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ABSTRACT

Correlation and heritability studies of quantitative
traits are a pre-requisite for judicious selection for
genetic improvement of complex characters of econo-
mic importance. The success of selection is governed
by the degree to which the desired trait is transmitted
to the succeeding generation. The nature of selection
is to be given due consideration at appropriate deve-
lopmental stages for pursuing selection in desired
direction while improving or evolving high produc-
tive breeds or hybrids of the silkworm. Characters
showing high heritability as well as high genetic ad-
vance respond better to simple phenotypic selection
while those having low heritability and low genetic
advance may respond better to mass selection. Char-
acters showing high heritability and low genetic ad-
vance may yield good response to hybridization and
recurrent selection. An attempt has been made in this
review article to briefly discuss the magnitude of
correlation and heritability in selection strategies for
the improvement of quantitative traits in desired di-
rection in the silkworm, Bombyx mori (L.).
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1. INTRODUCTION

The knowledge of relationship between quantitative cha-
racters of economic importance determining silk produc-
tivity is of paramount importance to the breeders, co-
coon and egg producers, reelers, weavers, twisters, bu-
yers etc. [1]. While egg producers favor strong potential
genotypes producing more number of eggs, cocoon
growers are interested in the genotype having healthy
larvae and producing high cocoon vyield. The filature
industry favors high reelability, high percentage of raw
silk and superior quality of cocoons and weaving indu-
stry requires better neatness, denier, high tenacity and
elongation.

For these, we can not wait for favors from nature, but
we must rest them from her and it is possible only
through man’s intervention to force any form of indivi-
dual to change more quickly in the direction desirable to
them. Various methods are advocated for improving the
quantitative characters in desired direction, which in-
cludes breeding (cross breeding, inbreeding, out-breed-
ing and hybridization), selection, mutation etc. But,
whatever system is followed, genetic improvement of
quantitative characters is not possible without judicious
selection. In other words, selection is the measure of
permanently changing the relative proportions of various
genes present in the original stock.

Estimation of correlation and heritability in the ge-
netic studies of quantitative characters are of special sig-
nificance for selection, as its magnitude indicates the
accuracy with which a genotype can be recognized by its
phenotypic expression [2-4]. It also helps in deciding
upon a suitable selection criteria for the genetic improve-
ment of complex characters. Thus, the knowledge of
correlation and heritability of basic economic quantita-
tive characters is a prerequisite for selection while cre-
ating, evaluating, improving or evolving high productive
breeds, hybrids or strains of silkworm [5,6].

In this article an attempt has been made to discuss
briefly the advances achieved in selection strategies in
relation to correlation and heritability of quantitative
characters while evolving or improving high productive
breeds or hybrids of silkworm, Bombyx mori and its sig-
nificance in breeding.

2. SELECTION
There are two principle methods of selection. They are—
2.1. Pedigree Selection

Pedigree selection is useful only when adequate infor-
mation is available about the genotype. Essentially, pedi-
gree selection is only an extension of performance test-
ing of breeds since each individual’s performance is
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tested and performance records are used to evaluate the
related genotypes

2.2. Mass Selection

1) Tandem method of selection (directional selection):
in this method, the selection is directed towards im-
provement of only one desired trait at one time and is
continued till the goal set for this character is achieved.
Thereafter, selection is made for another trait till the goal
set for that trait is also achieved. Thus, in such cases the
traits are selected one after the other. This is highly
in-efficient method of selection, as unless the traits are
genetically related, whatever achievement is made in the
first trait in the first period is lost when attention is di-
verted to another trait. The rate of net improvement
therefore becomes very small or sometimes negligible.

2) Independent culling method: in this method of
selection, few parameters are considered at a time. For
each parameter, minimum standard is set. The genotype
must meet the minimum standard set for each of the trait;
otherwise, it is to be rejected from the breeding popula-
tion. If any genotype is exceptionally good in one pa-
rameter, but is bad in another parameter, it is being to-
tally rejected. The effectiveness of this method therefore,
depends on the standard chosen for each of the traits. If
very high standards are fixed, the number of genotypes
selected to become the parents will be very few, result-
ing in gradual extinction of the genotypes. On the other
hand, if very low standard is set, the selection of geno-
type based on merit will become difficult, as most of the
genotypes fulfill the set standard. Besides, fixing an ar-
bitrary standard for each trait, it is also necessary to de-
termine as to how many traits are to be considered at a
time. This is because selection for several traits at a time
reduces the selection intensity of the trait. Therefore,
selection for unimportant traits should be avoided as far
as possible as it reduces progress in improvement in im-
portant traits. Emphasis should be given on one or two
traits, which are economically more important than the
others and have the capacity to respond.

3) Selection index (simultaneous selection): the
most effective method of selection is by selection index.
A selection index is used when the breeder simultane-
ously selects many desirable economic traits to improve
it in a desired direction. The theory and practice of de-
veloping an index is called “Applied Quantitative Ge-
netics” [7]. Procedure for calculation of selection index
varies from breeder to breeder. Restricted selection in-
dex, modified base index [8], weight-free index for
ranking genotypes [9] are some of the method in prac-
tice.

Various authors under different sets of restrictions
have done theoretical comparisons among these types of
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selection. According to generalized formula [10] ex-
pected change in genotypic worth in response to selec-
tion for a single trait is proportional to the ratio of co-
variance. If any of these ratios is far larger than any
other, tandem selection for that trait or independent
culling with high selection intensity for that trait, should
give response to overall genotypic value, which are close
to that expected from index selection [11]. Index selec-
tion is found to be better than tandem selection for im-
proving genotypic value for negatively correlated char-
acters but selection quite often does not follow the regu-
lar pattern predicted by “Quantitative Genetics Theory”
[12]. One of the most striking manifestations of the ir-
regularities is the “Reversed Response” when selecting
individuals for the increased value of character, results
in a decreased value among their offspring and vice-
versa [13]. A reversed response in selection experiments
is rarely being given serious consideration and its sig-
nificance is usually dismissed with one of the two ex-
planations—a sudden change in environmental condi-
tions or random drift. Caution is needed, however, be-
fore either of the two explanations is accepted in a par-
ticular case because either of the explanation under the
laboratory experiments is highly improbable where con-
ditions are kept under control by the experimenter.

Therefore, to obtain desirable results, it is of para-
mount importance to find out the type of correlations
existing between various quantitative parameters and
their heritability under set environmental conditions be-
fore initiating any form of selection.

3. CORRELATION

The degree of association or relationship between two
variables is measured by correlation coefficient (r). The
correlation coefficient may be positive or negative. Posi-
tive correlation indicates that the two variables are vary-
ing in the same direction. In other words, if one variable
increases, the other variable also increases. In negative
correlation, the two variables vary in opposite direction,
i.e. if one variable increases the other decreases. There is
very intimate correlation between some of the characters
in silkworm and an excellent character may bring down
the merit of another character, if not given due consid-
eration at the appropriate developmental stage. Correla-
tion between different pairs of quantitative characters
studied [4] revealed high significant (P < 0.01) positive
values between cocoon weight and pupal weight (r =
+0.994), cocoon weight and shell weight (r = +0.614),
pupal weight and shell weight (r = +0.527), while sig-
nificant (P < 0.01) negative values between pupal weight
and cocoon shell ratio (r = —-0.827) (Table 1). This indi-
cates that selection by cocoon weight would lead to in-
crease of pupal weight and shell weight but selection by
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Table 1. Correlation co-efficient between some pairs of eco-
nomic characters in Bombyx mori.

Cgrrelation Pu_pal Shell weight ~ Cocoon-shell ratio

etween weight

Cocoon weight ~ +0.994** +0.614** —0.764**
Pupal weight +0.527** —0.827**
Shell weight +0.035

**Significant at 1% level of significance.

pupal weight would lead to decrease of cocoon shell
ratio.

Correlation studies (Table 2) performed to establish
the relationship between female pupal weight and fecun-
dity indicated highly significant (P < 0.01) positive cor-
relation between the two, irrespective of their weight
[14]. Fecundity has been found increasing from lower
pupal weight to higher pupal weight [15]. Similar obser-
vation was also made by other authors [1,14,16]. Hence,
selection by female pupal weight will automatically lead
to increased fecundity. Positive values of correlation co-
efficient in the regression analysis also clearly indicated
that selection of individuals for higher fecundity depends
on its pupal weight but extreme pupal weight should be
avoided as it may sometimes lead to bottleneck pheno-
menon [17]. Therefore, selection of moderate pupal
weight should only be encouraged for egg production, as
it also determines increased larval weight, survival rate,
filament length etc. in the successive generations [18].

Fecundity, which has been found showing positive
correlation with female pupal weight [4] has also shown
highly significant (P < 0.01) positive correlation with
cocoon weight and cocoon shell weight (Table 3).
Hence, selection for higher cocoon weight, pupal weight
and shell weight together would yield higher fecundity.
Correlated quantitative traits of economic importance in
the silkworm Bombyx mori is summarized in Table 4.
As fecundity is positively correlated with pupal weight
[16,19] but negatively with productivity, cocoon-shell
ratio and robustness every effort should be made for the
improvement of negatively correlated characters without
reducing the fecundity.

Cocoon vyield, a very important character linked di-
rectly with the earning of Sericulturists is positively cor-
related with survival rate. Cocoon weight, which is being
given always much emphasis in selection strategies, has
shown positive correlation with shell weight [3,20,21]
and pupal weight [22]. A high positive correlation is also
established between shell weight and filament length/
silkiness [23,24]. Filament length has also been found
positively correlated with shell ratio [24,25] and neat-
ness. Positive correlation is also being reported between
lousiness and ratio of degumming loss [26]. Therefore,
when selection is enforced in the directions of high
lousiness, the ratio of degumming loss increases. Gene-
rally, lousiness is more in Japanese strains and less in
Chinese strains. It is more in cocoons with high shell

Table 2. Correlation and regression between female pupal weights and fecundity in the silkworm Bombyx mori.

Female Pupal weight Average pupal weight

Average fecundity

Correlation coefficient Regression of fecundity

(gm) X) N on pupal weight ()
1.000 - 1.20 1.12308 443.600 +0.8720%* Y= -38.7688 + 429.5053X
1.201-1.30 1.24280 468.040 +0.9200%* Y = 1873.5294 + 1884.1080X
1.301- 150 1.41356 487.880 +0.8646%* Y = 510.7906 + 706.4933X
1.501 - 1.70 1.54728 535.360 +0.8456%* Y = 398.0606 + 603.2656X
1.701 - 1.80 1.7440 559.280 +0.8366** Y = 1794.1461 + 1349.1322X
f.%%'gc_’ gagg 1.41422 498.831 +0.7820%* Y = 187.6987 + 220.0028X

**Significant at 1% level of significance.

Table 3. Correlation between fecundity, cocoon weight and shell weight in Bombyx mori.

Correlation between fecundity and

Cocoon weight (gm) Shell weight (cg) Fecundity (No.) Cocoon weight Shell weight
1.38£0.162 241+538 437 £ 143 +0.765** +0.643**
1.52 £ 0.246 27.9+5.15 453+ 124 +0.867** +0.769**
1.58 +0.149 289+3.22 558 + 66 +0.785** +0.695**
1.76 £0.193 36.0 £4.64 566 + 72 +0.866** +0.716**
1.83+0.197 35.0+4.00 622 + 64 +0.759** +0.633**
1.88 £0.157 39.5+484 632 + 83 +0.584** +0.625**

**Significant at 1% level of significance.
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Table 4. Significantly correlated characters in the silkworm Bombyx mori.

Correlation between Correlation References
Fecundity and robustness Negative Gowda et al., 1988 [19]
Fecundity and female pupal weight Positive Jayaswal et al., 1991 [16]
Cocoon weight and larval weight Positive Satenahalli et al., 1990 [29]
Cocoon weight and shell weight Positive Petkov, 1981a [3]
Cocoon weight and filament length Positive Petkov, 1981c [21]
Cocoon weight and pupal weight Positive Rajanna and Reddy, 1990a [22]
Cocoon weight and denier Positive Satenahalli et al., 1990 [29]
Female pupal wt. and larval weight Positive Gowda et al. 1989 [18]
Cocoon weight and cocoon silkiness Positive Grekov and Petkov. 1990 [30]
Shell weight and cocoon weight Positive Ozdzensky and Kremky, 1987 [31]
Shell weight and pupal weight Positive Singh et al., 1992a [20]
Shell weight and cocoon silkiness Positive Long and Petkov, 1987 [23]
Shell weight and filament length Positive Petkov, 1981b [24]
Shell ratio and cocoon quality Positive Singh et al., 1992b [28]
Shell ratio and pupal weight Negative Singh et al., 1992a [20]
Shell ratio and filament length Positive Petkov, 1981b [24]
Filament length and reelability Negative Jayaswal et al., 1990 [5]
Yield of cocoons of parent and their hybrids Positive Jonka, 1986 [27]
Reelability and tenacity Positive Liu and He, 1991 [32]
Length and size of filament Positive Miyahara, 1978 [26]

weight. As degumming trait is closely correlated with
cocoon shell weight, it is not quite easy to have a geno-
type showing low value for degumming trait without
reducing the cocoon shell weight.

Reelability of cocoons is one of the most important
parameter which needs attention in the improvement pro-
gramme, but, it is very complicated character to be im-
proved upon, because it is negatively correlated with fila-
ment length [5] and positively with neatness and the ex-
pression of which differs with environmental conditions
viz., temperature, humidity, light and air current during
spinning period [27]. The qualities of cocoons and fixa-
tion of price are usually assessed based on cocoon and
shell weights but shell ratio is a better parameter for as-
sessing the cocoon quality for reeling because higher
shell percentage leads higher raw silk yield due to their
positive correlation. A positive correlation is being estab-
lished between shell ratio and cocoon quality [28],
whereas, cocoon weight and shell weight does not ne-
cessarily show positive correlation with reeling perfor-
mance (Table 4).

It has been reported that there is a significant positive
correlation between cocoon weight and pupal weight,
cocoon shell weight, maximum larval weight, single co-
coon filament length, pupal duration, denier, fecundity
and hatchability [29], larval weight and pupal weight

Copyright © 2011 SciRes.

[18]. Therefore, selection should be done for robust lar-
vae (disease free) with higher larval weight. Usually,
high productive worms show less viability, which is evi-
dent from the fact that poor productivity and higher re-
sistance for diseases are associated together in indige-
nous genotypes, while high productivity and poor resis-
tance for diseases in bivoltine breeds.

Genetic analysis of different quantitative traits indi-
cated incomplete dominance for growth rate, raw silk
percentage, filament length, filament size and reelability
percentage; over dominance for pupation rate and cocoon
weight and epistatic effect for pupation rate, cocoon
weight, filament size and reelability percentage. Further,
cytoplasmic effects were also observed in pupation rate
and size of cocoon filament. As a result cocoon weight,
pupation rate and cocoon yieldingness could be consid-
ered to improve by heterosis in F1 hybrids, while other
characters are improved by selection. Especially, ree-
lability of cocoons is expected to improve by the accu-
mulation of dominant genes under the control of envi-
ronmental conditions.

4. HERITABILITY

Heritability is a property of certain character of the
population and of the environment to which silkworms
are subjected. Every character of an organism is both
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hereditary and environmental as it is manifested because
of long chain interactions of genes either with each other
or with the environment. In fact, characters cannot be
developed until and unless the genes governing them
have proper environment. Heritability of quantitative
traits plays very vital role in the selection strategies. One
of the most important function of the heritability in ge-
netic studies of metric character is, its predictive role,
expressing the reliability of the phenotypic value as a
guide to the breeding value. With the genetic or environ-
mental variations, the heritability estimates also change.
The heritability of characters cannot be estimated from
one population or one set of environmental conditions to
another [1].

Determination of Heritability

Heritability is determined in two ways:

1) Broad sense heritability: in broad sense, heritabil-
ity is the ratio of the total genotypic variance to that of
total phenotypic variance. It is useful in predicting the
outcome of artificial selection among clones, inbred lines,
varieties etc.

2) Narrow sense heritability: in narrow sense, heri-
tability is the ratio of additive genetic variance (VA) to
the total phenotypic variance (VP) and this method is of
great importance to breed improvement. It is used when
artificial selection is practiced in a randomly mating
population. In narrow sense, generally, heritability of a
character is smaller than the broad sense heritability.
Heritability is expressed either 0 - 100 or 0 - 1. Herita-
bility estimates of different characters can be determined
by the following three factors:
= Correlation regression analysis of close relatives (for

example parent—offspring, full—sibs, half—sibs etc.).
= Correlation response in which both desired and unde-

sired characters are selected.
= Analysis of variance components.

It is important to realize that the heritability is a prop-
erty not only for a character but also of the population
and of the environmental circumstances to which the
individuals are subjected. Heritability studies (Table 5)
conducted for some important quantitative traits reveals
higher values for shell weight (80.20%), growth rate
(79.30%), raw silk percentage (79.00%), pupal weight
(78.50%), cocoon-shell ratio (72.40%) and cocoon
weight (73.60%), while extremely low for reelability
(28.00%) and pupation rate (19.00%) [4]. The heritabi-
lity estimates for various quantitative traits reveals higher
values for fecundity and filament length, cocoon weight
and pupal weight [33], cocoon-shell weight, growth rate
[34], raw silk percentage [35] and cocoon—shell ratio
[36], while low or extremely low for pupation rate and
reelability percentage [35]. These characters with low

Copyright © 2011 SciRes.

Table 5. Heritability of some economic traits in Bombyx mori.

Characters Heritability
Cocoon weight 73.60
Pupal weight 78.50
Cocoon-shell ratio 72.40
Pupation rate 19.00
Shell weight 80.20
Growth rate 79.30
Raw silk % 79.00
Reelability 28.00

values of heritability are of little importance in selection
strategies because here most variations are non-trans-
missible. Characters with high heritability as well as high
genetic advance indicating possible operation of additive
gene action and hence respond better to simple pheno-
typic selection than those having low heritability and low
genetic advance [2]. Therefore, individual selection for
those having high heritability and high genetic advance
has to be resorted for obtaining results in desirable direc-
tion. However, precision can be improved if selection is
aimed on two groups of parents, one with high heritabil-
ity values and the other with low values for the character
under selection and offspring are reared only from these
selected groups [12].

On the contrary, moth emergence, effective rate of
rearing [2], larval and pupal duration [37] showing mo-
derate to high heritability, but low genetic advance re-
veals operation of predominant non-additive gene action
and hence responds better to hybridization and recurrent
selection. Mostly, selection does not act on a single cha-
racter but act on whole set of characters [38] and when
phenotypic correlation exists among characters, selection
on a character may result in selection differentials on
correlated characters [39]. Since expression of economic
characters depends upon a number of related attributes,
genetic progress will be accelerated only if selection is
performed simultaneously on more than one attribute,
contributing to the theme. Studies conducted on pheno-
typic and genotypic coefficient of variability, heritability
and genetic advance [29] revealed that cocoon shell
weight, cocoon filament length and maximum larval
weight showed high heritability and genetic advance, and
high phenotypic and genotypic coefficients of variability.
Seasons also have some influence on heritability of
various characters. The traits like silk filament, size of
the filament, silk content and cocoon—shell ratio has
high heritability in favorable seasons compared to unfa-
vorable ones. Thus, heritability is an important tool in
predicting the magnitude and speed of population im-
provement. With the help of heritability estimates, a
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breeder can know how much more closely related or-
ganisms with similar genotypes resemble each other than
less closely related organisms. It is also useful in pre-
dicting the outcome of artificial selection among the
clones, inbred lines, and varieties besides production of
superior genotypes [1,40].

Therefore, relations between different pairs of charac-
ters and the degree of its manifestation should be taken
into consideration while performing selection keeping in
view the magnitude of the objectives.
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