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Explanation of Piatc IV

[ ovriiwen recently the origin of a number of tobacco, wheat, tomato,
and other polyploid plants and described the behaviours of some practi-
cally constant, as well of some unconstant (segregating), allopolyploids
9
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130 " Studies on Polyploid Plants

and autopolyploids, in a series of publications, and pointed out the causes
for their behaviour (Kostolf, 1932-8k). There is no doubt that the allo-
polyploid forms Nicotiana glauce Grah.—N. Langsdorffis Wemm. and
their progenies are the most inberesting ones, from a cytogenetic and
phylogenetic point of view, among the abundant material whick I have
acoumulated during the last ten ysars upon polyploidy in connexion with
interspecific byhridization. Describing their ovigin and behaviour I shall
also discuss the evolutionary significance of such forms as might arise in
nature,

MATERIAL AND METHODS

Nieotiana glauca Gral. (syn. N. arboreq Dietr.) is a perennial bush
from Argentine. It has been transferred more recently fo Australia,
where at the present time it ocoupies large areas. In the Mediterransan
zones of Hnrope it reaches a height of ¢ca. 2-3 m., and its roots and the
lower parts of the stems sometimes can over-winber when one covers
them in autumn with soil. Tn our greenhouses it lives for many years and
reaches a height of ca. 2-3 m. Stem—wocdy, branched; leaves with long
petioles (Text-fig. 21}; flowers 30 mm., yellow-greenish, formed at the
top of the shoots (Text-fig. 23); pollen grains—white. The plant contains
ca. 0-5-1:09, alkalold anabasine and ca. 3-5-4-00 9 citric acid in form of
various salts when grown in the Moscow region. Thae strains of N. glouca
vary in respect to the size and shape of the flowers and leaves, antho-
cyanin content and the length of their vegetation periods. Comes (1899)
incinded this species into the section Busitee of the genus Nicotiona.

N. Langsdorffir Weinm. is s herbaceous species from JBast Brazil. Some
plants can over-winter in the greenhonse when good careis taken. In the
fiefd it may reach a height of ca. 80-90 cm. Stem—branched; leaves—
sessile (Text-fig. 23); flowers—cq. 25 mm., slightly zygomorphic, yellow-
greenish; pollen grains—rviolet-bluish. (This is the only Necotiany species
that has violet-bluish pollen Jike Peiunia violaces.) Comes {1899} included
this species mbo Ruslice ssction. The Hower colour is the only striking
character that this plant has in common with the Rusiico section. Habit
of growth, leaf shape, flower shape, ete., resemble those of Nicotiana
alata and V. Sanderae, the latter two species being typical representatives
of Petunioides section. It crosses easily with these two species and the
hybrids obtained are fully fertile. Lock (1909) and Ifast (1928) were
inclined to vefer it to the Pelundoides section. The latter author treated
it rasher as a < connecting link between Rustico and Pefunioides sections”
{(p. 246). Tt shonld be mentioned here that the fower colour is not an
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essential character. The studies by Anderson & de Winton (1931) and by
East {1832} suggest a monofactorial difference, though more than one
factor has also been suggested (Brieger, 1929). Nicoliana Langsdorffis has
n=9 chromosomes like N. Sunderae and N, glata. Tts chromosomes are
homologous with those of these two species. Counsequently, N. Langs-
dorffii should be ncluded into Petunioides section.

Parallel with Nicotiana glowca and N. Longsdorfiic species, I shall
consider in this paper ¥. Senderae (a horticultural plant) and N. alate
(Uruguay) species, that were used for back-crosses of I, N. glauca x
N. Langsdorffis hybrids. N. alate has probably participated in the origin
of N. Sanderce. The strains of the latter are usually self-sterile and cross-
fertile (i.e. highly heterozygous), quite often segregating V. wlata-lile
types.

Cytological studies were carried out on paraffin preparations (perma-
nent}, aceto-carmine smear preparations and smear permanent prepara-
tions. Fixations used were: Bouin as modified by Allen and new modifi-
cations, strong Lewitzky’s chrom-formol fixations, 8. Navashin’s chrom-
formol acetic acid fixations, La Cour 2.BE, and Lewitsky’s platinum
chloride formalin fixation. Permanent preparations were stained by iron
alum Heidenhain’s heaematoxylin, and by gentian violet iodine stains.
Drawings were chiefly made by Abbé camera lucida, microscope Zeiss,
oc. 20, obj. 90 (oil immersion), or Reichert, 12 comp. ocularx 12 oil
immersion at the table level.

Determinations of the alkaloid and eifric acid contents were carried
out in Dr Shmuck’s biochemical laboratory,

Catology of the parents N. Langsdorfii Weinm. and
N. glauea Grah.

Mitosis and melosis of the parental forms were studied several times in
varions conditions. Some of the earliest studies were carried out abont
ten yoars ago when the author was working at Harvard University.
Repeated investigations were also carried oub in Sofia, Leningrad and
Moscow. Fxtreme environmeuntal conditions more easily disturbed
meiosis but mitosis was also affected.

A. Mitosis. The procedurs of mitosis was studied in both . glanon
and N. Langsdorffiz plants.

N. glanea (2m =24, n=12). Somatic chromosome number in . glaucs
was first determined by Goodspeed (1923, 1924). The same number was
found Iasey in this species by B. Clausen (1923}, Christofl (1928), Kostoff
{1930, 1934, 1935), Kostoffl & Pavioff (1931), Sarana (1934}, ete. N. glaucae

9-2



132 Studies on Polyploid Plunis

is a tobaceo species which has seven very long chromogsome pairs out of
twelve. In studying cytologically about forty tobacco species I have the
tmpression that the longest chromosomes of the genus Nicotiana are
present in N. glousa, though this is true {or the longest only. In analysing
the karyotype of N. glauca ten pairs were found with subterminal centro-
meres and two with snbmedial ones. One of the latter is satellite (Text-
figs. 1, 2). N. glauee chromosomes stain much better in all kinds of
preparations than those of the other Nicotianc species. It seems that
N. glauen chromosomes absorb much more dyes than those of the other
species. Chromosome alterations and doubling in V. glouca were induced

Text-fig.

JI 1IN0y

Text-fig. 2. Bomatic chromoesomes of N. glouca.

by acenaphthene treatments (Kostoff, unpublished) and by wounding
{Pratassenva, 1930).

N. Langsdorffic (2n =18, n="9). The chromosoine number of this species
was studied by Goodepeed (1923, 1924, 1933}, Vilmorin & Simonet (1928},
(lausen (1928), Christoff (1928}, Kostoff {1929, 1930«, 19344, 19354}, ete.
Goodspeed’s first data were not quite decisive. His later studies and those
by the other authors showed that V. Langsdorffic has n=9, In=18.
Christotl’s statement that N, Langsdorflic as well as the other closely
related species of the genus Nicotiona {alula, Senderae) have n=38 and
9m =16 is not correct. Polyploidy in Nicotane is a frequent phenomenon,
hut n =8 has not yet heen found. Gametic chromosome numbers found
in Nicoftana are: 9, 10, 12, 16, 18, 20, 22, 24 and 32, In addition te these
new allopolyploid and autopolyploid forms others have been produced
with the following gametic chromosome nwmbers: 18, 20, 21, 24, 25, 32,
36, 40 and 48, the number 40 bemng derived from 1624 instead from 20.
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These numbers show that N. Langsdorffic is one of Nucofinnae species
baving the smallest chromogome number, like N. alate, N. Sanderae, and
N. bonariensis.

instudying the karyotype of N. Langsdorffii the following chromosonse
types can be differentiated (Text-figs. 3, 4); (1) one long pair with
submedian constriction, (2) one long pair with median constriction,
(3) two small pairs with almost median constrictions, (4) three pairs with
subterminal constrictions, one long and #wo mediwm, (3) one long pair
with a secondary constriction {clearly visible only in some preparations),
and (6) one very short pair having, so far as our preparations showed,
most probably, terminal or almost terminal spindle fibre attachment
(cf. Text-fig. 4 from lefs to the right).

N
NN
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Text-fig. 3. Somatic plate of N¥. Langsdorffii (2n=18).

VIV RS RWY

Text-fig. 4. Sematie chromosomes of V. Lengsdorffii.

Disturbances in the somatic chromoscine number iv N. Langsdorfii
were induced by centrifuging (Kostoff, 19354). '

B. Meiosis. There is a large number of species in nature that have
abnormal meiosis, but V. Langsdorfii and N. glaues, when developed and
flowered in so-called “normal” conditions, had normal meiosis.

N. glauca. During diakinesis the smallest chromosomes had one or two
chiasmata while the longer ones had 2, 3 and rarely 4 chiasmata. In one
pollen’ mother cell (rarc.) during the diakinesis 27 chiasmata were
counted, and in. another one 23 chiasmata were observed, i.e, 2:08 per
hivalent or nearly 2 chiasmata per bivalent. Duiing the first meiotic
metaphase I counted in one P.ai.c. 18 chizsmata and i another one
21 {£1), which gives af the average 163 chiasmata per bivalent. These
lambers suggest that terminalization proceeds gradually from the one to
the osher phasze.
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Shoots with floral buds of N. gloucs when covered with test-tubes
which have acenaphthene crystals on the inside of the tube walls, the
sublimating particles from acenaphthene induce abnormal meiosis.
During the first metaphase bivalent chromosomes are not arranged on &
regular equatorial plate, but occupy the place they have occupied during
the diakinesis, though somewhat closer together. Then they divide
without a complete terminalization and get spread abnormally into the
cytoplasm in small groups. Bach group, sometimes even single chromo-
somes, form a microspore, so that a large number (sometimes over twelve)
of microspores are formed in each pollen mother cell during the tetrad
stage. Such a cell reaction leads o formation of large percentage of
abnormal pollen (30-100 %, depending on the guantity of the inductor)
and large pollen with abnormal chromosome numbers.

N. Langsdorffii. This species has also regular meiosis under “normal”
conditions. During diakinesis the longer chromosomes had somewhat
more chiasmata than the shorter ones, as mn . glowse. In connting the
chizsmata in four ..o, the following numbers were respectively ob-
tained : 16, 18, 18, 20, which gives 2 chiasmata per bivalent. In counting
the chissmata in three p.w.c. during the first metaphase I found the
following numbers: 18, 15, 12, i.e. 1-59 chiasmata per bivalent. These
data indicate that terminalization in N. Langsdorffiz proceeds as in
N. glavca.

N. Langsdorffii Aoral buds treated with acenaphthene by the method
with which V. glavca was treated reacted in the same way as in the latter
species.

Abnormal meiosis in N. Langsdorffis was cbserved by the author in an
intergeneric graft combination when N. Langsdorffic was used as a scion
(Kostoff, 1930d). Meiotic irregularities in this case lead to production of
chromosomal aberrants.

F, avyBrips V. ¢Lavcd x N. LANGSDORFFII

Hybrids of N. glauce x N. Langsdorffic were frst recorded by
Giértner (1849), who stated that they were difficult to obtain. His hybrids
were completely sterile; the Howers foll off several days after opening.

During the last twelve years I have several times carried out crosses
between these two Nicoliana species, and have every year grown hybzids
from this cross for various kinds of studies.
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(a) Crossability

The crossability of N. glouce with N. Langsdorfii is very variable. It
depends greatly on the individuality of the plants and on the environment
i which the crosses are carried out. Some N. gluuca plants cross more
easily than others. Tt should be mentioned here that the N. glauca plants
with which I worked were somewhat heterozygons in respect to some
minube morphological characters (anthocyan, leaf index). It is possible
that they have also differed in respect to certain biochemical characters.
It is Interesting so note that crosses made in spring and autumn were more
suceesstul than those made in summer (Table T).

N. glauce forms on the average about 800-850 ovules per capsule,
while the fargest number of hybrids cbtained per capsule was 93. On the
average, 28 hybrids per capsule were ohtained from the cross V. glauca x
N. Langsdorfiie. The reciprocal cross usnally fails, though I have been able
to obtain it several times. In Table I are given some data from which one
can judge of the crossability of this combination. The occasional failure
of N. Langsdorffii x N. glavce cvoss is chiefly due to the slow growth of
N. glanca pollen tubes in N. Langsdorffis styles. In the crosses V. glauca x
N. Langsdorffii, the pollen tubes of N. Langsdorffit usually reach the ovary
and fertilization generally takes place. Non-germination of the seeds
from these crosses is chiefly due o slow growth of the hybrid embryos.
Some of the young hybrids occasionally die at various stages of develop-
ment,

(b Morphological appearance of Fy hybrids

The hybrids N. glawce x N. Langsdorffii appeared to be morpho-
logically identical with those of the reciprocal cross N. Langsdor[fii x
N. glauca. At least 1 could not notice any significant difference. The
majority of the hybrids usually grow normally until the time of fores-
cence. Single plants, however, developed very abunormally, forming
tumours, fasciations, and witches’ broom-like malformations. Some N.
glavce plants when crossed with N. Langsdorffis produced hybrids, the
majority of which died at the seeding stege of development. Other
Plants produced approximabely one-quarter dwarf and about three-
quarters well-developed hybrids. Dwarf hybrids grew in the greenhouse
ca. 30-35 ., while the novmal ones were co. 90-120 em. In the field,
the dwarf hybrids grew about 30-40 om. high, while the non-dwarf ones
were co. 140-160 o (150 cm. on the average). In 1935 1 grew in
Leningrad sixby-three /7y hybrids V. glewca x N. Langsdor{fii from a cross,
fifteen of them were dwasfs and forty-eight developed normally. In
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1937 1 grew fifty ¥, plants of the same combination in Moscow; fourteen
of them were dwarfs. Oune dwarf plant is given in Text-fig. 5.

N. glauce nsually has hairless stem and leaves (except on the main
nerves, that appear in some plants), while the stem and the leaves of
N. Longsdorffic ave covered with small trichomes. F, hybrids were
covered with small trichomes as in N. Langsdorffiv. The latter parent has
sessile leaves and blue (slightly violet) pollen, while V. glauca has petiolate
leaves and white pelien. The shape of the leaves in F; hybrids is approxi-
mately intermediate in respect to those of the parental forms {Text-fig.
21). The hybrids have also blue (slightly violet) pollen, but the colour
of the pollen in &, hybrids is somewhat diluted.

Text-fig. 5. F} dwarf hybrid N. glauce x N. Langsdorffii.

Iy hybrids form, as a rale, hereditary non-parasitic tumours on the
sters, roots, shoots and oceasionally on the leaves, usually when the
plants became old, i.e. after the florescence period (of the main stem).
When the seedlings are raised in April, the hybrids usually begin to flower
m July, while tumours begin to appearin August, September and October.
ALl 7, hybrid plants formed tumours, whenever and wherever they were
raised. 1 grew some F, hybrids in Boston (Bussey Institution, Harvard
University, 1927-9), in Sofia (Bulgazia, 1930-2), in {eningrad (Botanical
Garden, 1932-5), and in Moscow (1935-8). They all formed tumowrs at
all these localities. I grafted shoots from 7, hybrids on the parental
forms and vice versa. The hybrid tissues (shoots) formed tumours, no
Matter whether grown as goion or as stock, while the parensal parts did
not show the symptoms. All attempts to isolate parasites (bacteria or
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fungi) or to inoculate other tobacco species were nusuccessful. Conge-
quently the conclusion was drawn that these tumours are heritable
non-parasitic. Allopolyploids produced by chromosome doubling in I,
hybrids also form the same kind of sumours and this character is frans-
mitted to the subsequent generations.

It should he mentioned that certain F, plants occasionally form
tumours and fasciations even before hhe beginning of the florescence
pericd. When hybrid seeds are sown in September in the greenhouge, the
hybrid usually begins to flower next year in April or May. Such hybrids
usually form tumours bafore flowering, being so to say “old " (Text-fig. 6).

Tumours ars formed on the stems: (1) where, accidentally, the cortex
is wounded, (2) at the place of leaf ahscission, (3} where new branches
start to develop (tumours are formed instead of differentiated branches),
(4) at any place ou the stem and side branches {cambinm begins to divide
confinuously uncontrolled at varjous places and produce undifferentiated
cells, thus forming tumourous malformations). Tumours formed on the
stems sometimes reach the size of a walnut.

Leaves formed tumours most frequently at the place of small or large
fnjuries, especially when the latter have involved places with achive
cambial tissue (large veins). Tumouzs formed on the leaves reach some-
times & size of a pea seed.

The largest tumours are formed on the stem-root regions, just at the
place that touches the surface of the scil. This i1s the place where most
abrupt changes take place (moisture or drought). The twmours formed in
this region occasionally reach the size of & small chicken egg.

Tumours were formed by N. glouce < N. Langsdorffii as well as by the
reciprocal hybrid. There are no uoticeable morpholegical differences
between those formed by the former and those formed by the latter.

(¢) Cytology of Iy hybrids N. glauca x N. Langsdorfii
(1) Maiosis.

Somatic chromoesomes of F, hybrids were studied m the root tips.
BSome chromosome counts were also made in the somatic tissues of the
floral buds and in the tumours.

In the root tips, as a rule, 21 chromosomes were found, representing
the s of the haploid sets of the parental species. Most of the parental
chromosomes were easily identified in F, hybrids (Text-figs. 7-9). The
N. Langsdorffis chromosome with the secondary consbriction was rarely
identified. Its secoudary coustziction was revealed with difficuifies even
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Text-lg. 6, F, N. glanca » §. Lengsdonffii forming numerous large bumours
after the Howering period,
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1n the parental species. The satellite chromosome cof V. glouc was easily
wdentified {Text-fig. 10).

For studying mitosis in F, hybrids as compared with the parental
forms, longitudinal sections were made throngh the root tips. In 218
anaphases from an F, hybrid, four abnormal mitotic figures were found,
Three anaphases had laggards on the spindles and one had a chromatin
bridge. In 195 anaphases in N. glouce root tips and 204 anaphases in
N. Langsdorffii no abnormalities were noticed. These data indicate that

V \ v[f\ s % ‘ #
AR VYR
Text-fy. 7. Text-fig. 5. Text-fg. 0.

Text-Ags. 7, 8, . Sowmatic plates of Fy N. glauce x N. Langsdorffii hybrids.

L
Text-fg. 10, Satellite chromosome from the root tips (left), from the somatic tissues of the

Horal buds (in the middle) and from the tumours (right) of #, hybrids. Note the

confraction.
the frequency of abnormal mitosis in the hybrid was higher than in the
parental species. They also show that about one cell out of fifty may have
ahnormal karyotypes. The fact that somatic plates with 21 chromosomes
were usually found shows that the cells with the abnormal karyotypes
cannot as a rule compese with the normal cells, having a lower frequency
of cell division than the cells with normal karyotypes,

Chromosome number in- the root tips was studied in transverse
sections. I found usually 21 somatic chromosowes, but somebimes other
chromosome numbers were counted (22, 23, 28, 42, etc.), though very
rarely. Such deviations were not found in the parental species.
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Abnormal mitosis was also found in the somatic fissues of the floral
buds, but no exact counts were carried out. The chromosomes in the soma
of the floral buds appeared somewhas sherter than those in the root tips
(Text-fg. 10).

The chromosome number in the tumours 1s usually the same as that
in the other somatic cells, namely, 21. Tetraploid cells and areas with
49 chromosomes were relatively rarely found. I have found them, most
frequently, near the necrotic regions. These observations indicate that
the polyploidy in tumounrs is a secondary phenomencn, and cannot be
included in the chain of reactions that condition tumour formations
(of. Kostoff, 19306, 19310, 19334, b, 1935¢; Kostoff & Kendall, 1930,
1933).

I cannot maintain now with certainty that there is a definite cansal
connexion hetween the polyploidy and necrosis, since the occurrence of
the polyploid ecells and tissues, near the necrotic regioms, is rather a
tendency than a rule. It is also difficult to decide whether the necrosis is
more likely to ogeur in the polyploid tissues, or whether the “necro-
hormones” (sensu Haberlandt) and other products of the death cells are
the responsible agents for the induction of pelyploidy.

Iz summer time when the plants assimilate intensively, the tumours
contain a large amount of starch, while in winter at certain periods one
cannob find stareh in the tumour cells.

Tumour cells represent rapidly dividing non-organized meristematic
cells which expand, sometimes enormously without being differentiated.
They are usually rich in cytoplasiz and have small but numerous vacuoles,
thus wouch resembling the cells in plant galls situated in the proximity of
the parasites (Kostoff & Kendall, 1929, 1930; Kendall, 1930). In the
tumour cells one can find occasionally crystals of caleium oxalate.
Tumour cells often have larger nuclei and a larger number of nucleoli.
This is especially true for tissues near the necrotic regions, where one
often finds cells with abnormally deformed nuclel. Cytolysis in the
necrotic regions is sometimes accompanicd by disappearance of the
uuclear membranes (nucleolysis). One finds that the prochromosomes
stain better in the nuclei in the resting cells of tumours, especially in the
cells situated near the necrotic regions, than in the other cells of &
hybrids. The prochromosomas seem to correspond to the heterochromatic
regions of the chromosomes. :

Aneuploid cells were very rarely found in the tumour tissues. I was
able to count their chromosomes only in a few instances. They werse 23,
27, 30, ete., instead of 21 or 42, They obviously result from abnormal
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mitosis. Abnormal mitoses were also found in the tumours. They ocourred
here somewhat more frequently than in the vool fips. But smee bumonr
cells have a8 a rale 21 somatic chromosomes, 1.¢. the normal somatic
chromoseme number, we have 10 reason o assume that polypleidy or
heteroploidy (inveolving whele chromosomes) are responsibie for the
tumour formations. On the contrary, it seems more probable that the
ratbotic abnormalities which lead to formation of polyploid and aneuploid

0%00 //x . A

~.

~_

Text-fig. 11, Meiosis in 7| hybrids ¥, glauca x ¥. Langsdorffic with one {¢) and more than
one bivalents; with one trivalent {4, 4); with one heteromorphic {one larger and one
smaller component ehromosome} bivalent and bwo almost homomorphic (); and with
varions number of univaleats.

cells are rather the consequences of the cause or causes conditioning
tumour formation.

(2) Meiosis.

Meiosis was studied in the pollen mother cells {v.n.c.). The first
metaphase and the later’ stages were more thoroughly investigated.
During diakinesis various numbers of univalents and bivalents were
found.  Bivalents had most frequently terminal chiasmata, but subter-
minal were also observed.

During metaphase very variable numbers of bivalents were found.
They varied in different plants, in different foral buds and in different
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ells, ', hybrids studied in America and Bulgaria had on the average
many more bivalents than those grown in Leningrad and Moscow. The
pumber of bivalents seems to depend on the genotype and on the en-
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Text-fig. 12, Diagram showing the frequency of the number of bivalents in the pollen
- Mather cells {r.3e.c) during the late Rrsb metaphase of the F hybrid ¥, glowca »

Ar T . N o 4
i\lf- Langsdorflid. The cells ofl the abscissa were drawn first from the preparations and
wted semidingrammatically redrawn.

vironmental conditions. Dwarf F, hybrids, N. glause x N, Langsdorfi,
had on the average fewer bivalents than the normally developing ones.
Table IT gives the number of cells having one, two, three, ete., bivalonts
{ef. Text-figs. 11, 12; PL IV, figs. 12-15).
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The data are not very exact for the following reasons: (1) Cells with
trivalents were excluded. They seem to appear somewhat more frequently
in the dwarfs than in the normally developing F; hybrids. About fifteen
p.ac. from the dwarfs having about 5-9 bivalents were also discarded,
since [ was not able to determine exactly the number of the bivalents.
About twenty such cells were also discarded from the normally developing
hybrids. If one takes these cells into account, the curve {Text-fig. 12)
would be more symmetrical, It is evident from the data {Table II) shat
dwarfs have most frequently 3 and 4 bivalents. Considering the discarded
cells, it seems more probable that they have most frequently 4 bivalents.
Sister plants developing normally have most frequently 6 bivalents, hut
a similar correction for discarded cells should also he introduced here,
so that 6 and 7 bivalents are probably most frequent in these hybrids.
I grew some F, hybrids in America which had most frequensly 9 hbi-
valents and 3 anivalents (Rostodfl, 19304).

TABLEIT
Beavalent frequency wn Fy N. glanca x N. Langsdorffii Aybrids
Bivalents

e e T

Number of p.arc. 1 2 3 4+ 5 5 7 8 9 #n B
Dsvart:

P hybrids 2 15 3 14 8 4 4 1 — 78 35
Normal:

Py, hybrids, sister — 2 3 5 17 1 13 12 14 100 6

plants of the dwarfs

During the first meiotic metaphase one trivalent chromosome group
was sometimes observed. In side view they were V-like or I-like {Text-
fig. 113, Another peculiarity, quite often observed, was the conjugation of
morphologically different chromosomes (allosyndesis), L.e. a long chromo-
some forming chissma with a short one (Text-fg. 11; PL IV, figs. 12-14).
It is quite possible that a short chromosome from. one species {probably
N. Langsdorffii) synapsed during the early prophase with a long one from
the other parental species (prohably N. glouca) and, crossing-over, they
formed an asymmetric bivalent with unequal component chromosommes.
The course of meiosis in N. Langsdorfii haploids (Kostoff, 1929, 1938¢)
supports the idea that bivalents result from allosyndesis, since haploid
N. Langsdorffis had vsually asyndesis; one or two autosyndetic bivalents
being rarely found.

The asymmetric chromosomes in 7, N. glauce x N. Langsdor/fi cannot
be interpreted as an autosyndetic product of N. glaucs chromosomes,
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sinece in the £y hybrid N, suaveolens (n=16) x N. glavwca {(n=12) asyndesis
was usually found and bivalents only cccasionally, the latter being rather
a product of allosyndesis.

Bivalents found in the ) hybrids N, glawca < N, Langsdorifii were
usually held by single terminal or subterminal chiasmata during the first
metaphase, thus the average numbers of chiasmagsa per cell in the I}
hybrids, mentioned in Table I, would respectively have ca. 3-4 and 6-7
chizgmata pexr cell, which means that there is a very significant reduction
in respect of those of the parental forms. ,

Clonsidering these data and the great variability in the number of the
bivalents (1-9) one can conclude that . Langsderfii chromosomes have
segments homologous with some segments of N. glaves chromosomes,
These segments obviously vary in size, but the occurrence of 1-9 bivalents
indicates that the homologous parts are not large {in length).

The formation of chiasmata in the homologous segments conditions
exchange of parts betwean N. glouce and V. Langsdovfii chromosemes,
which leads further fo recombination of characters,

The occasional occurrence of a trivalent group of chromesomes during
the first meiosis in the #, hyhrids suggests that one chromosome of the
one parent has homologous segments to two different chromosomes of the
other parent. It should also be mentioned that haploid &. Langsdorffis
may form a trivalent group autosyndetically, but this trivalent group
oceurs very rarely; therefore it does nof seem to be the only one chserved
in the F, hybrids. Trivalency increases the diversity of the new types of
chromosome resulting from “cross-over” exchanges in the Fy hybrids
(Text-fig. 34). In addition to the exchanges that oceur in the bomologous
segments between partially homologous chromosomes N. glouce and
N. Langsdorffis, those should alsc be considered that might oceur among
the chromosemes of the one and of the other parent following auto-
syundesis.

The oceasional oceurrence of one or bwo bivalents in haploid V. Langs-
dorffii suggests this idea. Autosyundesis might result from conjugation
between small homologous segments (duplications) or bebween the
heterochromatic regions of the non-homologous chromosomes (of. Kostoff,
19384, g, ). Conjugations between heterochromatic regions of the non-
bomologous or partially homologous chromosomes in 7, Lybrids might
also ocour and lead o chinsma formation and exchange of parts. This also
ecreases the number and the diversiby of exchanges. )

The formation. of a variable number of bivalents and univalents, and
occasionally frivalents, in ¥, hybrids duving the first meiotic division

Journ. of Genetics xxsvix 10
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further conditions various kinds of meiotic abnormality characteristic
for structural hyhrids and for hybrids originating from parents with
unequal chromosome numbers. I shall note heve, however, two cha-
racteristic phenomena that are of importance for the progenies of F,
hybrids N. glowce < N. Langsdorffiv.

(1) The univalent chromosomes usually do not divide during the fivst
melosis bub get spread all over the spindle and very often lead to formation
of restitution nuclel {non-cocurrence of the first meicsis), In the haploid
N. Langsdorfiin (n=9), I found that in 183 r.m.c. of one floral bud ouly
14 univalents had divided during the first meiosis, which means that
about 7-59, of the r.x.c. have one divided univalent chromosome; or
one p.M.C. outb of thirteen has one divided univalent chromosome which
means that only 0-85 %, of the univalents divide during the first meiosis.

TABLE III
With more than
Microspores Monads ~ Dyads Triads  Tetrads fourmicrospores
Number of parc. 3 43 8 63 15

In studying 110 rac.c. of another floral bud I found that only one
univalent chromosome was divided in a p.n.c., which means that 019 of
the univalent chromosomes have divided. In the F, hybrid N. glotca x
N, Langsdorffis 1 sbudied & much smaller number of cells for division of
univalents than in the haploid N. Langsdorffii, viz. fifty-one cells, and I
found two cells in which the sum of the chromosomes during the second
metaphase was 22 instead of 21, which means that in these two cells two
univalents have divided during the first meiosis. The percentage for the
bybrid is ew. 4, ie. about one cell out of twenty-five has 2 univalent
chromosome that has divided during the first meiosis. The additional
chromosome has resulted from a divided univalent because: (a) fragments
that might originate following crossing-over in inverted regions during
the first melosis in reality do not get formed (absence of bridges and
fragments), and (h) dividing univalents during the late anaphase were
occasionally found on the spindle.

(2)- The formation of restitution nuclei during the first meiosis condi-
tions the appearance of all chromosomes (somatic number) in one plate
during the second division, which further leads to formation of dyads.
When & second division of such nuclei fails, monads are formed. The
latter ocourred rarely. In one Fy hybrid T counted the following kinds of
microspores formed (Table IIT).

These data show that the hybrid forms about 29 monads and aboub
35 %, dyads. Dyad formation is greatly influenced by the envivonmental
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conditions. In autumn, when at night the temperature falls down to
8-6° C., the percentage of the dyads increases. It also increases in hot
summers, when the temperaturein the greenhouserises above 40° C. during
the day and the plants are not sufficiently watered. The percentage of
dyads also depends on the genotype. At the same time when I counted
in one | hybrid ca. 359, dyads, in another hybrid of the same cross-
combination (its mother plant, N. glauca, was not the same) I counted
about 173, of dvads.

The percentage of viahle pollen in F, was studied in connexion with
the percentage of dyads and monads. In studying the p.ar.c. of a hybrid
during the tetrad stage, the following data were obtained (Table IV).

TABLE IV
Microspores 1 2 3 4 5 and mors
P.30.Q. studied 1 24 10 33 23
Pollen caleulated 1 48 30 332 cw. 125

The total number of the r.um.c. studied was 141, They should give
about 536 pollen grains. _

In studying the percentage of the pollen grains of the same plant that
stained deeply red in aceto-carmine preparations (the viable pellen) I
found in one flower 7-5%, in another 89, and in a third one about
8:5%,. The average percentage of viable pollen for this plant was ca. § %,
The caloulated percentage of the pollen formed from monads and dyads
is about 9, i.e. somewhat larger than the percentage of the viable pollen
but very near to it.

These data strongly suggest that the viable pollen grains formed by
the ¥, N. glowca x N. Langsdorffic hybrids are those originating from
dyads, and probably those of monads. In other words, the viable pollen
should have most frequently the somatic chromoseme number, ie. 21.
The diameter of the viable pollen formed by the 7, hybrids is equal to the
diameter of the pollen formed by the amphidiploids N. glavca—N. Langs-
doiffic. This is another argument in favour of the above postulate {cf.
Table X1V).

The small amount of very large pollen formed by the F, hybrids
(shown in Table XIV) probably originated from monads. The amphi-
diploids did not form such large pollen. Meiosis in the embryoe-sac
mothor cells proceeds in the way as in the p..c.

Gametes originating from dyads having 21 chromosomes should not be
genetically equal since chromosome conjugations and chiasma formations
(erossing-over) takes place during the melosis. Direct evidence for this

10-2
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was supplied by crossing F, hybrids back to N. Langsdorffis (n=9). The
majority of the hybrids thus obtained were “triploids’” having one genom
N. glouce {12) and two genoms N. Langsdorffis, i.e. 30 somatbic chromo-
somes. These ““triploids™, having 30 somatic chromosomes, were not
morphelogically equivalent. Their differences are due to the chromatid
exchanges that occur during the melosis in F hybuids (cf. Kostoff,
10345, 19350).

P, hybrids N. glauca x N. Langsdorffii were self-sterile, even though
ratsed under various environmental conditions and artificially selfed. The
percentage of viable pollen is sufficient fo produce a few seeds if the
pollen tubes reach the ovary. Buf this alone cannot secure seed produc-
tion. Ttisalso very deubtful whether the pollen tubes of this hybrid can
reach the ovary on selfing.

I self-pollinated six flowers from this hybrid and fixed the styles 3, 5
and 7 days after selfing. The last two styles were taken from the flowers
when they dropped from the hybrid, which they usually do without
withering. In studying the pollen-tube growth in these styles I found in
the first two styles that the ends of the several pollen tubes penetrating
the style had reached the firet third of the style. In the styles fixed 5 days
after the self-poilination the longest pollen tubes had reached to about the
middle of the style, and in those fixed 7 days after selfing, they bad
reached about the second third of the style. :

As compared with the parental species and the N. glauce—N. Langs- |
dorffii amphidiploids the pollen tubes of the F; hybrid were thicker than
those of the parental species and about as thick as those of the amphi-
diploids. Thick pollen tubes with somafic chromosome number grow
slowly, and usually cannot reach the ovary of the diploid form {cf.
Kostoff, 1934¢, 1938¢, 7; Kostoff & Prokofieva, 1935).

Tiven if a few pollen tubes veached the ovary, there is a very small
chance of one entering an ovule with a viable agg cell. Again, if a viable
zygote were formed it is impzrobable that it alons would suffice to nduce
the necessary stimulation for prevention of the capsule abscission. From
data derived from back-cross experiments the lowest number of sced#
necessary for this is three viable ones, or $wo viahle and several swollen
but non-viable. :

The above sbudies show the causes for the self-sterility of the Iy
hybrid. .
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Bacr-crossts

If one crosses ¥y hybrids N. glawca x N. Langsdorfiii back o the
parental species or to a third species and the pollen tubes of these species
reach the ovary of the £ hybzids, it is possible that almost each of the
ovules which contains viable egg call can be fertilized. This means, that
in back-crosses almost all viable egg cells can be fertilized. If the zygotes,
thus produced, were viable, and if the embryos, thus formed, can grow
further, one can obtain germinating seeds and hybrids from the back-
and triple crosses.

T crossed I} hybrids N. glauca x N. Langsdorffiv to the parental species
and to . Sanderce and N, alaia at varions periods of the year.

Pollen tubes of N. Langsdorfin, N. Sonderne {(n=9) and N. alata
(n="19) easily reach the ovaries of the F, hybrids, while the pollen tubes
of N. glancg rarely did so.

When the first flowers at the beginning of the florescence period were
crossed, no seeds were obtained. A few seeds were obtained when the )
hybrids were crossed at the end of their florescence period in the autumn,
and next year in early spring when they begin to flower for a second time.
In crossing sixty-three flowers of #, hybrids to N. glauce no seeds were
obtained, the flowers usually dropping. Whern F, hybrids were pollinated
with poilen from N. Langsdorffi seeds were obtained several times. In
crossing about 90-100 fHowers of ¥, hybrids at the beginning of the

- flovescence period (end of June and July) to &. Langsdorffis no seeds were
obtained. In crossing fifty-four flowers at Bussey Institution at the end
of the fowering period eighteen capsules were obtained. Each capsule
had at least two or several (up to seven) germinating seeds, and several
large but shrunken non-germinating ones. Pollinating about thirty
flowers in autumn at Sofia University in 1931 T obtained about ten
capsules from which plants were raised. Similar data were also obtained
from the crosses carried out in the winter of 1931-2.

From the fizst series only seven plants were studied cytologically.
Three of them had 30 somatic chromosomes {12+9+49), one had 29,
one 32, one 21 and one had 20 chromosomes. The frst three plants
originated from an unreduced egg cell having the whole somatic chrowo-
some sef of V. glauca and two sets of N. Langsdor it (cf. Tostoft, 1930¢).

From the second and third series of crosses, plants were grown and
studied oyfologically. Tighteen plants from the second series all had
30 somatic chromosomes. From the third series 35 plants were grown.
One of them was an amphidiploid, two were abervants having 31 chromo-
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somes, and all the other 32 plants from the back-cross had 30 somatic
chromosomes, i.e. they originated from fusions of unreduced egg cells
having the somatic chromosome number (21) and normal sperms of
N. Langsdorffii (Text-figs. 13-15).

The plant with 20 chromosomes, “triploid” plants (2n =30}, ie.
mono-glaueca—di- Langsdorffis hybrids and she amphidipleid one were the
wost Interesting forms, therefore I shall consider herve some of their
important characteristics and behaviour.

The plant with 20 chromoesomes (No. 81) originated from an egg cell
of the ¥, hybrid having 11 chromosomes and a normal sperm of N. Langs-
dorffid. Morphologically it was deformed, forming small asymmetric
leaves with very unsven surface. The Howers were also small, offen

Text-fig. 13. Text-Ag. 1d. Text-fig. 13,
TPext-figs. 13, 1d. Somadic plates of two different trigenomal hybrids mono-glnuco—di-
Langsdorffis (2n =30). o
Text-fig. 15. Somatic plate from a hybrid (V. glavca x N. Langsdorfliz) x ¥. Langsdovffii
with 31 chromosomes (plant no. 346/34).

asymmetric, usnally with four instead of five petals and an uneven
surface as in the Jeaves. At the top of some branches this plant formed
quite normal somewhat larger fowers, resembling those in F) hybrids
about one month after the formation of the first abnormal flowers. The
anthers of the deformed flowers, formed at the beginning of the flore-
scence period, did not open. When the anthers with “matured” pellen
grains after the opening of the flowers were opened by a needle and studied
in aceto-carmine preparations all the grains were found to be abortive.
The well-developed fowers, on the contrary, formed a large amount of
pollen, of which only about 15-209%, was viable. Small and deformed
Howers were sterile both after selfing and after crossing with N. Langs-
dorflis, while the Jarger ones (normally developed) set a small amount of
germinating seeds after self-pollination. The morphelogy of the leaves
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and the Sowers with uneven surfaces, as well as the behaviour of the
small and large Qowers suggested abnormal yitosis for the hybrid no. 81
with 20 somabic chromosomes. In studying thirty root tips, twenty-nine
had consistently 30 chromosomes and one was'a chromosomal chimera
having 20 and 40 chromosomes. In studying floral buds of the branches
with small and large flowers, I found that the sum of the chromosomss in
those forming small deformed Howers during the second division was 20,
while the sum in the larger ones, that formed some viable pollen, was 26.
One flower had altogether 40 chromosomes during the second division.
The chromosome number counted in the pollen mother cells during the
second metaphase, corresponds to that in somatic tissues of the floral
buds. Abnormal mitosis with laggards was observed in the floral buds
taken from branches that formed abnormeal flowers. These cbservations
showed that hiybrid no. 81, obtainad from the back-cross (V. glouse x
N. Langsdorffin) x N. Lungsdorffii, was a coraposite chromosomal chimera
having parts with 20, 26 and 40 chromosomes. I found in this plang
tissues with such chromosome numbers, but it was not excluded that other
tissues with other chromosome numbers were also formed. The uneven
surface of the leaves suggests very strongly that some groups of the cells
divide more frequently than the others: It is possible that various groups
of cells had unequal chromosome numbers. These observations show that
hybrids may “mutate’”” more frequently in vespect of the number of the
chromosomes than the pure species {cf. Kostoff, 1930a, 19355, 1938¢).
The behaviour of this plant and the observations made on other Nicotiana
bybrids suggested shat somatic mutations in hybrids, chromosomal and
genic, being more frequent than in parental species, might be responsible
in certain cases for the dying off of the hybrid embryos at varicus stages
of development, as well as for survival of single embryos out of many
thousands. Such cases were often observed in Necotsiene hybridization
{Kostoff, 19354, 1938¢).

Mone-glauea—di- Langsdorffiv forms, originating from unreduced egg
cells of the I, hybrids and normal sperms of N. Langsdorffis, though
having all exactly 30 somséic chromosomes, were 1nob morphologically
wniform. They differed in respect of size, time of flowering, leal shape and
size, flower size and shape, position of the stigma in respecs to the
anthers, etc. They also differed in respect of their meiosis and fertility.

Meiosis was studied jn five plants. One of them formed one or two
trivalents in almost all p.ar.c. The number of the univalents varied from
9 to 12. The other four plants also formed one trivalent occasionally,
rarely two (Text-fig. 16). They formed 10-14 univalents. The first plant
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formed a large number of restitotion nuclei and dyads {18-39%). It also
formed ocecasionally monads. Another triploid hybrid studied in 1929
formed a very large percentage of dyads. A photomicrograph of them
was given in an earlier publication (Kostoff, 1930a, p. 133). “Triploids™
tormed a very variable percensage (8-50) of viable pollen. The latter were
unequal in size. The largest pollen often germinated abnormally with
branched pollen tubes, with two, or even with three pollen tubes. Most
of the “hriploids ” were usually self-sterile, though some of them set a fow
capsules at the end of their flowering period, ie. end of August and
September. The largest numbers of seeds found in the capsules was
thivty-six. Some did not set any seeds. Since the “triploids™ obtained
from the back-crosses (V. glauce x N, Langsderfid) x N. Langsdorfiin often
formed restitution nuclei and dyads, it was supposed that if they could

Text-fig. 16. First meiosis in the p.y.c. of a trigenomal back-cross hybrid (N, glauca x
N. Lungsdorffit} x N. Langsdorffiz {2n =30). Note (rivalents and univalenis.

be orossed with N. glauecs, amphidiploids N, glauca—N. Langsdorfiie
would be produced. An epg cell of the triploid back-crosses which has
originated from a restitution nuclel should have two whole genoms of
N. Langsdorffis (3/9) and one whole genom of N, glowca (12). If we could
add one more . glauce genom by crossing the “tripleid ™ to V. glauca,
an amphidipleid should arise with 9/9 Zangsdorffis 4 12/12 glauce chromo-
somes. [n this case the dyad egg cells should not be alike since crossing
over takes place in the trivalent groups as well as between some N. Langs-
dorffit reorganized chromosomes by chiasma formation during the meiosis
in I, hybrids.

The latter reorganization accounts for the morphological differences
and the differences in behaviour between the “triploids” having all
exactly 30 chromosomes. [ pointed out before (1934) that in a series of
Iy Nicotiana hybrids crossing-over takes place between allosyndetic
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bivalent chromosomes; therefore the dyads, formed by these hybrids,
give rise to morphologically different plants when crossed back to homo-
zygous parent plants or to a homozygous thivd species.

- “Triploids” (N. glowea x N. Langsdorffit) x Langsdorffic (mono-glauce
—di-Langsdorffit) were -crossed back to N. glauce during the whole
forescence period. In crossing 324 flowers only six capsules were cbtained.
Tt was found that NV, glouca pollen tubes do not usually reach the ovary
of the triploids. Out of these six capsules only twenty-four visibly
normal seeds were obfained from which fifteen plants were grown. Three
of them died before the beginning of flower formation. Oue of them had
about 72 gomatic chromosemes, two had 42 chromosomes, 1.e. they were
amphidiploids, three had 42 £ 1 (they probably were amphidiploids too),
and the others were chromosomal aberrants having less than 40 chromo-.
somes. The plant that had about 72 sematic chromosomes probably
originated from fusion of a monad egg cell in which both mejotic divisions
have failed (60 chromosomes with a normal sperm of N. glouce (12)). It
was partially fertils, thus having three N. glaucs genoms and four
N. Langsdorffiv (tri-glouca—tetra-Langsdorffii).

The amphidiploid which was produced by crossing F, hybrid N. glauca
x N. Langsdorffiv to N. Langsdorffii, probably originated parthenogensti-
cally from an egg cell in which both meiotic divisions failed to ocour. It
is probable that its parthenogenetic development was stimulated by the
N. Langsdorffii pollen tube. Morphologically it was much more like the
I hybrids except that it was move robust, having broader and coarser
leaves and larger flowers than those obtained in crossing the “friploids™
to N. glaice. The latter were not quite alike as one might expect, since |
the egg cells from which they originated could not have been alike, the
differences being conditioned by crossing-over befween N. glawuca. and
N. Langsdorffis chromosome segments during the mejosis in #; hybrids
and in the back-crosses.

1t should be finally noted that almost all plants obtained from the
primary haclk-crosses (. glauce x N. Langsdorflii) x N. Langsdorffie and
from the secondary back-crosses (V. glavce x N. Langsdorffii) » N. Langs-
dorffis] < V. glamee ) formed bumours, some earlier, obherslater. Thavefound
only two aberrant plants from the primary back-cross that did not form
twnours during the autumn in 1933 and in spring 1934, At least, T have
not noticed on these two plants tumour-like malformations or fasciations.

Many aftempts were made to cross V. glavca and N. Langsdorfis with
pollen of I} hyhrids, but no seeds have yet been produced from such
CTOS8es.
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Parallel with the crosses (N. glawea x N. Langsdorffie) x N. Langsdovffii
with N. glauce back-crosses were also made, using N. glauca as maternal
plant. In crossing about fifty fowers only one capsule was set from the
seed of which seven plants were raised. Three were studied cytologically.
Two plants were chromosomal aberrants, while one of them had 42 chromo-
somes, i.e. it was an amphidiploid. The latter plant was broken at an early
stage of development and it died before reaching maturity.

TRIPLE CROSSES

The hyhrids N. glouca x N. Longsdorffis were crossed to several other
species in order to obtain triple hybrids for studying in them the chrome-
some behaviour and its further sequences (Text-figs. 17-19). Most interest-

Text-fig. 17. Triganomal triple hybrit (N, glovca = N. Langsdor i) < N, alaia (21 =30).

ing triple hybrids, obtained were (V. glauca x N. Longsdorffit) x N. San-
derne. T shall consider here only this triple hybrid. In producing triple
hybrids from this cross-combinations, I hybrids were crossed withoub
castration. On the contrary, they were first purposely sell-pollinated and
then were pollinated with pollen from N. Sanderae. This kind of crossing
was carried oub for two reasons: (1) to produce triple hybrids (V. glouca x
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N. Langsdorffin) x N. Sanderce, and at the same time (2) to produce some
F, progenies from the I, hybrids. The former could be very easily

Text-fig. 18. Somatic plate from & trigenomal triple hybeid (V. gloues » N. Langsdorfii)
x N. Senderae with 30 chromosonies,

m A3 47 > o - ] .
Texs-fig. 19, (N, gloucn < N¥. Langsdorflic) « . Sonderae hybrid with 45 chromosomes. 1t
had very coarse and thick leaves,

distinguished from the latier, since V. Sunderae used in these crosses had
very large ved flowers while both components of I, hybrids have greenish
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yellow flower colour. Any friple hybrid would have large reddish
flowsrs, while any Fy, progeny would not show any red. Flowers of twelve
F, plants were self-pollinated and at the same time crossed with pollen
from N. Sanderae over a period of two months. The pollinations were
carried out soon affer the flowers opened. The pollinations of certain
Howers were sometimes repsated. The manipulation is very simple, and
one worker can thus perform about ten times more crogsings than in the
case when castration and labelling of each flower is necessary. Hxact
counts of the pollinated Aowers was not made, but, on the average, they
can be estimated about 600-300 (i.e. about 182,000 ovules). From these
crossings only a few capsules remained until their seeds matured, all the
others dropping prematurely. A small amount of seeds was obbained
from which hybrids were raised. This triple cross was carried ouf at various
times and years, bub sesds were obtained only in the way described abave.
It should be mentioned here that the pellen tubes of N. Sunderae easily
reach the ovary of F; hybrids and almost every ovule receives a pollen
tube. It is possible that N. Sunderae pollen tubes might malke, as it weve,
a path through the hybrid styles and thus facilitate the pollen-tube
growth of the F, large pollen. If the cross-pollinations were made with a
small amount of N. Sunderae pollen grains, it seems very probable that
from such combined pollinations one might produce amphidiploids.
N. Sonderge pollen tubes passing through the I styles might enter only
into a part of the ovules, while the thicker pollen tubes of the I, hybrids
passing perhaps easily through the style after Senderge pollen tubes,
might enter into the other part of the ovules, thus some of the sperms
originating from dyads might meet egg celis originating from dyads, and
after a fusion might give rise to amphidiploid embryos and plants.
Similar crossings and simiiar results, as here theoretically outlined were
obtained in working with another Nicotiana species hybrid, while from the
triple cross (V. glauca x N. Langsdorffis) x N. Sanderae T obtained only
triple hybrids, {.e. hybrids in which N. Sanderae has participated as a
paternal plant. Triple hybrids (. glauca x N, LZangsdorffis) x N. Sanderae
differed very greatly morphologically and physiologically. Hven those
that had thirty somatic chromosomes differed from each ofther in many
respects. Onpe of the causes for the great variability of the triple hybrids
having a whole somatic set (21) from F, hybrid and the whole Sanderae
genom is the occurrence of chromatid crossing-over in the #, hybrid, i.e.
the same cause that conditioned the variabiliby of the trigenomal hybrids
(N. glawea x N. Langsdorfiic) x N. Longsdorffis (30 chromosomes) obtained
by a primary back-cross. The other cause is the heterozygosis of N.
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Sanderae. The pollen-tube growth of this species is regulated by sterility
factors which prevent inbreeding and favour cross-breeding as shown by
Kast’s school, therefors 1% is nsually highly heterozygous.

I bave studied cytologically twelve plants from the triple hybrids.
Six of them had 30 somatic chromosomes (Text-fig. 18), two had 31
somatic chromosomes, one had 30+ 1, one had 45, one had ca. 51, and one
had about 23 somatic chromosomes. It is most probable that the plants
with 30 somatic chromosomes originated from egg cells of Iy hybrids
having the somatic chromosome numbers (21). Such cells are formed, as
mentioned above, following non-occurrence of the frst meiosis. Plants
with 31 chromosomes have originated from egg cells having 22 chromo-
somes, 1.5. one more than the somabic chromosome number. Such egg
- cells raight originate from restitution nuclei formed during the fizst
weiosis and non-disjunction invelving one chromosome during the second
division, or from such restitution nuclel in which one univalent has
divided during the first meiotic division. Both alternatives are probable;
the fizst one, however, cccurs more frequently.

In the same way have originated the plants with 31 somatic chromo-
somes of the primary back-cross (V. glauca x N. Lungsdorffit) x N. Langs-
dorffii. )

The triple hybrid with 45 somatic chromosomes has originated from
an egg cell with 36 chromosomes. 1t is difficult to suggest just what kind
of abnormalities in the meiosis have yielded such an egg cell, because there
are very many possible ways.

The triple hybrid with about 31 somatic chromosomes has originated
from an egg cell having 42 somatic chromosormes, i.e. the deubled somatic
chromosome number of the F, hybrid. Such an egg cell might be formed
when both melotic divisions failed to occur (monad type). This
phenomenon was observed during meiosis in the pollen mother cells.

The appearance of the plant with ca. 51 chromosomes suggests strongly
that the amphidiploid plant with 42 somatic chromosomes which origi-
nated in crossing 7, (N. glouce x N. Langsdorffii) with pollen of N,
Langsdorffii vesulted from parthenogenetic development of an egg cell
with 42 somatic chromosomes, The origin of this egg cell is probably the
same as that which gave rise fo the triple hybid with co. 51 chromosomes
(di-glauca-—di- Langsdor fii—mono-Sanderae).

. The meiosis, of triple hybzids with 30 somabic chromosomes was very
sinilar to that in the back-crosses (V. glauca x N. Langsdorffii) x N.
Lmtgsdmﬁ-i with 30 chromosomes. It should be mentioned here that the
N. Lengsdorfiis (n=9) genom is homologous with the N. Sanderae (n=9)
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genom. In mast of the N. Langsdorfiis x N. Sanderae ) hybrids, the
chromosomes conjugate normally as in the pure species. I have only once
found a stroctural hybrid N. Langsdorffii x §. Sanderae. Triple hybrids
(N. glouca x N. Langsdorffis) x N. Sanderae were highly sterile. Only a
very small amount of seeds was obtained from them by selfing.

The triple hybrid with 45 somatic chromosomes had very irregular
meiosis, and was self-sterile.

The $riple hybrid with en. 51 chromosomes had also irregular meiosis.
It often formed polyvalent chromosomes. In several cases a pentavalent
group was found; most frequently, however, bivalents and frivalents
were formed." It also formed about 7-10 univalents. This plant formed 2
large amount of very unequal viable pollen grains (80-92 9}, but it was
highly sterile, setting rarely only a few seeds per capsule. It was very
rohust with coarse, thick leaves, i.e. characters typieal for polyploid
plants (cf. Kostodl, 1938%).

The progeny of one friple hybrid with 30 chromosomes were bred
through for three generations and then crossed again to N. Senderce.
These hybrids will be described elsewhere.

ALLOPOLYPLOIDS

Crossings between . glauce and N. Longsdorffid yielded the following
types of allopolypioids:

(1) Plants with one genom of N. glouca and two genoms N. Langs-
dorffis (mono-glauca—di- Langsdorffii). They were obtained on crossing Fy
hybrids to V. Langsdorfis.

(2) Plant with three genoms of N. glavea and four genoms of N,
Langsdorffii (tri-glauce—tetra- Langsdorffii}. 1t was obtained on crossing
a trigenowmal back-cross (. glauca x N. Langsdorffiz) x N. Langsdorfiii
with V. glouca.

{3) Plants with one genom of N. glance, oue of N. Lungsdorfii and
one of N. Sanderae (mono-glance—mono-Langsdor fit—mono-Sanderas)-
They were produced by crossing F, N. glauca x N. Langsdorffii with
N. Sanderae.

(4) Plant with two N. glavern, two N. Langsdorffis and one N. Senderae
genon. (di-glauca—di-Langsdorfii—mono-Sanderae). 1t appeared from
the cross Py (N, glauca x N. Langsdorffiiy x N. Sunderae.

(5) Plants with two N. glouce and two N. Langsdorffii genoms, 1.¢-
amphidiploids {di-glauca—di-Langsdorfid). They were oblained in bhfé
following ways: {a) Ou crossing I, hybrid with pollen of V. Langsdorffit,
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(b) on crossing tngenomal hybrid (N, glowce x N. Langsdorffiv) < N.
Langsdorflic with N. glauce, and (¢) on crossing N. glouca with pollen of
trigenomal hyhrid (¥, glaveax N. Langsdorffii) x N. Langsdorfii. (The
lash died before reaching maturity.)

The amphidiplsid N. glowce—N. Langsdorffic obtained partheno-
genetically on crossing F, hybrid N. glouco = N. Langsdovffic with
N. Langsdorffiv pollen Is the most interesting allopolyploid form. It was
studied through six generations. Its behaviour throws light upon the
behaviour of species originating in natuze by allopolyploidy, therefore it
will be desoribed fully. : ‘

(0} Morphology of the amphidiplosd N. glauca xN. Langsdorffi
(N. Vavilovii}. Morphological appearance of the amphidiploid hybrid,
that originated parthenogenically was very much like the & hybrids
N, glaweo—N. Langsdorffie. It had rather coarser and broader leaves,
somewhat larger lowers and in all respects was more robust than the F|
hybrid. The amphidiploid plant formed tumours at the end of its fixst
florescence period. Amphidipleids obtained by gradral accumulation of
genoms a3 described above differed morphologically in some respect from
each other and from the ¥, hybrids.

In order o avoid repetition of long deseriptions in defining the
allopolyploid forms, I shall here call the amphidiploid N. glauce—
N. Langsdor{fiz, that originated parthenogenetically, and its progenies as
N. Vawvilovii.* The necessity for a special name for the forms obtained
from this amphidiploid will be seen after the description of its progenies,

(b) Citology of the parthenogenetically originated amphidiploid (N. Vavi-
lovii). In the root tips of the first plant I counted 42 chromosomes. About
the sams chromosome number was counted in the tumours, which it
formed like the F, hybrids.

In studying the meiosis in the original amphidiploid I found guite
often the formation of multivalents and the appearance of univalents. In
studying 42 p.y.¢. during the first meiosis I found 15 metaphases without
multivalents, 16 with one raultivalent, 8 with two multivalent, and 3 with
more than two multivalent chromosome groups. The multivalents were
trivalents and quadzivalents. Trivalent groups were usually accompanied
by univalents. Twenty-one p.a.c. had at least one univalent out of 42
studied, ie. 50%,. Some p..c. had two or more univalents. Trivalents

.1 N. I. Vavilov, Director of the Institute of Plant Indusiry of US.5.R. under whose
gidance about 300,000 forms of culbivated plants and their wild-growing relatives were
C?Hected, studied and classiffied from an agricnitwral, physiological. genecological and
biochemiey] point of views,
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were always in chain, while guadrivalents appeared in rings as well as in
chains.

The appearance of multivalents and anivalents led to unequal chro-
mosome distributions to the poles. The equal chromosome distributions
were detected by counting the second metaphases. In counting B2 second
metaphases I found in 18 cells plates with 21 chromosomes, while the
other 31 cells had plates with more or with less than 21 chromosomes. In
studying two preparations T also found several second metaphase plates
with 24 chromogomes and one with 25 chromosomes.

Multivalent chromosorce groups obviously result from chiagma forma-
tion (crossing-over) following auto- and allosyndetic chromosome associa-
slon of N. glauca and N, Langsdorfis chromosomes. The segments of
N. glowca and N. Langsdorffis ehromosomes which synapsed in the F,
Eybrids obviously synapse sometbimes in the amphidiploid too, cross-over,
and the chiasmata, thus formed, hold them until late metaphase.

Crossing-over that takes place in allosyndetically synapsed segments,
leads to formation of genetically unsqual gametes. In other words,
multivalent formation in the amphidiploid is the signal: (1) for the
oceurrence of allosyndesis parallel with autosyndesis in the amphidiploid,
and (2) for the formation of genetically unequal gametes: {a) in respect of
a series of genes in the gametes having 21 chromosomes, and {) in respect .
of the chromosome number.

These phenomens condition the inconstancy of the amphidiplord, s
“segregutions” and the origin of numerous forms that were shortly called
N. Vavilows. '

le) Fertility of the amphidiploid. The process of meiotic division is a
reason for expecting the amphidiploid to form a certain percentage of
non-viable gaietes and not to be fully fertile. In studying the viability
of the pollen in acetocarmine preparations I found that the original
amphidiploid had about 51 %, of viable pollen. The viable ones were not

~quite uniform in size, some being rather larger, others smaller. It should
be mentioned, however, that both types germinated on the stigmas of
N. Vawvilovie as well as on N, fabucum stigmas.

The first fve flowers were not artificially self-pollinated. Three of
them dropped without setting seeds, while the other two formed capsules
with a small amount of seeds (22 and 36 seeds per capsule). The next
flowers, formed by the amphidiploid, were pollinated with its own poilen.
Fach capsule so produced remained on the plant until the full maturity of
the seeds. Those capsules that were not collected, when they became
brown, burst like the capsules of N. Langsdorffis. - Io ten capsules
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obtained after self-poilination of the flowers 1 found altogether 480 large,
well-developed seeds, i.e. on the average 48 seeds per capsule. Among
these seeds, numerous smail shrunken ovules were found.

In order to give an idea of the approximate degree of fertility of the
first original amphidiploid I shall mention here that ¥. glauca forms on
the average 804-8 seeds per capsule, N. Langsdorffic about 198 geeds per
capsule, and the hybrid had about 260 ovules per capsule. The average
nwnber of seeds per capsule for N. glawce and N. Langsdorfii were
chtained In counting the seeds from capsules of several plants at various
seasens of the years when grown in the greenhouse (V. glauca: 778, 811,
971, 1029, 1037, 1112, 690, 659, 248, 715; N. Langsdorffie: 135, 153, 250,
293, 192, 208, 185, 188, 268, 235, 131).

The data recorded above show that the original amphidiploid plant
had & significantly reduced fertility.

PROGENIES OF THE PARTHENOGENETICALLY PRODUCED
AMPHIDIPLOID V. ¢r4U04—N. LaNcsDorrril
In studying the meiosis of the original amphidiploid U noticed that
the plant did not form gametes all alike. Hence the offspring should
differ in many respects—cytogenetically, morphologically, physiologi-
cally, and biocchemically.

(z) Morphology of the progendes

Thefirst impression given by the second generation, as well as by some
families of the third and fourth, is the lack of uniformity. Although the
majority of the plants resembled each other and were very much like the
first one produced parthencgenetically, there is a variable proportion of
plants in almost every large family differing greatly from the original
type n respect of the size and shape of the leaves and flowers, habit of
growth, vegetation period, ete.

(1) Second wmphidiploid generation.

In the second amphidiploid generation 329 of the plants represented
deviations from the original type.
‘ Types of deviations. {a) Leawves. Plants occurred with leaves elongated
m various degrees. Some had oval, others elliptical leaves; several had
spatulate, and one bad almost cordate leaves. The forms of the apex also
varied greatly. There were plants with obtuse, acute, acuminabe and even
cuspidate apices.

(&) Flowers, The plants deviating from the original type had Howers
that differed in respect to corolla tube length, corolla tubse breadth, the

Journ, of Genetics xxxvir it
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opeting of the corolla, the position of the stigma in respect to the posifion
of the anthers, and i the colour of the pollen. Some plants had much

Text-fig. 20. Leaves. Firsb row: Left M. glouca, right N. Langsdorffii, in the middie Iy
hybric. Second row: leaves of the allopolyploid N. glanca—N. Langsdor[fii tybrid.
Note the breadth of the leaves in tespect to that of &y hybrid.

longer flowers, others much shorter than the original amphidiploid.

Several plants had broader corollas than those of N. Langsdorffic and of
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the original amphidiploid. The stigmas projected up to 3 mm. above the
anthers in several segregates (6%); in others the stigmas were 3 mm.
below the anthers, and ali transitional forms oceurred. N. Langsdorffi,
F; hybrids and the original amphidiploid had bluish violet pollen, while
N. glavco had white pollen. T found several plants in ¥, amphidiptoid
generation with white poilen.

(¢} Habit of growth and vegetation period. Some plants of the second
amphidiploid generation grew with a main stem and began to form side
hranches at the end of the first flowering period, others began to form side
branches before the differentiation of the frst floral buds. Transitional
forms also appeared. Some plants were dwarfs, others were much larger
than the largest F; hybrids. Some plants began to flower at the same
time as ¥, hybrids, while others were about six months later. The
majority of the plants flowered between these two extreme types but
closer to the earlier one. The types that were in appearance like the
original amaphidiploid flowered somewhat later than the ) hybrids. There
were also plants with deformed leaves and flowers.

The original axphidiploid as well as all of its progenies formed non-
parasitic tumours. Some plants formed tumours very abundantly with
intensive necrosis and died befors the differentiation of floral buds.

(2} Third and further generations,

In the third as well as in further generations families were grown from
various I, types. Some appeared to be highly constant, giving about
2-5Y, divergent types, others gave about 55 %, while in the majority of
the Fy families T found between 10 and 209, of divergent types. The
divergency is meant from the parental F, plant and prevailing F, type.
In P, snd F; numerous divergent types showed high constancy giving
1-2%, of new segregates. There were, however, plants that gave a large
number of new segregates in IF,, ¥, and ;. Three morpholegically

- different families consisting of 130, 136 and 140 plants in Fq did not give
visibly divergent types while all the others, grown, gave various per-
centages of segregates. Partially fertile segregates usually gave many
more divergent types than those that gave larger amount of seeds.

The types segregated in 77y, F,, Fy and F, involved all characters.
The types obtained in F, were segregated anew in the subsequent genera-
tions with varions gradations. Various types of leaves were combined with
all possible variations of fowers and habis of grovth,

N. glauca is a perennial bush, while N. Lungsderffii is a herbaceous
Plant, In the /7, and ¥, generations plants appeared like the one and the

11-2
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other parental species, the majority being Intermediate but fuctuating
very greatly.

I shall recall here the transgressions observed in the progenies of the
amphidiploid estimated in respect of the Fy and the original amphi-
diploid: (1) larger leaves, (2) broader leaves, (3) great variations in the
leaf apex, (4) transgressive variations in the shape of the leaves, (5) longer
flowers, (8) breader and narrower coroila, (7) longer and shorter styles

TABLE VI
Leaf index length: breadth and petiole length of plants from various famalies
derived from the amphidiploid N. glauca—N. Langsdorffii. (T'%e plonts
have various chromosome numbers)

No. of the family and Average leaf index Averagelengthof the
of the plant lengti: breadth petioles in mm.
(1) 826— 1 14 %
3} 526 3 1-37 29
E3) 526— 4 2:2 20
(4) 526— 8 18 2
(3) 526— 9 1-5 30-3
(6) 526—I10 13 31
(7) 537— 2 1-4 32
(8) 527— 4 1-6 22
(9) 527—30 1-4 18

(10} 52751 18 21
] 1-4 22
1-54 20
2-18 22
17 21
183 19
17 23

) 18 323

) 156 27-6
(19} 16 33
{20 18 18
{215 575—60 1-66 22
(22) 585-53 1-66 34
(23) 58558 16 24
(24) 3595— 2 i-63 28
{25} 3595— 1 16 17

(26)  595—57 1.6 166
(27) 5015— 5 14 21

(the position of the style with respect to the position of the anthers),
(8) white polien, (9) longer and shorter vegetation period, (10) eaxlier and
later formation of side bramches, (11) herbaceous and bushy type of
plants, (12) formation of much larger and much smaller non-parasitic
tumours {Tables VI-VIII, Text-figs. 21-28).

Amphidiploid forms (Zrn=42) have on the average broader leaves
{cf. Kostoll, 1938%) and larger Howers than the ¥, hybrids.

Tumcur formation by the amphidipleid and all its progeny is a
remarkable phenomenon. By doubling the chromosome number in I3
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Text-tig. 21. Leaves. Left, fivst vow, ¥. glauce; left, second vrow, N, Langsdonffiv; left, third
row, F, hybrid N. glawca—N. Langsdorfiii. The other leaves are taken from various
plants of the progeny of N. glavce—N. Longsdorjfis amphidiploid. Amphidiploids had
broad leaves, Seme of the aberrants had narrow leaves.

5 4 3 2 I
Text-tig Tlowers (natursl size). From right to the left: (1) N, glewca, (2) N. Langs-
dorffii, the others (3}, (4} and {5} fowers from different planis of the progeny of an
amphidipioid. Note the variability. {Drawn by N. Dogadkina.)




Text-fig. 23. Flowers. From left to the vight, in both rows. First V. glouca, second
N. Langsdorflii, the other flowers {Jud to 7th) from different plants of the progeny of
N. glavca—N. Langsdorffit amphidiploid.

Toxt-fig. 24. Text-g. 25.
v Sister plants raised from seeds abtained by self-pollination the amphidiploid ¥. gluuce—
N Lungsdorfiti,. The plants were grown ab equal envirenmental vonditions in the greenhouse.

Toxtifigs, 94, o5,
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N. gloweca—N. Langsdorffiz 1 obtained the plant . Vawilovid, which has
the new character—" formation of non-parasitic tumours ”—+that is not
present in the parental species,

(&} Cytology of the progenies of the wmphidiploid

Nurmerous plants of the second, third, fourth and some of the fifth
and sixth generations were studied cytologically. Space does not allow
me fo give here a detalled description of the chromosome hehaviour of

Text-fig. 26. Tumours formed by the progeny of the amphidiploid N. glauca—N, Langs-
dorffii. Left “aneuploid” plant with 43 somatic chromosomes, right smphidiploid
{2 =42).

various plants in a large number of families of several generations,
therefore I shall only call attention to the most important phenomena
observed.

In studying the somatic chromosome number of a series of plants of
various families the following chromosome numbers were found: 21, 23,
41, 42, 43, 44, 45, 46, 47, 48, 49, ce. B0, 51, 52 (Text-figs. 27-29). Plants
with 21, 23 and 52 chromosores were not found in the F, generation of
the original amphidiploid. The majority of the plants studied had 42
chromosomes. Chromosome numbers 43, 44 and 48 oceurred guite often.
I shall give first the chromosome number of three F, families obtained
from F, plants with 42, 43 and 44 somatic chromosomes as illustrating the
karyotypic variability.

(1) Plants obtained by selfing an ¥, amphidiploid with 42 somatbic
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chromosomes had the following chromosome numbers: twelve had 42
chromosomes, five had 43, one had 41 and one had 45.

(2) Plants obtained by selfing the #, plant (hyper-araphidiploid) with
43 chromosomes, had the following chromosome numbers: six plants had
42 chromosomes, five had 43, six had 44, one had 44 { + 1}, one had about
46, two had 48.

Text-fig. 25. Text-fig. 29.

Text-fig. 27. Somabic plate from the plant given in Text-fig. 26, left (2n=48).
Z p ¥ k=S s

Text-Bg, 2. Somatic plate from a plant of the progeny of V. glawca—N. Langsdorjii
amphidiploid with 49 chromosomes.

Text-fg. 29. Somatic plate from a plant of the progeny of V. glawca—N. Langsdorfii
amphidiploid with 23 somatic chromosomes.

{(3) The following karyotypes were obtained by self-polinating the F,
plant with 44 chromosomes: two plants had 42 chromoscrzes, one had
43, seven had 44, two had 45, one had ca. 46, two had 45, one had about
50, and one had 49 (+1). :

These three families, as well as others that were cytologically analysed
had & lazee number of plants, but all were not studied cytologically.

) P ) h; g ¥

Here T mav also oive details for some #, plants. From oune F, plant
) ¥ & 4 I 1 P
having 42 chromosomes, eleven offsprings had 42 chromosomes and one
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had about 43, From an F, plant with 44 chromosomes, twelve plants had
44 chromosomes, three had 43, one had 43, two had 45 and one had about
48 (+1). Finally, in the progeny of an F, plant with 48 chrormosomes,
nine plants had 48 chromosomes, two had 47, one had 49 and two had
about 0.

The exawmples given above show that plants with 42, 44 and 48
chromosomes tend to produce further plants with the same chromosome
number. One ¥, plant, however, which had 44 chromosomes, gave rise to
plants in the F, generation with the following chromosome numbers:
eight had 42 chromosomes, three had 43, two had 44, two had 45, cne had
about 46, and one had 48-50. This plant was exceptional in giving rise
to many plants with chromosome numbers obher than its own.

In an F, plant with 42-43 somatic chromosomes T found that the long
arm of the satellite chromosome of V. glauca was significantly reduced
(Texs-fig. 33). In an ¥, plant with 44 chromosormes the satellite chromo-
some was changed into a long chromosome with almost median con-
striction (Text-fig. 33). These observations show that parallel with the
numerical changes of the chromosomes, fundamental chromosome re-
constructions take place in the amphidiploids originating from ¥y hybrids
with partial allosyndests.

The most important statements that can be made on the basis of the
above studies are as follows:

(1) The chromosome number of the plant obtained by self-pollinating
the original amphidiploid in F,, Fy, F,, Fy and Fy generations is not
necessarily 42. In other words amphidiplotd N. glauca x N. Langsdorffi
was not constant morpholegically and cytologically. It gave rise to plants
with various karyotypes, structurally and numerically.

(2) Some of the plants with new chromosome numbers {44, 48, efc.)
tended to reproduce further plants with the same chromosome numbers,
but there wore also such plants that gave predominantly offspring with
new karyotypes.

The statements made in (1) and (2) are of great phylogenetic signi-
ficance, since allopolyploidy of this kind, which is at the beginning an
euploid chromosome alteration, leads further to aneuploidy. But even the
euploid plants having 42 chromosomes were not equal morphologically
and hiochemically (Tables XVI, XVII). The great phylogenetic signi-
ficance of these statements will be considered later. Divergency of the
various forms of the amphidiploid with 42 chromosomes is gradually
increasod in subsequent generations, the frequency of appearance of new
types is, however, decreased. The cause of this phenomenon is the occar-
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rence of crossing-over between N. glauca and N. Lengsdor it chromosomes
in the amphidiploids, i.e. the same cause which conditioned the formation
of unequal gawmetes in the original amphidiploid plaut.

Anenploidy augments the numbers of new forms in the progenies of
the amphidiploid N. glauca—N. Langsdorfiz and leads to more striking
divergency in the new forms,

Meiosis in the forms with 42 chromesomes of the second, third, fourth
and fifth generations resembles the meiosis in the origiral amphidiploid
with gradual decrease of the abnormalities (Text-figs. 30-32). One plant
of the second generation formed definitely more multivalents than the

OO
OO
S

@
O%JO

Text-fig. 30. Polar view of a metaphase plate from a pollen mother cell of the amphidiploid
N. glanca—N, Langsdorffid (n=21).

original amphidiploid. In two Fy plants with 42 chromosomes, I very

rarely fonnd multivalent and univalent chromosoimes. These observations

indicate that a gradual differentiation of the chromosomes might take

place which might further increase relatively the constancy of the plants

with 42 chromosomes.

A comparison of the meiotic phenomena for two I, ¥, and F; plants,
as given in Tables IX and X, shows definitely that the meiotic irregulari-
fles decrease with the increase of the number of generations. The plants of
the second generations formed many more multivalents and univalents
than those of the fourth generation, while those of the sixth generation
had almost normal meiosis. The percentage of the abortive pollen de-
creages with the decrease of the irregularities in meiosis. Special attention
should be called to the viability of the pollen in some plants of Fy
generation. Two amphidiploid plabts studied had about 99-49 wiable
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pollen, while the parental plants, growing in the same conditions in the
greenhouse, had the following percentages of abortive pollen grains:
(1) N. glauca: plant 1, 98-2%; plant 3, 97-3%,; plant 3, 93:4%; N.
Lamgsdorffis: plant 1, 99-0%,; plant 2, 96-8%,; plant 3, 95-1 %,

2 6%

Test-fg. 31. p.ar.c.’s of the amphidiploid N. glanca—N. Langsdorffit during the first maiotic
metdphszse {side view) with multivalents (trivalents and qu@rluralenta) and with
univalents.

hl

Text-fig. 32. Second metaphase of the amphidiploid N. glouco—N. Langsdorffii with 21
and 22 chromosomes.

The frequency of formation of second metaphase with normal chro-
mosome number {21) mueau:pns with the increase of the number of
generations, 7, amphidiploid having a smaller percentage of second
metaphases with 21 chromosomes than the g and a larger percentage of
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Text-fig, 33. First row: 5, normale satellite chromosome; m, satellite chromosome with
shortened long arm; n, satellite chromosome with elongated short arm. Down: left,
diagram showing the mode of origin of chromosome m; right, diagram showing the
mode of origin of the chromosome =.
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Text-fg. 34, Diagram showing the chiasme formation in partially homologous trivalent
chromoesomes. X, place of chinsma formation {crossing-over); ¢, centromeres. Above:
one and the same chromatid of the middle chromosome participates in hoth chinsmata
& and X, new chromosome thus formed will have changes (“ franslocations ) at both
ends. Three chromatids ont of six will be changed. Down: one chromatid of the middie
cliromosome Lakes part in one chiasma {X,) while the other chromatid-—in the other
(X, Four chromabids out of six (two-thivds) will be changed,
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such metaphases than the F, amphidipleids (Table X). This infiuences
greatly the gradual increase of the viable pollen with the increase of the
number of generations. It also increases the fertility of the plants in the
subsequent generations (Diagram, Text-fig. 35), thus gradually supplying
better material from the evolutionary point of view for persistence in the
strugpls for survival, Plants with lsrger chromoseme nimbers (43, 44,
45, 46, 47, 48, ete.) have more frequently, and many mors, multivalent
and univalent chromosomes than the straight amphidiploids (2n=42).
In the plants with 44 and 48 chromosomes, that were studied more
extensively, trivalent, quadrivalent, and even pentavalent groups were
found. In one plant with 48 chromosomes I even found several em.c.’s
with hexavalent chromosome groups. Multivalency is a very important
phenomenon, which leads to further cytogenetic divergency of the forms
derived from the amphidiploid N. glauca—N. Langsdorfis.

In studying mors thoroughly the meiosis of an amphidiploid of the F;
generation (PL IV, figs. 1-11 and 17) having 42 chromosomes, [ observed
the following phenomena: (1) The plant usually formed 21 bivalents,
occasionally one, two and rarely three univalents being found. Cells with
one and three univalents had one trivalent. Quadrivalents were found
very rarely. Instudying about 50-60 p.m.c. I could find only one that had
a quadrivalent chromosome group. Cells with two univalents occurred
maore often than those with one and three. (2) Heterormorphic bivalents
were formed like those in ¥, hybrids, one coraponent being considerably
longer than the other. It cannot be affirmed with certainty that one of
the chromosomes of the heteromorphic bivalents belongs to Y. glauca, the
other to N. Langsdorffir, becanse exchange of chromosome segments has
proceeded in the I, hybrid as well asin the ancestors of the amphidiploid
(F,— I, amphidiploids), so that the shorter and/or the longer ones might
be chromosomes with rearrangements following interspecific hybridiza-
tion. {3) In soms {1) anaphases (side view) one or two bivalents, having
usually two (sometises one) chissmata, had delayed terminalization.
They rvemained on the spindle when the other bivalents had already
separated, and their components (the chromosomes) already occupied a
polar position. Tt is very probable that delay of terminalization is
conditioned by parial homology of the component chromesomes, which
might have a secondary origin, resulting from chromosome rearrangements
in the previons amphidiploid generations or in F; hybrid. (4) Some of the
chromosone pairs of the amphidiploid had absorbed more dye during the
first meiotic metaphase, others somewhat less, s0 that some of the pairs
appeared black while the others were lighter, though somewhat darker
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than the cytoplasm. The number of the lighter pairs was not strictly
constant. It would not be quite correct if I divided the pairs mto two
groups: dark and light, because the latter had absorbed different quanti-
ties of dye and were not equally “light™. The lighter pairs occupied
various positions. They could be found in the middle of the metaphase
plate, nearer to the ohject glass, or nearer to the cover glass, when one
studies metaphase plates in side {equatorial) view. If they occupied
constantly the position in the upper part of the eguatorial plate (i.e.
nearer to the cover glass) one would suppose, that, being almost on the
surface, they were first distained. Their variable positions in the meta-
phase plate do not allow us to make such an assumption. It is true, that
a large number of r.3.¢.’s which have been slightly or severely injured by
the microtome had “lighfer” pairs, but there were also p.m.c.’s that ap-
peared uninjured and had ‘“lighter” pairs. In several instances I found
that one of the chromosomes of a pair was darker than the other when
the terminalization was to its end. This kind of differential staining is
tempting me to assume that the lighter pairs have more N. Langsdorffiz
chromatize than the darker ones, since the chromosomes of pure V. glouca
species absorb more dye and retain it longer during the differentiation,
while N. Langsdorffis chromosomes can be more rapidly distained when
the preparations are prepared by the same method. In addition to this
I shall recall the observations made ten years ago on the meiosis of
N. glavca—N. Langsdorffis hybrids when some of the univalents and one
of the partners of the bivalents stained somewhat darker than the others.
But in this case the number of the lighter and the darker also varied, and
did not guite correspond to the parental chromosoime numbers 12 and 9.
There are two more cbjections against an asswmption that the lighter
chromoseme pairs in the amphidiploid bave chiefly N. Langsdorffis
chromatin, and the darker ones—N. glauce chromatin. They are: (1) Cros-
sing-over that proceeded in the F, hybrids and in some earlier amphi-
diploid generations (F,— F,) leads to exchange of parts, consequently a
large number of the chromosomes should consist of . glowce and
N. Longsdorfiiv segments. (2) On the basis of the chromosome theory of
inheritance, the genes are linearly arranged in the cbromosomes. If a
N. glauce chromoscme a bedefgh bas a homologous segment (ef g 4)
with a N, Langsdorffii chromosome m p g e f g & one would expect, that,
biochemically, these two chromosomes would react differently along their
length as they do when their chromosome structure is revealed {Wenrich,
1916; Kostoff, 1938), reminding one of the reactions of the chromosomes in
Drasophila salivary glands (Kostoff, 19304 ; Painter, 1933) to various dyes.

Journ. of Genetics xxxXvIT 1z
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This objection would be valid if the genes were arranged at egual
distances in the chromosomes. More recent cytogenetic investigations in
Drosophile and in some plants has shown, however, that almost every
chromosome has heterochromatic, genetically inert regions where achive
genes are lacking, or are not as close together as in. other reglons
(of. Muller & Gershenson, 1935; Kostoff, 1938g, ). Heterochromatic
regions absorb more dye than the euchromatic ones. The chromomere
substances stained darker than the interchromomeric substances; the
former were more closely packed in the heterochromatic regions. Since
N. glawca chromosomes stained darker than those of N. Langsdorffis and
did not distain as rapidly as N. Langsdorfic chromosomes, it is very
probable that they have more heterochromatic substance (larger regions)
in the chromosomes than the N. Langsdorffii chromosomes. This postulate
is also supported by the fact that N. glauce is one of Nicotiona species
having the longest chromosormes.

In plants as well as in animals the heterochromatic regions are nsually
found near the centromeres (i.e. at the proximal ends) and at the distal
ends (Painter & Stone, 1935; Heitz, 1935; Prokefieva, 1835-7; Frolova,
1936, 1937; Kostoff, 19385, A).

In studying more thoroughly the bivalents during the first metaphase
in the amphidiploid N. glauca—N. Langsdorffir, I sueceeded, after proper
staining and distaining, in revealing heterochromatic regions in the
proximal segments burned toward the poles (Text-figs. 1-4, 6-8, 11),
and in some pairs at the very distal ends.

More tecent investigations upon the chromosome behaviour in
Drosophila salivary glands has shown that heterochromatic regions of
non-homologous chromosomes conjugate together, usually forming @
common chromocenter {Painter & Stone, 1935; Heitz, 1935; Prokoleva,
1935-37; Frolova, 1936). Similar phenomena have also been observed
in plants. Kihara & Katayama (1933) and Chizaki (1935) found
that during the first meiosis in haploid T'riticum monococoum (n=T)
asually an end-to-end chromosome associafion takes place. 1My
investigations, directed toward the revealing of heterochromatin in
Triticusn monococewm showed that the distal ends of the majority of
chromosomes of this species have heterochromatic regions, which
are obhviously respounsible for the end-to-end asscciations in the
haploids.

Considering these daba i seems to me very probable, that some of the
bivalents in W, N. glouca—DN. Langsdorffii and perhaps some of the
multivalents in the allopolyploid forms of the first and second generabions
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were vesults of chromoscme associations between the heterochromatic
regions of the non-homologous chromosomes.

In describing the cytological behaviour of the allopolyploids V. glauca
~—N. Langsdorffii, the origic and behaviour of two plants should be
gpecially considered. One plant had 23 (Text-fig. 29), the other 21
gomatic chromgsomes. The former had probably a parthenogenstic
origin from egg cell with 23 chromosomes. The other plant was obtained’
when the amphidiploids ¥. glauca—. Langsdorffii were crossed with the

TABLE X
The chromosome nwmber of single metaphase plates during the second merotic
division in the omphidiploids N. glanca—N. Langsdorfiii (2n=42)

Chromonsome numbers of second metaphases
AL

“17 25 % of O of

and and  Total normal viabls

Plants less I8 19 20 21 22 23 24 more celly  plates polen
Plant 1 of F, — 2 1 612 4 2 3 1 31 39 58
Plant 2 of 7, 2 i 2 313 68 1 — 2 32 46 60
Total for 7, 3 3 3 9 27 1o 3 3 3 63 43 59
Plagt 1of /%, — — — 2 26 1 — 1 — 30 87 93
Plant 2 of F, = e e e 2302 — — e 30 93 95
Total for ¥/, — — — 2 54 3 — 1 - 60 20 94

Plant Lot lFy — — — — 3 — — — — 30 100 99-3

Plant 2 of Fly = o e e 32— — — 32 100 994

Total for Fg -~ — — - 8 — — — — 62 160 9%-45

Ramark: 1 counted both plates in pland 1 of F, generation in two ».31.c.’s, one having
19 the other 23. One of these cells was included in column 19, the other in 23. In plant 2
of F, generation one 20:22 cell, found, was included in column 22, while one 19:23, found,
was ingluded in column 19. Cells with 21 : 21 were counted as cne having 21 chromosomes
and were included in column 21,

amphidiploids N. rustica—N. foba¢um. In pollinating 72 fowers of
N. glawca—N. Langsdorfii with pollen from N. rustica—DN. tabacum
amphidipleid, twelve capsules were produced, allof them having shrunken
seeds. HFrom these seeds only one plant was grown and it was morpho-
logically like N. glauca—DN. Langsdorfie hybrids and had 21 somatic
chromosomes, Theoretically, this plant should be like F, hybrids
(N. glawca—N. Langsdorfis), in reality it was not identical with them,
obviously, because the amphidiploids were not constant and formed
unequal gametes. It had irregular meiosis, like the #y hybrids, forming
58 hivalents, some of them being heteromorphic.

SIZE OF THE OBLLS IN THE ALLOPOLYPLOID FORMS

In studying the size of the cells in the polyploid forms the less
variable ones were measured, uamely: stomata guard cells, pollen mother
cells, and pollen grains. It was found that each additional genom leads
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to o significant increase of the size of the cells (Tables XI-XV). Aneu-
ploid chromosome alterations do not necessarily alter the size of the cells,
though in some cases they do. The average size of $he viable pollen graing
in F; hybrids was almost equal fo the size of the pollen grains of the
amphidiploid because only those of the pollen grains ware viable shich
originated from dyads having 21 (rarely 21 + 1) f.e. the same chromosome
number that the pollen grains of the amphidiploids have (Table XIV).
F, hybrids formed a very small percentage of monads, It seems that the
largest pollen grains (s, 50 in diameter) have originated from monads.
Pollen grains as large as 50 (4 2) p in diameter were not found among the
pollen of a largs number of amphidiploid plants.

Triple hybrids mono-glaveg —mono-Langsdeiffit — mono-Sanderae
(2% = 30) and the triple hybrid with 45 somatic chromosomes formed viable
pollen, very variable in size. Both hybrids often formed dyads. Trigenomal

TABLE XV
Diameter of the pollen grains in microns (measurements carried out ¢n 1933)
Somatie Diameter in microns
chromo- A N
some 243~ 27~ 207~ 324~ 351~ 378~ 40-5- Min
Forms number 25-7 28+ 31 338 3635 392 42 W mierons
N. gloven 24 —_ 20 48 26 —— — — 94 303
N. Lungsdorffis 18 1 27 a1 2 - — — 70 283
Amphidiploid
N. glowuea x 42 — — e 24 40 G2 33 189 375

N. Langsdorffit Fy

hybrids mono-glauca—di- Lungsdorffis (2n = 30}, which did not form dyads,
or formed them very rarely, had pollen size as that givenin Table XIV (4},
while the same trigenomal hybrids, that formed dyads especially when
grown in abnormal conditions {6-8° 0.), had a larger average diameter of
pollen, because they formed also viable pollen with 60 chromosomes. Such
an example is given in Table XIV (9). Pollen diameter of the awmphi-
diploids of F, generation (Table XIV) was equal to that of the amphi-
diploids of F; generation (Table XV).

FERTILITY OF THE AMPHIDIPLOIDS

Fertility of the amphidiploids depends chiefly on the viability of the
gametes formed by them. The original amphidiploid had a very reduced
fertility, but it had a small percentage of viable pollen grains. With the
Increase of the number of generations the percentage of the viable pollen
grains gradually increased (Tables IX and X). The increase of the number
of seads per capsule runs almost parallel with the increase of the
percentage of viable pellen.
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In studying the amount of seeds set per capsule by the original
amphidiploid and its progeny throughout five generations I obtained
data which are diagrammatically presented in Text-fig. 35. The average
amount of seeds per capsule (separately for each plant studied) is given
on the ordinate; the amphidiploid generations are given on the abscissa.
The seeds were obtained by artificial selfing of the flowers. The original
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Text-fig. 35. Diagram showing the degree of fertility of the frst amphidiploid plant {4,)
and of {ts progeny (4,, 4,, 4, and 4;). Absecissa: the number of generations. Crdinate:
average number of seeds per capsule of single plants. Note the gradual increase of
fertility with the increase of generations. ‘

amphidiploid set about 28 seeds per capsule when it was not artificially

sell-pollinated, and about 48 seeds per capsule when the flowers were

self-pollinated. Tt formed about 51 % of viable pollen grains. The amount
of seeds set by the plants in the F, generation depends chiefly on the
genotypes ol the plants. On selfing eight F, amplidiploid plants, one set
about 106 seeds per capsule. It had 42 chromosomes and showed the
highest fertility. Three other plants, also having 42 chromosomes, had

respectively 92, 83 and 78 seeds per capsule. One plant, having 43

chromosomes, set ahout 65 seeds per capsule, another plant, having

44 chromosomes, set on the average 52 seeds per capsnle. One plant,
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having 44-45 chromosomes, set about 23 seeds per capsule. Ancbher
plant having the same chromosome numhber was self-sterile.

The progeny of these seven, self-fertile F, amphidiploid plants were
grown on; several plants of each family were self-pollinated, and the seeds
obtained were counted.

The largest arnount of seeds per capsule was set by one plant, obtained
from the F, plant with 83 seeds per capsule. One plant of the same family
set less than 83 seeds per capsule. The most fertile plant in Fy set about
167 seeds per capsule, while the most fertile plant of the family, grown
from the most fertile one in F,, set about 140 seads per capsule. In F,
generation the most fertile plant set about 182 seeds per capsule and in
F; generation the fertilibty was increased to 199-5 seeds per capsule. On
the other hand, highly fertile plants of ¥y, F; and even of F, produced in
the subseguent generations self-sterile plants. In other words fertelity
wnereased for some amphidiploids graductly with the increase of the number
of generations, but at the swme time plonts were segregated with low fertility
{even completely sterile ones). By selecting plants with highest fertility
amphidiploids were produced during five generations that had an in-
creased fertility from 48 seeds per capsule up to 200 seeds (exactly 188-5)
per capsule. The pollen viability was also increased from Bl 9, to
98:59,. I shall point out that the fertility “200 seeds per capsule and
985 % of viable pollen” had only single amphidiploid plants, while in the
fifth generation, there were also amphidiploids with lower fertility and
smaller percentage of viable pollen.

Three most important points of the long chain of causes and sequences
that condition the degree of the fertility of the amphidiploids ave: (1) the
number of multivalents and univalents per cell formed by the amphi-
diploids; (2) the type of chromosome distribution during the first meiosis
and the frequency of a 21:21 chromosome distribution; (3) the percentage
of viable gametes.

Another factor that interferes with the fertilisy in the amphidiploids

- 15 the position of the stigma in respect to the position of the anthers.
Amphidiploids that have styles 1-3 mm. longer than the longest anthers
cannot often he self-pollinated without external aid {artificially by man,
or by insects). Some of these plants set a very large amount of seed when
artificially pollinated, but they have smaller chance of survival in nature
than those of which the stigma is at one and the same level with the
anthers. Some of the amphidiploids had much shorter styles, so that
their stigmas were situated 1-3 mm. below the anthers. Such flowers
occasionally set u reduced amount of seeds, when one compares the
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differences between the numbers of seed sobtained from self-pollinations
withont external aid and artificial self-pollinations in this type of amphi-
diploids with those that had stigmas situated at the anther’s level.

ALXALOID AND CITRIC ACID CONTENTS IN THE AMPHIDIPLOIDS
OF THE FIFTH GENERATION
The great morphological variability of the amphidiploids . glaucag—
N. Langsdorffii described in this paper is associated with cevtain bio-
chemical changes in the plant organism. It seemed reasonable that the
content of some chemical compounds in the amphidiploids should also
vary. Biochemical analysis carried out for us in the Biochemical
Laboratory of the Institute of Genetics under the direction of"Dr A.

TABLE XVI

Alkaloid content in Fy amphdiploids and n the
parenial species

Alkaloid
content
Plants %5
N, glouea 1-041
N. Langsdorffiz 1-253
Amphidiploids: plant No. 73014 (4) 1-819
No. 73014 (100) 1-350
No. 75014 (101) 1-485
No. 75014 h {104) 1:132
No. 75014 h (106} 0781
No. 75014  (107) 1337
No. 75014 h (108) 1432
No. 75014 h (112} 0-706
No. 75014 h {113) 09726

Shmuck showed that the alkaloid and the citric acid (in form. of various
salts) contents were very different in different plants. Parental forms
grown under the same environmmental conditions gave 1-041 %, (V. glauce)
and 1-253 % (N. Langsderffii) alkaloid content, while one of the amphi-
diploid plants had as high as 1-8199%, (the bighest) and another as low
as 0-706 %, (the lowest) alkaloid content. The other amphidiploids studied
tad lower than the highest and higher than the lowest alkaloid content
{Tahle XVI}.

The citric acid content varied much more than the alkaloid content.
N. glauca had 3-7609%, N. Langsdorffii—4-603 %, while the citric acid
content of the amphidiploids varied between 1524 % [plant 75014 (2}]
and 65159, [plant 75014h (15)], i.e. somewhat more than four times
(Table XVII). Plants with so high a citric acid content might be used for
production of this compound.
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TABLE XVII
(htrie aeid content in Fy amphidiploids N. glauca—N. Langsdorffi
and wn the poventel species

Citrie acid

Plants content %

N. gluvecn 3160

N, Longsdorfii 4603
Amphidiploids:

Plant No. 75014 {1 2-489

No. 75014 (2) 1-524

No. 75014 (3) 2-142

No. 75014 (4) 1.614

No. 75014 {100) 2-070

No. 75014 I (104) 8-086

No. 75014 1 (106} 5084

MNo. 75014 b {107) 4280

Neo, 75014 h (108) 3673

No. 73014 b {112) 5-098

No. 75014 bk (113} 2:223

No. 75014 h {1130) 3-978

No. 73014 b (114) 4-369

No. 75014 h {115) 6-515

Remark: Plant 75014 b (115} had ca. four times greater percentage of citric acid in form
of salts than plant 75014 (2).

EvoLUTIONARY SIGNIFICANGE OF THE AMPHIDIPLOIDS AND IN
PARTICULAR THE AMPHIDIPLOIDS N. ¢ravca—N.
Langsporrrir {N. Vavicovin)

The hypothesis advanced by Winge (1917}, that species with poly-
ploid chromosome numbers might have criginated like Promula kewensis
has been proved by many esamples. Synthesis of Galeopsis tetrahit,
(Mimntzing, 1932a) from G. pubescens and (. speciose, Phlewmn pratense
hezaplotduwm (Gregor & Sansome, 1930) from P. pratense and P. alpinwm,
Prunus domestica (Rybin, 1936) from P. divaricota and P. spinose, Rubus
mazimys (Rosanova, 1938) from R, Ideeus and R. caesius, Nicoliang
tabacum (Kostoff, 1936, 19384d) from N. sylvestris and N. tomentosiformas,
ete., can be given here as good examples. On the other hand we have good
evidence that autopolyploidy has also played a very important role in
evolution. I may refer to the excellent paper by Mintzing (1936) upon
this subject. Wulff {1937), on the otber hand, discussed broadly the
geographical distribution of the polypleid plants when considering the
recent investigations by Hagerup {1932) and Tischler (1935) upon this
subject. Cytogenctics of the autopolyploids (including haploids) and
allopolyploids have been thoroughly discussed by Darlington (1932,
1837), Karpetchenlko (19354, 19356) and Kostolt (19385, 19385, 1938%),
therefore T shall consider here chiefly the allopolyploids and their deri-
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vatives as a suitable material for giving rise to new species after under-
zoing the natural selection. The amphidipleid N. glauce—N. Langsdorffii
will serve as an example,

Before evaluating the inconstant amphidiploids from an evolutionary
point of view I may first call attention to the so-called “constant”
allopolyploids which have origimated from F, bybrids with asyndetic
meiosis, 1 shall consider here the amphidiploid, obtained from the F,
hybrid Nicotwana multivelvis (n=24)x N. suaveolens {n=16) having
asyndesic meiosis (Kostoff, 1937¢). The geographical distribution of the
matemal plant is North America, while that of the paternal one is
Australia. The amphidiploid of these two widely separated species is
practically constant. Amphidiploid plants have normal meiosis, ca. 98~
999/ of viable pollen, set a larger amount of seeds per capsule than
N. sumveolens and form many more fowers than N. mulizvalvis. 1% is

. TABLE XVIII

Awerage number of seeds per capsule and copsules per plant for o vegetation
period. Plants grown in the gresnhouse of equal conditions

Heeds per  Capsules Total seeds
Plauts capsule per plant per plant
N maullivalvis (n=24) 456 2-8 1276-8
N. suaveolens (n=16) §7 117 10179
Amyphidiploid:
N. mubitvalvis—N. sugveolens (n =40} 127 1¢-9 1384-3

almost immune to most of the virus and other diseases that affect
Nicotiana species and varieties in our conditions like N. suaveolens, while
the maternal species is highly susceptible. All these positive characters
would probably secure a survival of the amphidipleid in natural conditions
{Table XVIIT).

But, since this amphidiploid is highly constant it might give rise to a
monomorplic species when undergoing natural selection.

There is no doubt that the amphidiploids, originating from F| hybrids
with partial or complete allosyndesis, might give rise to very vatiable
populations, i.e. they might supply more suitable material for natuval
selection.

The numerous high fertile amphidiploid forms N. glaveca—A=N. Langs-
dorffis, originating from amphidiploid and highly fertile anenploid types,
do not yet represent a new species, bub this abundance of forms might
with time give rise to a new polymorphic species, since a lazge number of
these forms can survive in the struggle for existence.

Production of fully fertile forms from the partially fevtile original
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amphidiploid is not simply due to chromosome rearrangements, since
pumerous gene mutations have undoubtedly cccurred. Those of them
that condition harmonious development and increased fertility have been
selected, while those lsading to disharmonicus development and low
fertility have been eliminated (lethality).

As to the frequency of mutations I may recall Baur’s observations
(1924) who estimated the rate of the small mutations at about 10 %,. This
kind of mutation is, undoubtedly fundamental in evolution. They are
recombined by hybridization. T may also recall heve our data (1936 5) for
Nicohana species hybrids, as well as those of Belgovsky (1934) for
Drosophala, which showed that the mutation rate in species hybrids is
increased. Some of the data presented here, and those recorded in earlier
publications, showed also that chromoscme alterations ocour more fre-
quently in species hybrids when compared with the mutation rates of the
parental species (Kostoff, 19385, 1938 ¢). On the other hand onr recent
mvestigations (Kostoff, 1938%) showed that amphidiploids and allo-
poiyploids represent quite new systems in many respects. The pure
mechanical process “chromosome doubling” leads to a series of changes
in the frends of the formative reactions in the polypleids. I may recall
kere the characters, as increase of the breadsh of the leaves, thickness of
the leaves, size of the nueclei, eytoplagm, cell size, ete. (Kostoff, 1938 %)
and the autonomy (L.e. no significant alteration in the size) of the chloro-
plast when a euploid chromosome alteration (polyploidy or haploidy)
oceurs (of. Kostoif & Orlov, 1938).

It 15 logical to sxpect that the mutation rate induced by the extemnal
factors in such new polyploid systems cannot be identical with that of the
original forms.

The numerous chromosome alterations and gene mutations that have
ocourred in the original amphidiploid and in its euploid and aneuploid
derivatives have heen selected or eliminated—depending on their degree
of fitting—as pollen-grains (germination), as pollen tubes (rate of growth),
a8 egg cells, as zygotes, as young embryos, as small plants, as adult
Plants (degree of fertility), ete.

Chromosome rearrangement, as could be stated with certainty for the
satellite chromosome, might also have oceurred in some of the obher
ehromosomes. This kind of rearrangements leads to the formation of
euploid forms with new karyotypes, and facilitates the formation of
aneuploid forms with new, relatively constant or oscillating karyotypes.
. Forms with new karyotypes resulting from interspecific hybridization
11 Crepis were reported by Babeock & Emsweller (1936). Forms with
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changed constant aneuploid karyotypes were obtained by Blakeslee and
his co-workers (1936, 1937) in Datwrae, from material treated with X-rays
and radinm. Large numbers of aneuploid forms of specific range were
obtained by J. Clausen (1932) in Viola, by means of hybridization. Good
species, as for example Poa alpina and P. profensis, have oscillating
chromosomes. In the former species they oscillated between 22 to 38.
Miintzing (1932¢) found thirteen different numbers for this species, eleven
being aneuploid. P. pratensis behaves in a similar way. Miintzing found
for this species seven blotypes with aneuploid and one with euploid
chromosome number ranging from 64 to 85. Another species with oscil-
lating chromosoms number is Viole caning described by Clausen (1931).
This species has 2n=40+a varying number of extra-chromosomes or
fragments.

Many of the highly fertile aneuploid forms of N. glauca—AN. Langs-
dorffir hybrids with oscillating chromosome numbers might suzvive along
with the euploid ones,

Findings of rearrangements in one or more than one chromosome in the
progeny of interspecific hybrids supply convincing evidence that new
forms with new karyotypes might originate from structural hybrids
(Text-figs. 33 and 34). The studies of chromosome morphology in the
somatic cell for detecting chromosome alterations is a relatively rough
method since numerous small rearrangements cannot be detected in
this way.

In studying the type of chromosome conjugations during the meiosis
in wheat hybrids between extracted derivatives from structural inter-
specific hybrids and the original parental forms, I found a series of new
rearrangements that were not possible to detect from the morphology of
the chromosomes (Kostoff, 1937, and unpublished). This kind of study
offers a solid background for estimating the role of structural interspecific
hybrids in evolution.

Buploid as well as aneuploid forms of N. glouca—N. Langsdorffii
hybrids are physiogenetically isolated from the parental species as well
as from the other Nicotianc species and amphidiploids {Table XIX).
HEither they do not cross, or hybrids obtained from their croszes are
sterile. The crosses with V. glauca generally failed, because the pollen
tubes usually do not reach the ovary whichever way the cross is made.
The crosses amphidiploid x N. Langsdorffis failed, because the hybrid
embryos grow very slowly and the seeds obtained do not germinate. The
crass V. Langsdorffii x amphidiploid failed hecause the pollen tubes of the
amphidiploid do not reach the ovary of N. Langsdorffis.
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DiscuUssIoN AND CONCLUSION

The data cbtained from the cytogenic investigations carried out with
N. glawea—N. Langsdorffiv hybrids during the last ten years together
with some of those contributed recently by other authors in the same line
may serve as a starting point for a series of general statements. Since the
limis of this paper does not allow me to consider here all questions that
arise In conuexion with the data presented in this paper, I shall disouss
only those of them that are not and will not be broadly discussed else-
where.

(1) Crossability. Our data suggested that environmental conditions,
genotypes (also numerical and structural karyotypes), and the age of the
plant are responsible, in various degrees, for the species crossability.
Temperature is one of the factors that influences hoth pollen-tube
growth and embryc development. The chromosome number is also a
factor on which depends the rate of the pollen-tube growth. Thicker
pollen-tubes (having larger chromosome number) grow more slowly
through styles with smaller chromosome numbers, than thinner pollen
tubes through styles with larger chromosome numbers (of. Kostoff, 1934¢,
Kostoff & Prokofieva, 1935).

(2) Irregular mitosis in species hybrids. The hybrids N. glovca—
N. Langsdorffis, as well as some other species hybrids, showed higher
frequency of abnormal mitosis than the parental species. It seems to me
that two different kinds of process are responsible for the occurrence of
this phenomenon.

A. The velocities of various reactions that represent single links of a
series of reactions responsible for a certain biclogical process in one species
differ from that in another. It seems that in our particular case the
velocities of the reactions, responsible for the procedure of the mitotic
processes in V. glouce do not quite coincide with the velocities of the
reactions that condition the respective processes in . Langsderffis. When
these processes conditioned by the genetic contributions of the parental
species are not quite harmoniously summed in the ) hybrids, but a
certain discordance ocours resulbing from the interference between the
mitotic processes regulated by the parental genetic contributions, ab-
normal mitosis may appear. This conception is diagramumatically ve-
presented in Text-Bg. 36 which shows the procedure of a chain of reactions
in.one species (4, B, ¢y, etc.) and in anabher {4,, B,, C,, etc.). Since the
velocities of the reaction development in the one species (straight line 1)
differ from those of the other (broken line 1}, their frends might diverge
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(4, B), converge (B, D, F) or run almost parallel (€}, Some ends and
starts of reactions might coincide in time and stage of development (D).
The beginning and the end of certain reactions do not fake place ab
exactly the same stage of development if differant species, This introduces
new disharmonies.
The interpretation advanced for explaining the causes of irregular
mitotic processes serves also to explain the causes for the ixregularities in
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Text-fig. 36. Diagram showing thecretically the duration (time) of develepment of bic-
chemical Teachions in two differens (1 and 2) species in respect to various developmental
stages. Some of extremely divergent or convergent trends might condition abaormal
(discordant) processes in the Fy hybrids.

the meiosis of amphidiploids originating from F; hybrids with asyndetic
meiosis, and for the gradual increage of fertility with the increase of
N. glavca—N. Longsdorffis amphidiploid generations to be referred %o
later.

B. Another type of irregularities in meiosis seems to result from
exchange of parts between the chromatids of the somatic chromosomes
(cf. Stern, 1936; Kostoff, 19380). This probably occurs between horso-
logous segments as well as between non-homologous one, most probably

i the heterochromatic regions of the latter (Kostoff, 1938 b). Ixternal

Journ. of Glenetics XXIViL 13
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factors (X-rays, temperature) often induce interchanges between mnon-
homologous chromosomes. It seems that interspecific hybridization
sometimes favours chromosome exchanges. Somatic anaphase with
chromatin bridges observed in the F, hybrid N. glowca—N. Langsdorffic
as well as those observed in the tapetwm cells of F, hybrids N. bonariensis
s N. Sanderae (Kostoff, 19385) can be explained by postulating exchange
of parts between the chromatids of two somatic chromosomes. We might
suppose that the exchange in N. glauca—N. Langsdorffis hybrid which led
to formation of a chromatin bridge has occurred between homologous
segments if we found the same bridges during meiosis, certifying an
inversion. Bub chromatin bridges were not found during nieiosis, con-
sequently chromatin bridges during the mitosis must have resulted from
an exchange hetween non-homologous segments, moegt probably between
heterochromatic regions.

(3) Non-parasitic {wmours fo:med by species hybrids.  Abnormal
mitosis occurred quite frequently in the tumorous malformations de-
veloped by the hybrids N. glauca—N. Langsdorfis. Polypleidy or
aneuploidy does not seem to be the cause for the tumour formation since
I have most frequently found in the tumour tissues the normal somatic
chromosome number. On the other hand I have raised tetraploid plants
from N. glauce and numerous aneuploid from N. Langsdorffii. None of
them developed tumours. Consequently the increase of abnormal mitosis
in tumours which leads to formation of polyploid and aneuploid cells in
tumour tissues is rather a sequence from the same cause or causes that
condition tumour formation. The hypothesis for tumour formation ad-
vanced by Whitaker {1934) and adopted by Levine (1938) that tumours
in V. glauca—DN. Langsdorffic hybrids as well as in all Nicotiana hyhrids
is necessarily connected with chromosome nuwmber “97, does not hold,
hecause 1 have raised species hybrids from the cross combinabions:
N. rustica (n=24) x N. Cavamillesis (n=12), N. glauca (n=13) x N. longs-
flora (n=10), etc., and all of them formed tumours.

If tumaour formation resuite from certain chromosome alterations, 1t
should be then most probably condifioned by somatic chromosome
exchanges (cf. Kostoff, 19386). I shall mention here that Jones (1936,
1937) is also inclined to interpret certain kinds of atypical growth by
somatic chromosome rearrangements.

A% present the most probable interpretation for non-parasitic tumour
formation in F, hybrids, euploid and aneuploid hybrids of &V. glauca—
N. Langsdorffi, as well as in other Nicottana species hybrids, seems to be
the somatic interchange hypothesis (Kosteff, 19388). The interchanges
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that condition atypical growth seem to ocour most frequently when the
plant s old.

The time of appearance of non-parasitic tumours in N. glauce—
N, Langsdorffii and in other Nicofiane hybrids as well as the histology and
cytology of these tumours resembles very much the cancercus atypical
growth in man and in animals; hence the physiology and the biochemistry
of the plant tumours have recently formed the subject of a series of
investigations. The production of amphidiploid N. gleuce—N. Langs-
dorffiv hybrids aliows us to propagate the hybrids forming tumours in an
unlimited number, and facilitates the supply of physiological and bio-
chemical investigations with large amount of material. These amphi-
diploids represent the most convenient object for studying the physiology
and biochemistry of atypical growth. {One single large plant might form
ahout 26-30 g. of tumours in favourahle conditions).

. Stein (19530-T7) has published a series of papers in which she claimed
that she has succeeded in obbaining a strain in Antirrhinum by radiam
troatment which forms “phytccarcinomes”. Actually her strain forms
occasionally single cells, or groups of ceils, with increased chromosoms
number. Looking over the photographs of her plants forming “phyto-
carcinomes’ one cannct find real cancerous oufgrowths, They do not
form visible tumour proliferations like those given in our figures. What
. she has really produced is a strain that not infrequently forms one or s
few cells with increased chromosome numbers at various places, which
have obviously the tendency to die off somewhat earlier than the diploid
cells, without killing the plants. The cells of which she gives micro-
photographs resemble somewhat the polyploid cells in various plants
originating under the influence of acenaphtene and colchicine (Ludford,
1936; Kostofl, 1938¢, f and unpublished; Levan, 1938; Walker, 1938,
efe.) as well as the tapesum cells. She also describes cancercus degenera-
tion in tapetum cells. If one assumes the abnormal cells she has found
for “ phytocarcinomes”, one must then logically assume that each indivi-
dual of the higher plants forms “carcinomes”, since the tapetum cells of
each plant are [ike those she calls “Krebsentarbung” tissue. Tapetum
cells expand enormously, their nuclei divide, the chromosomes often do
not separate, thus forming large, easily degenerating polypleid cells of
various degrees (4n, 8n, and many more). When the chromosomes get
somewhat separated bub cytokinesis fails, they become multinucleate
{Kostoff, 19304, 19280, also unpublished). I deubt, however, whether
botanists, histologists, and especially cancerologists would call phyto-
carcinomes a ‘‘ Krebsentartung” of tho tapeturn cells that takes place as

13-2
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a rule in each plant. {1 have found degeneration of tapetum cells in each
plant studied out of 45 Nicotione species and 126 species hybrids.)

If one calls the polyploid cells or group of cells that ars ocoagionally
formed by B. Stein’s Anérrehinum strain for carcinomes, one must then
also admit that each mosquite suffers from cancer, since the cells of the
alimentary tract of mosquitos are polyploid in various degrees. These
arguments as well as the absence of real tumour ontgrowths on the plants
of her “carcinome’ forming strain show that Stein’s strain cannot be
classified with the plants forming hereditary non-parasitic “phyto-
carcinomes’’.

(4) Meiotic irregularities. Melotic izregularities in species hybrids are
chiefly due to structural and numerical chromosome differences in the
parental species. But in studying the meiosis of the amphidiploids
N. multrvalvis x V. suaveolens and Secule montanum x Tribicum durwm ob-
tained from F, hybrids with asyndetic chromosome behaviour, I ccea-
gionally found in them univalent chromosemes during the first meiotic
metaphage although “numerical” and “structural™ differences in them
were eliminated by chromosome doubling. Lewitzky & Benetzkaya (1929)
also found univalents in the amphidiploid Twiticum wvulgare—Secale
cerecde (F, hybrids of this cross combination have usually asyndesis).
The behaviour of these three amphidiploids suggests that for the irregu-
larities in meiosis (in this particular case, for the appearance of univalents,
i.e. reduced pairing and sometimes failure of chiasma formation between
certain pairs) other factors should be responsible than those mentioned
above. During the last decadse muwmerous genetic and a series of cybo-
genetic phenomena were explained by postulating unknown functions of
the cytoplasm. The easlest way to interpret the irregular melosis in
amphidiploids originating from #, hybrids with agyndesis would be to
postulate incongruence between the syboplasm of the maternal species
and the chromosomes of the paternal one. Such speculations, however,
have no seientific basis since we do not know yst the degree of autonomy
of the cytoplasm or the kind and quantity of cytoplasm that is brought
into the smbryo-sac by the pollen-fube of the paternal species. There-
fore I am inclined to assume another, more probable interpretation, that
is connected with the developmental processes in the parental species.
In the above mentioned amphidiploids meiosis proceeds at somewhat
different stages of development, namely melosis in Secale proceeds about
3-7 days (roughly estimated) later than in Twitdcum. In other words,
hereditary units of the genom and plasm of Secals condition. meiosis 1
this genns somewhat later than those of Triticusm in Triticum. One
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cannot yet decide whether T'riticum genotype more rapidly produces
substances necessary for the meaiotic processes, or whether both genera
produce at the same stage of development the same amount of substances
that regulate meiosis; but in Secale cells, meiosis can proceed, when a
greater quantity of these substances is accumulated. Hence, when pairing
and crossing-over for Triticum chromosomes proceed, so to say, innormal
milien, the same processes are somewhat premature for Secale chromo-
somes, 56 that pairing and crossing-over (chiasma formation) for them is
reduced, the extreme—being a complete failuve of pairing of certain pairs,
no chiasma formation, and further—univalency. Such development of
biochemical reactions conditioning meiotic processes seems very probable.
A part of the univalents that appeared in the amphidiploid ¥. glauca—
N. Lamgsdorffic can be also interpreted by lack of coincidence of certain
processes regulated by N. glouce and N. Langsdorffit genotypes. This can
be attributed only to a part of the univalents, because it was very prob-
able that some of them resulted from interference of chiasmata when
trivalents were formed.

How then can the fact be explained that, within six generations,
amphidiploids with almost normal melosis were obtained? It seems to
me, that two factors are chiefly responsible for this phenomenon,
namely: (1) a greater structural differentiation of the chromoesomes, and
{3) a greater genic differentiation and accumnulation of the mutations that
secure a greater harmony in the discordant processes (in time as well as
qualitatively and quantitatively) of the amphidiploid.

(8) Monowmorphic and polymorphic species originating from amph-
diploids. High constancy of the amphidiploids originating from hybrids
with asyndetic meiosis and high fertility suggest that such allopolyploids
should give rise to monomorphic species, while the amphidiploids of the
type N. glawca—N. Langsdorffis should give rise to polymorphic species.
The latter should alse give rise to aneuploid forms and aneuploid species
as well as to species with oscillating chromosome numbers.

It is also possible that in certain cases amphidiploids might arise from
different varieties of two different species A4 and BB, namely: A, 4, B,
B, 4,4, B, By, d, 4, B, B,, A, A, By By, 4, 4, By B, etc., which might
further intercross and increase the polymorphism of the species (cf.
Rosanova, 1938), but it seems more probable that the polymorphism. of
the allopolyploid species is rather due to the factors that conditioned
polymorphism in the progeny of N. glauca—AN. Langsdorffis amphidipleid
deseribed in this paper. Tt seems that the constancy of the amphidiploids
Is very questionable. Since I diseussed this question in a previous paper
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(Kostoff, 1935} it will be considered here very briefly. The process of
meiosis in the majority of the amphidiploids recorded by various authors
suggests that they should not be constant, and most of them actually
produced inconstant progeny (Buxton & Newion, 1928; Poole, 1932;
Mitntzing, 1934, 1935; Kostoff, 1935a, 1936¢, 1937¢, ete.): Raphanus-
Brasstea intergeneric amphidiploid (Karpetchenko, 1928) was considersd
a8 the best example of constant amphidiploids. The data reported by
Richharia {1937) and those by Howard {1938) show that their Raphano-
Braszica amphidiploids were net constant. The most constant amphidi-
ploid that I know is that produced between North American tobacco .
multivaluis (n=24) and Australian V. suaveolens (n=18) (Kostofl, 1937¢).
Recently I produced ancther amphidiploid hetween Australian and
American species, namely, N, suaveolens {(n=16) x N. alate (n=9) by
coichicine treatment, the meiosis of which, and of the F, hybrids, indicate
that this amphidiploid should be highly constant, but perhaps less so than
the V. multivalpis—N. suaveolens amphidiploid. This problem I have also
considered in my earlier publications {(Kostoff, 1957 ¢, 1938¢, 7). It shonld
also be noticed here that I have briefly discussed ouly a small part of the
problem of species monomorphism and poelymorphism, namely that con-
nected with the decree of constancy of allopolypleids. The whole problem
will be later considered elsewhere.

SUMMARY

1. Parental species participating in the crosses were: Nicotiana glauca
(2n=24), N. Langsdorfii (3n=18) and N. Saenderae (2n=18). The
chromosome morphology of the first two species is given. The chremosome
numbers that occur in the genus Nicotiena are also mentioned. The
process of meiosis in N. glawca and N. Langsdorffit was studied. Abunormal
meiosis, lnduced by acenaphthene in these two species is also described.

3. Hybrids from the cross N. glauce x N. Langsdorffiv can be much
more easily produced than from the reciprocal one. Environmental
conditions and chviously the age of the plant influence the crossability.
Crosses carried out in early spring and autumn between older plants are
more successful than those carried out in summer hefween young plants.
Pollen-tubes of N. Langsdorflii vreach the ovary of N. glauce much more
easily than V. glavca pollen-tubes the N. Langsdorffiv ovary.

(3} Some crosses give quite normal | hybrids while others give
normal ones and dwarfs in a ratio 8:1. Most of the characters show an
intermediate appearance in I, hybrids. Small trichomes of N. Langsdorfiin
appeared in Fy with the same intensity. The hluish-violet colour of
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N. Langsdorffii pollen is diluted iv F,. Each F, hybrid forms non-
parasitic tumours. The latter usually appear when the plant is old, i.e.
after the first florescence period of the main stem. Some F| plants formed
tumours at an earlier stage, but such cases were less freguent. Tumonrs
were formed by N. glauce x N. Lengsdorfiii as well as by the reciprocal
hybrids. By grafting hybrids on the parental species and vice versa,
tumours were formed only by the hybrid tissues.

4. Iy hybrids have usually 21 somatic chromosomes. Abous 29, of
the mibotic figures were abnormal. The absence, or rather rare occurrence,
of dividing cells with larger or smaller chromosome number than 21,
indicates that the aberrant cells formed during the abnormal procedure
of mitosis have a lower division rate, consequently they cannot usually
compete with those having the normal chromosome number (21).
Mitotic plates with 22, 23, 28, 42, efe., chromosomes occur very rarely and
do not correspond to the abnormal mitotic anaphases found (2 %), although
tfogically the cells with abnormal chromosome number should gradually
merease with a division rate equal to that of normal ones.

3, Tumours formed by F, hybrids have usually 21 chromosomes.
Regions with 42 chromosomes were also found. They occur most frequently
near the necrotic regions. Cells with other chromosome numbers were
rarely found. Tumour cells contained nutritive produets, divided rapidly
and usually do not become differentiated. They have small but numerous
vacuoles, and occasionally many more nucleoli than the normal ones. The
cells expand very rapidly and ave easily affected by necrotic processes.
The nuelel in these regions were deformed. Polyploidy and aneuploidy
are not the cause of tumour formation, but are probably due to the canse
or causes conditioning tumours.

6. N. glawce chromosomes have small segments homologous with
portions of N. Langsdorfis chromosomes. Meiotic processes in F; hybrids
N. glavca x N. Langsdorffii ave regulated by the parental genotypes and
mffuenced by external factors. From one up o nine bivalents per cell
were found. F, dwarf hybrids had on the average 3—4 bivalents per cell;
their sister plants that developed normally had 6-7 bivalents por cell;
some other #, hybuids had even a larger number of hivalents per cell.
Bivalents resulted from allosyndetic pairing and were usually held by one
chiasma. Separation ocours by gradual terminalization of chiasmate.
Asymmetric (heteromorphic) bivalents consisting of a large and a small
chromosome were often formed. Trivalents were also formed.

7. Exchanges of parts in the bivalent and trivalent groups during the
meiosis of /| hybrids following allosyndesis and, in exceptional cases,
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following autosyndesis between homologous segments of the partially
homologous chromosomes, and probably between heterochromatic regions
of non-homologous or partially hemologous chromosomes, lead to forma-
tion of chromosomes with new genetic content.

8. About 4%, of the p.m.c. have at leagt one divided univalent in the
F, hybuid.

9. Thepercentage of monad and dyad formationin #; hybrids depends
on the genotype and on the environmental conditions. High and low
temperatures increase the percentage of dyads. Hybrids with 17, 372/,
etc., of dyads were found. About 29 of monads were counted in one
plant.

10. F, hybrids form about 89, viable pollen grains. The average
diameter of the latter is as large as that of the amphidiploids.

11. Dyads formed have different genetic constitutions. Triploids
produced in crossing ¥, x N, Langsdorffii {2n=230) differed morphologi-
cally.

12. ¥, hybrids are self-sterile. A few seeds were produced when
crossed back to N. Langsdorffii and to N, Sanderae.

13. The majority of the plants obtained on crossing F with N.
Langsdorffis had 30 somatic chromosomes, i.e. two N. Langsdorffii and
one N. glouca genom (if one neglects the exchange of parts during the
meiosis in Fy hybrids). Some chromosome aberrants were also obtained.

14, A chromosome aberrant with 20 somatic chromosomes showed
much abnormal mitosis and formed branches with 26 and with doubled
chromosoms numbers (40).

15, One amphidiploid N. glauca—N. Langsdorffi was obtained in the
back-cross. It probably criginated parthenogenetically from 2 “monad ™.

16. Mono-glauce—di-Langsdorffis plants all having exactly 30 chro-
mogomes differed morphologically and had unequal fertility. They had
not equal meiosis. One plant had 9-12 univalents, other four plants
formed 10-14 univalents. They all formed trivalents and a very variable
percentage of viable pollen. {8-50).

17. On crossing mono-glauca—di-Langsdorffin hybrids (2n=30), that
formed dyads, with N. glouce {2n=24) chromosome aberrants, two
amphidiploids and one hybrid with 72 scmatic chromosomes (tri-glauce—
tetra- Langsdorffi) were obtained. The latter resulted from fasion of an
egg cell with 60 chromosomes (failure of both meiotic divisicns) and a
normal V. glavca sperm.

18. No seeds were obtained on crossing parental species with pollen
of the F, hybrids. Only one capsule was produced on crossing numerous
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Howers of N. glauca with pollen of mono-glauca—di- Langsdorffic hybrids.

19, On crosging F; hybrids with pollen of N. Sanderae (n="9) mono-
glanoa——mono- Langsdorffii—meono-Sanderae hybrids, with 30 somatic
charomosomes, chromosomal aberrants and one with ca. 51 somatic
chromosomes were produced. The latter represents di-glavca—di-Langs-
dorffii—mono-Sanderae hybrid and originated from a “monad”—egg of
#, bybrid and a normal sperm of N. Sunderae. Meiosis and fertility of
these triple hybrids is described.

20. Meiosis of the original parthenogenetically obtained amphidiploid
was studied. Itformed bivalents, trivalents, quadrivalents arid univalents;
the last three led to ahnormal meiosis and formation of unequal gametes
numerically and structurally.

21. The original amphidiploid formed 51 %, of viable pollen; plants of
F, generation formed 599,; plants of F, generation 949%, and single
plants of Fy generation 99-5 %,.

22. The original amphidiploid set 28 seeds per capsule when it was
not artificially self-pollinated, and 48 seeds per capsule, when it was
artificially self-pollinated. TFertility increased gradually in subsequent
generations and in some F; plantsreached about 200 seeds per capsule. V.
glauco sets on the average about 805 seeds and N. Langsdorffii about 198
when grown under the same conditions in the greenhouse. The original
amphidiploid plant formed about 260 ovules per capsule.

23, The amphidiploid N. glauca—N. Langsdorffiv (Zn=432) is not
constant. It “segregates” in subsequent generations (Fy—F,) giving
rise to plants unequal cytogenetically, morphologically, physiologically
and hiochemically. The plants differed from each other in respect of leaf
size and shape, fower size and shape, type of growth, vegetation peviod,
pollen colour, and chromosome numbers. Plants with 21, 23, 41, 42, 43,
4d, 45, 48, 47, 48, 49, ca. 50, B1 and 52 chromosomes arose 1n subsequent
generabions.

24, The original amphidiploid, as well as those of the subsequent
generations (2n=42}, had broader leaves and in most cases larger flowers,
than the F; hybrids.

25. Amphidiploids and some of their aneuploid derivatives tended in
subsequent generations te reproduce plants with the same chromosome
nambers. A few plants did not obey this rule.

26. The number of multivalents and univalents in the amphidiploids
decreases with the increase of the number of generations.

27. The percentages of second metaphases with 21 chromosores and
viable pollen grains increase with the increase of the number of genera~



202 Studies on Polyploid Plants

tlons (Fp—F,) amphidiploids {2n=42). Scme amphidiploids with $9-5Y
viable pollen graing were raised in Fj.

28. Fertility of the amphidiploids inereases with the increase in the
number of generations.

29. Heterochromatic chromosome pairg and heterochromatic regions
were revealed in the meiotic chromosemes during the first metaphase in
an amphidiploid. Heterochromatic regions are chiefly located near the
centromeres. Some pairs had small heterochromatic regions at the distal
ends.

30, Ahaploid with 21 somatic chromosonzes and a hyperhaploid with
23 somatic chromosomes originated parthenogenetically. The meiosis of
the former resembled that of the F; hybrids, but it differed somewhat
morphelogically from them. Heteromorphic pairs (a larger and shorter
chromosome) were found in the haploid, like those in the F, hybrids and
like those that were occagionally found in the amphidiploids,

31. In an F; plant the long arm of the satellite chromosome of
N. glowca was significantly reduced, while in an ¥, plant the short arm
was significantly elongated, so that the chromosome had almost median
constriction. A diagram is given to explain the origin of these chremo-
some changes.

32. Buploid chromosome alterations lead ultimately to changes in the
nuclei and cell sizes. Bach additional genom led fo a significant merease in
size. Aneuploid chromosome alteration might also condition changes in
the nuclei and cell size, bub such changes were not always significant.

33. Fertality of the amphidipleids and of their derivative forms de-
pended chiefly on: {a) the number of multivalents and nnivalenss formed
during the meiosis, (b) on the percentage of the viable gametes formed by
the plants. BEuploid forms showed somewhat higher fevtility. The fertility
of the euploid as well as of the aneuploid forms gradually increased with
the ncrease in the number of generations. ‘

34. The alkaloid and citric acid contents of the Iy generation of the
amphidiploids, like the morphologieal characters, vavy very greatly. Ons
plant had about four times more citric acid (6-515 94) in form of various
salts, than another one (1-52 %)

35. Delinite changes in the satellibe chromosomes were found in soine
devivatives, showing that fundaroental rearrangements in the chromo-
somes ocour in structural hybrids, all of them being of great evolutionary
significance since they condition the isolation of the new forms in nature.

36. Amphidiploids originating from F, hybrids with asyndetic meiosis
are highly constant. They wight give rise to a highly monomorphic species
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if they survive in the struggle for existence, Amphidiploids originating
From I, hybrids with complete or partial allosyndesis are not constant,
and might give rise to a highly polymorphic species when a series of
segregated forms survive in the struggle for existence.

37. Amphidiploids and their derivatives represent new organisins in
which the mutation rate may be diffevent from that in the parental
species, Considering the data that show an increase of the chromosomal
alterations and gene mutations in species hybrids and the frequency of the
so-called small mutations, it was postulated that such mutations and
chromosome rearrangements are probably responsible for the gradual
increase in the fertility of the amphidiploids.

38. Inconstant amphidiploids may give rise to a series of adaptable
forms; henes in certain cases they may afford more suitable material for
natural selection than the highly constant amphidiploids.

39. Amphidiploids and their derivatives are physiogenetically iso-
Iated. They cross either with difficulty or not at all with cther speciesand
species hybrids or with the parental species.

40, Causes for {@) the irregularities in meiosis and mitosis, (b} the
formation of heredifary non-parasitic tumours, and (¢) the origin of
monomorphic and polymorphic species from amphidiploids are suggested
and critically estimated.

41. Increased frequency of chromosome alterations and gene muba-
tions in species hybrids, tumour formation in N. glouca—Langsdorffic
hybrids and the increasad crossability when they were old indicate a series
of fundamental changes (physiclogical, cytogenstical, etc.) take place in
hybrids during their ontogenetic development.
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EXPLANATION OF PLATE IV

Figs. 1-4. First meiotic mebaphase plates of an amphidiploid N. glauce—N. Langsdorffid
with one lighter and several darker bivalents at this level. The polar ends of the lighter
chromesomes {ceutromeres) are somewhat darker, which suggest that small hetero-
chromatic regions are situated around the ceniromeres.

Tig. 5. Tirss meiotic anaphase of the same plant with delayed terminalization in a bivalent
with $wo chiasmata (arrow).

Tigs. 6 and 7. One of the component chromosomes (upper) of the lighter pair {right) is
darker than the other. {The same plant.}

Figs. § and 11. Single bivalents of two different .31.0.’s of the same amphidiploid with
differentiated hetorochromatic regions turned toward the poles.

Fig. 9. Fiust meiotic metaphase of the same amphidiploid with heteromorphic bivalens
{arrow).

Fig. 10. Pirst meiotic metaphase with a multivalent and a waivalent in the same amphi-
diploid plant.

Figs. 12-15. p.m.g’sof the F, N. glaven—N. Langsdorffiy with varions bivalents and uni-
valents and with heteromorphic bivelent (12-14).

Fig. 16. Microphotography of the tissnes of a tumour baken from Iy, N. glavca—N. Langs-
dorfiti. Note teteaploid region.’

Fig. 17.- Delayed separation of a multivalent in an amphidipleid V. glence—N. Langsdorfii.
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