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RELATIONSHIPS IN THE GENUS GOSSYPIUM AS INDICATED BY CYTOLOGICAL DATA^
By J. M. WEBBER
Associate cytologist. Division of Cotton and Other Fiber Crops and Diseases, Bureau
of Plant Iridustryy United States Department of Agriculture
INTRODUCTION

In recent years several taxonomic, genetic, and cytologie studies
of Oossypium have been conducted with the purpose of determining
the phylogenetic relationships within the genus. As a result of these
studies four groups are now recognized. The present report surveys
the cytogenetic data bearing upon the relationships existing within
and among these four groups of Gossypium,
SUBDIVISIONS OF THE GENUS GOSSYPIUM

The four groups now recognized in the genus Oossypium are as
follows:
(1) A wild Australian species, Oossypium sturtii F. Muell. This
is one of the most distinct species of the genus. Although it is
generally separated from other groups of Oossypium, it was included
in the Asiatic group in Skovsted's recent cytological classification (29),^
(2) Asiatic species. This group includes wild and cultivated
species from both Asia and Africa. Although there have been 12 or
more cultivated Asiatic species described, Watt (SI) recognizes onlyfour, namely, Oossypium arboreum L., 0. nanking Meyen, 0. obtusifolium Roxb., and O. herbaceum L. Recently Harland (17) and
Hutchinson (19) reduced the cultivated Asiatic cottons to two
species, 0. arboreum and 0, herbaceum. They included in this^group two
wild species, O. anomalum Wawra and Peyr. from French Sudan and
Somaliland,and O, stocksii M. Mast, from Sind and southeastern Arabia.
(3) Wild American species. This group includes the following
species with 13 pairs of chromosomes of southwestern North America
and the Galapagos Islands: Oossypium armourianum Kearney, 0,
harknessii Brandeg., 0, thurberi Tod., 0. davidsonii Kellogg, O.
klotzschianum Anderss., and possiblv 0. raimondii Ulbr. of Peru and
0. trilobum (DC.) Kearney (W), 0^ gossypioides (Ulbr.) Standl., and
Erioxylum aridum Rose and Standl. (0, aridum Skovsted) of
Mexico (29).
(4) Cultivated American species. All of the species with 26 pairs
of chromosomes, whether from North America, South America,
Africa, or the islands of the Pacific Ocean, are included in the cultivated American group. Although 20 or more species have been
described, Harland (17) recognizes only the following 5: (1) Upland
type, Oossypium hirsutum L. ; (2) Bourbon type, 0, purpurascens Poir;
(3) Peruvian type, 0. barbadense L.; and the Polynesian wild cottons;
1 Received for publication August 19,1938.
2 Italic numbers in parentheses refer to Literature Cited, p. 259.
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(4) G. tomeniosum Nutt. (Hawaiian Islands) and (5) 0. taitense Pari.
(Fiji Islands, etc.).
EARLY HISTORY OF THE CYTOGENETICS OF GOSSYPIUM

Interspecific hybrids in Gossypium were made as early as 1790 by
Rohr (Watt (Sl))j who recognized the possibility of improving the
cotton crop by means of hybridization. In 1872 Clark (Watt (31))j
reported that it was fairly easy to cross species of cotton within the
Asiatic group or within the cultivated American group but that it
was impossible to produce hybrids between the groups. Until 1923
Clark's report was generally accepted as correct, since all attempts
to produce a hybrid between an Asiatic and an American species
had resulted in failure. On the other hand, Fi hybrids within the
Asiatic and the cultivated American group, respectively, were found
to be easily made and highly fertile and consequently capable of
utilization in the improvement of cotton.
tn 1923 Zaitzev (39) found the first recorded hybrid between a
cultivated Asiatic and a cultivated American cotton and reported
that it was completely sterile. In 1927 he (40) reported an artificially
made Asiatic-American hybrid and described five natural hybrids
between members of these groups. In the same year Desai (11)
obtained one hybrid from numerous crosses between species of the
two groups. Recently approximately 20 artificial and natural
Asiatic-cultivated American hybrids have been reported by Zhurbin
according to Emme (12), Nakatomi (22), Harland (16), Szymanek
and Gavaudan (^0), Baranov (4), Longley (21), Feng (13), and
Skovsted (26),^
Cytological investigations of Gossypium began in 1903 with Cannon's
studies of the cultivated American hybrid 8. barbadense X G. hirsuturn. He (6) reported that the hybrid had 28 haploid chromosomes
and that it exhibited complete chromosome conjugation and normal
disjunction during the heterotypic division. Later Ball (2) reported
G. barbadense to possess 20 haploid chromosomes. In 1923 and 1924
Nikola je va (Zaitzev (39)) and Denham (9, 10) established 13 as the
haploid chromosome number for Asiatic species of Gossypium and 26
as the haploid chromosome number for the cultivated American
species. At the same time Denham (10) reported complete chromosome conjugation in two Asiatic hybrids, G, cernuum X G. rudicum ^
and G, arboreum X G, neglectum. That all cultivated or wild Asiatic
species have 13 pairs and all cultivated American species have 26
pairs of chromosomes has been confirmed by Youngman and Pande
(38), Longley (21), Beal (5), Banerji (3), and Webber (33). Harland
(15), Longley (21), and Webber (33) have found that G. sturtii and
all wild American species of Gossypium have 13 haploid chromosomes.
In 1930 Baranov (4) reported that a cultivated American-Asia tic
hybrid (Gossypium hirsutum X G. herbaceum) formed 13 bivalent
and 13 univalent chromosomes during meiosis. He also observed
that the univalents were distributed irregularly. Similar observations
were reported in other cultivated American-Asiatic hybrids by Nakatomi (22) in 1931, and Zhurbin as reported by Emme (12) in 1930.
Longjey (21) reported variable chromosome conjugation in a natural
hybrid of this type.
3 Name as given in Denham's paper, probably a misprint for G. indicum Lam. The latter is supposed
to be the same as O. nanking Meyen.
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SUMMARY OF RECENT CYTOGENETIC STUDIES OF GOSSYPIUM

Since 1934 there have been produced intergroup hybrids between
species representing each of the four groups of Gossypium and between
most of the distinctly different species within each of the groups.
Most of these hybrids have been studied cytologically. The important
interspecific hybrids and a few variant plants that have bearing on
the phylogeny of the genus are listed in table 1, together with their
reported meiotic chromosome pairing and fertility. The names of
species as given in the table, are, for the most part, those under
wJiich the original seeds were received. It is very doubtful that
many of the ^^species^^ that have been described in the cultivated
Asiatic group and in the cultivated (and semiwild) American group
are really entitled to this rank.
CHROMOSOME MORPHOLOGY

Skovsted {25) divided the species of Gossypium with 13 pairs of
chromosomes into a group possessing large somatic chromosomes and
a group having small somatic chromosomes. He placed G. sturtii
in the group characterized by larger somatic chromosomes. Later
he {26) depicted both the somatic and meiotic chromosomes of G.
sturtii and reported that its meiotic chromosomes also were larger
than those of species belonging to the group with smaller somatic
chromosomes. According to the observations of the writer, the
somatic chromosomes of G. sturtii are larger than those of the majority
of species of Gossypium with 13 pairs of chromosomes, but the meiotic
chromosomes are not correspondingly large.
According to Baranov (4), the somatic chromosomes of the cultivated Asiatic species exhibit such morphological distinctions as differences in length of arms, divided and undivided arms, arms with or
without satellites, etc. Later Skovsted {23^ 25) reported that the
Asiatic species are characterized by 13 pairs of relatively large chromosomes and that the 26 somatic chromosomes of Gossypium arboreum
are all of equal size and 4 of them possess satellites. After a careful
study of G, herbaceum, Arutjunova {!) divided the somatic complement into 13 types, noting that several of the chromosome types
resembled one another and that 4 of them were much smaller than
the others. Both Denham {10) and Davie {8) observed that one
pair of chromosomes in the Asiatic cottons is longer than the others,
and Davie found that the species of this group exhibited considerable
secondary pairing. The writer agrees that the Asiatic species form
a group characterized by 13 pairs of relatively large chromosomes
but has found that the somatic chromosomes of Asiatic species are
slightly smaller than those of G. sturtii. Neither Skovsted nor
Arutjunova found the larger pair of chromosomes reported by Denham and Davie, and neither Webber {83) nor Skovsted has found
secondary association in any Asiatic species.
Skovsted {25) classified the wild American species of Gossypium
as a group having 13 pairs of smaller chromosomes. He {26) figured
the somatic chromosomes of G, davidsonii as approximately one-half
the length and one-half the diameter of those of G. sturtii, and later
{29) found that secondary pairing in the wild American species is
more noticeable than in other species with 13 pairs of chromosomes.
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The writer has not observed secondary pairing in the wild American
species.
Skovsted (25) reported that in cultivated American cottons 13
chromosomes are larger than the other 13; the larger ones being comparable in size to the chromosomes of Asiatic cottons and the smaller
ones being equal in size to those of the wild American species. On
the other hand, Arutjunova (1) found that while both Gossypium
hirsutum and G. herbaceum have large and small chromosomes the
chromosomes of G. hirsutum duplicate the small and large types of
chromosomes in the Asiatic species. According to this investigator
the chromosomes of G. hirsutum are in general somewhat smaller
than those of Asiatic species. Webber (35) reported that the differences in chromosome size in cultivated American species are very
slight and that there is a gradation of sizes rather than a sharp distinction between large and small chromosomes. Beal (5) found chromosome size to be of uniform gradation from very small to relatively
large. .Denham (10) and Davie (8) observed that two pairs of
chromosomes in the cultivated American cottons were longer than
the others. Secondarily paired bivalent chromosomes and quadrivalent chromosomes have been reported (36) in the cultivated
American species. In haploid cultivated American species (table 1,
category 3), Skovsted reported a few trisomes and Webber noted the
occurrence of bivalent chromosomes.
INTERSPECIFIC HYBRIDS
HYBRIDS INVOLVING GOSSYPIUM STURTII (GROUP 1)

Cross-pollinations between Gossypium sturtii and species belonging to other groups of Gossypium are easily obtained. The Fi plants
are the most nearly sterile of any of the intergroup hybrids. In the
past 3 years approximately 110 hybrids involving G, sturtii as one of
the parents were grown. Although these plants flowered profusely
during this period, they produced only two open-pollinated seeds.
These seeds, of G. sturtii X G. harknessii, produced F2 plants resembling
the intermediate Fi.
The meiotic chromosome pairing in hybrids between cultivated
American species and G, sturtii is shown in the following data on the
first metaphase chromosome conjugation in pollen mother cells of
three Fi hybrids (W 81, W 82, and W 139) between G. hirsutum and
G. sturtii.
Types of conjugation in 50 pollen mother cells:
37i+lii
35i+2ii
33i+3ii-_-.
39i
Mean conjugation=37.92i+0.52ii.

Number
of pollen
mother

cells

8
5
3
34

The foregoing tabulation shows that during meiosis there is a mean
conjugation of 37.92 univalents and 0.52 bivalents in Gossypium
hirsutum X G. sturtii. Although Skovsted (29) reported considerably
more variable conjugation and the occurrence of a few trivalents and
quadrivalents in similar hybrids, the mean conjugation in all ob-
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served hybrids between cultivated American species and G. sturtii
(table 1, category 9) is similar.
The meiotic chromosome conjugation in Asiatic species X G, sturtii
is shown in the following data on the first metaphase chromosome
conjugation in pollen mother cells of G. herbaceum X G. sturtii Fi
(W 111).
_

-

.

lypes of conjugation in 40 pollen mother cells:
26i
24i+l„
22i+2n
20i+3ii
18i+4n
16i+5ii
14i + 6ii
12i+7n
IO1+811
Mean conjugation = 21.56iH-2,22ii.

Number
of pollen
mother

cells

7
8
7
4
2
1
0
1

10

In the foregoing tabulation it is shown that Gossypium herbaceum X
G, sturtii Fi forms 10 to 26 imivalent and 0 to 8 bivalent chromosomes, with a mean conjugation of 21.56i+2.22n during meiosis. In
similar hybrids Skovsted (29) observed a range of 0 to 14 univalents
and 6 to 13 bivalents, with a mean of 2.85i+9.85ii+0.65iii+0.375iv.
The writer (35) reported that there was no visible chromosome conjugation in Gossypium thurberi X G. sturtii. A further study of this
hybrid, involving greater numbers of pollen mother cells, showed that
it exhibited a limited amount of variable pairing. Following are the
data on the first metaphase chromosome conjugation in pollen mother
cells of (?. thurberi X G. sturtii Fi (W 58).
Types of conjugation in 50 pollen mother cells:
26i
24i+lii
22i+2ii
20i+3ii
18i + 4ii
Mean conjugation=24.52i+0.74ii.

Number of
poUen
mother

cells

29
11
6
2
2

In analogous hybrids Webber found (table 1, category 4) the mean
numbers of univalent chromosomes to range from 23.94 to 24.56 and
those of bivalent chromosomes from 0.72 to 1.03. Skovsted (26, 29)
reported that the mean conjugation in similar hybrids was 8.45 to
14.95i; 5.33 to 8.20ii; 0.10 to 0.25iii; and 0.03 to O.lOiy. In a detailed
study of Gossypium davidsonii X G. sturtiiy Skovsted {26) was able to
distinguish the parental chromosomes. He stated that the number
of univalents is the same from both parents and that about 90 percent
of the bivalents are formed by allosyndesis. The autosyndetic bivalents are formed in equal numbers by G. davidsonii and G. sturtii,
Skovsted reported that a maximum of 10 allosyndetic and 2 autosyndetic bivalents were formed in this hybrid.
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HYBRIDS INVOLVING ASIATIC SPECIES (GROUP 2)

Within the Asiatic group, excepting the two wild species (Gossypium
anomalum and 0. stocksii) interspecific hybrids are easily obtained and
are highly fertile. The writer found that G, anomalum hybridizes
fairly easily with G. sanguineum and produces a hybrid which is 40percent fertile when selfed or backcrossed. G. stocksii is rather easily
crossed with G. sanguineum and with G. neglectum. Six Fi plants of
G. sanguineum X G. stocksii produced only three open-pollinated seeds,
and two Fi plants of G. neglectum X G. stocksii failed to produce any
seeds. Two hybrids between Asiatic species and wild American species, G. davidsonii X G. anomalum and G, nanking X G. thurberi, were
obtained. The former hybrid is easily produced. Eight Fi plants
were grown but failed to produce a single seed. G. nanking X G. thurberi is one of the most dijfficult Gossypium hybrids to make. From
nine Fi plants ^ four open-pollinated seeds were collected. The writer
obtained three hybrids between Asiatic species and cultivated American species. Although several natural hybrids between these groups
have been reported, such hybrids are, nevertheless, among the most
difficult to produce. A single Fi plant of G, hirsutum X G. cernuum
produced four open-pollinated seeds. On the other hand, one Fi
plant of the compound hybrid G, (barbadense X schottii) X G. anomalum
and three Fi plants of G. {contextum X hopi) X G, anomalum failed to
form any seeds. Hybrids between Asiatic species and G. sturtii have
been discussed in the preceding section.
The majority of plants in segregating generations of Gossypium
sanguineum X G. ajricanum and G. herbaceum X G. neglectum differ
considerably from each other and are highly fertile. Several Fg plants
of G. sanguineum X G. ajricanum resembled a different or third species,
and one in particular resembled G. nanking. Five out of eight F2
plants of G. sanguineum X G. anomalum failed to produce any seeds.
The remaining three plants were, respectively, 5-, 12-, and 45-percent
fertile. Phenotypically two of the plants resembled the G. anomalum
parent, two the G. sanguineum parent, three the Fi hybrid (intermediate), and one was similar to ö. ajricanum. During germination
experiments the three seeds from open-pollination of G. sanguineum X
Ö. stocksii Fi proved to be only empty seed coats. One of the four
seeds from G. nanking X G. thurberi Fi germinated. Since it gave rise
to conjoined diploid twins, the formation of the seed probably involved
sporophytic budding rather than fertilization (37). Three plants of
G. hirsutum X G, cernuum F2 were grown from seeds resulting from
open pollination. They strongly resembled the hirsutum parent and
were, respectively, 30-, 52-, and 65-percent fertile.
The meiotic chromosome pairing in hybrids between species within
the Asiatic group is shown in the following data on the first metaphase chromosome conjugation in pollen mother cells of Gossypium
herbaceum X G. cernuum Fi (W 3).
Types of conjugation in 20 pollen naother cells:
2i+12ii_„
13ii
Mean conjugation = 0.20i+12.9ii.

Number of
pollen
mother

cells

2
18

♦ In cases where several plants have been grown of hybrids that are diflBcult to produce, the majority
of them are cuttings from a single successful cross-pollination.
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Following are the data on the meiotic chromosome conjugation in
pollen mother cells of Ö. sanguineum X G, anomalum Fi (W 27).
m

-.

.

Number
of pollen
mother

.

iypes of conjugation m 50 pollen mother cells:
13ii
2i+12„
4i+llii
6i+10ji
8i + 9ii
10i+8n
12i+7ii
Mean conjugation ==2.36i+11.82ii.

cells

8
5
6
3
1
1

The meiotic chromosome pairing between species within the Asiatic
group is likewise shown by the data given in table 2.
2.—Meiotic chromosome conjugation in pollen mother cells of the compound
hybrid Gossypium {herhaceum X neglectum) X G. stocksii Fi {W 98) and of
G. sanguineum X G. stocksii Fi {W 99)

TABLE

Pollen mother cells inTypes of conjugation in 40 pollen mother cells

26i
24i+lii
22i+2ii
20irf3ii
18i+4ii„_.
Mean conjugation

Q. (herbaG, sanceumXneglec- guineumXCr.
tum)XG.
stocken
stocksii
Number

Number

2
1
Chromosomes Chromosomes
24i+0.70ii
24.1i+0.95ii

Although Gossypium herhaceum X G, cernuum Fi generally forms 13
bivalent chromosomes during meiosis, occasionally 2 univalents are
present. The mean conjugation, 0.20 univalents and 12.9 bivalents,
is comparable to that reported in analogous hybrids (table 1, category
The data in table 2 and in the tabulation immediately preceding it
show that hybrids within the Asiatic species group that involve either
Gossypium anomalum or G, stocksii exhibit variable chromosome conjugation.
The data on Gossypium sanguineum X G- anomalum Fi show that
during meiosis this hybrid forms from 7 to 13 bivalent and from 0 to
12 univalent chromosomes, with a mean conjugation of 2.36 univalents and 11.82 bivalents. In analogous hybrids, Skovsted also found
considerable pairing (table 1, category 1). Although chromosome
conjugation in G, (herhaceum X neglectum) X G. stocksii and G. sanguineum X G, stocksii is likewise variable, the number of pairs is considerably less. In these hybrids, from 0 to 4 bivalent and from 18 to
26 univalent chromosomes are formed. The mean numbers of bivalents observed by the writer (table 2) were 0.7 and 0.95, while Skovsted
reported (table 1, category 1) mean bivalent numbers of 3.2, 4.35,
and 6.25 in similar hybrids.
The meiotic chromosome pairing in hybrids between Asiatic species and wild American species is shown in table 3.
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3.—Meiotic chromosome conjugation in pollen mother cells of Gossypium
davidsonii X G. anomalum Fi (W 94) and G. nanking X G. thurheri Fi {W 79)

TABLE

Pollen mother cells in—
Types of conjugation in 80 pollen mother cells

G. daridsoniiXG.
anomalum

G. nankingXG.
thurberi

Number

26i
24i--lii
22i+2ii
20i--3ii
18i+4n

_ .

.

_

Mean conjugation

Number
34
18
g
4
3
2
4
0
1
0
Chromosomes Chromosomes
25.6i4-0.2ii 23.95i+1.025n

Table 3 shows that the number of bivalent chromosomes during the
heterotypic division of Oossypium davidsonii X G. anomalum Fi and 0,
nanking X G. thurberi Fi, respectively, ranges from 0 to 2, with a mean
of 0.2, and from 0 to 4, with a mean of 1.025. In similar hybrids
(table 1, category 5) Skovsted found considerably more meiotic pairing, wdth the occasional formation of tri valent and quadrivalent
chromosomes.
The meiotic chromosome pairing in hybrids between Asiatic species
and cultivated American species is summarized in the following data
on the meiotic chromosome conjugation in pollen mother cells of G.
hirsutum X G. cernuum Fi (W 21) and in table 4.
Number of
pollen mother

Types of conjugation in 50 pollen mother cells:

c«¿¿«

17i+llii
15i+12ii
13i+13ii
12i+12ii+l„i
lli+llii+2iii
Mean conjugation = 13.22i+ 12.74ii+0.1iii.

2
4
41
1
2

4.—Meiotic chromosome conjugation in pollen mother cells of the compound
hybrids Gossypium {contextumXhopi)XG, anomalum Fi (W 55) and G. (barbadenseXschottii) XG, anomalum Fi (W 1)

TABLE

Pollen mother cells in—

Pollen mother cells in—

Types of conjugation
Types of conjugation
in 150 pollen mother G. (œrftextum Q. (barbadense
in 150 pollen mother
cells
cells
X hopi) X 0. X schottii) X G.
anomalum
anomalum

G. (contextum G.(barbadense
X hopi) X G. Xschottii)XG,
anomalum
anomalum

27i+6ii-.25i+7ii
23i+8ii
21i+9ii
19i+10ii
17i+llii
15i+12ii. _ _
13i+13ii

Number
_

--

3
4
9
10
17
21
18
12

Number

1
2
5
6
12
9
8
5

Number
12I+12TI4-1ITT
11I+11TT+2TTT
10T+10IT+3TII

3
1
2

Number

1
0
1

Chromosomes Chromosomes
Mean conjugation.. 17.81i+10.48ii 18 12i+10.32ii
+O.O8111
+O.II111

The data on Gossypium hirsutum X G. cernuum Fi show that this
hybrid generally forms 13 bivalent and 13 univalent chromosomes
during meiosis. Occasionally, however, pairing is slightly less and
rarely trivalent chromosomes are formed. The pairing in this hybrid
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is comparable to that reported for all analogous hybrids except those
observed by Skovsted (table 1, category 8). Although Skovsted
agrees regarding the number of univalents, he found that quadrivalent,
pentavalent, and hexavalent chromosomes are formed occasionally.
Meiotic chromosome conjugation in the compound hybrids Gossypium {contextum X hopi) X G. anomalum Fj and G, (barbadenseXschottii)
X G. anomalum Fi is the most variable observed by the writer among
interspecific hybrids in Gossypium. Table 4 shows that conjugation
in these hybrids ranges from 6 to 13 bivalents, from 10 to 27 univalents, and from 0 to 3 trivalents, with mean conjugations of 17.81i+
10.48n+0.11i„ and 18.12i+10.32n+0.08in.^ In G, barbadenseXG.
anomalum Fi Skovsted reported a mean conjugation of 33.80i+2.6ii.
Skovsted (table 1, category 8) found slightly less pairing in G.
barbadense X G. stocksii Fi.
The meiotic chromosome conjugation of hybrids between Asiatic
species and G. stuîtii has been discussed in the preceding section.
All plants examined of G. sanguineum X G. africanum F2 and F3
exhibited meiotic chromosome conjugation similar to that of their Fi
parent (table 1, category 1). Only three plants of G> sanguineum X G.
anomalum F2 were examined. These plants also resembled their Fi
parent in having variable pairing. Although the F2 plants of G,
hirsutum X G. cernuum (table 1, category 8) occasionally formed
trivalent and quadrivalent chromosomes and rarely pentavalents, they
generally had 4i+22ii, li+25ii, and li+26ii.
HYBRIDS INVOLVING WILD AMERICAN SPECIES (GROUP 3)

Hybrids between Gossypium armourianum and G. harknessii and
between G. davidsonii and G. klotzschianum are easily made. The
Fi's are highly fertile when selfed or backcrossed. G. thurberi is rather
easily crossed with G. armourianum and with G. harknessii, G.
armourianum X G. thurberi Fi is approximately 85-percent self-fertile,
and G. harknessii X G. thurberi Fi is about 70-percent self-fertile.
Both hybrids are highly fertile when pollinated by pollen from either
parent. On the other hand, numerous cross-pollinations between G.
davidsonii or G. klotzschianum and G. armourianum, G. harknessii, or
G. thurberi produced only empty seed coats. However, recent experiments indicate that G, davidsonii may be combined with G, armourianum or with G. harknessii in triple hybrids involving G. thurberi.
Hybrids of Gossypium armourianum, G. harknessii, or G. thurberi
with cultivated American species are somewhat difficult to produce.
Twenty-two plants of G. hirsutum X G, armourianum Fi produced 4
seeds from self-pollination and 15 seeds from open pollination; 15
plants of G. barbadense X G, harknessii Fi produced 4 seeds from selfpollination and 30 seeds from open pollination; and 5 plants of G.
hirsutum X G. thurberi Fi produced 2 seeds from self-pollination and 16
seeds from open pollination. These hybrids are slightly more fertile
when backcrossed with their cultivated American parent than when
selfed.
Mature plants of hybrids of Gossypium davidsonii or G. klotzschianum with cultivated American species were not obtained. Numerous attempts to cross G. davidsonii or G. klotzschianum with G, hirsutum or G. barbadense failed completely or produced only empty seed
coats. Although hybrids between G. purpurascens and G, klotzschia-
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num are rather easily produced, all die in the cotyledon stage of
development.
Interspecific hybrids between Gossypium sturtii and the wild
American species, and between Asiatic species and wild American
species have been discussed in preceding sections of this paper.
Only a few plants were grown of Gossypium armourianum X G, harknessii F2 and G. klotzschianum X G. davidsonii F2. In each case these
plants resembled the intermediate Fi plants and were fairly self-fer tile.
Of 59 plants of G. armourianum X G. thurberi F2, 31 produced flowers.
Of these, 19 were sterile, 7 were slightly fertile, 4 were moderately
fertile, and 1 was highly fertile. Phenotypically the plants were
highly variable, ranging from plants similar to G. armourianum to
plants resembling G. thurberi, G. armourianum X G. thurberi Fi, when
backcrossed to G. thurberi^ is highly fertile and very closely resembles
G. thurberi. On the other hand, when backcrossed to G. armourianum, it is only moderately fertile, although the Fi parent selected
resembled G, armourianum very closely. The F2 of G. harknessii X G.
thurberi was not grown.
Four plants from self-pollination and three plants from open pollination of Gossypium hirsutum X G. armourianum F2 were grown. All
except one of the plants resembled the G. hirsutum parent. One of
the F2 plants from seed resulting from open pollination closely resembled the intermediate condition characteristic of Fi plants.
Plants resulting from self-pollination were, respectively, about 0-,
55-, 60-, and 85-percent fertile. Those resulting from open pollination
were approximately 0-, 35-, and 70-percent fertile. Four plants from
self-pollination and four plants from open pollination of G. barbadense
X G, harknessii ¥2 were grown. One of the plants from self-pollination
resembled G. barbadense X G. hirsutum Fi, whereas the other three
resembled the G. barbadense parent. They were, respectively, about
50-, 75-, 75-, and 80-percent fertile. Of the plants resulting from
open polhnation of the Fg, two resembled G, barbadense, one resembled
G. hirsutum, and one resembled G, barbadense X G. hirsutum Fi. They
were, respectively, about 85-, 0-, 80-, and 50-percent fertile. In the
inbred lineage 17 F3 plants were grown from an F2 plant which was
50-percent fertile and which resembled phenotypically G. barbadense
X G. hirsutum Fi. The phenotype of the F3 plants varied considerably. In general, 10 of these plants resembled the G, barbadense
parent, 2 resembled G. hirsutum, and 1 each resembled G. peruvianum,
G. darwinii, G. barbadense X G. darwinii Fi, G. barbadense X G. brasiliense Fi, and G, barbadense X G. hirsutum Fi. The plants showed such
floral abnormalities as stigmatoid anthers and petals, antheroid
stigmas and petals, imbricate petals, and cleistogamous flowers.
Five of the Fg plants were sterile, 10 ranged from approximately
15- to 80-percent fertile, and 2 did not flower.
Only two Fi plants of the compoimd hybrid Gossypium (barbadense
X harknessii) X G. barbadense were grown. These plants resembled
G. barbadense and were moderately fertile.
No F2 plants of G. hirsutum X G. thurberi were grown.
Table 5 summarizes the meiotic chromosome conjugation of interspecific hybrids within the wild American group of species.
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5.—Meiotic chromosome conjugation in pollen mother cells of Gossypium
davidsonii X G. klotzschianum F\\W 10),G. armourianum X G. thurheri Fi {W 8
and W 9)j and G. harknessii X G. thurheri Fi (W 96)

TABLE

Pollen mother cells showing
indicated type of conjugation. Total, 60 pollen
mother cells

Interspecific hybrid

Gt davidsonii X G. klotzschianum
G. armourianum X G. thurberi
G. harknessii X G. thurberi

__
__

__

Mean conjugation

4i+llii

2i+12ii

Number

Number Number
19 0.10i+12.95ii.
1
2
16
.601+12.70n.
2
15
.8O1+I2.6O11.

2
3

13ii

Table 5 shows that hybrids within the wild American group of
species generally exhibit 13 bivalent chromosomes, though occasionally
as many as 4 univalent chromosomes are present. Similar chromosome pairing has been reported previously in analogous hybrids
among wild American species (table 1, category 2). Such pairing is
also comparable to that reported by Skovsted (table 1, category 2)
in hybrids of Gossypium thurberi or G, armourianum with Erioxylum
aridum (G. aridum).
The meiotic chromosome conjugation in pollen mother cells of
Gossypium hirsutum X G. thurberi Fi (W 37 and W 44) is shown in the
following tabulation:
Tvpes of conjugation in 50 pollen mother cells:
17i+llii
15i+12ii
13i + 13ii
12i+12ii+liii
14i+llii+liii
lli+llii+2in
Mean conjugation=13.06i+12.70ii+0.18iii.

Number
ofpollen
mother

cc/¿s

1
3
39
4
1
2

Although Gossypium hirsutum X G. thurberi Fi generally forms 13
bivalent and 13 univalent chromosomes, it occasionally forms fewer
bivalents and rarely forms trivalents. Similar chromosome pairing
in different types of wild American and cultivated American interspecific hybrids has previously been reported (table 1, category 7).
The meiotic chromosome behavior in hybrids between wild American species and Gossypium sturtii and between wild American species
and Asiatic species has been described earlier in this paper.
Several plants each of Gossypium armourianum X G, harknessii F2
and G. klotzschianum X G, davidsonii F2 were examined. In each
case, their meiotic behavior was similar to that of the Fi. Fertile and
sterile plants of G. armourianum X G, thurberi F2 also exhibited
meiotic chromosome conjugation similar to that of the Fi.
Although F2 plants from seeds resulting from self-pollination of
Gossypium hirsutum X G. armourianum Fi occasionally exhibited
trivalents, the common types of conjugation in these plants were
4i+22ii, 2i+24ii, li+25ii, and 13i+26ii,^ whereas two plants from
ß This plant, of pentaploid nature, probably arose from the union of 39- and 26-chromosome gametes, the
39-chrom&some gamete having arisen from a suspended mitosis and the 26-chromosome gamete from a
26<>13 first anaphase distribution. It is interesting that, with the exception of one plant with 4i4-26ii
and one plant with li+26ii, all F2 and F3 plants total 26 chromosome units. It is probable that at least
one of the gametes concerned in the formation of a zygote must have 26 chromosomes.
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seeds resulting from open-pollination had 12i+14ii and 4i+26ii. F2
plants from self-pollination of 0, barbadense X 0. harknessii ediibited
2i+24ii, 26ii(?), li+25ii, and 26ii. Only two plants of 0. barbadense X
G, harknessii F3 (2i4-24ii) were examined. One of these plants was
60-percent fertile, of G, barbadense type, and had 26ii. The other
plant was sterile, resembled G. barbadense X G. darwinii Fi, and had
li+25ii.
HYBRIDS INVOLVING CULTIVATED AMERICAN SPECIES (GROUP 4)

Hybrids between cultivated American species and the three groups
of 13-chromosome species have been discussed in the preceding pages
(table 1, categories 7, 8, 9). Interspecific crosses within the cultivated
American group are the most successful of any interspecific Gossypium
crosses. The Fi plants are highly fertile.
The meiotic chromosome conjugation of six interspecific hybrids
within the cultivated American group of species is summarized in
table 6.
6.—Meiotic chromosome conjugation in pollen mother cells of six interspecific
hybrids (Fi) within the cultivated American group of Gossypium species

TABLE

Pollen mother cells showing
indicated tj^pe of conjugation (total, 100 pollen mother
cells)

Interspecific hybrid

2i4-25ii

G. peruvianumXG. darwinii (W 78)
G.conteitumXG.hopi (W 26)
G. barbadense X G. tomentosum (W28)
G. hirsutumXG. tomentosum (W 29 and W 80)
G, purpurascens X G. tomentosum (W 95) -.. —

26ii

Mean conjugation

24II+IV 22ii+2iv

Num- Num- Number
ber
ber
1
18
2
16
2
20
20
20

Number
1

25.7II+0.1ÖIV.

0.20i+25.7ii+0.10iv.
26ii.
26n.
26ii.

Although interspecific hybrids within the cultivated American group
generally exhibit normal meiotic chromosome conjugation, they occasionally form several univalent and quadrivalent chromosomes
(table 6). Behavior similar to that shown in table 6 has previously
been reported in other hybrids between cultivated American species
(table 1, category 3).
DISCUSSION
GENETICAL NATURE OF CHROMOSOME COMPLEMENTS

The fact that hybrids between the wild American species and Gossypium sturtii exhibit very little chromosome conjugation indicates
that there is very little, if any, homology within the haploid chromosome sets of these groups. Hence, the evidence that either of these
species is of polyploid origin is insufl&cient. Likewise, the lack of
secondary association in Asiatic species and the limited conjugation
in hybrids between cultivated Asiatic species and G. stocksii indicate
that if homology exists within the haploid complements of Asiatic
species it is very limited. On the other hand, the occurrence of highly
polyvalent chromosomes in triploid G, herbaceum X G, arboreum Fi
(table 1, category 1) and of similar somatic chromosome pairs in G,
herbaceum (1) supports the assumption that the cultivated Asiatic
species are of polyploid nature.
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The occurrence of bivalents in haploid G. barbadense and the presence of quadrivalents and secondary bivalent association in diploid
cultivated American species indicate some homology within the
haploid chromosome complement of the cultivated American cottons.
Further proof of this homology is found in the formation of trivalents
in hybrids between cultivated American species and the 13-chromosome species.
INTERSPECIFIC HYBRIDS AND PHYLOGENY

Since Gossypium sturtii gives viable hybrids with species of all other
groups of Gossypium, it is evident that it is more or less related to each
group; but the high degree of sterility and the very limited chromosome conjugation in hybrids involving G. sturtii suggest that these
relationships are rather distant.
In the case of Gossypium sturtii X Asiatic species, and possibly G,
davidsonii X G. sturtii, the findings of Skovsted (26) and Webber (35)
are so unlike as to suggest very different conceptions of the relationships. In G, arboreum X G. sturtii Skovsted (27, 29) found a degree
of conjugation adequate to justify the inclusion of G. sturtii in the
Asiatic group. As indicated above, the sterility and slight amoimt of
conjugation in an analogous hybrid observed by Webber fail to denote
close relationship between (?. sturtii and Asiatic species. Furthermore,
hybrids involving Asiatic species other than G. stocksii exhibit chromosome conjugation quite different from that of hybrids of which G.
sturtii was a parent. Skovsted's observation of 10, out of a possible
13, allosyndetic bivalents in G, davidsonii X G, sturtii suggests, in the
writer's opinion, a fairly close relationship between these species.
For reasons similar to those given in the case of G, sturtii X Asiatic
species, Webber's findings indicate, on the contrary, that G. davidsonii
and G. sturtii are not closely related.
The high fertility and complete meiotic chromosome conjugation of
hybrids among cultivated Asiatic species denote that these species are
closely interrelated. The similarity of F2 and F3 segregates to species
other than the parents of the Fi suggests that the majority of the
numerous so-called species of the Asiatic group arose through hybridization. Such derivation supports recent taxonomic conclusions that
many of the cultivated Asiatic cottons described as species are not
entitled to this rank.
Since hybrids between Gossypium anomalum and the cultivated
Asiatic species exhibit a moderately high degree of fertility and of
chromosome conjugation, it is apparent that the parental species are
somewhat closely related. On the other hand, the sterility and lack of
chromosome conjugation in the compound hybrid G. (herbaceum X
negledum) X G. stocksii show that G. stocksii is distantly related to the
cultivated Asiatic species. It therefore follows that G. anomalum and
G. stocksii are not closely related, since the chromosomes of G. anomalum are partly homologous with those of the cultivated Asiatic species
Vf hile the chromosomes of G, stocksii are not.
That the cultivated Asiatic species and Gossypium anomalum (group
2) are not closely related to the wild American species (group 3) is
shown by the lack of fertility and of chromosome pairing in hybrids
between these groups. No hybrids between G, stocksii and the wild
American species have yet been produced. In the following paragraphs it is shown that the chromosomes of the majority of wild
129608—39
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American species are cytologically homologous with 13 chromosomes
of the cultivated American species. On the other hand, data in table 1,
category 8, indicate that the chromosomes of G, stocksii lack such
affinity for those of the cultivated American species. Hence, the
chromosomes of G. stocksii and those of the wild American species
are undoubtedly nonhomologous, and G, stocksii is apparently very
distantly related to the wild American species.
The occurrence of complete conjugation between the 13 haploid
chromosomes of the cultivated Asiatic species and 13 chromosomes of
the cultivated American species ^ indicates a rather close relationship between these groups of species. Similar reasons indicate that
Gossypium anomalum is somewhat closely related to the cultivated
American species, while the lack of chromosome pairing in cultivated
American species X G, stocksii denotes that they are distantly related.
Gossypium armourianum and G, harknessii are undoubtedly very
closely related, since they produce highl^r fertile hybrids that exhibit
normal chromosome conjugation. Likewise, all cytogenetic data indicate a close relationship between G. davidsonii and G, klotzschianum.
On the other hand, the probability that G. armourianum and G.
harknessii are phylogenetically distinct from G. davidsonii and G,
klotzschianum is indicated by the failure to obtain hybrids between
Ö. armourianum (or 6?. harknessii) and G, davidsonii (or G, klotzschianum) j and by the fact that G. armourianum and G, harknessii
hybridize readily with the cultivated American species whereas G.
davidsonii ^nd G, klotzschianum do not. The latter fact is noteworthy because morphologically G. davidsonii and G. klotzschianum
show greater resemblance to the cultivated American cottons than do
G, harknessii and G. armourianum.
Webber {36) and Skovsted {29) have found Gossypium thurberi and
Erioxylum aridum to hybridize rather freely with both 6?. armourianum
and Ô. harknessii, producing fairly fertile hybrids, which exhibit
normal chromosome conjugation. Skovsted {29) found that G.
thurberi X E, aridum exhibited complete chromosome pairing. The
foregoing data indicate a close relationship between G, thurberi, E.
aridum,^ G. armourianum, and G. harknessii. On the other hand, the
fact that combination between G. davidsonii and G. armourianum has
been obtained only in triple hybrids involving G. thurberi suggests that
G. thurberi may be an intermediate species. A closer relationship between G. armourianum and G. harknessii than between these species
and G. thurberi or E. aridum is also indicated by histological data.
Webber {32) has pointed out that while the mesophyll of G, armourianum is similar to that of G. harknessii, the mesophyll of G, thurberi
and of E. aridum resembles that of G. davidsonii and G. klotzschianum.
That the relationship of E. aridum may not be as close as that of G.
thurberi to G. harknessii and G. armourianum is suggested by Webber's
{32) report that lysigenous cavities such as occur in the pith of Erioxylum are not characteristic of the pith of any of these species of
Gossypium.
* That this pairing is between chromosomes of the Asiatic and the American species, rather than among
chromosomes within the haploid set of the American species, is shown by the lack of conjugation in haploid
Gossypium barbadense and in certain hybrids such as G. hirsutum X G. sturtii.
' On the basis of these results, Skovsted (28) proposed the transfer of Erioxylum aridum Rose and Standley
to the genus Gossypium, as G. aridum Skovsted.
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In preceding sections cy tological indications are given of relationship
between the wild American species, on the one hand, and Gossypium
sturtii and certain species of the Asiatic group, on the other. Since,
however, no hybrids have been obtained between G, davidsonii or G.
klotzschianum and G, stocksii^ or between G. davidsonii or G, klotzschianum and the other wild American species, there are no available
cytological data indicative of the relationships between G. davidsonii
or Ö. klotzschianum and G. stocksii. On the other hand, since the
chromosomes of G. davidsonii and G. anomalum are nonhomologous,
whereas the chromosomes of G. anomalum are partly homologous with
13 of those of the cultivated American species, it would be inferred that
the chromosomes of G. davidsonii and those of G, anomalum are both
nonhomologous with the same set of chromosomes in the cultivated
American species. In this case, however, the evidence is not conclusive, since it is very indirect, and based on limited homology between
the chromosomes of G. anomalum and those of the cultivated American
species.
As in the case of the Asiatic species, the occurrence of complete conjugation between the 13 haploid chromosomes of Gossypium armourianum, G. harknessii, or G. thurberi and 13 of the 26 chromosomes of the
cultivated American species indicates a fairly close relationship
between these three wild American species and the cultivated American
species. However, since the chromosomes of the wild American species
and those of the Asiatic species are nonhomologous, it may be inferred
that the 13 chromosomes of the wild American species and the 13
chromosomes of Asiatic species pair with different sets of 13 chromosomes in cultivated American cottons.
The normal chromosome conjugation and high fertility of interspecific hybrids among cultivated American species (table 1, category
3) denote a close relationship among the species of this group.
It is apparent that the majority of segregates from combinations
between species having 13 and 26 chromosomes, respectively, revert
to forms having 26 bivalents. Whether these forms will maintain
their distinctive characters or revert to the characters of the parent
having 26 pairs has not been determined. It is, however, possible
that some of the numerous cultivated American forms may have been
derived from hybrids between parents having 13 and 26 chromosomes,
respectively.
PHYLOGENETIC CONCEPTIONS

Within the haploid complements of the 13-chromosome species of
Gossypium, Skovsted {^S, 26, 29) observed autosyndetic pairing in the
Asiatic species and G, sturtii, and autosyndetic and secondary pairing
in the wild American species. He offered two alternative explanations
as to the origin of these species: That they are (1) derived from a triple
cross of two different but closely allied seven-chromosome species
with the same six-chromosome species or (2) from the doubling of two
similar six-chromosome sets, and the triple appearance of one chromosome. Davie (8) observed that one pair of chromosomes in the Asiatic
cottons is longer than the others and that the species of this group
exhibited considerable secondary pairing. This led him to conclude
that the species with 13 pairs of chromosomes probably arose by endto-end fusion of certain chromosomes in an allotetraploid with 28
chromosomes.
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The writer has found no conclusive evidence that homology exists
within the haploid chromosome sets of any of the 13-chromosome
species. The hmited pairing that occurs in hybrids between species
of the different groups characterized by 13 pairs of chromosomes may
be between the two species sets of 13 chromosomes rather than within
one or both sets. Although Denham (10) and Davie (8) found that
one pair of chromosomes in the Asiatic species is longer than the
others, this observation is contrary to the findings of Skovsted (25),
Arutjunova (i), and Webber (33). Davie's report that secondary
association occurs in Asiatic species was unconfirmed by the observations of Skovsted (25) and Webber (33), while Skovsted's report (29)
that secondary pairing takes place in the wild American species is
contrary to the findings of Webber (33). There is also disagreement
between Webber (35) and Skovsted (26) as to the extent and type of
pairing in Gossypium davidsonii X G. sturtii. Hence, although it would
seem that the 13-chromosome species of the genus Gossypium may
have originated from another genus having a lower basal chromosome
number, the evidence as to how they originated or what was the ancestral form is still too meager and contradictory to form the basis for
definite conclusions.
It is highly probable that the cultivated American species are polyploids of species having 13 pairs of chromosomes. However, it is still
questionable whether they are autopolyploids or allopolyploids. If
they are allopolyploids there is no indication as to how close was the
relationship between the 13-chromosome species that contributed to
their ancestry. Dr, Edgar Anderson has suggested ^ that the cytology
of Malvaceae leads to the supposition that many species may actually
be autopolyploids although all species that have been investigated
behave as allopolyploids. Darlington (7) has explained such behavior
of autopolyploids as due to low chiasma frequency. In Gossypium it
has been shown (29, 33) that the chiasma frequency per bivalent is
relatively high within a species and in hybrids between species of the
same group but is considerably lower in hybrids between species of
different groups. Hence, the frequency of chiasmata in the cultivated
American cottons suggests that these species are true allopolyploids
rather than autopolyploids behaving as allopolyploids.
The limited chromosome conjugation in haploid Gossypium barbadense and in hybrids involving the cultivated American species and
13-chromosome species also supports the assumption that the cultivated American species are allopolyploids. On the other hand, the
formation of polyvalents in triploid Asiatic cotton led Skovsted (23)
to state that conjugation in the triploid must be due to the triploid
offering possibilities which, although present in the diploid, do not
normally become realized there. 'The pairing in the diploid shows
only a 'phenotypic conjugation', while the triploid exhibits more of
the 'genotypic conjugation' „ * * * ^^^ p 243). That the complete amount of chromosome homology is not cytologically expressed
in diploid cottons is also indicated by the occurrence of trisomes in
haploid cultivated American species (28), and by the occurrence of
more polyvalent chromosomes and of higher degrees of poly valency in
intergroup Gossypium hybrids than within the species.
" Letter to the writer dated January 12, 1937.
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Skovsted {25) concluded that the cultivated American cottons are
allopolyploids whose origin may be ascribed to the doubling of the
chromosomes in a hybrid between an Asiatic and a wild American
species. This hypothesis was suggested by his observation that half
of the chromosomes of the cultivated American species were relatively
large like those of the Asiatic species and that half were smaller like
those of the wild American species. Later Skovsted {29), after calling
attention to the fact that his hypothesis had been criticized chiefly
because it involved an Asiatic species in the origin of the cultivated
American species, supported his hypothesis with the following evidence: (1) The haploid complement of the cultivated American species
is composed of two nonhomologous sets of 13 chromosomes, one of
which is homologous with the haploid complement of Asiatic species
and the other homologous with the haploid complement of the wild
American species {24, 25, 33, 34); (2) the chromosomes of the wild
American species apparently conjugate with the set of smaller chromosomes in cultivated American cottons {29); (3) the ''JS'' gene transferred from Gossypium arboreum to G. hirsutum acts as a member of
the cultivated American cotton series of anthocyanin allelomorphs
{18); and (4) cytological homology exists throughout the group of
New World cottons despite their wide distribution in the Americas
and Polynesia.
The genetical behavior of the cultivated American cottons caused
Longley {21) to infer that they are true tetraploids. Davie {8) considered the cultivated American cottons to be allopolyploids and suggested Gossypium armourianum, G. harknessii, G. davidsonii, or G,
klotzschianum as possible parents. Arutjunova {1) considered the
species of Gossypium with 26 pairs of chromosomes to be amphidiploids, each derived from two very closely related species having
morphologically similar sets of chromosomes. Although Gates {14)
granted that the cultivated American species may have arisen in postColumbian time from hybrids between Asiatic and wild American
species, he favored the hypothesis that they originated from wild
American species and suggested that an unknown wild American
species may have been involved. The latter hypothesis is supported,
in the writer's view, by the following evidence: The presence of two
sets of morphologically simuar chromosomes in cultivated American
species; the formation of quadrivalent chromosomes in diploid and of
bivalents in haploid cultivated American cottons; the relatively close
geographical proximity, yet isolation from one another, of several of
the species of wild American cottons; and the fact that, aside from the
absence of long lint hairs on the seeds, the wild American cottons
possess all the important phenotypic characters that are foimd in the
cultivated American cottons. In the latter connection it shoidd be
noted that several F2 plants of G, armourianum X G. thurberi greatly
resemble G, hirsutum and that certain F2 and F3 plants of G, barbadense X G, harknessii resemble cultivated American species other than
G, barbadense,
Skovsted {29) called attention to homology between the chromosomes of Gossypium armourianum, G. harknessii, and G, thurberi, and
the absence of homology between the chromosomes of these species
and those of G. davidsonii and G. klotzschianum. The failure of G,
davidsonii and G, klotzschianum to hybridize with G, armourianum,
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G. harknessii, or 0, thurberi, and the production of nonviable hybrids
between 0. davidsonii or 0, klotzschianum and the cultivated American
species, led Skovsted to conclude that allopolyploids could have originated only in hybrids between a species of the Asiatic group and a
wild American species of the 0. armourianum, G, harknessiij and G.
thurberi subgroup. In this connection it should be noted that wild
American X Asiatic hybrids are extremely difficult to make. Furthermore, as Skovsted stated, the failure of G, davidsonii or G. klotzschianum to hybridize with other wild American species may be due
to a simple genetic difference. Skovsted (29) also reported a close
relationship between G. sturtii and the Asiatic species, and observed
in G, davidsonii X G, sturtii as many as 10 allosyndetic bivalents out
of a possible 13. The writer believes that pairing to this extent indicates a rather close relatonship between these two species.
Skovsted also called attention to the fact that if it should be proved
that the cultivated American species were derived solely from wild
American species the homology between the chromosomes of the
Asiatic species and 13 chromosomes of the cultivated American cottons
remains to be accoxmted for. This is true, unless the existence of
such homology should be disproved. The possibihty of the cultivated
American species being autopolyploids that generally behave as
allopolyploids and exhibit autopolyploid behavior only under rare or
specific conditions should not be overlooked. It is also possible that
Gossypium davidsonii or G, klotzschianum or some of the less-known
wild American species may be proved to possess chromosomes homologous with those of the Asiatic species.
SUMMARY
The cytogenetic literature that has critical beariQg on the relationships of species in the genus Gossypium is reviewed and summarized
in table form.
The meiotic chromosome conjugation is reported of (1) Fi of 23
new interspecific hybrids, including 12 different types of hybrids; (2)
F2 of certain 13- X 13-cÍLromosome combinations; and (3) F2 and F3
of certain 13- X 26-chromosome combinations.
The conjugation observed, in conjunction with that previously
reported, strongly supports the grouping of the species as follows:
(1) The Australian species, Gossypium sturtii; (2) Asiatic species; (3)
wild American species; (4) cultivated American species.
The limited meiotic chromosome conjugation of interspecific hybrids
involving Gossypium sturtii indicates that there is very little, u any,
homology within the haploid complement of G. sturtii and that its
chromosomes are very slightly, if at all, homologous with chromosomes
of any other species, with the possible exception of 6?. davidsonii.
The degree of meiotic chromosome conjugation in hybrids involving
Asiatic species indicates: (1) That if homology exists within the
haploid complement it is very limited; (2) that the cultivated Asiatic
species are very closely related to one another; (3) that the wild
African species Gossypium anomalum is rather closely related to the
cultivated Asiatic species; (4) that the wild Asiatic species G. stocksii
is not closely related to the cultivated Asiatic species and to G, anomalum; (5) that within the Asiatic group the relationship to the cultivated American species is closest in the cultivated Asiatic species and
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most distant in G, stocksii, G, anomalum occupying an intermediate
position; and (6) that the Asiatic species are not closely related to the
wild American species.
Hybridization experiments, meiotic chromosome behavior in Fi,
and histological observations indicate that the wild American group
is composed of two, or possibly three subgroups: (1) Gossypium
armourianum and G. harknessii; (2) G, davidsonii and G, klotzschianum;
and (3) G, thurheri, which appears to be intermediate between subgroups 1 and 2 but more closely related to subgroup 1. Erioxylum
aridum probably should be included in the genus Gossypium and in
subgroup 3 of the wild American group. The degree of meiotic
chromosome conjugation in hybrids involving wild American species
denotes (1) that there is very Uttle, if any, homology between the
chromosomes within their haploid complement, and (2) that subgroups 1 and 3 are somewhat closely related to the cultivated American species. It also appears that the chromosomes of these species
and of the Asiatic species are homologous with different sets of 13
chromosomes in the cultivated American species. There are no available data that indicate the relationship of G. davidsonii and of
6r. klotzschianum to either G, stocksii or the cultivated American species.
The segregates from wild American species X cultivated American
species apparently revert to 26-chromosome forms, which may, at
times, resemble 26-chromosome species other thau the corresponding
parent of the hybrid.
The meiotic chromosome conjugation in haploids, in diploids, and
in hybrids involving the cidtivated American species indicates (1)
that the chromosomes within the haploid complement of the cultivated
American species are partly homologous and (2) that the various cultivated American species are closely related.
Three hypotheses as to the origin of 13-chromosome species are
discussed, and evidence for and against each hypothesis is given.
Evidence is given that the 26-chromosome species are polyploids,
and the possibüity is discussed of there being, besides true allopolyploids, autopolyploids that behave as allopolyploids. Evidence is
stated for and against the hypothesis of the purely American origin of
American cultivated cottons and the alternative hypothesis that they
may have originated from the hybridization of an American with an
Asiatic species.
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