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ABSTRACT Haynmsanalys:sofvanmcewasmedtomalyzesewml :

“characters. of importance of a 8 x 8 diallel cross .of silkworms. "Significant

. differences were observed: for additive, dominance and epistatic effects.

Significant differences between reciprocal crosses indicated presence of
- matemal effects. FunhermalysuunngWr/VrrelaamhqpmdwatedM
-dmnmmcewasparualforaﬂchamctas :

Mceuhadthehzghestmmshellwaghtmdcocmshell
percauagewhdzmesﬁmd%shomedhxymtmemmllmforcowm
.wayu- _
N A Hetetmsumobsewedforall3chmcters. Smcedommmcem
" pmtlal,hybudwmwaspmbablyduetoeplstaaceﬁects

The mmlts indicated that those pamnts hawng high general combmmg‘

abtltly also gave tlxe Dbest hybrids in combination. Although dominance was

- for increasing alleles, since it was partial and also highly significant additive -
.. effects were observed, superior recombmant mbred lines could be extmcted -
o fmm cmsses usmg pamnts with the hxghest combining abilities.

-

. lN'I'RODUCl‘ION

The ﬁtst attempt to estabhsh the Senculmrc Industry in Sri- Lanka

-was. made .in the late seventeenth - century in the. Jaffna area, with a

* further attempt in the-1900°s in the Kandy area: In the period of

19431956 a serious attempt - was made by the Department of Cottage
Industries to establish a special unit to deal with Sericulture within the
. Department of Mmor Export Crops, envnsagmg the subsequent

1. Silkworm Breeding Centre, Nilambe
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establishment of a statutory authority with responsibility for Sericulture
Development.

The Government of Sri Lanka has noted repeatedly the great
potential for the industry in view of favourable agroclimatic factors and
the plentiful availability of rural labour at low cost, with a relatively high
level of education and literacy. The tropical climate permits sericulture
to be practiced throughout the year with continuous growth of Mulberry
enabling multiple cropping and year —round production of cocoon.

The national silkworm breeding stock comprises of forty six pure
lines, including multivoltine, bivoltine and univoltine races introduced
from India, China and Italy. The stocks have been maintained by the
silkworm breeding centre at Nillambe under Silk and Allied Products
Development Authority (SAPDA).

It was observed that the large number of available races provided
a considerable genetic base for the Development of improved commercial

. hybrids. At present Sri Lanka Silk Industry uses one commercial hybrid

which is a cross between race 7 (Chinese Origin) and race 12 (Japanese
Origin). This hybrid has been used for around 15 years. However, it
is not suitable to meet technological and economical requirements of
sericulture industry, because the characteristics of this hybrid (cocoon
weight, shell percentage, reelability) were found to be inferior compared
to standard requirements. At present the silk industry requires high
productive commercial hybrids or pure lines to be used in the self
employed cottage industry in Sri Lanka. Studies were therefore
undertaken to produce and evaluate silkworm hybrids, and pure lines and
study the genetic basis of some economically important characteristics.
The diallel genetic design was uscd for this purpose. In this study, only
the performance of F1 hybrids were studied.

MATERIALS AND METHODS

Eight silkworm races consisting of 4 Japanese and 4 Chinese were
used in the diallel method of crossing. These races were selected based
on data maintained for many years at the silkworm breeding centre,
Nillambe. The characters studied for selection were cocoon weight,
cocoon shell weight and cocoon shell percentage. The races selected
and. their characteristics are given below:
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" (1) 18,000 - (18) bivoltine Japanese . race, larvae prommently
marked, cocoons white and spindle shaped. (2) 40,000 — (40) univoltine
.Japanese race, larvae marked, cocoon white and spindle ‘shaped, (3)
$3,000 - (53) bivoltine Japanese race, larvae marked, cocoon white and
spindle shaped. (4) 10,000 - (10) bivoltine ‘Japanese race, larvae .
. marked, cocoon white and’ spindle shaped. (5) 14,000 - (14) bivoltine
Chinese race, larvae plain, cocoon white and oval shaped. (7) 52,000. -

“(52)- bivoltine Chinese race, larvae plam, cocoon white and oval shaped
~ (8) 30,000 - (30) bnvoltme Chmese race, larvae plam, €ocoons whnte and.

oval 'shaped.

_ These 8 races were mamtaxned at the snlkworm breedmg centre for
about 15 years. by submatmg

o These 8 races were crossed in all possible combinations mcludmg :
reciprocals (full: diallel) giving -56 F1 hybrids and reciprocal hybrids. -
. These hybnds as well.as the parents were reared during March — April -
1990 using standard methods of rearing at the sllkworm breedmg centre,

Nillambe

: Each hybnd ‘and parental famxly conslsted of ?50 individuals
rephcated 2 times in 2 blocks (racks). Each family was reared in a tray
~and its posltlon in -the rack changed daily.

The characters presented in this -study are cocoon shell'weight,
cocoon weight and cocoon shell ratio. - The data was analysed using .

Hayman’s analysis of variance (Hayman, 1954) to estimate additive

genetic effect (a), Non - additive genetic effect (b), Mean dominance
 effect (bl), Additional dominance effect (b2), Residual dommance effect
- (b3), Average (c), and specific (d), ‘maternal effect.. = The
Covariance/Variance (Wr/Vr) analysis (Jinks, 1954) was used to ldennfy
" the type of dommance operatmg

. K?SU.LTS
Shell welght - h
. The external sheﬂ from which the silk fi bre is reeled off, constltutes

the economically useful part, of the cocoon. The mean values for this
. .'character (average of 40 random cocoons) and reciprocal averages are
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- given in Table 1. The results of analysis of variance of shell weight are
presented in Table 4.

. Analysis of variance indicated significant additive effect (Table 4).

The parents showing highest shell weight were 14 (0.38 g) and 36 (036
g).- An overall significant directional dominance was observed for
increasing shell weight. Heterosis was observed in 40 x 53, 40 x 14, 53
x 14 and 14 x 36 hybrids. The race 14 showed the highest mean value
for shell weight and was a parent in 3 of the above heterotic hybrids.
Directional dominance was significant between hybrids indicating
significant difference in specific combining ability (SCA) effect.
Significant average maternal effect (c) as well as specific maternal effects
(d) were observed (Table 1). Highest differences in reciprocal crosses
were detected in 53 x 10, 14 x 10, 14 x 40, 30 x 52 and 36 x 40 hybrids.
The presence of significant additive genetic effect and the fact that
dominance was partial indicates the recombinant inbred lines superior
to the hybrids and parents could be extracted from these crosses for
cocoon shell weight. _

- Figure 1 shows the relationship between parent - offspring

Covariance (Wr) on Variance (Vr) of the same array. The graph
indicates partial dominance for shell weight. Race 36 carried
comparatively large number of dominant genes, for this character. While
race 30 has the largest no. of recessive genes.

Silk cocoon is the silk capsule formed by silkworm larvae in which
it spends the pupal stage. This could perhaps be a good measure of
the vigour of the insects and was calculated as the mean of 40 cocoons
selected at random from each population.

Mean values and Reciprocal averages for cocoon weight are given
in Table 2. Analysis of variance indicated significant additive effect
(Table 4). The parents showing highest cocoon weight are 36 (1.68 g)
and 40 (1.65 g). An Overall significant directional dominance was
observed for increasing cocoon weight. Heterosis was observed in hybrid
52 x 40, 14 x 40, 53 x 14,.36 x 52, 53 x 30 and 40 x 30. The family 40
--and 53 showed the higher mean values for cocoon weight and were
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Table 1. Mean values of cocoon shell weight.
» - :
¢ COCOON SHELL WEIGHT (g
9 18 40 53 10 M 3% s 30
18| 018 029 -027 02 029 030 02 025
(028) (027) (027) . (029) (029) (026) (0.26)
4 | o028 032 038 034 039 039 035 034 .
(038) (033) (040) (037) (033) (035)
s3|7028 ‘038 033 042 042 037 036 -034.
: (037 (041) (0.36) (0.34) (036)
10] 026 0.33 0.32 027 = 035 036 03 03 .
: 038) (03D (033) (035)
14{ 030 042 041 041 038 . 042 039 039
. : : ©41)  (033) * (038)
36 | 028 035 03 038 . 040 03 035 036
: ) (033) (037) .
s2] 026 - 03 03 032 038 03 031 . 033
} . ' "(035)
30{ 027 036 038 03 038 038 037 027

The figures within parenthesis are reciprocal averages.
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Table 22 MMcan values of coroon weight.

\3‘ : COCOON WEIGHT (g)
9\ 18 40 53 10 14 36 52 30
18] 119 157 147 162 150 159 146 151

(157) (154) (158) (152) (156) (146) (151)

40 | 158 165 188 172 L7 192 180 177
(188) (173 (183) (185 (178 (181)

s3| 16 189 156 205 182 18 17 180
(188) (LM (175 (1.73) (182)

10| 155 175 163 146 167 175 176 168
(1L74) QB (178 (Q7)

14| 1ss 190 177 181 15 180 1™ 1P
(182) (180) (1.76)

3% | 15 179 168 18 174 16 174 1B
1.74) (181)

521 146 L7 18 172 181 175 153 175
a.m
) 182 18 185 1% 1713 184 1™ 1S

The figures within parenthesis are reciprocal averages.
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“Table 4. - Analysis of variance.

o

. Items _‘ - df  Cocoon Cocoon Shell
: shell weight  weight percentage

a+ 7 * & $ * * %

b 28 ' % * % * %
b 1 .

b? 7 * . + *

b3 20 * % . s e s

c | 7 * 0 - & s %

d 21 . . » -

at - Additive genetic ;ﬁect.

b — Non-additive genetic effect.
b! - Mean dominance eff-ecl.'
b - Addiﬁonal dominance cffect.
b - késid\ial domin.anct.'..effecl.'

¢, d — Average and specific maternal effects respectively.
Each main effect was tested against its own block interaction.

*, ** - Significant at 5% and 1% levels respectively.
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Fig. 2, Relationship betwesn U and Vr for coooon weight.
Parental Spbols - 1-18, 240, 3-53, 410, S-14, 6-3, 752, B-2.
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parents of above heterotic hybrids.- Directional dominance was significant
-between hybrids. - Remaining non additive effect (b3) were also
‘ sigmﬁml. Significant average (c) and specnﬁc (d) material effects were -
- observed (Table 2). Highest differences’ of reciprocal means were
deteaedmhybnd510x5314x40and36xl4 .

_ "The .Wr/Vr regression line (Figure 2) mdlcatcs partlal dominance
for cocoon weight. Race 36 carried the greater- number of dominant
_ genes for this character and race 30 carried more- recessive genes.

AS' m cocoon shell weight highly signiﬁcant additive genetic effect |
and partial dominance indicates the potential to: produce “superior
recombinant inbred lines from these crosses for cocoon weight.

. . R L
o Rauo of 'shell welght to cocoon werght expressed as a percentage .
" Mean values and reciproeal :averages are given in Table 3. Analysis of
variance is given in Table.4. Addiuve genctic - effects were highly

significant. The parents showmg highest shell percentage were race 14
(24.14%) race 36 (21.38%) An overall significant directional dominance

"+ was ‘observed for increasing shell percentage, Hetérosis was observed in

10°'x°30." The parents 14 and 53 showed the highest mean values for
shell percentage.  Directional dominance was significant between hybrids.
Remaining non additive effeets (b3) were sigmﬁcant mdlcatmg possrble
 effects of epistasis. .

Slgmﬁcant average matemal effects as well as specific maternal

effects were observed (Table 3) Highest differences of reciprocal means .

were detected in 10 x 40 and 14 x 10. These results are similar to
those of the other 2 charactcrs

The graph (F'gure 3) mdlcales partial dominance for shell
_ percentage. - Race 52 carried eomparauvely large amount, of dommance.
genes for this charactcr Whlle race 53 has the Iargest amount of

. recessive allels. .
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“Table 3. Mean values of cocoon shell pemsntagc
(A
& “COCOON SHELL PERCENTAGE (%)
_ e ' =
Q) B 4 8 u 3 52 30
18| 1555 1859 1860 1840 - 1970 1910 1800 1680
(1814) (1809) - (1785) (1982) (1886) (1805) (17.36)
0| 727 "198 202 2013 .23 205 . 1977 1688
© O (023) (1941)° (2231) (045) (1924) (18.8)
53| 1759  2024° 2138 2069 2371 2058 2061 1954
S : (033) (2352) (21.14) (20.10) (20.00)
0] 1730 186 1998 1932 214 2095 1957 197 -
o R . (2M4) (053) (1940) (20.10)
M| 1994 228 - 2333 225 14 2B 215 218
] 2 ' @301) (L) (2194)
6| 18 2037 2170. 2089 244 252 2056 2103
A _ (2041) (21.905)
S20 1810 T 1871 1960 1924 2135 2027 2029 1904
- o ' : - (1989)
30 [ 1793 1969 2047 2047 2203 2107 2074 1753
. The figurés within parenthesis are reciprocal averages.
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DISCUSSION

For all the three characters, the mean of the hybrids is cozsistently
greater than the mean of parents. It is clear from Tables 1 to 3 that
most of the hybrids excel the best parent in respect of shell weight
andcocoon weight. Thke ranking of the races in respect of shell weight
agrees closely with their racking in respect of cocoon weight
(Krishnaswami et al, 1964). It is important to select high cocoon sheli
weight as it is effective to breed high silk yielding varieties when
considering shell weight and cocoon yield (Shon et al, 1987).

Significant additive genetic effects, dominance and reciprocal
differences were detected for all 3 characters. Race 14 and 36 were the
parents that had highest cocoon slell weigat. The best F1 hybrids were
53 x 14 and 14 x 36. These hybrids were made up of highest scoring
parents indicating that those parents with highest GCA gave the best F1
hybrids in combination for cocoon shell weight. Dominance effect was
detected to be partial indicating that heterosis was possibly due to
epistatic effects. The regressicn of Wr/Vr had a coefficient less than
unity indicating again the possibifity of epistatic effects. Significant
reciprocal differences indicated presence of specific maternal effects.

Significant additive, dominance and reciprocal differences were
obtained for cocoon weight ard shell percentage.

The inbred parent 36 as well as the hybrid 40 x 53 gave the highest
cocoon weight. Many other hybrids tco showed heterosis for coccon
weight. Since dominance was partial, heterosis was possibly due to
epistatic or some other non - additive effects.

The parent 14 showed the highest shell percentage (24.14%). The
hybrid 14 x 53 had similar values (23.52%). Dominance observed for
this character was partial. The regression coefficient of Wr Vs Vr was
close to unity indicating absence of epistasis.

These results indicated that the 2 Chinese races 36 and 14 and 2
Japanese races 40 and 53 performed best with regard to combining
ability. Therefore, these crosses can be used to extract superior
recombinant pure lines in the future, since significant additive effects
were identified and dominancc was partial.
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