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Quantitative Studies on the Mating System of Jute

(Corchorus capsularis L.)

S.L. Basak and P. Paria
Kalyani University, Nadia, West Bengal (India)

Summar¥. Nearly 35,000 individuals of (. capsularis were scored for selfing versus outcrossing in various popu-

lations.

ifferent marker loci, such as anthocyanin pigmentation (C/c), serrated leaf (Sr/sr) and fasciated stem

(Fs/ts), were used to determine the male gametes which had effected fertilization. The estimates of the outcross-

ing parameter, o

were found to differ with years, locations and for the marker locus used in the estimation. The

outcrossing for C/ ¢ was lowest, the outcrossing for Fs/fs was highest and that for Sr/sr was intermediate. The
nature of outcrossing, in general, was nonrandom. Selfing predominated in this species.

Introduction

The amount and nature of genetic variability in a popula-
tion depend in part on its mating system. Mating sys-
tems vary between and within species. Many plant spe-
cies have mating systems which allow partial intermat-
ing inadditionto self-fertilization. Fyfe and Bailey (1951)
and Nei and Syaktdo (1958) have given estimation proce-
dures whichassume no selection and population equilibria
for gene frequencies. Allard and Workman (1963) and
Harding and Tucker (1964) have given methods for esti-
mating an outcrossing parameter when selection is pres-
ent and/or equilibrium can not be assumed. These me-
thods are based on estimates of gene frequency in the
population and estimates of the frequency of dominant
individuals appearing in the progeny of recessive indi-
viduals taken at random from the population.

Corchorus capsularis L., one of the commonly culti-
vated jute species, is mainly self-pollinated (Fryxell,
1957).
species, using the anthocyanin locus as marker, was

The extent of natural cross-pollination in this

reported to be highly variable by Ghose and Dasgupta
(1945) and Dutt and Ghose (1962). Whether cross-pol-
lination is random or not has not been studied. The pur-
pose of this investigation was to study in detail the mat-
ing system involved in certain artificial populations of
this species using different loci, years and locations.

Materials and Methods

F2 populations of different crosses between two varie-
ties differing in dominant and recessive genes were used
in this experiment. Outcrossing was estimated for
three different loci: red-green anthocyanin pigmenta-
tion (C/c) without any consideration of its intensityand
distribution ; nonserrated - serratedleaf margin (Sr/sr);
and nonfasciated - fasciated stem (Fs/fs). Outcrossing
using the C/c locus was studied in Narendrapur in 1964
and in Haringhata in 1966 and 1971. Outcrossing rates

using the Sr/sr and Fs/fs loci were estimated in the
populations grown in Haringhata in 1971. The gene fre-
quency, q, in each Fz population was assumed to be
approximately 0.5 and hence p or q was taken to be
equal to 0.5 in calculations.

The estimation procedures developed by Harding and
Tucker (1964) were followed. If a random sample of re-
cessives is selected from a population, then a hete-
rozygotes and b recessive homozygotes will be ob-
served in their offspring. The observed proportion of
outcross, 7 , and its variance are:

?= aib ()
and
Var’/I‘\=--——aL§ (2)
(a+b)

which are the maximum likelihood estimators. However,
not all crosses will be observed because homogeneous
matings result in homozygotes. The maximum likehood
estimate of total outcrossing, &, is

s s )

where q is the gene frequency associated with the ho-
mozygote selected. If q is known, then using maximum
likelihood method

Var&:.(i._.m

= (4)

whére p+qg=1and N=a +b,
The expected standard deviation (aa) and the observed

standard deviation (so) of o were computed following
Harding and Tucker (1964).

The same method of estimation of @ was followed for
the data published by Dutt and Ghose (1962) . The authors
studied cross-pollination in populations where homo-
zygous dominant and homozygous recessive were equal-
1y frequent; hence q was taken to be 0.5 in the estima-
tion of «.
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Table 1. Estimates of outcrossing for different years and locations using the C/c locus as marker

Location/year Cross a¥* Nt & o
Narendrapur, 1964 JRC 13 X Maniksari 87 5380 0.0323 0.0191
JRC 212 x Maniksari 47 3470 0.0271 0.0238
Total 134 8850 0.0303 0.0149
Haringhata, 1966 JRC 13 X Maniksari 24 1043 0.0460 0.0432
JRC 212 x Maniksari 18 1725 0.0208 0.0338
JRC 212 X Mogra 18 1284 0.0280 0.0392
Total 60 4052 0.0296 0.0220
Haringhata, 1971 JRC 412 x TP 52 2809 0.0370 0.0264
EC 4142 x TP 123 4449 0.0553 0.0651
JRC 1 X TP 5 113 0.0885 0.1300
JRC 321 x TP 43 1141 0.0754 0.0410
D 154 X CNB 76 949 0.1602 0.0439
Total 229 9481 0.0631 0.0142
Grand Total 423 22383 0.0378 0.0093
Dutt and Ghose (1962) 175 20880 0.0168 0.0097

Barrackpore

¥ Heterozygotes
1 Total offspring

Results

Anthocyanin locus (C/c):

Table 1 presents the frequencies of heterozygotes, to-
tal F‘3 offspring, estimates of outcrossing and their
standard deviations for different crosses, years and lo-

cations. Binomial index )(2

's for the test of heteroge-
neity of the estimates of outcrossing revealed that the
crosses within Narendrapur in 1964 (x 1df = 91 20;

P =<0.001) and within Haringhata in 1971 (x 4df =
190.56; P = <0.001) were heterogeneous, while the
crosses within Haringhata in 1966 (X22df =1.39; P =
0.50 - 0.30) were homogeneous. Two crosses JRC

13 X Maniksari and JRC 212 X Maniksari in Narendra-
pur and Haringhata (1966) were similar and the indivi-
dual pooled estimates of outcrossing in these two loca-
tions were compared and found to be homogeneous
(ledf =2.77; P =0.20 - 0.10).

squares did not indicate homogeneity for the estimates

Binomial index chi

between years (X odf = = 467.14; P =<0, 001) between
locations of Narendrapur and Haringhata (x 1af =

81.83;
ghata location (x°_ ;= 64.01; P =<0.001). The lack
of homogeneity, however, does not explain whether the

P = <0.001) or between years within Harin-

differences in the estimates of outcrossing were due to

variation in locations or years or both. Since the popu-

lations varied genetically, the entire variation can not
be attributed to environment alone. However, all the
observations over locations and years were pooled and
0378.

The observed fluctuation of this composite estimate (sa)

a composite estimate was made, giving @ = 0.
was more than twice (su/ca = 2.15) the expected ran-
dom fluctuation (o a) . The estimate of outcrossing from
the data of Dutt and Ghose (1962) appeared to be much
smaller than in the present observations. The hetero-
geneity test for the outcrossing estimates in Narendra-
pur, Haringhata and Barrackpore also revealed that they
were different (XZde = 361.27; P =<0.001).

Leaf serration locus (Sr/sr):

The frequencies of heterozygotes, total F 3 offspring,
estimates of outcrossing and their standard deviations
for Sr/sr locus are presented in Table 2. The binomial
index chi square test revealed that outcrossing in differ-
5df = = 108.47; P =

< 0.001). The male parent, Tripura (TP), was common

ent crosses was heterogeneous (X

to all the crosses so the difference in outcrossing in
these crosses may be attributed to the genotypic differ-
ence due to the female parents. All the observations
for this locus were pooled and a composite estimate

was made, giving @ = 0.0885. The observed fluctuation
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Table 2. Estimates of outcrossing using the Sr/sr locus as marker

Location/year Cross a* nt & o,

Haringhata, 1971 CNB x TP 139 2760 0. 1007 0.0262
JRC 412 X TP 96 2265 0.0848 0.0290
D 154 X TP 8 162 0.0988 0.1080
EC 4142 x TP 184 5107 0.0721 0.0194
JRC 1 x TP 36 834 0.0863 0.0479
JRC 321 X TP 51 493 0.2069 0.0603
Total 514 11621 0.0885 0.0128

* Heterozygotes
1 Total offspring

Table 3. Estimates of outcrossing in different crosses using C/c and Sr/sr loci simultanedusly, the

female parent being ¢ ¢ sr sr

a¥ N.I- 3 Ua
Location/year Cross C/c Sr/sr C/c Sr/sr C/c Sr/sr
Haringhata, 1971 JRC 412 x TP 11 12 296 0.0744 0.0810 0.0807 0.0806
EC 4142 x TP 25 32 583 0.0856 0.1098 0.0573 0.0569
JRC 1 X TP 3 8 66 0.0908 0.2424 0.1700 0.1631
JRC 321 X TP 17 44 266 0.1276 0.3308 0.0838 0.0790
"Total 56 96 1211 0.0924 0.1584 0.0350

0.0357

* Heterozyhotes
+ Total offspring

of the outcrossing was more than four times the fluc-
tuation expected on the basis of chance alone (sa/o oS
4.31), indicating the nonrandom nature of outcrossing.
The rates of outcrossing scored independently using an-
thocyanin and leaf serration locus in F‘2 populations of
the crosses JRC 412 x TP, EC 4142 x TP, JRC1 x TP
and JRC 321 X TP, in Haringhata in 1971 were com-
pared. Binomial index chi square test showed that the
outcrossing rates for these loci were heterogeneous
(ledf =5.48; P =<0.02). In these crosses some F,
progenies were doubly recessive for anthocyanin and
leaf serration (i.e. c sr/c sr) loci. Outcrossing ef-
fected simultaneously for these loci by the corresponding
dominant genes in that population were detected and
considered for comparisons of outcrossing. Table 3
presents the simultaneous frequencies of heterozy-
gotes for these loci, total F:3 offspring, outcross-
ing estimates and their standard deviations. It can be
seen from this table that in all the crosses the esti-
mates of outcrossing at leaf serration locus were
consistently greaterthanthose at anthocyaninlocus. This
indicates that the Sr is a more effective male parent in

cross-pollination than the C parent since the females

were the same. Mean estimates of outcrossing at these
two loci over all the crosses were found to be hetero-
geneous (ledf = 24.02; P =<0.001).

Fasciated stem locus (Fs/fs):

The frequencies of heterozygotes, total F, offspring,

outcrossing estimates and their sta.ndarc:i3 deviations
are presented in Table 4. The binomial index chi :square
shows that crosses were heterogeneou.é;()(.21('if ='5.89;
P =< 0.02) in their outcrossing estimates. The fémale
parent, CNB, being common to both the crosses,‘ the
difference in outcrossing in the crosses was due to the
differing male parents. As in the other loci, the ob-
served fluctuation of mean estimates of outcrossing was
greater than the fluctuation expected to oceur randomly
(sa/aa = 1.96), indicating nonrandomness of outcrossing.

Comparisons showed that the amount of outcrossing
using the Fs/fs locus was the highest and that using the
anthocyanin locus C/c was the lowest. Estimated out-
crossing rates at the three loci studied were heteroge-
neous (x%,; = 149.16; P = <0.001).
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Table 4. Estimates of outcrossing using the Fs/fs locus as marker

Location/year Cross a* nt & g

Haringhata, 1971 CNB x TP 65 775 0.1677 0.0486
CNB x D 154 10 184 0.1087 0.1013
Total 75 954 0.1564 0.0439

* Heterozygotes
1 Total offspring

Discussion

A study involving different loci, crosses, locations and
years has shown that the amount of outcrossing was gen-
erally heterogeneous and nonrandom. There was, how-
ever, one exception: outcrossings involving an antho-
cyanin locus in three crosses within Haringhata in 1966
were homogeneous. Earlier studies in Corchorus olitorius
L. involving different loci, locations, years and seasons
showed that the amount of outcrossing was also hetero-
geneous and nonrandom (Basak and Chaudhuri 1966 ;
Basak and Gupta 1972). In many other species, such as
Phaseolus lunatus (Harding and Tucker 1964) , Phaseolus
aureus (Dana 1969), barley (Jain 1961) and maize
(Gutierrez and Sprague 1959), outcrossing has also
been found to be nonrandom.

In the present study, the comparisons between years
or locations did not establish whether either one orboth
of them was responsible for the observed difference in
outcrossing, since the contrasts were not orthogonal.
But the differences among the crosses within a partic-
ular locus have indicated possible genotypic control
of outcrossing. The results of comparisons ofthe cross-
es having common made on female parents confirmed
this observation. The possibility of genotypic control
was also evident from the wide variations of estimated
outcrossing for different crosses with a common locus.
From the present observations, however, the precise
nature of genetic control could not be elucidated. The
marker loci used in this study were found to have dif-
ferent rates of outcrossing. For instance, the Sr locus
as male effected a higher rate of outcrossing than did
the C locus. Harding and Tucker (1964) observed in
Phaseolus lunatus that the estimates of outcrossing for
the loci W/w, D/d, C/c and S/s were different.

The range of variation in estimates of outcrossing
in the related species ¢. olitorius, involving different
crosses and four loci, was between 0.0746 and 0.3030
(Basak and Gupta, 1972). The range of variation in the

present study on C. capsularis was between 0.0208 and
0.2069. The nature of outcrossing being nonrandom in
both species, the rate of outcrossing in C. olitorius
is greater than that in C. capsularis.

The mating system is commonly considered to be one
of the main factors determining the genetic structure
and evolutionary potential in a population. The observed
variability in the mating system of jute under the influ-
ence of genetic and environmental factors may well con-
tribute to a complex population structure. The population
structure in inbreeding species is much more compli-
catedthan commonly supposed and probably does not take
the same form in all inbreeding species or even indif-
ferent populations of the same species {Allard, Jain
and Workman 1968).

The present evidence does not suggest that jute popula-
tions follow models of complete random mating or com-
plete inbreeding, rather that the mating system of the
present populations ispartial inbreeding. Workman (1964)
and Allard, Jain and Workman (1968) have discussed in
detail the evolutionary consequences and significance of

such a mating system.
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