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ABSTRACT: It is true that the proper environmental risk assessments for many GM (Genetically Modified) insects almost have not
been executed in Korea. Therefore, we tested the environmental risk assessment about GM silkworms if there is any difference between
GM silkworms and non-GM silkworms by the following three measurements. First, we measured their mobility in the breeding
environment conditions with food and without food. Secondly, we measured their viability at the artificial extreme environmental
conditions (low and high temperature and humidity, absent/present of foods,) after escaping from their breeding environments. Thirdly,
we observed the number of laying eggs and their hatchability between GM silkworms and non-GM silkworms with four different pair
experiments. The mobility of GM silkworms and non-GM silkworms statistically did not differ, and the egg productivity and
hatchability were not also different. The hatchability by couple of GM female silkworms and non-GM male silkworms was lower than
by non-GM male and female couple between the GM silkworms and non-GM silkworms, and there was statistically different.
Relatively, the viability of GM silkworms was lower than non-GM silkworms. We could not exactly test for viability of silkworms in
low temperature conditions because of their hibernating. Although there was any difference in viability and hatchability between GM
silkworms and non-GM silkworms, all ability of GM silkworms was lower than non-GM silkworms. Conclusively, the environmental
risk of GM silkworm was relatively lower than non-GM silkworm in this study.
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Non-GM 1 Non-GM 2 Non-GM 3

Fig. 1. Photos of GM silkworms (GM 1-3) and non-GM silkworms (Non-GM 1-3). GM 1-3 and Non-GM 1-3 was born from different parents.

(b) With food condition

Fig. 2. Movement ability measurement at food conditions. (a) Without food condition, we measured the movement distance within 5
minutes. (b) With food condition, we measured the time to reach at food point.
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Table 1. Characteristics of treatments. We made Korean artificial extreme environmental conditions by using temperature, humidity and
food. H: high temperature (more than 38 C), L: low temperature (less than 4-6 C), W: wet humidity (more than 90%), D: dry humidity (less
than 30%), O: with food, X: without food. (Legend: HWO, high temperature, high humidity, with food)

Treatments HWO HWX HDO HDX LWO LWX LDO LDX
Temperature High >38C High>38C High>38C High>38C Low<4-6C Low<4-6C Low<4-6C Low<4-6C
Humidity >90% > 90% <30% <30% >90% >90% <30% <30%
Food With Without With Without With Without With Without
- . 7lE a0, X3e] §50] X+192] §0] 2 i) 4
= 28 A7 WA o1 F AL ATHE ol 85) 574
.l ¥ ool u] G AT Yeoo] B Ffolel, efle] el
EE0] Apo), sxglo] W &0 AolE HAHEAH
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Fig. 3. Result of Movement ability at food conditions. Black bars =
Non-GM silkworm, grey bars = GM silkworm, error bars indicate
Standard Error of Means. We measured the movement distance
within 5 minutes in without food condition (a), and movement
time to reach at food point in with food condition (b). There were
no significant differences between the conditions and groups.
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Fig. 4. The graphs show survival rates at each treatment and larva stages. N: non-GM silkworm, M: GM silkworm. H: high temperature (more
than 38C), L: low temperature (less than 4-6 C), W: wet humidity (more than 90%), D: dry humidity (less than 30%), O: with food, X: without

food. (Legend: HWO, high temperature, high humidity, with food).
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Table 2. The analysis of variance on the survival rates between high temperature and low temperature with each environmental
condition. (N): non-GM silkworm, (M): GM silkworm. H: high temperature (more than 38°C), L: low temperature (less than 4-6C), W: wet
humidity (more than 90%), D: dry humidity (less than 30%), O: with food, X: without food. (Legend: HWO, high temperature, high humidity,
with food).

ANOVA (P-value) LWON) LWOM) LWX®N) LWXM) LDON) LDOM) LDXN) LDX(M)

HWO (N) * - - - * * * -
HWO (M) * * * - * * * *
HDO (N) * - - - * * * -
HDO (M) * * * - * * * .
HDX (M) ** ok sk * ok *% - *
*p<0.05
**p<0.01

Table 3. The results of survival rate at environmental treatments during each larva stage periods. Table data are mean (SE). N: non-GM
silkworm, M: GM silkworm. H: high temperature (more than 38 C), L: low temperature (less than 4-6 C), W: wet humidity (more than 90%),
D: dry humidity (less than 30%), O: with food, X: without food. (Legend: HWO, high temperature, high humidity, with food).

Larva stages HWO HWX HDO HDX LWO LWX LDO LDX
1%instar M 1.00(0.00) 0.25(0.14) 0.75(0.00) 0.42(0.08) 1.00(0.00) 0.92(0.08) 1.00(0.00) 0.92 (0.08)
(four days) N 0.75(0.14) 0.75(0.14) 0.83(0.17) 0.42(0.22) 1.00(0.00) 0.92(0.08) 1.00(0.00) 1.00 (0.00)
2™instar M 0.93(0.07) 0.07(0.07) 0.93(0.07) 0.07(0.07) 1.00(0.00) 1.00(0.00) 1.00(0.00) 1.00 (0.00)
(twodays) N 1.00(0.00) 0.40(0.31) 0.60(0.31) 0.67 (0.13) 1.00(0.00) 1.00(0.00) 1.00(0.00) 1.00 (0.00)
3%instar M - - - 0.00 (0.00) 0.87(0.07) 0.67(0.13) 0.87(0.07) 0.93 (0.07)
(four days) N - - 0.27(0.13)  0.00(0.00)  1.00(0.00)  0.93 (0.07)  1.00(0.00)  1.00 (0.00)
4" instar M - - - - 0.44 (0.11)  0.11(0.11)  0.78 (0.22)  0.11 (0.11)
(four days) N - - 0.67 (0.19)  0.11(0.11)  0.89(0.11)  0.56 (0.11) - 0.67 (0.19)
ANOVA M o ns ok ok ek ok ns sk
P-value N ok * ns * ns * ns ns
*p<0.05
**p<0.01
ns: not significant.
A 9] Ao Tashes A BYow, v 3-HAMAY o p-value = 0.8220, HWX: p-value = 0.1159, HDO: p-value =
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Fig. 5. Result of the average egg production in each matching
groups. Bar is mean, error bars indicate standard error of means.

Underline (_): Female silkworm, No underline ( ): male silkworm.
There were no significant differences between the groups.

P=0.0277).

)
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Hatching rate of eggs

Non-GM x Non-GMNon-GM x GM  GM x Non-GM GM xGM

Fig. 6. Result of the average egg hatching rate in each matching
groups. Bar is mean, error bars indicate standard error of means.
Underline (_): Female silkworm, No underline ( ): male silkworm.
There were significant differences between Non-GM female x
Non-GM male group and GM female x Non-GM male group
(p=0.0277).

Table 4. The analysis of variance on the survival rates within high and low temperature environmental conditions. (N): non-GM silkworm,
(M): GM silkworm. H: high temperature (more than 38°C), L: low temperature (less than 4-6 C), W: wet humidity (more than 90%), D: dry
humidity (less than 30%), O: with food, X: without food. (Legend: HWO, high temperature, high humidity, with food). Photo (a) is 3 instar
silkworm that grow in HWO treatment, photo (b) is 3rd instar silkkworm that grow in LWO treatment.

ANOVA
(P-value)

HWON) HWO(M) HWX(N) HWX(M) HDO(N) HDOM) HD X(N) HDX(M)

HWON) = * - * -
HWO(M) = - - -
HWX(N) = * -
HWX(M) = *
HDON) =
HDO(M)
HDX(N)
HDX(M)

*

- High Temp. (38°C)

= @

LWON) = - - * -
LWO(M) = - - -
LWX(N) = - -
LWX(M) = *
LDON) =
LDO(M)
LDX(N)
LDX(M)

“

Low Temp. (2-6°C)

*p < 0.05(b)
*p<0.01
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