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le« Name and address of institution:

North Carolina State College, Raleigh, N. C.

2. Principal investigators:

Dr. D. U. Gerstel (grantee).
DF. Le Lo Phitlips (joined the project in February, 1956).

3. Additional personnel who participated:

Graduate students: James B. Weaver, Jre
Patricia A. Sarvella
Oom Pe Kamra

Technical assistants: Eloise Johansen (until June, 1955)
Joyce Burns (July 1955 until present)

L. Publications and manuscripts writfen under grant:

a. Journal papers and abstracts publisheds
1956
GERSTEL, D. U. Segregation in new allopolyploids of Gossypiume I+ The

R, locus in certain New VWorld-Wild American hexaploids. Genetics

1
Li: 31 - bh.
The use of segregation ratios of synthetic allopolyploids
as a taxonomic tool. J. Elisha Mitchell Scientific Society
T2: 193. (Abst ract).
and P. A. SARVELLA. Additional observations on chromosomal
translocations In cotton hybrids. Evolution 10: L08 - Llk.
SARVELLA, P. A. Cytomixis in Cottons Je Elisha Mitchell Scientific

Society 72: 192. (Abstract)



1957
WEAVER, J. B., JR. Embryological studies following interspecific

crosses In Gossypiume 1o Ge hirsutum x arboreum. Amere J.

Bote Lki: 209 - 21k,
be Journal papers In press:
GERSTEL, D. U. and L. L. PHILLIPS. Segregation in new allopolyploids of
Gossypium. (le Tetraploid combinations. Genefics,
WEAVER, J. B. Embryological studies following Interspecific crosses

in Gossyplume |l. G. arboreum x Ge hirsutum Amers J. Bot.

ce Journal papers in preparafion:
GERSTEL, D. U. and L. L. PHILLIPS. Segregation in new allopolyploids
of Gossypium. 111. Leaf shape segregation in hexaplold hybrids
of New Vorld cottons.

and . Genetic segregation In amphiplolds synthesized

from tetraplold cotton and diploid relativese.

KAMRA, 0. P. Effects of polyploidy on cotton fiberse

SARVELLA, P. A. Cytomixis in coftton and related phenomena.
(Submitted to Cytologias)

« Multivalent formation and genetic segregation in some
allopolyploid Gossypium hybridse
d. Theses:

KAMRA, 0. P, Effects of polyploidy on cotton fibers. Masters thesis,
1956,

SARVELLA, P. A. Multivalent formation and genetic segregation in some
allopolyploid Gossypium hybrids with observations on cytomixise

Phe De thesise



S5e

A

WEAVER, J. B. A Study of embryo abortion in reciprocal interspecific

crosses of Gossypium. Ph. D. thesis.

Description of accomplishments

In summarizing the results of the last three years it is convenient
to use the origin and the taxonomic position of G. hirsutum as a

point of departures

a. Geneftics of amphiploids of Gs hirsutum and its ancestral relativeses

This specles which comprises the most widely grown cottons
of New World origin is a natural amphiploid. Cytogenetic
studies by Beasley, Skovsted and others performed in the
nineteen thirties have left little doubt that I3 of the 26
pairs of chromosomes were derived from some Old World species
of Gossypium closely allied taxonomically with the modern
species G. arboreum and G. herbaceum. The remaining chromo-
somes came from an ancesfor related to the diploid American
species of which G. raimondii and G+ thurberi are modern
examples. Beasiey has assigned the symbol A fo the chromo-
somes of the QOld World species, D to those of the Wild American
species and, logically, he has designated the chromosomes of
the amphiploids with AD. Evidence for the origin of the
amphiploids derived mainly from Drosera type meiotic associa=
tions in triploid hybrids (table 1).

Table l. Meiotic configurations in hybrids between G. hirsutum

and relatives of its ancestral species,

F 1 Hybrid A Chromosomes D Chromosomes
Ge hirsutum x thurberi IBI l3||

% raimondil 13, 13,
G. hirsutum x herbaceum 9. . + 2Iv 13I

x arboreum 8 +live Vi lil
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F G. hirsutum x raimondii quite regulariy forms 13 1} and

13 | and so does F Ge hirsutum x thurberi. In a similar

way the 13 chromosomes of the D type remain unassociated
in a G. hirsutum x Old World hybrid while the A type
chromosomes form pairs, and, In this case, multivalents,
Hybrids between G. hirsutum and G« herbaceum give 9 11 and
2 iv; those of G. hirsutum and G. arboreum 8 11 + | jv + !
I Vi. Thus, no microscopical ly viSible rearrangements
have occurred in the evolution of the D chromosomes but
several segmental interchanges differentiate the A genomes
(Gerstel and Sarvella, 1956)« In view of these cytological
facts, we were surprised when we got the genetical data
contained in table 2,

Table 2. Gametic Ratios of Hexaplolds,

Locus - Domfinant s Recessive Number of Plants

6x G. hirsutum x Old World (AAAADD)

Y L3 : ! 271
H )-lo5)4 : | 377
L Lot s 1 177
Ry 5.10 : | 351
6x G+ hirsutum x G. raimondil (AADDDD)
cl 7450 : | 510
Cn 7.97 : i 505
Cr 8.39 L I 554
RI 8.68 : | 1297
vy 9.86 : | 554
5 11.00 : I 602
Gl 16.18 3 I 653
6x G. hirsutum x Ge thurberi (AADDDD)
Rl L6.71 : I 33L
L L7.86 : ! 3h2

These data were obtained by crossing newly synthesized hexaploids
(i.e« 2AAD and 2ADD) as females with recessive testers. The hexaploids were,
of course, duplex, i.e. RRrr, etc., for certain genes of the parent and

testcrosses measured the output of gametes with and without dominent allelese



Their proportion was determined by the extent of homo logy of the
chromosomes on which they were locateds |f the chromosomes of the parent
species were completely homologous 5:1 ratlos were expected. Some decrease
in the proportion of gametes carrying dominant genes could occur as a
consequence of double reduction or of loss of chromosomes during meiosise

The experimental data from G. hirsutum x 0ld World hexaploids gave
a close fit to the 5:1 ratio; there was perhaps a slight tendency for the
dominants to be deficient.

on the other hand, hexaploids synthesized from G. hirsutum and V/ild
American species produced fewer recessive carrying gametes - the Cl locus
gave the closest approximation to a 5:1 ratio (s« table 2) but even here the
difference is highly significant. Such reduction in segregation is likely
to be the consequence of preferential association of G. hirsutum with G
hirsutum and Wild American with Wild American chromosomes in the hexaploid
hybrids. If this sort of behavior were exclusive no segregation at all
would result since all gametes would be of a single type. Neither type of
hexaploid gave this extreme of complete absence of segregation which is
characteristic of "frue" allopolyploidse That, of course, is not at all
expected because of the taxonomic relationshipse. But it is perhaps a little
surprising to find that the chromosomes of the Old World species have
retained full homology with those of the A genome of the New World, which
is very surprising for the following reasons. The Old World species are
cultigens extending along a wide belt from the Atlantic across Africa and
Asia to the Pacific. They consist of innumerable races and varieties

produced by human selection. The genetic lines used in the synthesis of



our hexaploids were cbtained from modern, annual types of the two species

which came from areas far removed from their presumed centers of origine

Hence, they are the most Iikely to have undergone great evoluticnary changes.

The direct comparison of the chromosomes supported this idea : the only
chromosomal transiocations which could be detected In the genus Gossypium
were the three found in the A genome, as mentioneds

in contrast, the diploid species with D chromosomes are wild
perennials of rather limited geographic ranges and presumably slower evolu-
tionary pace. Their chromosomes have not changed visibly.

Since it is widely assumed that preferential associafion
in an amphiploid is a consequence of differences in intimate chromosome
structure, and if we admit that the amount of segregation Is a quantitative
measure of the extent to which this structure has changed during the course
of evolution, we cannot but help being astonished to find so little
differentiation in the A but much more of it in the D chromosomese

The data in table 2 suggest several questions which we cannot
treat here In detail. A rough comparison of the three groups

of data shows that all the chromosomes in a given type of hexa=-
ploid behave similarly; i.e., that the observed genetic ratios
are characteristic for each of the hexapioids. Four different
Iinkage groups are represented in the 6x G. hirsutum x 0Old World
crosses, five or six different groups in The &x G. hirsutum x
raimondii crosses and two different chromosomes Tn ®x G. hirsutum
X fhurberi. Considerable differences are obvious in the middle
group buf these appear to be differences of degree. Further work
is designed to discover how important these differences are and
what their cause may be. In the meantime we are strongly impressed
by the relative uniformity within the groups. This is rather
unexpected if chromosomal structure changes during evolution by
discrete steps of translocation, inversion, duplication, efc.

As an alternative, with very little support at the present, one
might suggest that differential affinity is not so much controlled
by the structure of the chromosomes as by the genoftype or the
cytoplasm and therefore similar for all chromosomes in a polyploid
hybride




Another question, and this concerns the validity of our data,
is whether the results really reflect meiotic processes or
whether the iow number of recessives obtained was due to post-
melotic failure of gametes and zygotes. Fortunately, it was
possible to recognize for certtain genes three classes, formed
from RR, Rr and rr type gametes (table 3); sometimes the RR
and rr classes were of equal size which indicated that there
was no discrimination against one of the classess

Table 3. Examples of segregation where three classes
could be recognizede

Parent Gametic Output

" ml’ n er' " rr"

éx G. hirsutum x raimondii 53 L50 51
Vy Vy vy vy

éx Ge hirsutum x thurberl 19 316 7
[ g |

For example, segregation for Vy in hexaploid G. hirsutum x
raimondi! gave 53 Vyvy : L50 vyvy : 51 vyvy gamefes. The
most extreme difference between classes was afforded by the
L, locus in 6x G. hirsutum x thurberi with a segregation of
19 L,L,: 7 I 1, This result suggests that gamete elimina-
tion occurred; but in no case was gamete elimination of a
suf ficient magnitude to override the previously made genera-
lization.

b. Genetics of other amphiploid combinations,
The genetics of several other synthetic amphiploids was also explorede
The Wild African species E' anomalum has a morphology resembling that
of the cultivated 0ld World species G. arboreum and G. herbaceum.
on cytological grounds, however, this species had been assigned by
Beasley the genome formula, B, distinct from the AI and A2 of the Old

Wor Id cultigens.



Table L.

Locus

Segregat ion of amphiploids with Wild G. anomalum.

Dominant

Lx 0ld World x

G. anoma lum (AABB)

Recess ive

I11.00

89.20
81.20
67.50
L5.30

Lx G. anomalum x G. thurberi (BBDD)

H

All
All

0
0

6x G. hirsutum x G. anomalum (AABBDD)

All
392 .00
14850
146 .50

0
|
|
1

Number of plants

112
L51

L

Lt
131

220
63

635
395
299
29%

In table i are summarized the segregation data obtained from

crosses of several amphiploid combinations of G. anomalum.
the view that the chromosomes of the B genome are well differentiated
from the A chromosomes since very little segregation occurred in the

Old World x G. anomalum amphiploids for loci on five different chromo-
somes. Only two chromosomes were tested in the BBDD combination; both
showed completely preferential pairing without segregation.

very little segregation could be observed In hexaploids G. hirsutum x

anoma lume
prihalbslddlitg

They confirm

Similarly



Table 5. Segregation data from amphidiploids of
wi Id diploid speciess

Locus Dominant : Recessive Number of plants

Ce

Lx 6. arboreum x herbaceum (A'A'AeAe)

RI, 396+ 1 367
R, 353+ | 154

Lx Ge ralmondilx ¢.thurberi (DIDIDEDS)

R, 13 14 : I 390
Lx G. arboreum x G. thurberi (AADD)

R All : 0 158

P All : 0 118

i 17 : 18

In connectlon with the earliest discussion of amphiploids between
Ge hirsutum and its possible ancestral relatives, the behavior of
amphiploids between these relatives is of Interest (table 5). The
results of festcrosses indlcate that at least two chromosomes of Ge
arboreum which were tested have greatly similar Gs herbaceum homologues.
In this way additional confirmation was obtained that A chromosomes have
not undergone any considerable cytological differentiation during their
evolutione |In contrast, the two D bearing sp ecies E. thurberi and Ge
raimondii show a rather low rate of segregation. As described above
these two species had given very different results in hexaploid
combinations with G. hirsutume Unfortunately, only one chromosome could
be testeds
Meiotic behavior of synthetic amphiploidse

A thorough cytogenetical analysis of the available amphiploids was
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undertaken by Miss Sarveila and the results described In her doctoral
thesis. The frequencies of multivalent chromosome associations

(table 6) were found to be fairly closely corre lated with the observed
segregation ratlos and their chromosomal basis was therefore ascertaineds

Table 6, Average multivalent frequencies.

Amphiploid Mean noe of Multivalents
Ge hirsutum x anomalum 0.18
0ld World x anomalum 1.90
G. hirsutum x thurberl 3.61
G. thurberi x raimondii 3.94
G. hirsutum x raimondii 6.16
G. arboreum x he rbaceum 92

Endosperm deve lopment in interspecific crosses.

Since many Interspecific Gossypium hybrids fail In the seed,
Mre Jo Be Weaver undertook their study for his thesis problem. He
found that when he used species with the lower chromosome number as the
female parent the endosperm made rapid initial growth but degenerated 0=
20 days af ter pollination without ever developing cel| walls. The wider
the chromosome ratio the more rapid was the degeneration. The embryo
often reached I/5 normal size but did not differentiate properly.
Maternal tissues of the ovule developed in an almost normal mannere

In reciprocal crosses, except for 6n x Ln, development was quite
different, The exdosperm formed cell walls prematurely and ceased growth
efter five days while the embryo grew at a normal rate for the first 10

days and then growth lagged. The maternal tissue stopped growth
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immediately after the endosperm. However, when the egg cell was not
fertilized the endosperm grew at a normal rate and a large embryo~-
less ovule was produced. This indicates that the hybrid embryo
causes some physiological unbalance which inhibits endosperm growth
when both develop within the same ovule.
Influence of polyploidy on cotton fiberse

Since the requisite plant materials had become available through the
experiments described above, Mr. O. P. Kamra decided to utilize them
for a Master's of Science project on the influence of polyploidy on
cotton fibers. While the effects of artificial polyploidization on
cell dimensions are well known in many organisms, this has not yet
been investigated in the case of the cotton fiber cell. But of even
greater practical and theoretical inferest was the question of the
effect of polyploidization on the structure of the cell wall, which
determines the worth of the fibers Mr. Om studied therefore both the
effects of doubling of the chromosomes on fiber perimeters and on the
x=ray angles of the cellulose deposit. Artificial polyploids of New

Vor Id cottons (Gossypium hirsutum and G. barbadense) and 0ld World

specles (G. herbaceum, G. arboreum and their F hybrid) were utilized.

Some of the treated plants were chimerical affording an opportunity to
detérmlne the developmental relation between the lint bearing seed
epidermis and the leaf epidermiss In some individuals seed and leaf
epidermis were both found tfo be doubled, while in other cases only one
or the other had polyploid features, suggesting their derivation from
distinct germ layers. Fiber perimeters were significantly increased in

0ld World tetraploids as compared with their diploids. In G. hirsutum
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octoploids the fiber perimeter was in most cases not Increased.

This was ascribed to a chimerical conditlon of the plants rather than

to an upper limit for cell size since 8n G barbadense fibers did

have an enlarged perimeter and one such case was also found among the
Ge hirsutum octoploidse For any particular genotype and the derived
polyploids the data revealed distinctly proportional changes of x=ray
angle and mean perimeter, leaving the number of helical turns of the
cellulose deposit uniform per unit length of fiber. On the other hand,
since the length of the helical turn varied from species to species, and
has been subjected to selective change within a species, it is tentatively
suggested that this characteristic is directly dependent upon the
genotype and not upon the number of chromosomes.

6, Title of proposed continued research:

Studies on the segiegation in artificial amphidiploids

In the genera Gossypium and Nicotiana,

7« Desired starting date and time period for which support is requested:

February |, 1958; to run for three yearse

8. Primcipal joint investigators for proposed continued research:

Dre. De Ue. Gerstel
Dre Le Lo Phillips

9« Description of proposed continued research:

Since Dre Lo Lo Phillips has joined our laboratory in 1956, it is
possible to attack on a broader scope the problems which have opened

up during the past trienniume It is planned to continue work with
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Gossypium along the Iines described below and to experiment also

with the genus Nicotiana, While close coordination will be main-

tained, Dr. Phillips will be responsible for the Gossypium work and

Dr. Gerstel for Nicotiana.
Gossyp ium

The work of the past three years has suggested,at least for the genus
Gosszgium, a good correlation between taxonomic affinities on the one
hand and preferential chromosome pairing on the other. Since only a
few chromosomes were tested in each synthetic amphiploid the work should
be expanded to include markers on additional chromosomes. This should
serve to provide an answer to the focal problem: Do genes on different
chromosomes of a given amphiploid segregate with the same frequencies
or does each chromosome have a specific preferential affinity for the
"homo logues" from the other species and produce therefore specific
segregation rates? From a solution of this problem should ultimately
emanate new insights into the nature of preferential pairing in poly=-
ploids and chromosome differentiation in evolution.

l« Additional markers have been incorporated in synthetic poly=-
ploids; since several of these are seedling markers it should
be possible to accumulate large populations for sensitive
statistical tests. It will be possible then, in favorable
cases, to decide whether differences |ike those encountered in
the middle group of table 2 are significant or not.

2. In order to test the possibility that the genotype of a plant,

rather than individual chromosome structure, determine
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preferential pairing octoploids of the type AAA'A'DDD*D* have
been synthesized which will segregate simultaneously on the
A and D genomes. |f segregation for A and D genome factors
on one and the same genetical background should prove fo be
similar, a genotypic Influence on chromosome pairing would be
indicated, since it differed so widely in the separate AADDDD
and AAAADD hexaploids (table 2)e

3. The relations of only two of the six Wild American (D) species
to the New World (AD) species G. hirsutum and, to a lesser
extent, to G. barbadense have been thus far studied. Since
neither G. thurberi nor G. raimondii were found to carry
chromosomes very similar to the New World D genomes it is of
interest to introduce other D species into the program and to
test whether they might be more closely related to the New
World species. A number of hexaploid combinations of various
Wild American and New VWorld species have become availables

Studies have also been Initiated on the segregation of octoploid hybrids

of the three New World species G. hirsutum, G. barbadense and G. tomentosums

bs Nicotiana:

It appears desirable to investigate whether the pattern of amphiploid
behavior discovered in Gossypium also apply to another genus. For this
purpose Nicof iana was chosen for a number reasons. Nicotiana, |ike
Gossypium, contains several thoroughly analyzed natural amphiploids;
this will permit the synthesis and subsequent analysis of higher poly-
ploids containing four more or less closely related genomes, as in

Gossypium (see point 2., above). Nicotiana also is a larger genus,
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with about 55 species, permitting the production of a great number of
hybrids; from such hybrids amphidiploids can be produced with a wide
range of taxonomic relationships between the parent species. Nicotianas
also give abundant seed with a minimum of handling. This will permit a
more accurate statistical exploitation of the results. The main draw=-
back of Nicotianas are ftheir great susceptibility to diseases and the
pronounced contraction of the chromosomes at meiosis which is an obstacle
to multivalent analysis,.

An almost complete co!lection of Nicotiana species and a considerable
number of N. fabacum marker genes (about 25) have recently become avail-
able at North Carolina State College; also, one of the applicants
(Gerstel) has had some experience with that genus. A few amphidiploid

co mbinat fons (ﬁ. tabacum x tomentosiformis, N. tabacum x otophora, Ne

tabacum x sylvestris, N. rustica x paniculaf.‘a_r, No rustica x knlghtiana,

etc.) have already been synthesized, involving various marker genes of
Ne tabacum and N. rustica. The first segregating populations are in the

1957 field,

It is planned to apply similar procedures to this genus as had been

used with Gossxpi um.

10« Personnel:
Dan Ulrich Gerste!

Born October 23, 1914 at Berlin=Dzhlem, Germany.
Received secondary education at a Berlin Gymnasium.
Attended Universities of Grenoble, France; and Fribourg, Switzerland,
Received BeS., M.S., and Phe De (1945) at University of California

at Berkeley, where he also served as Teaching fellow in Botany

and Associate in Geneticse
Associate Geneticist of the Guayule Project for U.S.D.A. from 1947-50.
At N. C. State College since April, 1950. Now Professor of Field Crops «
Member of Genefics Society, Evolution Society, and American Naturalists.
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Bibliography (not listed are papers written under NSF grant G720).
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Inheritance of Nicotiana Tabacums XVIle Cytogenetical

analysis of glutinosa=type resistance to mosaic diseases
Genetics 25:833-535.

Inheritance in Nicotiana Tabacume XIX. Identification of
the Tabacum-chromosome replaced by one from N. gluflnosa
in mosaic resistant Holmes Samsoun tobacco. Genefics

30:L48-L5k .

Inheritance in Nicotiana Tabacum. XX. The addition of

Nicotiana glutinosa chromosomes to tobacco. Jour. Heredity
: (= -

Inheritance in Nicotiana Tabacume XX|. The mechanism of

chromosome substifufion. Genefics 31:L21-427.

"Cytogenet ics of the Genus Nicotiana" by D. Kostoff, review
in Quart. Rev. Biol. 22:3%3.

A cytological investigation of tetraploid Rhoeo discolor,
Am. Joure Bote 35:141=150. (with M. S. Walters)e

Transfer of the mosaic resistance factor between Hechromosomes
of Nicotiana glutinosa and Ne Tabacum. Jour. Agrice Rese

76:219-225.

Hydroch loric acid as a fixative for root tip chromosomese
Stain Technology 24:95-97«

Self-incompat ibility studies In Guayule: l. Pollen tube
behavior. Jour. Heredity Ll:49-55. (with M. E. Riner).

Self-incompatibility studies in Guayule: 1l. Inheritance.

Genet ics 35:482-506,

Is resistance to Verticillium wilt in guayule related to
chromosome number? Agronomy Journal 42:310-311.

On the inheritance of apomixis in guayule. Botanical Gazette
112:96=106, (with William Mishanec).

on the effect of species-foreign pollen on self-incompatible
guayule, Genetics 35:666 (Abstract).
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1953 An additional note on the inheritance of apomixis in
Parthenium argentatum. Botanical Gazette [15:89-93.
(with B. L. Hammond and C. Kidd)s

Chromosoma | translocation In interspecific hybrids of
the genus Gossypium Evolution 7:234-245.

on the influence of temperature on a genetic ratio.
Jo. Elisha Mitchell Scientife Scie. 69:8l (Abstract).

Fingernail lacquer as a seallng medium for cytological
squashes. Turtox News 31:5L.

Genetic segregation of allopolyploids in the genus
Gossypiume Genetics 38:66L4-665 (Abstract).

195y A new lethal combination in interspecific cotton hybridse
Genet ics 39:628-639,

1955 A pollen mother cell of Asiatic cotton with only ten pairs
of chromosomese. Cytologia 20:197=198.

Lyle Llewellyn Phillips

Born June Ik, 1923 at Long Beach, Californiae

Received BJ.A. from the University of Redlands 1950; M.A. from
Cl;l:emonf College 1951; Phe De from University of Washington,
1954«

Teaching Fellow, University of Washington, Seattle, 1951«1954.

Post-doctoral Fellow, Washington State College, Pullman, 1954=1956,

Assistant Professor of Field Crops at N. C. State College, since 1956«

Bibliography (exclusive of papers under L., above).

1955 A revision of the perennial species of Lupinus of North
America. Res. Stud. of State Coll. Wash. 23; 161-2004

1956 Effect of free radicals on chromosomes of barley. Science
1244:889~890.

Chromosome numbers In Lupinus. Madrono 14:30-36.

1957 The effects of fractional doses on X=-rays of dormant barley
seeds. Northwest Science 31:80-91. (with A. B. Schooler and
Re A. Nilan)e

Facilities:

Available on Campus is @ large airconditioned cytogenetics laboratory

wi th adjacent of fices In the Field Crops Department. These facilities
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are sufficient to accomodate two investigators and several graduate
students or assistants (Rental value #l, 100, p.2s)s Four good
microscopes with the necessary additional equipment are on hand.
Two separate greenhouses are available for the cofton and tobacco
work (Rental value $3,000. peas)s Field space of several acres
with the required equipment and labor for field operations

($900. - for rental and operation cost pesa.), in proximity of the

Campus will be usede
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e/
t/
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12. Proposed Budget:
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Total supplied by State In three year period $56,250

Total requested for three year period $2L,035

First Year Second Year Third Year
State NSF State NSF State NSF
salaries
Prine Invest.
D. U. Gerstel == 1/ sale 4,500 - $h,500 - $kL,500 -
Le Le Phillips == 3/4 sale 4,950 - 4,950 - L,950 -
3 Graduate Sjudents 6, 000 $6,000 6,000
Facilities (Item #11) 8,000 - 8,000 - 8,000 -
Permangnt Equipment
Misce Equipment 200 200 200 - 200 -
Expendable Equipment
and Supplies 700 700 700 700 700 700
Travel 300 100 300 100 300 100
other Direct Costs
Cont ractual including
Photography 100 100 100 100 100 [{o]o]
Overhead - 1,065 - 1,035 - 1,035
$ 18,750 8,165 18,750 7,935 18,750 7,935
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Le Lo Philllps Re Le Lovwvorn, Director of Research
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P. He Harvey, Head Carey H. Bostian
Department of Field Crops Chancellor
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ANNUAL REPORT TQ THE NATLONAL SCIENCE FOUNDATION
Grant No. G720 = Calender Year 1956

TiTLE: Studies on the segregation in artificial amphipiolds in the genus
Gossypiume

PRINCLPAL INVESTIGATOR AMD INSTITUTION: De Us Gerstel, Morth Carolina
State College

PRINCIPFAL RESULTS OF THE YEAR: In the preceding yeers we found that segree
gaticn ratios in artificial amphiploids of ten ranged between the two possible
extremes of mendelian tetrasomic segregation and no segregation af sll, Two
questions of theoretical interest resulted from these observetions: 1) do
all thirteen groups of chromesomes present in quafdiuplicate in an amphiploid
of the genus Gossypium ( n= 13) behave alike with respect to conjugation and
segregetion, and 2) are the phenotypic frequencies amony the offspring of

an amphiploid real reflections of meiotic behavior or are they biased by
differential mortalities of yemetes and zygotes?

The first question could be studied in five different poiyploid combina~
tions in which gene contrasts at seversl loci had been produced by combining
two dominant genes from one and two recessive alleles from the ofther parent
speciess Thus, tatraploid Old World cotton x Ge anomaludn amphiploids gave
8 meean ratio of 176 1 | for eight locie Segregation for each individusl
could be fitted toc the total, but because of the wide segregation ratio the
statistical test was very obtuse. Actually, no segregation occurred for leaf
shape ( 635 : 0 ); this observation might prove of significance. (With
deviations from The norm as rare as in this material one might doubt at all
whether the devients were due to segregation, or rather to misdistribution of
chromosomes or mutational eventse 1In any case, stability wes exitremely high
for all loci tested)e

Amphiploid Ge hirsufum x Ge raimondii ( = 2 ADD in fterws of a genomic
formula ) gave segregation ratios of much lesser width varying from 79 1 |
to 1642 & | for a series of nine loci ( some linked )e The differences
between the extremes were significants This could have been due to divergent
behavior of the various groups of hemolegous chromosomes or to differential
mortality of the products of segregation (s. below).




For the fourth combination, G. hirsutum x Qld World cotton,
preliminary results for one locus were reported last yeer with a measure
of surprises This 2 AAD combination segregated like an autopolyploid
in marked contrast with the wider segregation ratic of the 2 ADD
combinationse Similar results were again obtained this year with four
independent loci; for each of these a mendeiian tetrasomic ratic wes
observede

The last amphidiploid tested, Ln G. arboreum x G. herbaceum, gave
a fit to a mendelian tefrasomic ratio for five independent loci.

Qeccurrence of selective mortality could be tested in various ways.

In certain cases with incomplete dominance of fspring from three types of
gametes (AA, Aa and aa) produced by an AAaa amphidiploid were distinguishe
able. In several such instences gametes carrying two alleles (of the type
AA) from one parent were not recovered with the same frequency as gametes
carrying two alleles (aa) from the other parent. This suggests the
occurrence of gametic or zygotic selectivity. Another kind of observation
points in the same direction. The leaf shape and crinkle genes of G,
hirsutum are linked, yet Gs hirsutum x Ge reimondii amphiploids gave
rather divergent segregation ratios for the two factorse For a third
observation, reciprocal crosses using the same amphipioid as male as well
as female perent could be performed in a few instances. In these cases

the reciprocal crosses gave similar results,

In summary, the twoe questions put above may be answered tentatively in
the following ways It looks as if in general each amphiploid has its own
characteristic segregation ratio. This segregation ratio is a reflection
of the taxonomic relationship of the ftwo parent species used in compounding
the amphiploid. Differences in segregation frequency between chromosomes
in the same amphiploid could be observed in some instances, but these
differences might well turn cut to be due to gametic or zygotic elimination.

PUBLICATIONS AND MANUSCRIPTS:

GERSTEL, De Ue Segregation in new allopolyploids of Gossypiume 1. The R,
locus in certain New World-wild American hexaploidse Genetics Lli3l=ll,
1956

wmesm-ee The use of segregation ratios of synthetic allopolyploids as & taxonomic
toole Jo Elisha Mitchell Scientific Society 721193, 1956, (Abstract)e

GERSTEL, De Ue and Pe Ao SARVELLA., Additional observations on chromcscma |
translecations in cotton hybridse Evolution 10: (In press).



GERSTEL, Ds Ue &nd Le Le PHILLIPS. Segregation in new allopolyploids of
Gossypiume 1ls Tefraploid combinations. (Manuscript prepared)

sesnsweee Segregation in new allopolyploids of Gossypiume 11l Leaf shape
segregation in hexaploid hybrids of New World cottons. (Manue
script in preparation).

SARVELLA, P, A. fultivalent formation and genetic segregation in some
allopolyploid Gossypium hybrids with observations on cytomixis.
{PheDs thesis, N. C. State Coliege Library, deposited June 1956).

weswneewe fultivaient formation and genetic segregation in some allopolyploid
Gossypium hybrids. (Manuseript prepared)e

wmmemenes Cytomixis in the genus Gossypiume (Manuscript in preparation).
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NORTH GANOLINA AGRICULTURAL EXPERIMENT STATION

; Q ANNUAL PROGRESS REPORT, FEDERAL-GRANT PROJECTS, 192 __ Q’ "
: (Three copies to be given to the OES examiner)

1. PROJECT: (Fund, number, and title)#=J “6€. 9, 9(S=1) THE CONPARATIVE CYTO-
OENETICE OF UFLAMD COTTINS AND ¥FLATED DIFLOID SPECIES

2. DEPARTMENTS AND COOPERATING AGENCIES:W of Agronomy, Ne Ce
State Col lﬁgu Dlvlllm end Other Fiber Crops, UsS.DeA«; and Hational Science

De Ue f?’c};h projet l.lm.fﬂo&‘ﬂ Ae Sarvella and Jo Be Weaver (Graduste assisftants)
and Elol sqATHRISOR H PRINCIPAL RESULTS OF THE YEAR (Confidential in-
formation should be so marked)The barriers shiéh separate the various cotton species
and linit the roduction of new conbinations of their germ plasm are being studied by
means of genetical, cytologice! and embryological techniquess. Genetically, segregation of
marker genes in synthetic pelyploid hybrids is being studied and findings foe-date indicate
fairly unifora behavior of different genes In any combination betwegn two species but great
differences between combimations. These renge from aimost total absence of recombination
to the theoretically pessible saximume Cytolojical studies reveaied partial, but income
plete correlstion between sultivalent chromosome asscciations anc the genetical differencesd
Embryclogical work emphasized the details of the bresikdoan of embrye and endosperm In
hybrids between Asistic and American cultivated cottons and revealed consistent differences
between reciprocal crosses of the two species. Comparlisons of Lin x 2n, én x ln and @n x 4n
and lin x On crosues suggest that success and fallure of crosses sre largely determined by
NURDErSe

chromosome
® Facilitlies used were about | acre of experimentai plots, greenhouse space about
Oo x LU feet and cytological and embryological laboratory facilities and spaces

5. APPLICATION OF FINDINGS (expressed in terms of measurable public benefits if and
when justified) :;The utilization of wild species in @ breeding prograe requires
understanding of the barriers which separate them from the cultivated cottonse The proe
Ject is directed towards discovering the barriers end defermining the proper crosses end
cther means to overcome theme

6. WORK_PLANNED FOR NEXT YEARSS the werk deals with problems of great theo
retlcal compiexity it is not intended 8s yet to make any changes in direction but rother
to widen and deepen the scope by testing a widening array of merker genes and enlarging
the present cytological and embryological datas iHowever & musber of new hybrids, some of
which have never been made before, have also been produced for studye

GiRSTEL,’"J:U@PWQFWI&RMH?&?’J&&WAWQ% Gga"TH%\-. Genetics 385 0=
A new lethal combination in interspecific cotton hybrids. Cenetics 351e= The theory and

practice of the back-cross method in the breeding of some nonwcereal.grops. By dary Thomese
(Book review). QGuart. Reve of Biole 8514 '

Heaver, J. B., Jre Reciprocal urafts Deétween geneticaily lethal and normal cottone Je
Elisha Aitcheil Sclientife. Soce 70

8, Prepared byo‘“‘ Gerstel Approved DisesieD) O ;
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ANNUAL PROGRESS REPORT
NORTH CAROLINA AGRICULTURAL EXPERIMENT STATION PROJECTS

1. PROJECT: (Fund, number, snd title):

2. DEPARTMENTS AND COOPERATING AGENCIES: Department of Agronomy, N. C. State Colleges
Division of Cotton and Other Fiber Crops, U.S.DsA.; and National Science Foundation.
3. PERSONMEL: p, U, Gerstel (project leader), Patricia A. Sarvella and J. B. Weaver
Graduate nsllhntﬁ&) and Eloise Johansen (technical assistant).
4, NATURE OF RESEARCH PRINCIPAL RESULTS OF THE YEAR (Confidential information
should be so marked): The barriers which separate the various cotton species and
limit the production of new combinations of their germ plasm are being studied by means of
genetical, cytological and embryological techniques. Genetically, segregation of marker genes
in synthetic polyploid hybrids is being studied and findings to-date indicate fairly uniform
behavior of different genes In any combination between two species but great differences
between combinations. These range from almost total absence of recombination fto the theo-
retically possible maximums Cytological studies revealed partial, but incomplete correlation
between multivalent chromosome assocliations and the genetical di fferences. Embryological work
emphasized the details of the breakdown of embryo and endosperm in hybrids between Asiatic and
American cultivated cottons and revealed consistent differences between reciprocal crosses of
the two species. Comparisons of Lin x 2n, 6n x Ln and 2n x Ln and Ln x 6n crosses suggest that
success and fallure of crosses are largely determined by chromosome numbers.
Facilities used were about | acre of experimental plots, greenhouse space about 30 x 4O
feet and cytological and embryological laboratory facilities and space.

5. APPLICATION OF FINDINGS (expressed in terms of messurable public benefits if and
when justified): The utilization of wild species in a breeding program requires
understanding of the barriers which separate them from the cultivated cottons. The project
Is directed towards discovering the barriers and determining the proper crosses and other
means to overcome them.

6. WORK PLANNED FOR NEXT YEAR: As the work deals with problems of great theoretical
complexity it is not intended as yet to make any changes in direction but rather to widen
and deepen the scope by testing a widening array of marker genes and enlarging the present
cytologlical and embryological data. However a number of new hybrids, some of which have never
been :gf‘ PESLIEaT ﬁmm Uiy DURING THE YEAR:

8. Prepared by Approved

(Director).

Date February 23 1955
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The principal investigator

Dan Ulrich Gerstel
Born October 23, 1914 at Berlin-Dahlem, Germany.
Received secohdary education at a Berlin Gymmasium.

Attended Universities of Grenoble, France; and ﬁ;ibourg,
Switzerland,

Received B.S., M. S. and Ph.D. (1945) degrees at the University
of California at Berkeley, where he also served as Teaching
Fellow in Botany and Associate in Genetics.

Associate Geneticist of the Guayule Project for U. S. D. A.
from 1947-1950.

At N. C. State College since 1950. Now Professor of Field Crops.

Lecturer in Summer Institute in Genetics for College Teachers
(N. S. F. sponsored). Summer 1960

Visiting Professor at the We%?mann Institute of Science 1961-1962,

Member of Genetics Society, Evolution Society, American
Naturalists and North Carolina Academy of Sciences.

Naturalized U. S. citizen December 1943.

Bibliography:

1943 1Inheritance in Nicotiana Tabacum.XVII. Cytogenetical
analysis of glutinosa-type resistance to mosaic disease.
Genetics 28: 533-536.

1945 1Inheritance in Nicotiana Tabacum. XIX. Identification of
the Tabacumchromosome replaced by one from N. glutinosa in
mosaic resistant Holmes Samsoun tobacco. Genetics 30:
448-454,

Inheritance in Nicotiana Tabacum. XX. The addition of
Nicotiana glutinosa chromosomes to tobacco. Jour. Heredity
34: 197-206.

1946 Inheritance in Nicotiana Tabacum., XXI. The mechanism of
chromosome substitution. Genetics 31: 421-427.

1947 '"(Cytogenetics of the Genus Nicotiana'" by D. Kostoff. Review
in Quart. Rev. Biol. 22: 333

National Rubber Research Project. Final Report (Mimeo.).

Stanford University. (With R. C. Rollins and D. G. Catcheside)

A report on the morphological variation in Tau-saghyz with
a plan for seed collections. Stanford Research Institute

(Mimes, ).



1948 A cytological investigation of tetraploid Rhoeo discolor.
American Jour, Botany 35: 141-150. (With Martha S. Walters).

Transfer of the mosaic resistance factor between H-chromosomes
of Nicotiana glutinosa and N. tabacum. Jour. Agricultural
Research 76: 219-223.

1949 Hydrochloric acid as a fixative for root-tip chromosomes.
Stain Technology 24: 95-97.

1950 Self-incompatibility studies in guayule. I. Pollen tube
behaviior. Jour. Heredity 41: 49-55., (With M. E. Riner)

Self-imcompatibility studies in guayule. II. Inheritance.
Genetics 35. 482-506.

Is resistance to Verticillium wilt in guayule related to
chromosome number? Agronomy Jour. 42: 310-311.

On the inheritance of apomixis in guayule. Botanical
Gazette 112: 96-106. (With M. Mishanec)

On the effect of species foreign pollen on self-incompatible
guayule. Genetics 35: 666. (Abstract)

Biosynthesis of rubber in guayule and related investigatioms.
Calif. Institute of Technology. (Mimeo.). (With J. Bonner
and B. Arrequin)

1953 Chromosomal translocation in interspecific hybrids of the
genus Gossypium. Evolution 7: 234-245.

On the influence of temperature on a genetic ratio. Jour.
Mitchell Scientific Society 69: 84. (Abstract)

An additional note on the inheritance of apomixis in
Parthenium argentatum. Botanical Gazette 115: 89-93.
(With B. L. Hammond and C. Kidd)

Fingernail lacquer as a sealing medium for cytological
squashes. Turtox News 31: 54,

Genetic segregation of allopolyploids in the genus
Gossypium. Genetics 38: 664-665. (Abstract)

1954 A new lethal combination in interspecific cotton hybrids.
Genetics 39: 628-639.

1955 A pollen mother cell of Asiatic cotton with only ten pairs
of chromosomes. Cytologia 20: 197-198.

1956 Segregation in new allopolyploids of Gossypium. I. The
R, locus in certain New World-Wild American hexaploids.
Genetics 41: 31-44.
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1958

1959

1960

1961

The use of segregation ratios of synthetic allopolyploids as
a taxonomic tool. Jour. Mitchell Scientific Society 7i2: 198

Additional observations on chromosomal translocations @n cotton
hybrids. Evolution 10: 408-414. (With P. Sarvella)

Segregation in new allopolyploids of Gossypium. II. Tetraploid
combinations. Genetics 42: 783-797. (With L. L. Phillips)

Segregation of synthetic amphiploids in Gossypium and Nicotiana.
Cold Spring Harbor symposia on Quantitative Biology 23% 225-237.
(With L. L. Phillips).

Segregation in new allopolyploids of Gossypium. III. Leaf
shape segregation in hexaploid hybrids of New World cottons.
Jour. Heredity 50: 103-108. (With L. L. Phillips)

Segregation in raw allopolyploids of Nicotiana. Genetics 44:
513. (Abstract).

Controlled introgression in Nicotiana: A cytological study.
Tobacco Science 151: 147-150. (With L. G. Burk).

Segregation in new allopolyploids of Nicotiama., I. Com-
parison of 6x (N. tabacum x tomentosiformis) and 6x (N. tabacum
x otophora). Genetics 45: 1723-1734.

Genetic instability in polyploid hybrids between tobacco and
its ancestral relatives. Jour. Mitchell Scientific Society
(Abstract: in press).

On chromosomal control of preferential pairing in Nicotiana.
Science (In press).

Essay on the origin of tobacco. Tobacco Science. (In press).

Additional information on the mechanism of chromosome substitu -
tion. Tobacco Science (In press: with K. A. Patel).

The origin of tobacco: mnew problems. Bull, Res. Coun, Israel
(Abstract: In press).

A haploid of Nicotiana tabacum deficient for two chromosomes.
@Prepared: with L. G. Burk.)



5. Facilities
Available on campus is a large air-conditioned tobacco
cytogenetics laboratory in the Field Crops Department.
This consists of three rooms and is sufficient to accommodate
the investigator and several graduate students and assistants.
One of the rooms is being shared with cotton cytogenetics.
Four good research microscopes with the necessary additional
equipment for microphotography are on hand. There is ample
greenhouse space on campus and field space of several acres
is available for tobacco cytogenetics work at a distance of
about 5 miles from the campus. The necessary equipment and

labor for field operations can be obtained as required.



6. Proprosed budget

First Year Second Year Third Year
NSF_aNd SERESs NSC NG SERSEs NSO LG SEASE
Salaries
Principal Investigator 75% ------ 8,000  ~emmo- 850000  —m5ec-- 8,000
Cyto-technician 2,000 2,300 2,000 2,300 2,000 2,300
Graduate Assistant¢ 2,700 2,700 2,700 2,700 2,700 2,700
Greenhouse Assistant 2,000 2,000 2,000 2,000 2,000 2,000
Secretarial Help 500 500 500 500 500 500
Labor 400 200 400 200 400 200
Equipment and Supplies 700 700 700 700 700 700
Communications 100 100 100 100 100 100
Travel 200 100 600 100 200 100
Contractual and Printing 200 100 200 100 200 100
8,800 16,700 9,200 16,700 8,800 16,700
Overhead 20% 1,760  -===-=- 1,840  =====- 1,760  -=----

$ 10,560 $ 16,700 § 11,040 $ 16,700 § 10560 § 16,700

Total request for 3 year period $ 32,160



7. Explanation of Budget Items

Salaries

1) - Cyto-technician. The cytotechnician will make routine cytological
preparations and anatomical sections. She will also assist in
preparing plantings, routine statistical calculations and keeping
scientific records.

2) Graduate Assistant. A half-time research assistantship in
support of advanced degree program.

3) Greenhouse Assistant. This assistant will be in charge of the
culture and maintenance of the greenhouse plantings and will
assist in scoring and making crosses in the adjacent garden.

4) Secretary. A considerable portion of the secretary's time
has been used in this program in the past and should be
recognized in the present proposal.

Labor

1) This item is included for hired labor employed for field
operations like ploughing, planting, pest control and weeding.

Equipment and Supplies

While no larger expenses for equipment are anticipated,
smaller non-expendable items may be needed during the course
of the investigations. The item is designed, in the main,

to be used for routine supplies forthe cytological laboratory
as well as for greenhouse and field items as insecticides,
fertilizer, plant containers, labels, etc.

Communications
Item for telephone and occasional wire expenses, as well as
postage; among the latter the largest proportion will go for
the shipment of reprints.

Travel
Item for travel to and from national meetings and symposia.
Travel to the International Congress of Genetics to be held

in 1963 is anticipated for the second year.

Contractual and Printing

This item will cover such expenses as photography, gasoline
and other automobile expenses, and cost of reprints.



AIBVUAL HEPOAT TO THE NATIGMAL SCIENCE FOWNDATION
Grant No. G-4851 January 1959-Janeary 1960

TITIE: Stwiles on the segregation in artificial auphidiploids in the geneva
Gossyplum and Nicotisna.
PRINCIPAL DWESTIGATORS AND INSTIIUTIGN: D. . Gevstel snd L. L. Phillips,

of the and g & recessive tester which is in most
instances recessive type in the cotton
matorial aad vecessive the tobaccos.
As discussed previcusly ia a small segregstion ratio
{e8eg. 5 4 1 1 g phenctypes) is a8 evidence of close
homology of chromosomes carrying A and g, whevess o

Additional segregations have been scored for seversl hewaploid amphi-
dipleide fer which only tentative values, based on rather small segregating
populations, were cited in lset year's veport. Also segregation ratios ave
availsble fzom one new hexaploid typs combining G. berbadense with ona of the
Wild Amevican diploid species; G. gessypieides. This hexsploid gave segregation
ratios wider than sny other New World x Americen diplodd hybrid yet studied.
Average segregation for thres loei was 61.2:1.

Por the purpess of couparisen, the segregations for leafeshape and
anthecyanin colovation as well as the sversge cagregation for all loei scoved



« 2 -

in the New World = Wild Americes hemaplelds tiws far studied are presented below
(dats for the §. raimewdii ead @. thugheri hexaploids previeusly reported):

) | TR

6% Go higsutus » raimondi B W21 B3 sl
‘ 2.5 :1

G Go hisutus = areousisnce b 13611 159 ¢ 1
R 24,931

x Qo hireubus % hackumssil i .51 16.4 ¢ 1
B Bt

6% Go phrsubas « lobstum 16.5 1 1 2001
‘. k”o'il

6 §o hlisetss « allden i 13331 W2 sl
B M.9:1

3.5 1

st

45.
&= Go barbadenss x gossvpioides } % 6.2 : 1

Since the amsunt of segregation in a given hexaploid is a reflection
of degree of sca-preferentisl chremoseme pairing, which in turn depends on chromsscme
howologies existing betwsen the species brought together in the hybrid, this srray of
segregations represents the phylegewetic intervelsticnship of §. hirsutum and each
species of the iserican diploid greup.

As can be seen from a parusal of the firet dats column of the table,
the segregstion for leafeshepe i3 nerrewer tham that for snthocymain eolovatien ia
“dmmmmmamuw (here the difference
in segregation for L end R is net significant). hummunn
thet chromosome strudtursl differentiation concemmittsnt with speciation in this
Amevican diploid group has rearzsnged the chromosomes carrying the leafe-shape and
anthoeysnin loci (and probably all other chrowosomss as well) to s similar degree



within each of the species. The chromosomal structural alteration which would then
explain the difference in segregation between L. end R ia these §. hirsutum x Awerican
hexaploids probably occurred in the New World asphidiploid subsequent to its origia.
The assusption that chremosome structural differentiation has been roughly similar
for sll chremosomes of a given species can be tested by studying the segregstion
of synthetic amphidiploids of hybrids combining species of the Wild American group.
As yet meager and therefore preliminary data om mmltivalest frequeacy in
these same hexaploid types indicates, as empected, a close corvelation between
segregstion and multivelent frequency; hexaploids that give narrowsr segregation
Yatios show higher multivalest frequencies (i.e., 6x G. hizsutum x reimondii: seg.
9.3:1, mult. freq. 6.16 per cell) and hexaploids with wider segregations show lower
sultivalent frequencies (i.e., 6x §. barbadense x gossypoiodes: seg. 61.2:1, mult.
freq. 1.25 per cell). Multivalent frequency in 6x G. hirsutes % arborews end éx
G. harbedense = arboveum averages 8.25 multivalents per cell. As previously reported,
segregation in these hexapleids is very close to the sutoploid 5 : 1 vetie.
Segregation for most merker locl from systhetic amphidiploids of the two Asistic
diploids have clusteved near the 5 : 1 ratio. The segregation for leaf-shaps, how-
ever, in 4x §. arborews x herbaceus is 8.98: 1. It is of interest that the leaf-shape
locus is contained in & three-polat linkage group inm which there is a significant
depression in crossing-over in the interspecific G. acrboreus x harbaceum hybrid
(Cu0., 24.3%) as compared with tha same linkage group in §. axborewm (c.o., 37.00).
Thus two iadependent tests indicate chromosome structural divergence, at least for the
chromosome carrying leaf-shape, between G. grboreus and G. herbsceum.
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WICOTIAMA

1) Sepregatien lo Syutbetic Asphipleide.

The oscurrence of unexpectedly low segregation rativs in certain synthetic
smphiploids of this genus was the major finding ef the ysavr. In Gossyplum
anphiploids the lowest ratioe obtained weve sppreximately 5 : 1. With complete

W“MM‘&.“W“&?::&NW
be obtaioed for distal loci on the chromossme (“"chremstid segregation”). However,
some of the Yicotiana ratios were significently bslow 3.7 1 1. Our heuristic

working hypothasis postulates that less of chrowosemes moy be the cause. Indeed,
it was found by Miss Yaug that a proportion of the polles greias produced by
Bicstisus snphiploids carried fewer than the balasced mumber of 36 chromosomes.
Chromosoue climingtion st meiosis wes also evident from the frequsat appeerance
of micromuele! in pollen quartsts. The quantitative relaticaships eve under study.
Awumumummumuma
Hicotisus losses of chremssomes from somatic tissuss, These result in sectoving
of branches, and in distorted progeny ratios when premsistic sells sxe sffected.
This agsin it sooms to be mewe frequent in Cobscco than in cotten materisl.

Appavently tobacce polyploide ara either less sensitive e sseupleldy, or
elsa more plona to losses of chromosomas from the division spindles snd it is hoped
that an explamation for the diffevence between the twe gunara can be formulated in
the near futura,

The following i» a brief sceount of the segregstional behavier of the various
hazepleids synthesized from tobacco and its nearest velatives:

8) 6x M. tgbagus = Someutosifopmle: Hewsploid combinatiens of these two
spacise gave very emall segragstion watios rauging from 2.3 : 1 for the white
covolls locus to 4.7 : 1 for yollow gromm, with faselated, purple bud and yellow
burley giving intermadiate results. A typical 3 : 1 sutoploypleid rezic was
found in no case.



%) 6= §. tabacus x otophora: Comsistently, the vatios weve larger thas in
&) rengleg from nou-significsutly below 5 : 1 to about 8 : 1 for the fascisted,
purple bud, white seedling ond yelkew buriey facters in that order. A cousiderably
larges retio for yeliow green segregation was observed, nssely 15 : 1. This large
ratie mey bave its cause in the structural diiferentiation of the chromosomes
carying yg siielee, or it mey wovely be due to veduced visbility of yg segregents.
“he yollow gresn plaats were weak, @s a vule, which fawors the lstter explanstiom.

©) = j. Sabaces x seschellils Ouly eegregation for the white corolls locus
hes boon obtained thus far vhich gave & segregation of 493: 71, or 7' 1, vhieh is
highly sigailicautly lexges chea the autotetrapioid ratic.

The thres anphiploide listed wider &) to ¢) arve of particular intevest in
conupekion wich the pooblen as to which wember of the Tomeneosa section is clesest
te the pasental type of §. tsbecum. M- temsstesiformis, N. steshors sed H.
setehellil belong to that section, Our dats favor j¥. tomentosiformls somewhat,
but they alee point to the diificulties encouwsteved when the methed of moasuring
tauonoRie selablonships by seas of asphiploid segregation frequencies 1o appliied
n;m“mm. Sinee mo vatios a8 large s these in scwe of
the Gossypive hexsploids wers fouad the vesults also indicate thst far less chromoe
sosal diifesentiation has occurced smong the species of the Tumentosas then smong
the repaciss ©f Sessypium.

4} 6« o sebacum = sylvesgris: M. sylvestris vepresents the second genswe
of the sstusal suphiploid which is j. Sgbscep. Twe of the markers in the hexsploid
Combliagtions gave wide retios, as reporied previously: yellow burley geave sbout
12 ¢ 1 and yellow greea 26 : 1. The vemaining loci, howsver, segrogsted with
Tatios at appronimately, or alightly sbove the 5 : 1 level of astopelypleidy. Five
o @iz loci geve such ratios : cacmine, ruffled, spontenecus mecrosis, white seedl
Lig, lumirevas ayndvome (8. below) and possibly peticled. (The petioled case is




of interest since it has mot bees possible to locate the Pt gene on a particular
chromosome by the monosomic method (work of the Califoraia group) .It wes thought
ucmm*mumnumw
mathod, And indeed, the segregatien observed suggests locatiom in the gylvestris
subgenome, but since the phenotypic expression is not clesrcut the result should
be sccepted with csution. The test for the other genome still needs to be made.]

B. tabacwm = gylvestris bexaploids are also suited to test the possibilicy
of an iafluence of the cytoplasm on chremosomal bohavier in polyploids. This is
possible since veeiprocal hybrids can be made betwesn §. fabscum and ¥. sylwestris.
The preliminary results indicete that the cytoplass has no marked influeace en
the segrogatiom ratie:

Hexsploid segregatios ratio
Levus In tabscws cytoplass In gylvestris cytoplasm

o 1.6 ¢ 1 14,3 @ 1
P 42 3 1 3.6 ¢ 1

2) A Case of Introgression.

Some twenty yeacs ago a chromoscme from the more distant species . glutingse
was introduced inte tebecco vis a hexspleid im order te provide resistauce to
the mosalc disease. This chvomosome characteristicelly fails to pair with ite
sebscun homologue. Intensive backerossing of the substitution type with selecticn
for agromomic desiderata hes resulted in 24 IX tobaccos with resistance. Resistance
wow is carried undoudtedly im & chromosome consisting largely of tebscum chrvomstin,
since 24 I ave genervslly formed in heterosygotes. It was of interest to find out
bow much of the glutisosa segment hed boen retained by studying the degree of
associstien of the vebuilt chromoseme with an imtact glutinoss chrowosome. This
was doue by means of an snelysis of hybride between a modern sgromomic line of
mosaic resistamt tobacco with Nolmes Ssmsoun, the eviginel substitution strain



.’.

which contained an intsct pair of glutinoss chromosomes plus 23 Il's of tobasco
chromosomes. The result indicated that an appreciable glutincsy segment was
still cerried in the agronomic vaviety. The evidence consisted im &) s proportien
of calle with 24 1I, wvoughly 1/5 of the total and b) a high tendemcy of the
mpaired chromosemes to 1ie side by side on the metaphase plate ian those cells
which had 23 12 £ 2 1 1o & sovt of “secondary sssociation”. Some temdency for
“gecondary associstion”, though of lesser axtest, wes discovered, surprieingly,
also in the coatrels comtaining the iatact glutingss chremosome and its pure

' sabacan pectasr.

3) Few Genstic Markers

Two sutants which were in their expression like othevs slready available
ware found by the test of complesentarity to be nou-allelic with the older
markers.

a) A vhite flowered type recently introduced by Br. Rick frem Peru gave
colored offepring when crossed with wh.

b) Japenese “sures” which looks like yellow burley gave nommal green
from surea x yellow burley.

Two virescent types one of which hes nowmsl flowers while the other has
mummu—ummuumqu
wes virescent. These two mutants had boon obtained from the X-vay work of
Dz, L. Apple.

Another X-ray product with chlorophyll variegation was found to be heritable
and 2 vugose leaf type cbtained from the breeding plots of Mr. 0. Neas turaned out
to be dominaat.

One often encounters in interspecific hybridication that the combination of
particular strains of two species results in weak, sometimes “semi-lethsl”



hybride vhereas usually the cross of the same species results in vigereus progeny.
©ne such csse was ensounteved in M. tshacum x sylvestris when tha “Lumbreras” race
of the latter species was wsed. The hybrid, while visble mnd capeble of flowsring,
18 wesk with necresis on the lowsr stem sad has smsll and wery brittie leaves.
The segregetion platter of the "Lusbreras eyndrome” in the amphipleid 6= j.
tobesus x gylvestzis lusbraras suggests that s single factor from M. tshscws
is complemontery with am @8 yot uaknown mumber of factore from §. sylvestris.

The fureher faheritance of these varioes mutssts will be imestizsted bafore
their amployment as markers in the intarspecific program.

Gerstel, B U, and L. L. Faillips. BSegregetion of synthetic asphiplolids ia
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A, Background

Amphidiploid &nd sinilar polyploid hybrids heve attracted

reot attention becouse of their importence in plent evolution

8. Stebbins, G. L., 1950) and as tools in crop breeding (for
examples see popers by licFadden cnd Seers, 1947, on wheet,
Herlend, 1941, and Bersley, 1942, on cotton, ond Gerstel, 1948,
on tobacco). Despite their importcnce, the genetic behevior of
newly synthesized emphidiploids has only rarely been investigated.
Best known ore tiose examples which show little segregetion but
insteed preferenticl peiring between the chromosomes of each
perent species (as Nicoticne digluta, Clausen and Goodspeed, 1925)
or rondom peiring end tetrasomic segregotion cs in Frageria
brecteata x vesco (Yarnell, 1931). However, such clearcut be-
havior is not found clweys, &s already the classical example of
Primula Kewensis indiceted, where some segregetion was observed
end attributed to the occurrence of quadrivelent chromosomes in
thaet amphidiploid (Newton ond Pellew, 1929). Another excmple is
the case of Rubug, described by Crane end Derlington (1929) where

one taxonomic cheoracter segregated in the amphidiploid R. rusticcnus

x thyrsiger, but another did not.

These studies are rether old, but interest in the problem
seems to be revived quite recently; Stebbins cnd Gremt both reported
a2t the 1952 meetings of the Genetics Society (s. Records) on texo-
nomic studies employing the segregation of rew amphidiploids as &
tool. The pototo group et the University of Wisconsin has started
to atteck the nroblem in Solanum amphidiploids (unpublished) .

In Gossypium are evailable & number of species with various
degrees of texonomic reletionships. Their F; hybrids may exhibit
complete peiring of chromosomes ot meiosis or foil to pair @lto-
gether; seversl intermedicte stoges ere knowm (extensively studied
by Skovsted, Beasley, Brown, Gerstel and others between 1930 ond
the prcsentj. A foirly lerge number of excellent merker genes is
knovm in & number of these species (Harland, 1939, end Hutchinson
cnd Silow, 1939) ond are avcilable in the cotton collection ot
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W. C. Stete College. Also aveilable, or in the process of being
synthesized sre & selected number of emphidiploids between the
various species containing these genctic merkers.

The main object of the proposed investigations is to study
end compere the genetic behevior of these amphidiploid stocks ond
beyond this to analyze the barriers against recombinetion ond gene
introgression in the genus Gossypium.

B, Recent work by principal investigotor.
a. Cytological investigations.

Comparative cytological studies on verious spccies and
their F, hybrids revealed thet the two cultivated species of ssia
(G. erboreum and G. herbsceum) differed in one major chromosomal
feature, & reciprocel trenslocation. Following this trenslocztion
through the various species of the genus it was discovered thet
G. herbsceum resembled the ancestral, priwitive G. anomelum and
2lso the recent New World cotton more closely then did G. a2rboreum.
Thus it eppears not unlikely thet G. herbaceum is an iwportent link
in the evolutionery sequence while G.arboreum is merely a side-
brench., This is of interest as for geographical reasons G. crboreum
hed been regerded in recent yecrs the closer reletive of americon
cultiveted cotton and was the only one considered in breeding studics
concerned with gene trensfer.

b. Genetical studies.

To our knowledge of mechanisms which prevent hybridizotion
between species of Gossypium & cese has been a2dded of gene induced
lethelity of interspecific hybrids. The senguineum rece of G.
erboreum and Uplend carry certain complementary genes which ceuse
their hybrid to die when coming into flowering or somewhat earlier,
depending on thc specific genotypes and on environmental conditions.
When kept et tempercotures which are slightly below the optimum for
cotton the lethal plants cen survive. The lethal genes are proving
volueble markers for the emphidiploid studies.

c. Segregetion in ertificiel polyploids.

The similarity of chromosomes of two species cennot only
be investigeted by studying their pa.ring behevior in the F, hybrid
but mey be enalyzed geneticelly with grecter precision in their
amphidiploid hybrid. Such amphidiploid hybrids, whiich zre obtoined
by colchicine trectment from the F, hybrids, possess four instead
of the usucl two chromosomes of each kind, i.e. two from either
species under investigetion. If siuilar, cll four chromosomes associ-
ate ot rendom; if dissimiler perentel chromosomes tend to associate
more often end the type of essociction cen be told from the geneti-
cel composition of the progeny.

Using this technique it beccme apperent thet (epert from the
reciprocal tremslocertion me tioned ebove) chromosomes of the two
aslatic specics were similer as tetrasomic ratios were obtoined (for
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three out of 13 chromosomes tested) but greatly dissimiler from
those of wild G. snomelum as segregents were rere (five chromo-
somes tested). New World cotton chromosomes showed & considereble
cmount of associotion with wild Americen G. reimondii (the gemetic
rotio wes of the megnitude 1 AA : 14 Aa t 1 28) but considerably
less with the chromosomes of G. thurberi, enother wild hmericcon
species (epproximotely 1 : 40 : 1). Two out of 13 chromosomes
were tested for ecch of the lotter two amphidiploids and severel
hundred plents were grown in eoch case to assure significence of
differences.
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Procedure

&. Geneticel cnelyses

These limited results indicote enormous differences in
the frequencies with which recombination tekes plece in different
cllopolyploids. It will be very desircble to expond these results
end norticulerly to test to whot extent a operticuler polyploid hybric
shows wniform behavior, or whether diffcerent markers in the scme
hybrid give different scgregotion rotios. Furthermore, the influence
ol various stocks from the seme species upon segregotion of amphi-
diploids remcins to be tested.

In eddition to those a2llopolyploids now under study & number
of new merker lines of G. orborcunm end of cultiveted New World
cottons have been crossed with wild species. The most importent
of these are three New World merker lincs conteining eight hereto-
fore untested clleles which have been meted with both G. roimondii
end G. thurberi. These hybrids, ¢nd others involving asiotic
speecies end G, anomelum, will be treated with colchicine to produce
fertile nolyploids which in turn will be crossed back to recessive
Wew Yorld lines for tecsting.

The resulting enecuploids will be bockerossed to the recessive
testers to obteoin edditionel evidence on thc behavior of the intro-
duced chromosomes.

b. Cytologicel studies.

Cytogenctic cnclyscs ere nceded to decide whether widely
diffcecring segregotion rotios found in synthetic nolyploids con be
cttributed to veristion in meiotic behavior or to other alternctives
snong these moy be mentioned differcuticl gomete and zygote elimine-
tion.

aveileble in the greeihouse are ¢ number of synthetic a2llopoly-
ploids of verious degrecs of taxonomic relationship between the
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component species (4n G. grboreum-herboceum, 4n G. arboreum-anomelum,
Un G. herbacecum-gnomalum, Un G. arboreum-thurberi cnd 6n New World-
wild smericon combinetions).

These meterials are to be subjected to quentitotive cytological
anclysis to escertein a) whether meiotic behavior is essentially the
scme for polyploids synthesized from different lines of the same
species &nd b) whether correletions exist betwcen meiotic behevior
end genetic segregotion. Specicl ettention will be paid to the
number of multivelents and univalents. These cytologicol experi-
ments are intended to run simultoneously end on the same plants as
the segregetion studies outlined above.

¢. Embryology of non-functionel Gossypium hybrids.

It is desirable to study the ways ond means by which
gemetes end zygotes moy become aborted in these motericls for its
beering on differences in genetic retios. 4 short study by
Beasley (1940) indiccoted thet in certoin Gossypium hybrids cmbryo
abortion probebly followed thec pattern frequently encountered in
the sngiosperms es desceribed in o series of studies by Brink and
Cooper (s. review of 1947). Becsley mede no deteiled study ot the
tiie end mony more hybrid and polyploid combinctions have become
cvaileble siuce. In our materials certoin patterns have become
epperent in the cbortion features of nybrids between species of
differcnt chromosome numbers. Thus in 2n x 4n and 4n x 6n matings
seeds were produced which werc regulerly of uormol size by contoined
2 shrivelled embryo cnd no endosperm. In the reciproccl crosses
only ¢ few ovules devecloped ot 211, but these rcached full meturity
(in 6n x 4n) or atteined 2 stage ot which they could be reared on
én ertificiel medium (in 4n x 2n). Wo detsiled studics have as yet
bcen underteken,

The artificiol hexeploids ond ertificial end naturel tetra-
ploids mentioned cbove may be utilized for o comporison of normel
development resulting from selfing ond in pure species with the
ebnormel ones produced in the various cross combinetions. In
nddition to the reciproccl crosses between plents of different
degrees of ploidy it is desircble to study abortion fectures in
cases where ploidy docs not heve ¢ role, os, €.g., in motings
between certein lines of the diploid species G. arboreum end G.

herbaccum, cnd between G. sturtii, G. devidsonii end other wild

americen specics.
Fecilities:

end end ficld lobor cre available near the cempus and a2t the
licCullers Experi ient Stotion nearby. adequote greenhouse spoce
end oir conditioned cytological leborcotorics with necessary equip-
ment £re provided in Williams Hall.

«8 an advantege for the work at Stote College mey be mentioned
the foct thot en active group is cngeged in cooperative studies
of vorious ospects of cotton breeding methodology cnd cotton genetics
in the Depertment of sgronomy, Genetics Foculty ond in the Iastitutc
of Statistics.
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