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Abstract

For a long-term preservation of silkworm stocks by frozen gonad storage, fundamental
topics such as freezing rate and transplanting stage of the gonad, proper cryoprotectant, and
super-cooling temperature and freezing point of the freezing medium were examined and
following results were obtained. Proper method to anesthetize the ovary-recipient silkworm
was to dip the animal to cold water for 10 minutes, and the ovary taken from the 4th instar
larvae was more suitable for freezing-preservation than that from the 5th. Concerning the
cryoprotectant, glycerol and DMSO were effective to prevent cryoinjury of the ovary, but
sorbitol was not. The supercooling temperature and freezing point of the medium to freeze
the ovary and testes were checked, and consulting with the results desirable cooling rate
was confirmed. On the desirable conditions of transplanting methods, freezing rate and cryop-
rotectant concentration etc., the next generation was obtained when the females implanted
frozen-thawed ovaries mated with normal males, but none of the normal females mated with
the males implanted frozen-thawed testes laid fertilized eggs. Now it is needed to improve
the connecting ratio of the ducts associated with the transplanted testis to those of the hosts.
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Fig. \. Diagramatic outline for the long-term preservation of Bombyx mor stocks by frozen gonad storage.
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Table 1. Three kinds of program used in freezing silkworm's gonads by micro-computer programmable freezing

controlfer.
Temperature Cooling rate (C /min) Temperature
range (C) I II I reading position
room temp. —> -+ 4 2 2 2 freezing chamber
~ 4 > 4 3 2 1 sample
-4 —» —40 25 25 25 freezing chamber
-40 — —15 15 15 15 freezing chamber
-15 — 35 1.0 0.5 0.5 freezing chamber
—-35 = —90 10 10 10 freezing chamber
The sample tubes were plunged into liquid nitrogen after cooling to —90C.
Table 2. Recovering time and viability after anesthetization in a sitkworm.
Anesthetics ethyl ether . cold water low temperature CO, gas
and (min) (min) (hr) (min)
treating time 1 2 5 10 10 30 60 150 1 3 6 12 2 4 10 20
Recovering time (min) 1 4 13 53 5 12 31 72 3 8 14 30 06 11 12 14
No. pupated 7 5 3 1 7 2 1 0 6 6 2 4 9 6 8 9
No. emerged 7 5 2 1 7 1 0 0 5 6 2 3 8 5 8 8
For each treatment 10 larvae of Jam 107 on the first day of fifth instar were used.
e A sl 2elMES 3, 6, 9, 1204 olAsklel abM MRS Avisidded] old
38 Grace F5uokolol LAKE 10504 = EEE sk glstel wtg Adrjshy SR
a2 BIAlA HERN K-S sERLRR 2| kst Zo g qls) cheke] delo] f-E&F A WE el
ok wks ADEECL BN LREE 20705 Lomiel A ghe.E s 2w shof g akele] of e flalc)
TRAEI(12069) WS LBl E8EHE Grace wtF ool el e, W RO~2C), shabhs SO
woFel)st &7l 1.8 m/ Nunc cryotubeell 2o Micro- ?)H’%ﬁﬁi?é‘ = ”P-ﬂ slod  paabel el Mol
computer programmable freezing controller(1010A S F5ze] Ao wly vl HEEICHAL 2).

type, CryoMed Co)® 2p%2% A5 Freezing

chamber(990 C type) Mol 4} 3 12f 2Lz 2] wje}

(*¥ﬁ }OJL+
w30

Sl 36C o fidpoll A AmEHE Eok

N R R B PR YR VR
okl Grace Faulegetel 1020704 A3kl A ALk
Py LA A7 steleh sk, AR W)
AR el AL A7 sl rollel] 14

FBHBLIL AEel s
ol TR AETE
Afstelel.

7lebe SN
Fuobekel nfirfE e =

ol-L}u]—o

/R A EE

L A BisiETolo| of
L] BRI slo] BAVERUI i1
MhS e deb: e BEael

Qe BolatAl 7] flsto] HRLEME S

S

ge} ms

B
T4l

540 190 5] 2 107 Ale] i 109]¢] 4 54 oho]
(ks Ak 245k whaslzs 1% #el7) 50~80
%ol shols-& 1ol 41K 4 7pak whoko.u] Arkigi

1045189} oﬂ["/}* el 1877F 70%9) {LEE
Wl ulwH o i okFaic) al—J.i 70% e)4ke] {hule
o ol Al s viH F ANl &8 '1—:: A1 7he
ol el 147 Ae]-7F 195, whabzhrs 2~20% =l
145 o)sbi wie|d PL*I/J 1 2~ 36 ol 7]
ehall o ik R 1057 xi gl s B oR FE &
A7 EEAE (LHCRER AR "0*17[}05;_
Kol '$\ fiarly, Fek Ehsdol Hakh viFukele
A 109 Helel Ao g Ewbg|e] o] & Wik
f%ﬁfl*r?{f"r of uhyo i g3faict

2. HERALMIC HAS(RIEAARI0| FBHETE
GREEEo| Dlxle %g

Ll e 3 R RO I T SRl
{ERTEREO] hek Aol g1 R+ ot S - Kl



4 Fa e S ST

Table 3. Development of ovaries preserved in liguid nitrogen for 3 or 12 months after freezing in Grace's insect
medium containing sorbitol, DMSO or glycerol as a cryoprotectant,

Freezed No. of No. of No. of No. and ratio No. of eggs
Cryoprotectant period larvae moths ovaries of ovaries developed

(month) tested emerged implanted developed (%) from an ovary
sorbitol 3 47 9 18 o 0%) —
DMSO 3 32 8 16 9(56%) 92
glycerol 3 52 5 10 5(50%) 82
glycerol 12 111 14 28 18(64%) 105

The concentration of each cryoprotectant in Grace’s insect medium is 12%. Ovaries were cooled at a rate of
1T /min from room temperature to —7C and after seeding with cold forceps at —7C re-cooling was followed
at a rate of 0.3C/min to —36C. At —36C ovaries were plunged into liquid nitrogen and preserved for 3 or

12 months.
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Table 4. Supercooled temperature and freezing point
of Grace's insect medium containing 9-156% glycerol
as a cryoprotectant at a constant rate of freezing.

Table 5. Supercooled temperature and freezing point
of the testes-containing medium frozen by the program
shown at Table 7.

Concentration
of glycerol (%)

Concentration of glycerol (%) 9 12 15 9 12 15

Supercooled temperature (€) —100 —115 —135
Freezing point (C) —-30 —40 -50

Freezing program II I II I I

Supercooling
temperature (C)
Freezing point (C)

Grace's insect mediums containing 9, 12, or 15% glyce-
rol were cooled at a rate of 1T /min from room tempe-
rature to —20C.

—55 —65 —70 —85 —70
—35 —45 —45 —40 —45

Table 6. Relation between cooling condition and development of transplanted ovaries after freezing.

Concentration of glycerol(%) 9 12 12 12 15
Freezing program I I II 111 11
No. of larvae tested 12 12 28 10 11
No. of moths emerged 4 4 10 1 4
No. of ovaries developed(%) 6(75) 8(100) 15(75) 2(100) 6(75)
No. of eggs developed from an ovary 204 149 156 201 165
No. of ovaries connected to host(%) 2(25) 3(38) 6(30) 2(100) 2(25)
No. of eggs oviposited per moth 17 105 95 281 108
Fertility(%) 94 87 74 69 56

A pair of ovaries were implanted to each larvae tested.
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Table 7. /nfluence of transplanting stage and freezing process on viability of the transplanted ovaries.

Surgery No. of No. of No. of No. of eggs No. of eggs
stage Freezing larvae moths ovaries developed oviposited
(instar) tested emerged(%) developed(%) from an ovary per moth
4th frozen 11 7(64) 9(64) 104 83
unfrozen 16 13(63) 18(90) 251 208
5th frozen 16 10(63) 9(45) 83 30
unfrozen 12 8(58) 10(71) 197 89

The ovaries prepared from Jam 108 were transplanted into castrated Jam 107X Jam 108. Cooling rate is same
with II on Table 1 and 12% glycerol solution was used as a cryoprotectant,

Table 8. Relation between cooling condition and development of transplanted testes after cooling.

Concentration of glycerol(%) 9 12 12 12 15
Freezing program centrol 11 I I 111 II
No. of larvae tested 11 19 18 19 20 20
No. of moths emerged(%) 5 8 8 9 8 11
No. of female* oviposited 5 8 8 8 6 11
No. of female oviposited fertilized eggs 0 0 0 0 0 0
No. of eggs oviposited per moth 362 326 380 391 307 317
Ratio of testes developed(%) 50 31 19 17 19 50
Ratio of testes connected to host(%) 0 0 0 0 0 0

A pair of testes were implanted to each larvae tested.
*Normal females mated with the males implanted frozen-thawed testes.
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