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Correlation Between Chiasma Frequency and Quantitative Traits
in Upland Cotton Gossypium hirsutum L.)
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Summary. Four locally adapted and high yielding cultivars
of upland cotton were examined in order to elucidate the
relationship between total chiasma frequency and quanti-
tative traits, including yield and fiber properties. Total
chiasma frequency per nucleus was found to correlate
positively with boll number (r = 0.4041), seed cotton
yield (r = 0.6003), seed index (r = 0.4624), lint yield (r =
0.7325), and lint index (r = 0.9534). The data are dis-
cussed from the point of view that the heterozygosity
caused by increased chiasma frequency in inbreeding cot-
ton cultivars is an important compensating mechanism for
enhancing effective recombination and genetic variability.
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Introduction

The genetic variability of a species is to a large extent
controlled by the recombination of genes or gene com-
plexes between homologous chromosomes. The chiasma is
a visible expression of genetical crossing-over and, as such,
serves as a potential marker of the degree of recombina-
tion between linked genes. The frequency and distribution
of crossovers are measured directly by observing chias-
mata at the diplotene stage of meiotic prophase. Although
for a given species the number of chiasmata per nucleus
deviates little from the average (Shaw et al. 1976), chias-
ma frequency differences between genotypes (Srivastava
and Malik 1974; Murray 1976) and between male and
female reproductive cells (Traut 1977) of the same species
have been observed. Some individual differences can also
be caused by mutations (Tease and Jones 1976), B-chro-
mosomes (Patton 1977), chromosome rearrangements
(Baker et al. 1976), amounts of heterochromatin
(Rhoades 1978), or environmental factors (Couzin and
Fox 1974).

Significant genetic association of chiasma frequency in
relation to heterosis (Srivastava and Balyan 1977; Srivas-
tava 1979) has been demonstrated. The present study was
undertaken in four locally adapted and high yielding culti-
vars of cotton to determine whether (a) these varieties
differ in mean chiasma frequency and (b) correlations
exist between chiasma frequency and quantitative traits.
An attempt has been made to study the correlation of
chiasma frequency to a number of quantitative characters,
such as boll number per plant, plant height, cotton seed
yield, lint yield, seed index and lint index, and the results
provide evidence to support the hypothesis that excessive
genetic homogeneity of inbreeding cultivars is compen-
sated for by enhanced chiasma frequency.

Material and Methods

Four cotton cultivars, namely, ‘Stroman 254°, ‘Del Cerro’, ‘Aca-
1a 1517-70° and ‘Acala 1517-BR2’ were grown in randomized
blocks with three replications. There were three rows each of ten
plants, with 60 cm between rows and 45 cm between plants within
each row, per plot. The recommended cultural and spraying prac-
tices were followed during the crop season. Young flower buds at
the appropriate stage were taken from fifteen randomly selected
plants per cultivar between the hours of 8 a.m. and 10 a.m. and
fixed in Carnoy’s solution (6 parts absolute alcohol: 3 parts chlo-
roform: 1 part glacial acetic acid). In order to obtain better trans-
parency of the cytoplasmic background, the anthers were sub-
jected to a short pretreatment in 1 N HC1 (24°C, 1-2 min.) and
thereafter washed thoroughly with distilled water to remove ex-
cess acid and acid-soluble materials. For cytogenetical studies, pol-
len mother cells (PMC’s) from pretreated anthers were stained and
examined using the conventional iron-aceto-carmine or iron-pro-
piono-carmine squash techniques. Because of the relatively small
size of the cotton chromosomes and the related technical diffi-
culty in identifying different stages of meiotic prophase I, most of
the cytological studies concerning chiasma frequency in cotton
have so far concentrated on recording the number of bivalents
from metaphase 1 cells (Phillips 1974 and personal communica-
tion). In this study, only PMC’s in the diplotene stage were care-
fully scored for chiasmata. All terminal chiasmata in bivalents
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Table 1. Estimates of mean, standard deviation (S.D.), and coefficient of variation (C.V.) for various quantitative traits in four cultivars

of upland cotton

Cultivars Statistical Chiasma Plant Boll Seed Seed Lint Lint
parameters frequency/ height number/ cotton index yield index
PMC (cm) plant yield (g) (/100 seed) (g/plant) (/100 seed)
‘Stroman 254° Mean 21.20 1159 16.57 714 12.19 43.34 7.62
S.D. (*) 5.71 11.64 463 19.8 0.90 11.20 0.54
C.V. (%) 26.95 10.03 2798 28.0 7.45 25.80 7.28
‘Del Cerro’ Mean 16.97 1104 14.5 59.0 133 323 7.43
SD. (+) 435 139 3.61 144 | 8.25 0.78
CV. (%) 25.64 12.63 24.95 24.39 8.67 25.54 9.72
‘Acala 1517-70° Mean 13.13 134.5 16.16 64.03 11.69 35.56 6.42
S.D. () 2.66 17.76 4.0 15.6 1.00 9.25 0.90
CV. (%) 20.27 13.20 24.8 24.34 9.60 26.04 14.0
‘Acala 1517-BR2’ Mean 14.36 88.2 14.06 45.1 10.83 28.0 6.30
S.D. (*) 5.30 13.63 3.32 10.2 0.90 6.31 0.64
CV.%) 36.90 1546 23.6 22.27 8.37 22.63 10.23

The data on chiasma frequency represent values from a range of 50-80 PMC’s studied per cultivar; and those on quantitative traits repre-

sent values from 50 randomly selected plants examined per cultivar

Table 2. Analysis of variance for various traits in the four culti-
vars of upland cotton

Traits F Value
Chiasma frequency/PMC 17.598
Plant height (cm) 52.633
Boll number/plant 2.92

Seed cotton yield (g) 15.568
Seed index, g/100 seed 29.972
Lint yield, g/plant 15.952
Lint index, g/100 seed 16.862

aSjgnificant at the 0.01 level of probability

were scored with a frequency of 1 and 2; interstitial chiasmata in
bivalents were recorded with 3. A minimum of 50 plants per culti-
var per replication were selected for quantitative measurements
and fiber properties. The following characters were evaluated in
both the field and laboratory: (1) plant height in cm; (2) boll
numbes/plant, the total number of bolls which accounted for the
yield were counted and recorded; (3) total yield of seed cotton,
the total produce of seed cotton/plant was weighed in g and re-
corded; (4) seed index, in g weight of 100 seeds; (5) lint yield, the
total produce of lint/plant was weighed in g and recorded; and
(6) lint index, in g of 1int/100 seeds. The data based on individual
plant observations were analysed as a randomized complete block
following the standard statistical procedures (Steel and Torrie
1960).

Results and Discussion
Table 1 summarizes the estimates of mean, standard devia-

tion, and coefficient of variation with respect to chiasma
frequency and other quantitative traits, and Table 2 gives

the analysis of variance for these characters. Differences
among the four cotton cultivars are significant for all char-
acters with the exception of boll number/plant. The F-
value for differences in chiasma frequency and other
quantitative traits is highly significant, indicating the exis-
tence of substantial differences between the cultivars. The
two cultivars ‘Stroman 254’ and ‘Del Cerro’ possess rela-
tively increased chiasma frequency, and this enchanced
chromosome behaviour is reflected in other quantitative
measurements and fiber properties, respectively. The
other two cultivars ‘Acala 1517-70° and ‘Acala 1517-BR2’
show low chiasma frequency which is further in con-
cordance with various quantitative trait measurements;
the cultivar ‘Acala 1517-BR2’ has the lowest values for
mean chiasma frequency as well as for all quantitative
measurements and fiber properties. Although these ‘Acala’
cultivars are taxonomically classified as G. Airsutum, their
pedigrees reveal that each group has remained largely dis-
crete during cultivar development (Ramey 1966; Quisen-
berry 1975). The progressive improvements of the original
germplasm ‘Acala 4-42° into distinct cultivars, obtained by
selecting within material which had been inbred for sever-
al generations, may be related to their amphidiploid ori-
gin. The present cytogenetical and quantitative observa-
tions also suggest the effectiveness of individual cultivar
selection within a given germplasm for progressive im-
provement and development of distinct cultivars.

The data on mean chiasma frequency along with its
respective confidence interval are illustrated in Figure 1.
The two cultivars ‘Stroman 254’ and ‘Del Cerro’ have a
quite distinct confidence interval for their respective mean
chiasma values suggesting their genetic divergence in terms
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Fig. 1. Chiasma frequency variation in four cultivars of upland
cotton. The arrow over each bar indicates confidence interval (+
2 S.D.) for the mean value

of chromosome pairing and cross-over behaviors. The
other two ‘Acala’ cultivars appear to be genetically less
diverged from each other with respect to chiasma fre-
quency, as the values of confidence interval for their
means coincide. The similarity in chiasma frequency of
these two cultivars could be interpreted in the sense that
they both share original ‘Acala 1517 germplasm, and suf-
ficient selection pressure for their progressive improve-
ment and divergent evolution into two distinct cultivars
has not yet occurred. It is worth noting that the two
‘Acala’ cultivars, i.e., ‘1517-70° and ‘1517-BR2’, represent
relatively new selections based on local adaptations and
yielding attributes from ‘Acala 1517’. The data concern-
ing position and frequency distribution of chiasmata in
the four cultivars are presented in Table 3. Most of the
small chromosomes which were scored for chiasmata had
a single chiasma. A few other chromosomes showed a dis-
tribution of two chiasmata per bivalent. Some bivalents
with three chiasmata were scored, but it was rather diffi-
cult to score bivalents beyond three chiasmata in these
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cultivars. Although all the cultivars with the exception of
‘Acala 1517-BR2’ possessed 8-17% interstitial chiasmata,
the majority of chiasmata consisted of a terminal type.
There have been specific studies on position and fre-
quency distribution of chiasmata in populations of Capaea
hortensis (Price 1975) and Phaseolus vulgaris (Srivastava
1979), indicating that interstitial chiasmata are more im-
portant in producing effective recombination and directly
determine the release of variability in the population.
While this relationship may also be true in the case of
cotton cultivars which possess interstitial chiasmata, a
strong claim relating to interstitially distributed chiasmata
and their possible role in maintaining population genetic
variability can not yet be made because of apparent tech-
nical difficulties in making counts of bivalents having
three or more chiasmata in cotton. It is imperative, there-
fore, to study meiotic chromosome behavior in cotton at
the electron microscopic level in order to have more de-
tailed understanding of the ultrastructural position distri-
bution of chiasmata.

There is strong evidence, based on ultrastructural stud-
ies of the frequency and distribution of chiasmata, that
meijotic crossing-over invariably occurs in the presence of
the synaptonemal complex (SC), and models of crossing-
over now attempt to integrate the SC into the process
(Gillies 1975; Holliday 1977). Direct electron microscopic
observations of chiasmata in bivalents at diplotene reveal
nodule like structures called ‘SC remnants’ as sites of
crossing-over (Moens 1978). The most extensive observa-
tion on the correlation between chiasmata and SC rem-
nants has been reported by Zickler (1977) in the fungus
Sordaria macrospora. Light microscopy of cells in diplo-
tene show that on the average there are 18 chiasmata/
nucleus for 20 nuclei scored; electron microscopic obser-
vation of completely reconstructed diplotene nuclei ex-
hibit a range of 17 to 21 SC remnants/nucleus. As the
cultivars of G. hirsutum are amphidiploids containing mul-
tiple sized chromosomes, an additional ultrastructural
analysis at the electron microscopic level may give more
accurate information on the position and frequency distri-

Table 3. Cytogenical data obtained on position and frequency distribution of chiasmata in four cultivars of upland cotton. The data re-

present values from a range of 50-90 PMC’s studied per cultivar

Cultivar Mean? chiasmata Bivalents distribution with different number Position distribution
frequency/PMC of chiasmata (%) of chiasmata (%)
0 1 2 3 Terminal Interstitial
‘Stroman 254’ 21.2 39.78 43.0 11.92 53 82.93 17.07
‘Del Cerro’ 16.9 45.26 39.3 9.64 58 89.40 10.60
‘Acala 1517-70° 14.4 52.89 30.13 13.18 3.8 91.93 8.06
‘Acala 1517-BR2’ 13.1 64.48 214 14.12 - 100.0 -

aThe data in this column is repeated for convenience of making comparison
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Table 4. Estimates of simple correlation coefficients and their standard errors between chiasma frequency and some quantitative traits in

upland cotton. S.E. is given in parenthesis for each r value

Trait Plant height Boll number Seed cotton Seed index Lint yield Lint index
per plant yield
Chiasma frequency -0.03613 +0.40412 +0.6003b +0.46242 +0.7325b +0.9534b
(0.0188) 0.172) (0.1138) (0.1678) (0.1291) (0.1020)

a, bgignificant at the 0.01 and 0.05 levels of probability, respectively

bution of chiasmata/bivalent in terms of SC nodules or SC
remnants. A generalization could, however, be made that
there is a correspondence between chiasmata and SC rem-
nants; both possibly reflect site-specific crossing-over and
recombinant events.

As the F values for differences between cultivars with
respect to chiasma frequency and five economically im-
portant quantitative traits were highly significant at the
1% level of probability, the genetic correlation coeffi-
cients between the chiasma frequency and these quantita-
tive measurements could be calculated; the relevant results
are presented in Table 4. The correlation coefficients be-
tween chiasma frequency and five characters, e.g., boll
number, seed cotton yield, seed index, lint yield, and lint
index, were all positive and significant at both the 5% and
1% levels of probability. There was no correlation (r =
—0.03613) between chiasma frequency and plant height.
The negative correlation between height and chiasma fre-
quency must be considered relative to the fact that height
is not a yield-contributing trait in upland cotton; semi-
dwarf cultivars have been developed to meet the require-
ments of narrow-row, high-population cotton production
(Quisenberry 1977). Diallel analysis indicates that the ge-
netic variation for plant height is primarily additive, with
a small, although significant, dominance component asso-
ciated with it (Singh et al. 1972b). The genetic association
between chiasma frequency and yield and fiber characters
appears to be direct and positive, as the correlation coeffi-
cients for seed cotton yield and lint yield were relatively
high. These findings are in concordance with those of ear-
lier workers (Muntzing and Akdik 1948; Tehrani and
Wricke 1977; Srivastava and Balyan 1977) where some
positive genetic associations between chiasma frequency
and several agronomically and physiologically important
traits have been established.

How could the results of correlations between chiasma
frequency and quantitative traits be interpreted in genetic
terms? The estimates of the genetic variances reveal that
both additive and non-additive (dominance and epistatic
genes) genetic components are important for most yield
and fiber characters in upland cotton (Singh et al. 1972a;

Culp and Harrel 1975). Chiasma frequency also shows a
typical attribute of polygenic traits (Simchen and Stam-
berg 1969) and, as such, is supposed to be controlled by a
polygenic system. Inbred lines exhibit lower frequencies
of chiasmata (Rees and Thomson 1956; Srivastava 1979),
and there is a steady decrease in chiasma frequency as
inbreeding increases (Sybenga 1958). Total chiasma fre-
quency seems to correlate strongly with boll number, seed
cotton yield, seed index, lint yield and lint index in the
four cultivars of upland cotton studied. Chiasmata along
with their SC remnants are presumably important in re-
combining lengths of homologous chromosomes, and if
gene loci are heterozygous they may lead to a more di-
verse array of gametes and thus effective genetic recombi-
nation. Hence the occurrence of a high chiasma frequency
may be an important compensating mechanism for en-
hancing effective recombination in cotton and other self-
fertilized crops. It is of interest that the two cultivars
‘Stroman 256" and ‘Del Cerro’, besides being higher for all
the key quantitative traits, exhibit a higher degree of
chiasma frequency than the other two cultivar popula-
tions. In an amphidiploid species like cotton, which is
now fully diploidized, exhibiting monomeric inheritance
for almost all the characters, one would expect the great-
est differences in variability between cultivars from differ-
ent varieties; cultivars from the same variety should be
quite similar except for the extremely rare exception of
gene mutations and chromosome aberrations. Within pop-
ulation variability in terms of heterozygosity or homo-
zygosity for yield and fiber properties has been demon-
strated in experimental populations of the individual
plants or of the cultivar in cotton (Meyer and Meyer
1970). It is suggested that some level of heterozygosity
caused by increased chiasma frequency might have im-
portant effects on the maintenance of genetic variability
in these cotton cultivars. The positive correlations be-
tween chiasmata and quantitative traits are most likely
due to dispersed genes on the chromosomes possessing
combined additive and epistatic genes which are brought
together after crossing-over in linked favorable gene com-
plexes.
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