh then gave rise to larvae with corresponding characters and in
some cases haploid nuclei. In various experiments which need not be
detailed here, when eggs were cross-fertilised after having begun parthenogenetic development, the resulting larvae were in some eases
mosaics of cells with different nuclear content, some of them containing
only the paternal chromosomes. In inter-generic echinoderm crosses of
Baltzer the paternal ehromosomes may be retained in the nueleus until
blastula formation, when ehmination of the paternal chromatin takes
place. Irradiated sperm, in the experiments of G. Hertwig cited above,
stimulated the eggs to parthenogenetic development without themselves
taking part in nuclear formation, but apparently no case is known in
animats where, as in plants, the normal sperm of another species has
entered the egg and disintegrated, thus causing its parthenogenetic
development.
The described cases of segmenting ova in virgin mice and rabbits
are presumably to be classed as "spontaneous." In this connection,
Baltzer's (1922) success (following Spemann) in rearing a Triton larva
through metamorpbosis from an enucleate egg fragment fertihsed by a
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sperm is noteworthy. The larva was doubtless haploid, since its nuclei
were only hall the normal size. Boveri had shown earlier that enucleate
fragments of sea-urehin eggs, ir entered by a sperm, could develop
merogonJcaUy into dwarf (haploid) 1atrae.
Ir thus appears that wbJle, in plants, haploid adults can be reared
to maturity, in animals they usually either double their chromosomes
during development, of fail to reach maturity. Ir haploid animals
actually attained maturity, they might be expected to be more or less
completely sterile, as are haploid plants, but no such case appears to
have been recorded resulting from artificial parthenogenesis, although
Baltzer's case of merogony in Triton is closely similar. On the other
hand, natural haploidy such as occ~s in the males of various animals is
unknown in seed plants.
Light is thrown on several problems of haploidy in animals by the
oceurrence of two haploid-diploid mosaics in Drosophila, described by
B¡
(1925). In a genetic eross which produced "' piebald" individuals,
there were spots of tissue in which the recessive paternal characters
were shown and the maternal X-chromosome had apparently been lost,
the test of the individua1 being female and presumably normal diploid,
showing the dominant maternal characters. One individual dif[ered from
the rest in having the whole left side of the head different from the right
in severa1 genetic characters and also notably smaller. Without going
into details, the genetie evidence seems clear that the left side of the
head was strictly haploid and paternal, all the maternal chromosomes
(containJng dominant characters) having been eliminated. Bridges points
out that, on the theory of genic balance, an individual with In chromosomes shouId be female, and this was borne out in so lar as the left eye
took the tinge which the eosin mutation shows in the female as distinct
from the male. An unsuccessful attempt was made to measure the cells
and nuclei on the two sides of the head, but the eye facets in the left
eye were shown to be conspicuously smatler than those of the right in
the ratio 19 : 23. In a triploid fly they were correspondingly larger, and
ommatidium size is probably an accurate index of cell size.
In another cross there appeared, besides piebalds, another individual
whŸ was apparently a haploid-diploid mosaic on a larger scale; the
left wing was only three-fourths the normal size, the three left legs were
shorter and more slender than the right ones, and the left fore-leg bote
no sex comb, the absence of a sex comb being strong evidence that the
tissue was female in nature as well as presumably haploid.
Although haploids ate non-viable in Drosophila, these haploid-
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diploid mosaics appear to confirm the view that haploids with one set
of autosomes and one X would be females, j u s t a s diploids with two
sets of autosomes and two X-chromosomes of triploids with three such
sets and three X's are females. This leads to a somewhat contradictory
position, since as we have already seen in cases of normal haploidy in
animal species the haploid individuals appear always to be males in the
various groups of animals in which they occur.
In seed plants, on the contrary, the haploids ate, as might be expected, hermaphrodite like the diploids from which they ate derived.
Incidentally the production of haploid sporophytes differing from the
diploid mainly only in size would be a fatal blow to the theory of antithetic alternation of generations in plants in its old forro, had not that
theory already been largely given up; for ir renders untenable the view
of the sporophyte as a post-sexual phase intercalated between two
gametophyte generations, and dif[ering in morphology because of its
double series of chromosomes. The fact that marked and sudden changes
can take place in the life cycles of va¡
plants and animals will lead
to a much wider introduction of mutation conceptions into the explanation of such ditterences in life cycles as we have been discussing. Some
of these questions, in so far as they relate to the ThaUophyta and the
Protista, have recently been discussed by Hartmann (1929).
Ir seems clear that the condition of haploid males and diploid females
has been derived independently in different animal groups from ancestors
with the normal bisexual conditions; and presumably some changes in
the chromosome relations have occurred, which at the same time render
haploids viable and lead to a redistribution of factors for maleness and
femaleness which results in haploids being male. Schrader and Sturtevant
(1923) discussed the difficulty mentioned above, namely that in some
animal groups the haploids ate normally males, whereas in Drosophila
and presumably in all bisexual animals in which the female sex is homogametic, the tissue of the haploid and therefore the haploid itself may be
expected to be female, sinee the ef[ective relation is the ratio between
the X-ehromosomes and the autosomes. The subsequent discovery of
haploid-diploid mosaics in Drosophila by Bridges lent stren~h to this
view. They suggest that maleness and femaleness have different threshold
values in a continuous series, the resulting sex as diploid male, haploid
male, intersex of female depending on the relative number of sets of sex
ehromosomes and autosomes. Some quantitative view of the male and
female sex factors, such as that of Goldschmidt, as well as of the rest of
the germplasm in relation to sex, is necessary to account for these
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various relations; but before they can be understood, further cytological
investigations of the life cycles in various animals showing haploid
parthenogenesis will be necessary, both as regards the history of the
autosomes and of the sex chromosomes. While this is not the place to
discuss sex determination, yet ir is recognised now that both autosomes
and sex chromosomes carry factors which quantitatively intluence the
sex of the individual during periods of its ontogeny.
SUMMARY.

i. A new case of haploidy in Oenothera is dese¡
It arose from
Oe. rubricalyx pollinated by Oe. ~riensis.The hybrids produced are nonviable, dying in a few days. Two seedlings in a family of 85 persisted
and one, which survived to matu¡
was haploid. It was conspicuously
smaller, with various morphological changes, and was completely sterile
in pollen and seeds.
2. This haploid has smaller cells, and series of measurements (see
Tables I-III) show that the ratio of decrease corresponds in general
with that of increase in size in various tissues of the tetraploid. Neither
the haploid nor the tetraploid corresponds cell for cell with the diploid.
Both the haploid and the diploid usually have four wall layers in the
anther, but whereas the haploid sometimes has five layers of small cells
the diploid may have only three layers of larger ceUs.
3. The va¡
cases of haploid sporophytes in flowe¡ plants and
of animal species in which the males ate haploid ate reviewed, also the
ehromosome relations in artificial parthenogenesis. Although haploid
plants can be reared to maturity, haploid animals usually either rail to
reaeh matu¡
or double their chromosomes du¡
development.
4. Haploid sporophytes have been deseribed in eight genera of
flowering plants---Datura, Nicotiana, Triticum, Solanum, Brassica,
Matthiola, Crepis and Oenothera. The haploids ate smaller than the
diploids, with smaller cells, showing also certain alterations in form
and sometimes in flo~;er colour, and they ate almost completely sterile.
Sueh meiotic peculiarities a s a unipolar heterotypic spindle and functional pollen dyads may occur. Haploid plants have appeared, (a) after
crossing, especially with a distantly related species, (b) after subjection
to cold at the time of fertilisation, and (c) in the tomato, "spontaneously."
5. The existence of haploid sporophytes is contrary to the theory of
antithetie alternation of generations in plants, at least in its older forro.
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Oe. eriensis • rubricalyx, ~vl, rosette.
Oe. erienzis • rubricaly:r,, in flower.
Haploid Oe. rubricaly:r., from rubriealyx pollinated by er/en~/s.
Haploid Oe. rubr/~lyx, in fiower.
Somatic metaphase showing seven ehromosomes in haploid.
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