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Improvement of a Screening System for Environmental Mutagens by
Means of a Specific Locus Mutation of the Silkworm, Bombyx mori

Hyung—Joo Yoon*, Sam—Eun Kim, Jong—Gill Kim and Ji—Young Choi
Department of Agricultural Biology, The National Institute of Agricultural Science & Technology, RDA, Suwon 441-100, Korea

ABSTRACT : The efficiency to detect mutagenicity of the system using a specific locus mutation of
Bombyx mori was examined and improved. In the system, mutagenicity could be detected by the egg
colour manifested by the pe and/or re genes, which is a kind of recessive visible mutation of the insect.
Among tested four mutagens, MMC had specially high sensitivity in the oocytes of silkworm and EMS
had in the spermatozoa. PCB and dioxin showed a positive effect in both the oocytes and spermatozoa.
In a consequence of sensitivity of mutagen by mating number of male moth of B. mori, treated mutagen,
there was no difference between one mating - and three mating - male moth in sensitivity of mutagen.
Sun3ho, B. mori variety, which showed high sensitivity to mutagens was improved in the major charactenstics
by crossing of C5 and NI12.
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Fig. 1. Schematic explanation to detect a mutagen by the specific loci method using the egg-colour mutants in Bombyx mori.
*; gene mutation, @; black egg, O; white egg, @; red egg, € ; white mosaic egg, ©; red mosaic egg.
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Fig. 2. Egg-colour mutation in Bombyx mori. Mutagens arc
detected by the visible egg-colours manifested by the genes, pe
and/or re. black egg: wild type, white egg: pe mutant, red egg:
re mutant
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Table 1. Effect of different mutagens in a few major characteristics of silkworm, Bombyx mori

Rate of moth to lay eggs

1]\(/[1:1:15 of Eclosion rate (%) normally (%) No. of eggs layed Fertility (%)
agen Female Male Female Male Female Male Female Male
MMC 89 74 69 85 604 512 97 90
EMC 25 86 69 85 571 543 97 96
PCB 40 82 62 88 582 526 96 94
PBS 53 76 50 85 687 257 98 96
Comn oil 76 73 69 80 618 544 97 92

1) Abbreviation :

MMC; Mitomycin C, EMS; Ethylmethansulfonate, PCB; Polychlorinated biphenyl, PBS; phosphate buffered saline.

2) Tested silkworm variety was N12 and 200 female pupae allotted to the experimental regimes of different mutagens.
3) Mutagens were treated in the eighth day after pupation in female pupa and the just before eclosion in male pupa.

4) The volume of treated mutagen per one pupa :

EMS; 25 uf 0.1% solution, MMC; 25 ¢f 0.4% solution, PCB; 25 .

5) Moth to lay eggs normally is defined to the female moth layed more than 200 eggs, and which eggs hatched over 50%.
6) Rate of moth to lay eggs normally, No. of eggs layed and fertility of male moth represented the value of female of pe-re-ch.
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Table 2. The re- and pe-mutation frequency of oocytes of silkworm, B. mori in different mutagens

re mutation frequency pe mutation frequency Total Average of
Kinds of No. of Relative Relative relative
Parti i mutation
Mutagen eggs tested Who} ¢ am? 1 Sum  mutagenic Who.l © Partl.a 1 Sum  mutagenic mutagenic
mutation mutation . mutation mutation frequency
activity activity activity
MMC 64,628 261 1,341 1,602 54.4 289 2,281 2,570 129.5 4,172 92.0
EMC 18,843 0 2 2 1.1 48 28 76 4.8 78 3.0
PCB 19,788 -2 91 91 5.0 16 18 197 10.9 286 8.0

1) For abbreviation, tested silkworm variety and the stage and volume of treated mutagen, see legend to Table 1.

2) Mutation frequency represents the value subtracted natural mutation frequency from mutation frequency of treated mutagens.

3) Relative mutagenic activity represents the value divided mutation frequency of silkworm treated mutagen into mutation frequency
of silkworm treated phosphate buffered saline.

Table 3. The re- and pe-mutation frequency of spermatozoa of silkworm, B. mori in different mutagens

re mutation frequency pe mutation frequency Total Average of
ota
Kinds of No. of eggs Relative Relative relative
Parti 1 ; mutation .
Mutagen tested Who.l ° artl.al Sum  mutagenic Who. © Partlél Sum  mutagenic mutagenic
mutation mutation L mutation mutation frequency .
activity activity activity
MMC 61,440 0 -2 -2 -1.0 -5 31 26 2.3 41 0.7
EMC 71,133 4 198 202 102.0 8 1,347 1,355 68.8 1,557 85.4
PCB 66,276 12 12 24 4.0 6 6 12 1.5 30 2.8
dioxin 7,208 0 23 23 6.3 1 10 1t 1.6 34 4.2

1) For abbreviation, tested silkworm variety and the stage of treated mutagen, see legend to Table 1.

2) The volume of treated mutagen per one pupa : EMS; 25 x0 0.1% solution, MMC; 25 ¢ 0.4% solution, PCB; 25 uf,
dioxin; 1 ug 25 wd.

3) Mutation frequency represents the value subtracted natural mutation frequency from mutation frequency of treated mutagens.

4) Relative mutagenic activity represents the value divided mutation frequency of silkworm treated mutagen into mutation frequency
of silkworm treated phosphate buffered saline.
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Table 4. The re- and pe-mutation frequency of spermatozoa in mating number of male moth of B. mori

re mutation frequency pe mutation frequency Average of
Kinds of No. of No. of Relati Relati Total relative
y eggs Whole  Partial € atlve? Whole Partial clative  mutation
Mutagen  mating : . Sum mutagenic . .~ Sum mutagenic mutagenic
tested  mutation mutation . mutation mutation frequency
activity activity activity
EMS one 45,216 2 58 60 15.0 4 62 66 5.5 126 10.3
three 26,190 4 4?2 46 6.6 4 50 54 7.7 100 7.2
PBS one 47,736 2 2 4 - 8 4 12 - 16 -
(Control)  three 14,818 0 7 7 - 0 7 - 14 -

1) Abbreviation are the same in Table 1.

2) Tested silkworm variety was CS, and 100 male pupae in one time-mating and 50 male puape in three times-mating were allotted

3) Mutagens were treated in the just before eclosion:

4) The volume of treated mutagen per one pupa : EMS; 25 ¢ 0.1% sotution, PCB; 25 pf.

5) Mutation frequency represents the value subtracted natural mutation frequency from mutation frequency of treated mutagens.

6) Relative mutagenic activity represents the value divided mutation frequency of silkworm treated mutagen into mutation frequency
of silkworm treated phosphate buffered saline.
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Table S. Selection of the proper silkworm varieties for mutagen screening test by datum point of a few characteristics.

289

Varieties of Eclosion rate (%) Rate of moth to lay No. of Fertility (%) No. of
silkworm Mutagens eggs normally (%) eggs layed passed Selected
Female Male Female Male Female  Male Female Male item

Sun3ho EMS 98 98 59 92 425 495 89 95 3 -

PBS 97 99 59 89 401 401 90 96 - -

Sun3hox EMS 100 100 91 95 386 511 96 98 7 +

Hansammyeon PBS 100 100 85 94 365 510 96 97 - -

EMS 100 99 81 96 618 523 98 96 8 +

Sun3hoxNI2  ppg 98 99 79 94 609 516 98 97 ; -

Sun3hoxC5 EMS 94 100 922 95 549 503 98 98 8 +

PBS 91 98 90 94 537 431 98 95 - -

EMS 25 86 69 85 571 543 97 96 5 -

NI2 (Controh) 53 76 50 85 687 527 98 96 - -

1) Tested silkworm variety was N12, and 100 female pupae allotted to the experimental regimes of different silkworm varieties.

2) Mutagen, EMS was treated in the eighth day after pupation.

3) Moth to lay eggs normally is defined to the female moth layed more than 200 eggs, and which eggs hatched over 50%.

4) Rate of moth to lay eggs normally, No. of eggs layed and fertility of male moth represented the value of female of pe-re-ch.

5) Datum point to pass in each item : 94% for the rate of ecloson; 80% for the rate of moth to lay eggs normally; 500 eggs for
No. of eggs layed; 95% for fertility.

Table 6. The re- and pe-mutation frequency by mutagen, EMS, in oocyte of different silkworm varieties.

re mutation frequency pe mutation frequency Average of
Varieties of No. of Relati Relati Total relative
. eggs Whole  Partial © at1V§ Whole  Partial © atm? mutation -
silkworm . . Sum  mutagenic ; . Sum  mutagenic mutagenic
tested  mutation mutation =, mutation mutation . frequency e
activity activity activity
Sun3ho 23,800 8 50 58 12.6 4 372 376 26.1 434 19.4
Sundhox 45 16 3 40 43 43.0 17 308 325 18.1 368 30.6
Hansammyeon
S“I‘flgox 51,204 2 33 35 18.5 /23 243 266 276 301 23.1
s“'gshox 43371 2 51 53 53.0 0 288 288 42.1 341 47.6
N12 18,843 0 2 2 1.1 48 28 76 48 78 3.0

1) Mutagen, EMS (25 ¢l 0.1% solution per one pupa) was treated in the eighth day after pupation of female pupa.
2) Mutation frequency represents the value subtracted natural mutation frequency from mutation frequency of treated mutagens.

3) Relative mutagenic activity represents the value divided mutation frequency of silkworm treated mutagen into mutation frequency

of silkworm treated phosphate buffered saline.
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Table 7. The re- and pe-mutation frequency by mutagen, EMS, in spermatzoa of different silkkworm varieties.

re mutation frequency pe mutation frequency Average of
Varieties of No. of Relati Relati Total relative
eti ! .
: eges Whole Partial ¢ atlve' Whole  Partial e atlve? mutation ] .
silkworm . . um  mutagenic . . um - mutagenic g mutagenic
tested  mutation mutation . mutation mutation . requency i
activity activity activity
Sun3ho 41,580 0 322 322 108.3 602 1,897 2,499 278.7 2,821 193.5
Sun3h
un3hoX ) ¢80 2 294 296 296.0 0 1656 1,656 3222 1,952 309.1
Hansammyeon
Sun3hox
NI12 42,971 7 345 352 89.0 6 1,246 1,252 105.3 1,604 97.2
h
S“rgs 50300 -5 172 167 9.4 3 982 985 1417 1,152 75.6
Ni2 71,133 4 198 202 102.0 8 1,347 1,355 68.8 1,557 85.4

1) Mutagen, EMS (25 ¢f 0.1% solution per one pupa) was treated in the eighth day after pupation of male pupa.
2) Mutation frequency represents the value subtracted natural mutation frequency from mutation frequency of treated mutagens.
3) Relative mutagenic activity represents the value divided mutation frequency of silkworm treated mutagen into mutation frequency

of silkworm treated phosphate buffered saline.
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Fig. 4. Mutation frequency by EMS in 5 varieties of B. mori. Mutation frequency was obtained from the sum of pe- and re-mutant.
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