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Studies on Heterosis, Selective Index, Genetic Advance and Selective
Efficiency for some Characters in Silkworm Breeding
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Summary

The experiment was conducted to obtain estimates of heterosis, selective index, genetic
advance and selective efficiency in cross among silkworm varieties. Seven parents, 21 F, hybrids,
and 21 F, populaltions from diallel crosses among them were evaluated. The results obtained
are summarized as follows:

In male and female of F; generation, the negative heterosis was shown in two characters of
fifth instar period and boiling off ratio, and the positive heterosis with the value of 20.90~
37.60% in the other characters. In those of F,, the nagative heterosis was shown in two
characters of cocoon layer ratio and boiling off ratio, and the positive heterosis in the other
characters. The selection weight of cocoon weight for bave weight was the highest of those of
all the characters, and that of the combination of the fifth instar period and cocoon weight for
it was the highest of those of all the combination. The genetic advance of cocoon weight
toward bave weight was the highest of all the characters. The highest genetic advance and
selective efficiency were shown in the combination of all the characters.

# =

Fol&FL A% SHEY AAFE 84 3= &
A Fo A4 AEL Y 2 E F2
A4S AT 5 Sled 5F KR 4% 42
e JHE F 9& Acd. zda od ¥4 &

A% A o8 A4 E FAH gRel QAW A
g o 26 dast A, old FE AA Fo
Az FALRE gobokdt = A1E # ojd ¥
A od Wioz ddor ¥ AUAAE HA e
=gol 4 F & F FA A% Ky ERS B
BEEE #3% a7t .

sroll ol Heterosisel gt a7+ 4HL(1906)9] %A
2 %P (981, pHk(1966), Mk B(1967), /hith 5
(1964, 1965a, b), #FH (1956), K 3(1968), &% (1967),
EWA960) 5o 22yl gled, FH FASDS &
AZF, A%F9 FFEAS £(1960), =(1969)°] Fia)
QoA AFAGE A gz, AA4FLE F48d
= st e, FHQTNE AFAREE £ A5
AE RBelr, Bk 283 AZA7EL EF
(1961, 1965), *®bJil « He#r(1962), HX - FHEE(1965),
#rE(1965), EH 5(1969)8 B=st itk RE 5
(1966)2- ) Z¥ ol we} ASe 222 Heterosis
AEN A>E, ALE, B2E A=¢22 47 g
FEdH Y oJRALE Fo A Fa XX<XYQ Hetero-



gametic Heterosis #4-& Vel Aq &, &, dd=
59 AFAA XX>XYV2 Homogametic Heterosis B
& Bovte Rzt Fdxm gt

AR o F3 dFE= Hazel(1943) ] A o]A 4
&2 AA 49 AFEAo BWE, By f5
BE, BEMECY 23} ANALE BFEISYR, F
o] & PR(1958, 1959)71 Fy, F; AldjelA $74, &
AR FE FARAZ )AL §Fd4 ADAFE
Do ey golma o Fol adz gt #
AR AAE L B(1969a,b)o] THS =FaA
A7 A+ 2% uk ok = E1964)-L L BHRHE
A FAH) vlad 3 KBIE B A4S
+ 7HA FA oo of Bt 4F E@wtch A H o]0
BHIEE K ERLE 994 A2 44848 7
F4 A AdASE A E Ao FHz A4
A A 9= Selection Scorest & Hffolrt WHYE
H Ade ol gtz gt

o]de FAANAN o $FEFE Al AF ARE

QA 4 ¥4 299 24, 4 ISR #4
FTEAL A% AdAFE s = A2R

#% olgstel % YA 2ol Hekd 444 A
| gHAE AR 25 AGEEE TA ALY v}
97 ASE dgolel mmehe vl

(23

2L S NP

FTAE Fo 5L AA Bl & 93F & 107,
2108, A&l g RRF A 113, B 114, BEFQY
&k % 14, HFck 59 TEFI
< 1985 Fol sz A% ojdadiy ¥ 99,
294 Fez A F3o 2y g FAAE 9=,
19864 Fo WA ol & Fy, FoAlvle & 2% ¢
JtEez FA Agsgct. z2Ae FAYEL wE
(8 - 2 1989)e] Z3tgich. BHdEm 9 MREgERS
Johnson%-(1955), Robinson $(1951)¢ ¥y <& o4&
S, FAAddd B 5% 2.06% HLd
o

AR s A2

biputbaprae+bap1,=Gy
biputbapar - tbapra=Gyy
bipu+Bspaze -+ ban=Gny

o) A3 AL Eo] A% A
I=b0, X+ 0. X+ b Xp2 2 B Wy o] o},

o} p= 7+ FAS 3EY 24 2 FTRANR, $9

olF FF

9

9 G 441 TRt pud 37 X EdY ¥
4, prt ¥4 X X908 E99 FEL, put ¥
A X9 239 244 Yz, Gyt 34 Xy
(Gl Aot AFPA) 44 FRLND, Gy
£ 92 X9 yoe 1 R4 279 FA 0l
Auel % b A% Az Fx ASDE ALE
9 §A X #7el W 74%5A (weight)o] o

ARA£5 AHEstd 34 A-L
Genetic advance=—§~ V0i1G1y+80:Gay++04Gay
2oz A4stgen o

%"-Standard unitx A AL R,

b-+-Selection index?] 7} ¥ A 2] weight,
Gy, Goy 33 1, 94 29 £33 4 FE
Abe] Fg A o),

BR R ER

1. BEZHA

Zr Ao A 2 4 Fy, FAYY 339 2
E ¥4 AFFAE E 144 2E v ok

FiAd A A5 JFA = 8 asizgo] &
MR 2ged dAF, A%, fibroinF, AAF
L g YAuog o 2L AFE Rae, 533H
o g aMAET dgkvh ol F A4 AW FT
A 24 Heterosis =& 423 vl 534S A%4
Zge He HFPolzn, A7 AZHl gl 6.13,
3.14%, ©A%, A%%, fibroing, AL 20.90~
37.60%9 & 9] Heterosis® 2gezHd B2 %
g %9 FiEEc 2 gelAth. = Ee Hue
53 A AFdAEe] A(—)Y Frels, =29 B
B 25 E(H)Y HEoleh.

F Aol 9459 FFALAFE 2= &
R g5y 9AF, A%%, fbroin%, AT
L gE 4% o 58 AFE 2k = Heterosis
AEE Pt i % AFgoigeh

ZERAE Folo 294 714 & o] &=z YUt
a2} =z Hetero®) zde F ailas AFo
Homo A= ¥ #A =z whet 2A ez,

£ Ay A}ol A Heterosis AL FiAdclA 5
BRGL AZdREol A% 25 Y HFoln AF
¥ AL e K wgeld AR, AFFH,
fibroing:, AALAL &8 FEO Heterosis® 2g ot 2
PAEY AN ME Heterosis®) 271 A7 28



Table 1. Mean values and degrees of heterosis for seven quantitative characters in the F y and F,

generation of the silkworms

Population ) Total - _

Parent F1 hybrid (parents Fi-P  Heterosis
Characters and cross) &)=
Fifth instar period 181.09 171.58 176.33 -9.51 -5.25

(time)
Cocoon Female 1.97 2.14 1.95 0.37 20.90
weight (gr) Male 1.38 1.69 1.53 0.31 22.46
Cocoon layer Female 32.67 40.74 36.70 8.07 24.70
weight {cg) Male 30.64 37.6¢ 34.12 6.96 22.72
Cocoon layer Fenmale 17.94 19.04 18.49 1.10 6.13
ratio(%) Male 21.40 22.13 21.76 0.73 3.41
Amounts of Female 24.60 30.59 27.59 5.99 24.35
fibroin (cg) Male 23.68 29.57 26.62 5.89 24.87
Boiling off Female 26.99 25.84 26.41 -1.15 -4.26
ratio (%) Male 26.82 25.04 26.41 ~-1.78 -6.64
Bave weight (cg) 23.93 33.01 28.50 9.02 37.60
Population Total o

Parent F2 hybrid {(parents F2-P  Heterosis
Characters and cross) %)~
Fifth instar period 171.85 172.79 172.32 0.94 0.55

{time)

Cocoon Female 1.98 2.21 2.10 0.23 11.62
welight (gr) Male 1.58 1.76 1.67 0.18 i1.39
Cocoon layer Female 37.80 40.54 39.17 2.74 7.25
weight (cg) Male 35.02 37.83 36.43 2.81 8.02
Cococn layer [emale 18.49 18.25 18.37 -0.24 -1.30
ratic (% Male 21.62 21.38 21.50 -0.24 -1.11
Amounts of female 30.02 31.96 30.9¢2 1.94 6.46
fibrein(cg) Male 27.23 29.59 28.41 2.36 8.67
Boiling off Female 24.96 24.16 24.56 -0.80 -3.21
ratio (%) Male 24.47 24.45 24.46 -0.02 -0.08
Bave_weight (cg) 28.44 33.64 31.04 5.20 18.28

*Heterosis values were calculated as (Fn-P)/Px100.
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Table 2. Phenotypic, genotypic and environmental covariances of seven characters
in the F; generation of the silkworms

Characters L CR AY BR BW
Cov. 30160.800 D005 70,613 11.401 84,257
*Firth instar Cov.! VA0 A0.552 0 72,274 11.683  86.286
periods (FP) Cov.l 0.1 ~0.051 0,067 -0.004  0.070
Cov.ih 0,552 D.0h0 1,745 0.111 0 2.087
Cocoon weivht  Lov.d 0,500 LahE00ETG 1778 00113 2.142
~ (€W Cov.: ~(.007 el =0.0200 0,012 0.001 -0.003

Cov.ith 100 1LOB0Y

] [0 3.960 72.202
Cocoon layer  Cov.i 1048

. 3
2301920 63,655 4,130 74.056
145 0

cweight (CL) Cov.i -0, 060 3. G28) 0.040 -0.076 -0.064

Cov.lho ROLIID 0,582 27,406 16.260  0.966 18.357
Cocoon Tayer  Covou oo 0,411 eRTT 16,754 1.002 18.790
riatio (CR) Coy. ¥ 0.202 -0.010 -0.007 (12.626) -0.012  0.017

Cov.P'h o 750820 1.0100 01.144 0 20,908 2.405 53.362
fmounts of Cov.& TN 10024 02,507 21.579 1 2.534 54,0634
{ibroin Cov.t 0.0432  0.004  0.091 -~0.067 (47.822)(-0.068 0.05%

Cov.Pno 12,066 0,045  5.883  1.581  2.421 | (1.971) 2.708
boiling of Cov.U 12,167 0 0.048  2.061 0 1.061 2,479 2.7066
ralio{(BRr} Cov. I 0.195 -0.001  0.019  0.061 0.008 (2.034) 0.012

Cov.Ph 84207 1,631 00.968 22.500 53.378 .832 {(69.243)

“Rave weight  Cov.G 86,286 1,670 71.764 23.211 5A.ATG 851

By Cov .k 0.076 _0.601 ~0.064 -0.056__ 0.033 022 (09.343)‘
L FIfth instar periods and bave weight included femaie and male.
Cov.Ph, phenolypic covariances Cov.l, @enotypic covariances Cov.E, environmental
covariance.
Covariances for characlers of {emale and male are shown above and below side of
stratified diagons! line, vespectively. Numbers in parentheses are phenotypic
varlance.

O

Table 3. Phenotypic, genotypic and environmental covariances of seven characters
in the F, generation of the silkworms

Characters P cw Ui HR BY
Cov.Ph|(128.949) 0.908 47.045 1.688 45.012
“Fifth instar Cov.G 0.984  51.000 0.553 46.281
poriods (FP) Cov.E (128.948)1-0.065 -L.0R8 0.809 -0.348

Cov.Ph 0.731
Cocoon weight Cov.G 0.662

1.647 0,368 =45 1.328
I 15
60 Cov. 0.070 (0.03%] 0.040 -0.015 -0.

0 0
G40 0.383 0040 0.04F 1.355
0 -0.001  1.355
645 b3 3.158  54.649
3,873 3.268 55.975
1 0.008  0.049

Cov.Ph  48.327 1.077
Cocoon layer  Cov.G 40.010  1.091
weight CL) - Cov.E 0.509  0.013 (57.530)

3.216 0 1.107 16.032
13,520 1.144 16.407
0.017  0.023 -0.018

Cov.Ph  10.702 0.301 21.089
Cocoon laver  Cov.G 20.455  0.323 22.503
ratio (CR) Cov.E -0.156 -0.014  0.28Y

Cov.Ph  35.795 0.708 40.332 15.387 2.260 36.324
Amounts of Cov.G 37.405  0.731 41.348 10.740 T 2.302 0 37.238
fibroin (AF}  Cov.E -0.647 -0.004 -0.015 0.019 (32,294 -0.001 -0.0i0

35,071

w

Cov.Ph 0.901  0.126 L0217 0.608 0,703 boassn oo
Boiling off Cov.G 0.904  0.119  3.129  0.634 L8B2 2.351
ratio (BR} Cov.E -0.215 -0.035 -0.035 0.007 -0.1I7 (2.436) -0.028

[=]

Cov.Ph  45.012  0.953 50.636 19.079 37.34! 2.217!(51.172\
*Bave weight Cov.G 46,281 0.977 51,859 18.519 38.840 2.285\——1
B Cov.k -0.348 -0.003  0.036 0.042 -0.017 -0.039 (51.372)
%, Fifth instar periods and bave weight included female and male.
Cov.Ph, phenotypic covariance: Cov.G, genolypic covariance; Cov.t, envirenmental
covariance.
Covariances for characters of femalc and male arc shown above and beldw side of

stratified diagonal {ine, respectively. Numbers in parcntheses are phenotypic
variance.




Table 4. Selective index for the combination of the characters of bave weight
in the F; generation of the silkworms

Fenale Male

L = 0.257% I = 0.257X,

I =23.032X> I =30.364%2

ls = 0.875s Is = 0.882Xs

Le = 2.155%a La = 1.838%a

Is = 1.128%s Is = 1.139s

ls = 1.403Xs Ie = 0.910%e

I+ = 0.177X2+20. 545X I = 0.188%:+27.501 %=

Lo =-0.012X2+ 0.890Xs Is =-0.019X,+ 0.906Xs

lo = 0.028X:+ 1.086Xs To =-0.001%:+ 1.139Xs

lro% 4.284%2+ 0.758Xa lio= 6.670Xa+ 0.737Xa

lh1= 5.820%+ 0.918Xs L2z 9.297Xo+ 0.884%s

Lin= 0.807Xs+ 0.091Xs T12= 0.670%s+ 0.281Xs

Lha= 0.024%:+ 5.452Xz+ 0.697Xs lis= 0.058X1+11.555%=+ 0.557Xs

T1a= 2.076X:+ 8.933%2+ 0.605Xs Tra= 0.085X:+14.866Xa+ 0.596Xs
Ths=-0.011X1+ 0.834Xs+ 0.074Xs L15=-0.017X+ 0.701Xs+ 0.271Xs

Tia= 4.270X2+ 0.753%X3+ 0.007Xs Tie= 7.062X=+ 0.464Xa+ 0.352Xs
s a7z 0.024X1+ 5.424X>+ 0.682Xa+ 0.021Xs 117? 0.071X,+13.189Xx+ 0.162Xa+ 0.456Xs
Lia= 0.054X1+ 7.635%z+ 0.674Xa+ 0.065Xe Jas= 0.126%2+27.171%a- 0.317Xa+ 0.896Xa

-0.081Xs- 0.624Xe +0.249Xs- 0.826Xe

X1, Fifth instar period: X=, Cocoon weight: Xa, Cocoon layer weight;

Xa, Cocoon layer ratio; Xs, Amounts of fibroin; Xe, Boiling off ratio.

Table 5. Selective index for the combination of the characters of bave weight
in the F, generation of the silkworms

Female Male

[a = 0.359%. I, = 0.359X.

le =23.772%2 1> =28.735%=

Is = 0.827Xs Iz = 0.901Xs

1a = 2.504%4 la = 2.028Xs

Is = 1.093Xs Is = 1.023Xs

Is = 1.516Xa le = 0.938%Xe

I2 = €.344X.1+20.336X= I+ = 0.223X1+23.936X=

la = C.076X:+ 0.774X5 Is = 0.047X1+ 0.833Xa

lo = 0.082X1+ 1.007Xs le = 0.036X2+ 1.163Xs
l103-0.465X:2+ 0.839Xx 10= 0.452X>+ 0.893X3

111=10. 948X+ 0.799Xs l11= 6.790X2+ 1.054Xs

[12= 0.661Xs+ 0.264Xs 12= 0.467Xa+ 0.619Xs

lha= 0.078X:+ 0.630X=+ 0.758Xs [1a= 0.032X1+ 0.859X2+ 0.858Xs
11a= 0.088X1+11.062X=+ 0.705Xs l1a= 0.040Xy+ 6.907X=+ 1.007Xs
Iis= 0.064X.+ 0.649Xa4+ 0.213Xs lis= 0.018X2+ 0.458Xa+ 0.611Xs
116=13.411X- 0.160X4+ 0.934Xs lha= 2.674%X2+ 0.392Xa+ 0.655Xs

T1= 0.067Xy+ 2.359X+ 0.564Xs+ 0.252Xs 117= 0.023Xa+ 2.915X=+ 0.377Xs+ 0.642Xs

Iia= 0.060X;+14.011Xa- 0.209Xs+ 1.734Xe  l1a= 0.021X2+ 0.286X2+ 0.402Xs- 0.056Xa
+0.254%5- 0.137Xe +0.693Xs5+ 0.231Xe

Xs, Fifth instar period: X, Cocoon weight; Xs, Cocoon layer weight;

Xa, Cocoon layer ratio; Xs, Amounts of fibroin: Xs, Boiling off ratio.
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Table 6. Expected genetic advances and their selective efficiencies for bave weight
in the F; generation of the silkworms

Characters and

Genetic advance

Relative efficiency (X)

combination Female Male Female Male Female Male
(1)Fifth instar period 9.70 9.70 67.08 58.39 59.98 59.69
(2)Cocoon weight 14.46 16.61 100.00 100.00  89.42 102.21
(3)Cocoon layer weight 16.58 16.64 114.66 100.18 102.53 102.40
(4)Cocoon layer ratio 1310 12.10 90.59 72.84 81.01 74.46
(5) Amounts of fibroin 16.17 16.25 111.82 97.83 100.00 100.00
(8)Boiling off ratio 4.05 3.26 28.00 19.62 25.04 14.52
M+ 15.86 16.23 109.68 97.71 98.08 99.87
DM+Q) 16.59 16.39 114.73 98.67 102.59 100.86
)+ 16.18 16.21 111.39 g97.59  100.06 99.75
@2)+(3) 16.64 16.48 115.07 99.21 102.90 101.41
2)+(5) 16.30 16.43 112.72 98.91 100.80 101.10
3)+(5) 16.57 16.58 114.59 99.81 102.47 102.02
D+ 2)+(3) 16.65 16.51 115.14 99.39 102.96 101.60
(1)+(2) +(5) 16.43 16.56 113.62 99.69 101.60 101.90
1) +(3)+(5) 16.58 16.42 114.66 98.85 102.53 101.04
2)+(3)+(5) 16.64 16.51 115.07 99.39 102.90 101.60
D+2)+3)+(®) 16.65 16.55 115.14  99.63 102.96 101.84
1) +(2)+3) +(4) +(5) +(6) 16.73 17.02 115.68 102.46  103.46 _ 104.73




Table 7. Expected genetic advances and their selective efficiencies for bave weight
in the F, generatlon of the silkworms

Characters and

Genetic advance

Relative efficiency (%)

_combipation Female Male Female Male Female Male

(1)Fifth instar period 8.30 8.40 71.77 76.99  63.85  59.66
(2) Cocoon weight 11.69  10.91 100.00 100.00  83.96  77.49
(3) Cocoon layer weight 14.02 14.08 119.93 128.06 106.70 100.00
(4) Cocoon layer ratio 13.22 12.96 113.09 118.79 100.61 92.05
(5) Amounts of fibroin 13.14 14.08 112.40 129.06 100.00 100.00
(6)Roiling off ratio 3.80 3.02 33.28 27.68 29.60 21.45
W) +Q) 13.58 11.96 116.17 100.62 103.35  84.94
W+ 14.09 13.87 120.53 127.13 107.23  98.51
1) +(5) 13.24 14.09 113.26 128.15 100.76 100.07
@ +@3) 14.01 14.07 119.85 128.96 106.62  99.93
@)+ 13.74 14.20 117.54 130.16 104.57 100.85
(3)+(5) 14.08 14.31 120.44 131.16 107.15 101.63
D) +2)+(3) 14.09 14.08 120.53 129.06 107.23 100.00
1) +(2)+(5) 13.85 14.22 118.48 130.34 105.40 100.99
M+@3+6) 14.13  14.30 120.87 131.07 107.53 101.56
@ +(3)+(5) 13.65 14.32 116.77 131.26 103.88 101.70
M+@)+)+ 6} 14.14 14.32 120.96 131.26 107.61 101.70
D+@Q+D+@+G)+®)  14.23  14.46  121.13 132.54 108.30 102.70
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