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Cryopreservation of Insect Germplasm

Pecbepat: B 0630pe ocBelleHbl OCHOBHbIE MPOBIIEMbl KPUOKOHCEPBUPOBAHUS PENPOAYKTUBHBIX NMPOAYKTOB HACEKOMBbIX, a
Takke paspaboTaHHble Ha CEeroAHsILLHUIA AeHb NOAXOAbI K UX pelueHuto. OcoBeHHOCTM npoueayp KPUOKOHCEPBUPOBaHUS aMBPUOHOB
1 cnepmMaTo3onoB HacekoMblx 06CYyXaatTcs B CPaBHUTENIbHOM acrnekTe ¢ MeToAaMu KPUMOKOHCEPBUPOBAHUS PeNnpoayKTUBHbIX
npoaykToB Apyrux Buaos. lNpeactaBneHa kpaTkas XxapakTepuUcTUKa BMAOB, HA KOTOPbIX PacCMOTPEHbl NMPOTOKOMbI KPUOKOHCEP-
BMPOBaHus, 060CHOBbIBaOWAs HEOBXOAUMOCTE AONITOCPOYHOIO XpaHEeHUs UX reHeTUyeckoro matepuana. Buabl Hacekomblx, Ans
KOTOPbIX MpvBeAeHbl pa3paboTaHHble METOAMKMN HU3KOTEMMNEPATYPHOrO XpaHeHus, CrpynnMpoBaHbl B 0630pe No cucteMaTuyeckum
TakcoHaMm (oTpsigam). PaccmaTtpuBatloTcsi NepcnekTuBbl AanbHENLINX pa3paboTok AaHHOro HamnpasreHus.

KniouyeBble crioBa: KpMOKOHCEPBUPOBAHME, HACEKOMble, PENPOAYKTUBHbLIE MPOAYKTHI.

Pecbepar: BucBiTrieHO OCHOBHI NpoGnemu KpiokoHCepBYBaHHS PENPOAYKTUBHUX MPOAYKTIB KOMax, a Takox po3pobreHi nigxoau
0o ix BupiweHHs. OcobnmBocTi Npoueayp KpiokoHCepBYyBaHHS eMOpIOHIB i cnepmaTo30ifiB KoMax 06roBOpHTLCS B NMOPIBHANIBHOMY
acnekTi 3 MeTo4amun KPiOKOHCepBYBaHHSA penpoayKTUBHUX MPOAYKTIB iHWUX BMAIB. [peacTtaBneHa KopoTka XapakTepuctuka
BUAIB, HA SKUX PO3rNSHYTO MPOTOKOMM KPiOKOHCEPBYBAHHS, WO OGrpyHTOBYE HEOOXiAHICTL AOBrocTpokoBOro 36epiraHHs ix
reHeTUYHoro marepiany. Buam komax, ons sikux HaBefeHi po3pobneHi MeToaMKM HU3bKOTEMMEepaTYpHOro 36epiraHHs, 3rpyroBaHi B
ornagi No cucteMaTU4HMM TakcoHam (psigam). Po3rnsgaloTbCs nepcnekTuBy nopanblunx po3pobok AaHOoro HanpsiMky.

KnroyoBi cnoBa: KpiOKOHCEpPBYBaHHS, KOMaxu, penpoayKTUBHI NPOAYKTH.

Abstract: The review describes the basic problems of cryopreservation of insect germplasm as well as approaches to their
solution, which have been developed to date. The peculiarities of cryopreservation procedures for insect embryos and sperm are
discussed in comparison with cryopreservation methods for reproductive products of other species. A brief description of species,
for which the cryopreservation protocols are considered, substantiates the need for long-term storage of their genetic material. In the
review we categorized the insect species, for which the designed low-temperature storage techniques are presented, in systematic
taxa (orders). The prospects for the further development in this area are discussed.
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PazBuTHE MONEKyIAPHOI TeHETUKH 1 OMOJIOTHH TTPH-
BEJIO K CO3JJaHMIO THICSY HOBBIX JIMHUH SKCTIEPUMEH-
TaJbHBIX KMUBOTHBIX, BKJIIOUas HaCEKOMBIX. MOXHO
OXHJIATh, YTO ITOT MpOIiecC OyAET TOIBLKO YCKOPSTh-
CsI, ¥ BCE YMEHBIIIAIOIIEECs YHCIIO TNHUI MOXKHO OyIeT
MO/ IEPKUBATh B BUJIE Pa3MHOXKAIOLIMXCS TOMYIISLMHA.
MHorue noJjie3Hble JIMHUU KUBOTHBIX MOTYT OBITbH
yTEepsIHBI, €CIU He OyAyT CO3AaHbl OaHKH UX PENPOIYK-
TUBHBIX IIPOAYKTOB (germplasm): SMOPHOHOB U criep-
MaTO30H10B. B CBsI3u ¢ akTyaabHOCTBIO TPOOIEMEI B
psizie cTpaH OpraHnu30BaHbl U PyHKIHOHUPYIOT HU3KO-
TeMIepaTypHbie 0aHKN PEIPOAYKTUBHBIX MTPOIYKTOB
KUBOTHBIX. Hampumep, B mabopatopun J[excoHa
(r. bap Xap06op, mrar Man, CIIIA) 3akoHCEpBHPOBaHO
0x0710 5500 perpoyKTUBHBIX ITPOLYKTOB YHHKAIHHBIX
nuHui Mprmei [29]. Cems neT Haza Obljla OCHOBaHA
MexyHaponHas enepanns pecypcoB reHeTHIECKO-
ro Marepuaia Mblliel, KoTopas oobenunser 17 rexe-
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The progress of molecular genetics and biology was
manifested in the creation of thousands of new lines
of experimental animals, including insects. This process
will likely develop more and more, and only few lines
could be maintained as propagating populations. Many
valuable lines of animals may be lost, if there would be
no banks for germplasm, i. e. embryos and sperm.
Due to the urgency of the problem, low-temperature
banks of animal germplasm are already established
and operate in several countries. For example, the
Jackson’s Laboratory (Bar Harbor, Maine, USA)
stocks about 5,500 germplasm specimens of unique
mice strains [29]. Seven years ago, the Federation of
International Mouse Resources was founded and com-
prised 17 genetic centres in North America, Europe,
Japan and Australia. The main goal of this organization
is to ensure the preservation of the mice lines collection
using cryopreservation [6]. Omaha Zoo stocks in liquid
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THyeckux meHtpoB B CesepHoit Amepuke, EBpore,
Snonnm n ABctpanuu. OCHOBHAS IENTb NEATSITFHOCTH
9TOM OpraHu3aliy — 00eCIEYNTh COXpaHEHHE KOJUIEK-
UM JTUHUNA MBIIIEH B BUAE KPUOKOHCEPBUPOBAHHBIX
pecypcoB [6]. B 300omapke OMaxu B KHIKOM a30Te
xpanuTtcs cpbitire 20000 06pa3ioB criepMbl ¥ SMOPHO-
HOB 0T Oonee 40 BuoB xuBOTHBIX [37]. B Harmonans-
HOM MHCTHUTYTE CENIbCKOXO3SHCTBEHHBIX HCCIEI0BA-
Huii OpaHnun cymecTByeT 0aHK T€HETHYECKOTO
Marepuaia psio u MoinTrockoB [2]. Ilpu [lenapramente
cenbekoro xozsaicTea CILIA ¢ 2005 mo 2011 roast ocy-
LIECTBIUTUCH HAYYHO-HCCIEI0BATEIbCKIE MPOEKTHI
«Pa3paboTka TEXHOJOTHH XOJOJOBOTO XpaHEHHS
SMOpPHUOHOB HACEKOMBIX, Pa3BOJAMMBIX B MacCCOBBIX
KOJIMYECTBaxX U B JaOOPaTOPHBIX MOMYJSILUIX»
(«Development of cold storage technology for mass-
reared and laboratory-colonized insects») n «Onenka
CHCTEMBI MaCCOBOTO KPHOKOHCEPBUPOBAHUS YMOPHO-
HOB HacekoMbIx» (Evaluation of a mass-cryopreserva-
tion system for insect embryos) mo pa3paboTke MeTo-
JIOB JIONITOCPOYHOTO XPaHEHHUSI TeHETUYECKOTO MaTe-
pHaTa HaCEKOMBIX ISl X MacCOBOTO BOCIIPOH3BOJ-
CTBa B 1JaOOpaTOpHBIX ycnoBusx [46, 47]. B Pecmy-
omuke Kopes npu MadopmauronHom GaHKe reHETH-
YECKHUX PECYPCOB YCIEIIHO OCYIIECTBICHO KPHOKOH-
cepBHUpOBaHUE MaTepuaia 321 JTMHUY METKONpsaa 1
IUTaHUpYyeTCsl pa3paboTKa MPOTOKOJIOB XpAaHEHUS He
TOJIBKO KOMMEPUYECKH BOCTPEOOBAaHHBIX JTMHHUIM HIEJKO-
npsijia, HO U JMKHX IIEJKOTPSIIOB, a TAKXKE MpeIcTa-
BUTENICH peKuX BUAOB HacekoMbIx [44]. K coxare-
HUIO0, METOABI KPHOKOHCEPBUPOBaHUS PENPOAYKTHB-
HBIX IPOAYKTOB HACEKOMBIX HE YAOBJIETBOPSIOT MOT-
pebHOCTH B COXpaHEHNH Pa3HOOOpa3usl UX TeHETHYEC-
Koro marepuaina. B mupe cymectByer okoso 20000
MYTaHTHBIX JTUHUAN Apo30dui [26], 1 ux comeprkaHue
B BU/IC Pa3MHOKAIOLINXCS NOMYJISIIUN IPEACTaBIISET
c000¥ TpymoeMKHii 1 JoporocTosHii mporiecc. Kpo-
M€ TOTO, CyIIECTBYET BEPOSTHOCTh F€HETHYECKOTO
npefida, KOHTAMHHALUH U T.I1., YTO MOXKET IPUBECTH
K noTepe uHui. KprokoHcepBUpoOBaHUE TeHETHYEC-
Koro marepuana Drosophila u npyrux HacCEKOMBIX,
MIPEACTaBIAIONINX HHTEPEC IJII COBPEMEHHOU OHO-
JIOTUH, IO3BOJIMIIO OBl COXPaHUTh TEHETHYECKOE Pa3HO-
o0pazue HaceKoMbIX. [ IpH morcke reHeTHIeCKuX Moj-
X0I0B O0OpHOBI ¢ BpEeIUTEIIMHU OBLIO CO3TaHO MHO-
YKECTBO JIMHHH, ColepKaHne KOTOPHIX SKOHOMHYECKU
noporo. PazpaboTka cioco0a JoNrocpoyHOro XpaHe-
HUSI pETIPOAYKTUBHBIX MPOIYKTOB STHX JIMHUI B KPHO-
OaHKax Moria Obl PEeINTh 3Ty POOIEMY.

B Tabnune npuBeneH nepeueHb BUAOB HACCKOMBIX,
IUIsL KOTOPBIX OBblIa MccieqoBaHa BO3MOXKHOCTh HH3-
KOTEMIIEpaTypHOTo XpaHEeHHUs U pa3paboTaHbl TEXHO-
JIOTUYECKUE TTOAXOMABI ISl HEKOTOPBIX 3TAIlOB 3TOTO
mporiecca.
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nitrogen over 20,000 semen and embryos specimens
from more than 40 animal species [37]. French Na-
tional Institute for Agricultural Research has the bank
of fish and shellfish germplasm [2]. Since 2005 to 2011
the U.S. Department of Agriculture supported the
research projects ‘Development of Cold Storage Tech-
nology for Mass-Reared and Laboratory-Colonized
Insects’ and ‘Evaluation of a Mass-Cryopreservation
System For Insect Embryos’ aimed to develop the me-
thods for long-term storage of insect germplasm for
their mass reproduction in laboratory [46, 47]. The Ko-
rean Information Bank of Genetic Resources repor-
ted successful cryopreservation of germplasm from
321 lines of silkworm and the planned development of
storage protocols for not only commercially valuable
lines of silkworms, but also for wild silkworms, as well
as for representatives of the rare insect species [44].
Unfortunately, the existing methods of insect germ-
plasm cryopreservation do not satisfy the need to
preserve their genetic diversity. There are about 20,000
mutant strains of Drosophila [26], and their main-
tenance as a propagating population is time-consuming
and costly. Furthermore, there is a possibility of genetic
drift, contamination, etc., which may result in the loss
of lines. Cryopreservation of germplasm from Droso-
phila and other insects, being valuable for contempo-
rary biology, would allow to preserve the genetic diver-
sity of insects. Seeking the genetic approaches for pest
control led to appearance of number of lines, main-
tenance of which is expensive. Creation of a method
for long-term storage of germplasm of these lines in
low-temperature banks could solve this problem.

The Table represents the list of species for which
the possibility of low temperature storage was investi-
gated and some technological issues of the process
developed.

Cryopreservation of Diptera germplasm

Cell survival at cryogenic temperatures depends
on the ability to avoid the intracellular crystallization
and if the saturation of cells with cryoprotectants was
accomplished. To achieve these goals, the cells are to be
permeable to water and cryoprotectants. Drosophila
embryos are surrounded by vitelline membrane with a
high content of wax [20], which makes it impermeable
both for water and cryoprotectants. The process of
cryopreservation should primarily include the removal
of the barrier compounds. Cryopreservation of Dipte-
ra embryos could be implemented solely if they became
permeable (scheme of the preparation stage is shown
in Figure). Permeabilization of D. melanogaster emb-
ryos includes: 1) dechorionization with 50% solution
of domestic bleach Clorox or 2.6% solution of sodium
hypochlorite; 2) rinsing in water flow; 3) immersion

I'IpO6J'IeMbI KpVIOﬁVIOﬂOFI/II/I N KpnuomeaunuUunHbl

problems of cryobiology and cryomedicine
Tom/volume 23, Ne/issue3, 2013



KpuokoHcepBupoBaHHe reHeTHYECKOro Ma-
Tepuaaa [{ByKpbLIbIX

BrpkuBaHMe KIETOK IPU KPUOTEHHBIX TEMIIEpaTy-
pax 3aBUCHT OT BO3MOKHOCTH M30€KaTh BHYTPHKJIE-
TOYHON KPHCTAJUIM3AIMK M OT HACHIIIEHHUS KIETOK
KpUONPOTEKTOpaMu. JlJIsl JOCTHXKEHUS 3TUX Leiei
KJIETKU JOJLKHBI OBITH TPOHULIAEMBI JJ1S1 BOJBI 1 KPHO-
MPOTEKTOPOB. DMOPUOHBI APO30(PUI OKPYKEHBI BU-
TEJTTMHOBOW MEMOpaHOMN C BBICOKHUM COJepKaHUEM
BOCKOB [20], 9TO memaeT WX HEMPOHUIIAEMBIMHU KaK
IUIA BOJIBI, TaK M IJisd KpuonpoTekTopoB. Iponecc
KpPHUOKOHCEPBUPOBaHHUS JOJKEH, IPEXKIE BCETO, BKIIIO-
4aTh yAajJieHHe 3TUX 0aphepHBIX COCAMHEHHNA. OMO-
PHOHBI JBYKDPBUIBIX ylaeTcss KPHOKOHCEPBUPOBATh
TOJIBKO, €CIIM CHeNaTh UX MPOHULAEMBIMH (cxema
MOJrOTOBKH IIpHUBecHA Ha pucyHke). [lepmeabunuia-
s SMOpHoHOB D. melanopgaster BkirodaeT: 1) nexo-
puonn3anuio B 50%-M pacTBOpe X03IHCTBEHHOTO OT-
6enuBarens «Clorox» umu B 2,6%-M pacTBOpE T'HII0-
XJIOpUTA HATpus; 2) NPOMBIBAaHUE B MOTOKE BOJIBI;
3) morpy>keHue B M30IPOIIAHOJ TSI YIAJICHHSI OOJIBINECH
9aCTH BHEAMOPHOHATTHLHOU BOJIBL; 4) BREICYIITMBAHUE HA
BO3/1yX€ B TEUECHHUE 2 MUH Ul YOaJIEHUs] OCHOBHOTO
KOJTMYECTBa U30MPONaHoa; 5) 90-ceKyHIHYIO SKCITO-
3UIIO B n-Ternrane, conepskamieM 0,3%-i 1-6yTanor;
6) 15-cexyHIHYIO SKCIIO3UITHIO B YACTOM N-TENTAHE
[24, 27]. [Tocne mepMeaOunm3aliiv B CMECH Oy TaHOJ-
rentaH BeDkuBaeT Oosee 80% 12-yacoBbIX AMOpHO-
HOB D. melanogaster muanu Oregon R-P2 [26].

J1st KpHOKOHCEPBUPOBAHUS OTOMPATH IMOPHUOHEI
apo3oduisl He cTapimie 12 4, Tak Kak Mexnay 14 u
16 4 pa3BUTHS KyTHKYJIa CTAHOBUTCSI HEUyBCTBUTEIb-
HO# K 00paboTKe Oy TaHONI-TeNITaHOBON CMECHIO, TIPEI-
MIOJIOKUTEIHHO, U3-32 TOSBIICHUS B HEMl munuaoB [1,
30]. OnHako mo3aHee OBUIO YCTAHOBJICHO, YTO IPH
KPHUOKOHCEPBHPOBAHUH 15-4aCOBBIX IMOPHUOHOB BBI-
nymsnoch 30% JTUYUHOK 10 cpaBHEHHIO ¢ 12%-1 BBI-
JKUBaeMOCThIO 12-9acoBBIX SMOpHOHOB [28], a B pa-
oote P.L. Steponkus u S. Caldwell [54] npouieHT BBI-
JYTUIEHUS TIOCIIe KpHOKOHCEPBUPOBaHHUs 1 5-4acoBbIX
3MOpHOHOB cocTaBua 49—-55% mo cpaBHeHwuio ¢ 18%
y 12-gacoBbix. To4HBIN KOHTPOJIH BPEMEHH U TEMIIEpa-
TYPBI pa3BUTHUS SMOPHOHOB APO30(UIIEI Iepea 0TOO-
POM 117151 KpUOKOHCEPBHUPOBAHUSI TTO3BOJHI TOCTHYD
CpPEeIHUX 3HAYCHHWH BBEUTYIIIsIEMOCTH 68%, Ipr 3TOM
6oxpmas yacth (40%) BEUTYNUBIIMXCS THIUHOK pa3-
BHBajach B pepTUIBHBIX HMaro [26], T. e. oOmast 3¢-
(EeKTUBHOCTH KPHOKOHCEPBUPOBaHMS (IIPOLEHT (ep-
THIJILHBIX HMAaro OT KOJTMYECTBa BUTPUPHUIIPOBAHHBIX
3MOproHOB) coctaBuia 25%.

o ananoruu ¢ KPHOKOHCEPBUPOBAHUEM 3MOPHO-
HOB MbIeit u Hematon Caenorhabditis elegans
MO>KHO OBLITO TIPEION0KUTH, 9TO SMOPHOHBI pAaHHHUX
CTaaui pa3BUTHS, COCTOSAIINE U3 MaitoaudhepeHnn-
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Buabl HacekombIX, ANA KOTOpbIX pas3paboTaHbl
NMPOTOKOSbl HU3KOTEMNEPATYPHOro XpaHeHUsi
penpoayKTUBHbLIX NPOAYKTOB

Insect species for which the protocols of low
temperature storage are developed

OTtpAan Bun MaTepuan np()paasTZT_laHHbm
Order Species Specimen Explored stage
Drosophila
melanogaster
Musca
domestica
Lucilia
cuprina
Lucilia
sericata
Anastrepha
ludens
MonHbIv UMKN
Anastrepha KPWOKOHCEPBU-
suspensa PoBaHWA
Full cycle of
Diot B 3MGpPUOHBI cryopreservation
Iptera Cergtms Embryos
capitata
Cochliomyia
hominivorax
Cochliomyia
macellaria
Culicoides
sonorensis
Pectinophora
gossypiella
Oran
Anopheles nepmeabunusauum
gambiae Permeabilization
stage
CnepmaTo3onabl;
ANYHUKA 1
Bombix mori CeMEeHHWKMN
X Sperm, ovaries
Lepidoptera and testes
MonHbI UMKN
. KPWOKOHCEPBU-
Galleria OMOBpPUOHBI P OBang
llonella Embryos p
me Full cycle of
cryopreservation
Apis
mellifera Cnepmatosoungsl
Sperm
Athalia rosae
Hymenoptera
Kykonku u [vnotepmunyeckoe
M . hapaTHble
egachile XpaHeHue
nmaro .
rotundata Hypothermic
Pupae and
. storage
pharate imago

into isopropanol to remove bulk of the extra-embryonic
water; 4) air drying for 2 minutes to remove bulk of
isopropanol; 5) 90-second-long exposure in n-heptane
supplemented with 0.3% 1-butanol; 6) 15-second-long
exposure to pure n-heptane [24, 27]. After permea-
bilization in heptane-butanol more than 80% 12-hour-

207



POBaHHBIX KJIETOK, Oy/IyT JIydIlie IEpEHOCUTh TPOIIe-
Iypy KpHOKOHCEpBHpoBaHus. Tak, SMOPHOHBI MBITIIEH
00BIYHO 3aMOpaXMBAIOT Ha craanu 8 Kierok [50], a
SMOPHOHEI HeMaTo — Ha cTanuu 558 kierok [50, 57].
B T0 e BpeMst SMOpHOHBI IPO30(GUIT pAHHHUX CTaIUH
pa3BuTHS OoJiee YSI3BUMBI IPH KPUOKOHCEPBHPOBAHHH,
4yeM 12- u 13-yacoBbie 3MOPHUOHBL, HECMOTPS Ha TO, YTO
3MOpHOH apo30¢uiiel Ha 13-M yace pa3BUTHS COCTOUT
npumepHo u3 50000 kireTok [ 1], KoTophIe yKe BEICOKO
nuddepeHnupoBaHbl U 00pa3yrOT TKaHU M OPTaHBbl,
BKJII0YAs! MBIIIIBI M HEPBBI (BBUTYIUICHUE TMYMHOK JPO-
3o¢mt ipu 24°C npoucxoaut Ha 2 1-M dace pa3BUTHS).

CranmapTHBIM [TOJXOA0M IIPU KPHOKOHCEPBHUPOBA-
HUU SBIISETCS MEJICHHOE OXJaKICHHE KIETOK, IpU
KOTOPOM BHYTPHUKJIETOUHAs BOJA MOKUAAET KIIETKH,
Y PUCK BHYTPUKJIETOUYHON KPUCTAIN3alU CTAHOBUT-
cs1 MUHUMAIBHBIM [25]. Myers S.P. u coasr. [35] pac-
CUMTAJIH, 4TO JJI1 SMOPHUOHOB IPO30(HUIIBI CKOPOCTH
OXJIQXICHHSI JOJKHA COCTABIIATh MeHee | rpaj/MuH.
OnHako 11 SMOPHOHOB IP030(QUIIBI TaKask CKOPOCTh
OXJIQX/ICHUS HEMTpUEeMJIeMa, TOCKOIbKY OHH XapaKTe-
pU3YIOTCS Ype3BbIYaliHO BBICOKOM XOJI0JI0YyBCTBH-
TesnbHOCTRIO. [IpakTHuecku Bee 12-yacoBrie sMOpHO-
Hel D. melanogaster nuxoro tuna auauu Oregon R-
P2 rubHYT npu cKOpOCTH OXJIAXKIACHUS | Tpa/MUH 10
—25°C 6e3 obpa3oBaHus KpuctamioB jipaa [30, 34,
36], 3- u 6-uacoBble SMOpHOHBI THOHYT yike mpu 0°C.
Mazur P. u coasr. [30] yka3anu Ha HECKOIBKO BO3MOXK-
HBIX PUYHH YPe3BbIUafHON YyBCTBUTEIBHOCTH IM-
OpMOHOB HACEKOMBIX K OXJIAXKIEHUIO 0e3 KprCcTalIo-
00pa3oBaHus. Bo-TiepBbIX, HAKOTIJICHUE «OIIMOOUHBIX)
MIPOLYKTOB (PePMEHTATUBHBIX PEAKIHI B pe3ysbTaTe
TOTO, YTO B3aMMO3aBUCHMBIE PEAKIUU MPH HUIKHUX
TEeMIEpaTypax TepPSIOT CHHXPOHHOCTH U3-32 Pa3iny-
HBIX 3HEPTUi aKTUBALMM JJIA pa3HbIX peaknuid. Bo-
BTOPBIX, O€IKH1 YMOPHOHOB IP030(MITBI (M IPYTUX BU-
JIOB) YpE3BBIYAITHO YYBCTBUTENIBHBI K XOJIOIOBOM JIe-
Haryparmy [ 7]. B TpeTbux, KIETKH THOHYT B pe3ynbTa-
T€ TEPMOITACTUYECKOIO CTPECCA B OXJIAXKACHHBIX MEM-
Opanax [31]. ETMHCTBEHHBIM BBIXOZIOM B TaKOH CUTY-
aIfui MOYXKET OBITh TIOTIBITKA «00OTHATH)» XOJIOJOBBIE
MTOBPEKACHUS [IPH OYE€Hb OBICTPOM OXJIAXIECHHUU CO
ckopocTbio 20000 rpan/mun [30]. Hanbonee >3ddex-
THUBHBIM MTOJIXO/IOM JUTSL TOCTHKEHUS TAKUX CKOPOCTEH
0Ka3aJIOCh TIOTpy>keHHe 00pasiia B TOTOK KHUIKOTO a30-
Ta [55], Tak KaK MpH IPOCTOM MOTPYKEHHUH B YKUIKAN
a30T KUIIEHHE BOKPYT 00pa3ua NPUBOIUT K MEIJICHHON
teruonepenade. K coxaneHuto, nmpu 0OBIYHBIX KOH-
LEHTPAIIX KpHOnpoTekTopoB (1-1,5 M) HeBO3MOXKHO
n30eXaTh JeTaIbHON BHYTPUKIETOYHON KpHICTAl-
nu3anuy. CrenoBaresbHO, IPUXOAUTCS UCTIONIB30BaTh
OUEHb BBICOKHME KOHLEHTPAIMU KPHOIPOTEKTOPOB
(= 50 Bec. %), kKoTOpBIe 00ECTIEUNBAIOT CTEKIOBAHNE
BO BpeMsI OXJIKACHHUS U PEAYIPEKIAI0T PEKPUCTAI-
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AeXopuoHn3auwnAa

B X03ANCTBEHHOM oTOenueatene «Clorox» Wnv B rUNOXNOPUTE HATPWA

dechorionization

in domestic bleach Clorox or sodium hypochloride

npomMbiBaHWUe
B NOTOKE BOALI
rinsing

in water flow

aernaparauva

B WionponadHone

dehydratation

in isopropanol

BbICYLLMBaHWe Ha BO3AyXe
ONA YaaneHWA waonponadHona
air-drying

to remove isopropanal

X 4 4 4

3

=

Crno3vunA B cmecu rentaH/6yTaHon
xposure in heptane-buthanol mix

3KCNO3UUMA B rentaHe
exposure in heptane

A 4.

nHKybauua B pacteope 2 M atuneHrnvkona
npyM KOMHaTHOW Temnepartype
exposure in 2 M ethylene glycol solution
at room temperature

)’

uHKy6auua B pacteope 8,5 M atunenrnukona
npu temnepatype 5°C
exposure in 2 M ethylene glycol solution
at temperature of 5°C

J’

oxnaxpaeHuve
cooling

Cxema OCHOBHbIX 3TanoB NOAroTOBKN 3MOPMOHOB Haceko-
MbIX K KPUOKOHCEpBMpOBaHUio (Ha npumepe D. melano-
gaster).

Scheme of main stages of insect embryos preparation to
cryopreservation (D. melanogaster as an example).

old D. melanogaster embryos of Oregon R-P2 line
survived [26].

Drosophila embryos, intended for cryopreserva-
tion, were no older than 12 hours, since the cuticle of
14 to 16 hour-old embryos became insensitive to treat-
ment with a mixture of heptane-butanol, presumably
because of appeared lipids [1, 30]. However, it was
later found 30% post-thaw larvae hatching in case of
15 hour-old embryos unlike 12% survival in the case
of 12-hour-old embryos [28], moreover Steponkus and
Caldwell reported the 49—55% post-thaw hatching after
cryopreservation of 15-hour-old embryos unlike to 18%
for 12 hour-old embryos [54]. Precise control of time
and temperature of Drosophila embryos development
prior to cryopreservation prior allowed to reach average
post-thaw hatchability of 68%, herewith the majority
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JU3aIHIo Ipyu oTorpese. Hanboee mupoxo utst Kpro-
KOHCEpBHUPOBaHUSA dMOproHOB D. melanogaster wc-
MIOJTB3Y€TCsl KPUOTIPOTEKTOP ITHIIeHIHKOIE (D7) [26,
55]. TUIUYHBIA TPOTOKOJ BKIIFOYAET UHKYOAIIHIO AMO-
proHOB B pactBope 2 M OI' B Teuenue 30 MuH npu KOM-
HaTHOH TeMIepaType 1 MOCIeTYIONTyI0 HHKYOaIiio B
pactBope 31" 8,5 M B Teuenue 5 muH npu 5°C. B pact-
Bop 8,5 M OI" wacto nobaemnsirot 10% (Bec/o0beM) 1mo-
nusuHUIIApponuaona (I1BII) nwmm 6-12% Obrabero
CBIBOPOTOYHOTO ansO0ymMuHa. OHM HE CIIOCOOHBI MPO-
HUKHYTH B IEXOPHOHU3UPOBAaHHBIE SMOPHOHBI, TEM 0O-
nee 3a 5 MuH nipu 5°C. Mazur P. u coasr. [28] npenrio-
JIAraroT, YTO 3aIluTHAs (YHKIHUS 3THX BEIIECTB MO-
JKET 3aKJI0YaThCsl B CHMIKEHHH JKECTKOCTH BHEIMO-
pUOHAIBHOMU CTEKIOBUIHON Macchl. Kpome Toro, onn
MOBBIIIAIOT OCMOJISIPHOCTB BHELITHEH CPeJIbl U CII0Cc00-
CTBYIOT OOJBIIIEH AeTHIpaTaliii SMOPHOHOB IO CPaB-
Henuto ¢ yucThiM [1BII. TTockonbKy KpuOKOHCEpBUPO-
BaHUIO ITOJIBEPTatOTCSl SMOPUOHBI € X0opoto i dhepeH-
LUPOBaHHBIMH TKaHSMH U OpraHaM#, OHH MOTYT UMETb
KOMIIApTMEHTBHI, IJI0X0 poHUIIaeMble Juist J1. ABTOpBI
CBSI3BIBAIOT THOENh IMOPHOHOB MPH KPHUOKOHCEPBHU-
POBaHUM C peKpHCTaIN3anyel npu oTorpese [28].
st mpenoTBpaleHusl peKpUCcTauIn3alul U 10CTHU-
YKEHHS TPUEMJIIEMBIX 3HAYE€HUH BBDKUBAEMOCTH HEOO-
XOIIMMa CKOpOCTh oTorpeBa mopsiaka 100000 rpay/muH.
KpnokoHcepBrpoBaHue penpoyKTHBHBIX POIAYK-
ToB D. melanogaster BHI3BIBAET OCOOBIH MHTEPEC Y
TeHETHKOB U CIIEIIHAJIFICTOB B 00JaCTH 3BOTIOIIMOHHON
OHOIOTHH, TOATOMY JI0 UCIIOTIB30BaHMS KPHOKOHCEP-
BHUPOBAaHHOT'O Marepuasa B SKCIIEpUMEHTaX HeoOXoau-
MO YOEAWUTHCS, YTO OHO HE SBISETCS MYTareHHBIM
(hakropom. HecMoTpst Ha pyTHHHOE WCIIOIB30BaHUE
KPUOTEXHOJOTUN Il XpaHEHHS Pa3HOOOpa3HBIX
O0MO0OBEKTOB, CYIIECTBYET OYCHb MAaJl0 MCCIIEA0Ba-
HUM, MOCBSILEHHBIX KOJINYECTBEHHOH OLIEHKE YaCTOTBI
MyTalui nocie kpuokoHcepsuposanus. Houle D. u
coaBT. [12] BrepBbIE KOTMYECTBEHHO OIICHWIIN MyTa-
TeHHOE JIeHICTBHE KPHOKOHCEPBUPOBAHUS Ha 3apO/Ibl-
1ax MHOTOKJIETOYHOrO opraHu3Ma. TecTHpoBaHUE
MIPOBOAMIIN Ha dMOpuoHax nuHuM D. melanogaster,
HeCyIIe! perieCCUBHBIE JIETAIH, CIIETIIICHHBIE C X-XPO-
MOCOMOH. YpOBEHb MyTallUil y KOHTPOJIBHBIX MYX U
MYX, Pa3BUBILUXCS U3 KPUOKOHCEPBUPOBAHHBIX IMO-
prOHOB, mocToBEepHO (95%) HE oTIHUIAICS.
OMOpuroHsl goMamHeld Mmyxu Musca domestica
U1l KPHOKOHCEPBUPOBAaHHS OTOMPAIOT HA TEX XKe CTa-
IMSIX, YTO ¥ IMOPHOHBI Ipo30odui. OZHAKO AT KaxK-
JI0TO BUA TpeOyeTcst moadop ONTHMAaIbHBIX YCIOBHN
repMeaduIn3ay BUTEIUIMHOBOM 000omouku. Oka3a-
JIOCh, YTO ITPOTOKOINBI KPHOKOHCEPBUPOBAHHS SMOPHO-
HOB D. melanogaster He IPUTOAHBI AJIsl SMOPHUOHOB
npyrux myx. Wang W.B. u coaBr. [67] pa3zpaboTanu
MIPOTOKOJI XpaHEHUsI SMOPHOHOB OMAITHEH MyXH
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(40%) of hatched larvae developed into fertile imago
[26], i. e., the overall efficiency of cryopreservation
(the percentage of fertile imago vs. vitrified embryos)
was 25%.

Similarly to the cryopreservation of embryos of
mice and Caenorhabditis elegans nematode it can
be assumed that the early embryos, consisting of undif-
ferentiated cells could better tolerate the cryopres-
ervation. For example, the mouse embryos are usually
frozen at 8 cell stage [50], and nematode embryos are
at 558 cell stage [50, 57]. At the same time the early
Drosophila embryo are more vulnerable during cryo-
preservation unlike 12 and 13 hour-old embryos, despite
the fact that 13 hour-old Drosophila embryo has appro-
ximately 50,000 cells [ 1], which are highly differentiated
and form tissues and organs, including muscles and
nerves (Drosophila larvae hatching at 24°C occurs
at the 21 hour of development).

Slow cooling of cells, when intracellular water
leaves the cells, and the risk of intracellular crystalliza-
tion is minimal, is a standard approach for cryopreser-
vation [25]. Myers et al. [35] calculated that in case
of Drosophila embryos the cooling rate should be less
than 1 deg/min. However, for Drosophila embryos
this cooling rate is not acceptable, as they are extremely
cold sensitive. Almost all 12-hour-old D. melanogaster
embryos of wildtype Oregon R-P2 line died after being
cooled down to —25°C with rate of 1 deg/min without
ice crystals formation [30, 34, 36], 3 and 6 hour-old
embryos died already at 0°C. Mazur et al. [30]
hypothesed several possible causes of the extreme
sensitivity of insect embryos to cooling without
crystallization. First, this could be the accumulation of
‘erroneous’ products of enzymatic reactions as a result
of lost synchronicity of interrelated reactions at low
temperatures due to the different activation energies.
Second, the proteins in Drosophila embryos (and in
other species) are highly sensitive to cold denaturation
[7]. And the third, the cells die as the result of thermo-
elastic stress in chilled membranes [31]. The only so-
lution here could be the attempt to ‘outrun’ the cold da-
mages using ultra-rapid cooling rates of 20,000 deg/min
[30]. The most effective approach to achieve such
rates was an immersion of sample into flowing liquid
nitrogen [55], since the simple plunging into it resulted
in boiling around the sample and thereby in slower heat
transfer. Unfortunately, the conventionally applied con-
centrations of cryoprotectants (1 to 1.5 M) could not
exclude the lethal intracellular crystallization. There-
fore, it is necessary to use very high concentrations of
cryoprotectants (more than 50% w/w), which could
provide the glass transition during cooling and prevent
recrystallization during warming. Ethylene glycol (EG)
is the most common cryoprotectant used for cryopre-
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M. domestica: BUTPUDUITUPYIOITHIICS pACTBOP COMEP-
xan OI, MONMMATHUIICHITIUKOIb U TPETano3y, CTaaIuu
OXJIKACHUSI M OTOTPEBa BKIIIOUAIIN ATAI IPeObIBaHUS
SMOPHOHOB B napax >xuakoro azota. bonee 70% 3m6-
pruoHOB M. domestica BBIIEPKUBATH MPOLETYPHI
JIEXOPUOHU3AIINH, TTepMeaOHa3aliu, Harpy3Kd KPHO-
MPOTEKTOPOM M ACTHUApATALMH B BUTPHPHULIHUPYIO-
LIEMCSl PacTBOPE, OHAKO BUTPU(HKALUSI U OTOTPEB
PE3KO CHIDKAIIN BX BRDKHBaeMOCTh. Oxoio 53% 3Mo0-
puoHoB M. domestica nocne BUTPU(PUKAIIUN U OTO-
rpeBa JOCTUT AT CTa UM JIMYUHKH, U Bcero auib 13%
SMOPHOHOB, TOABEPTHY THIX JaHHOH IPOLIEAYPE, pa3BU-
BaJIMCh B (PePTHUITHHBIX HIMAro Mo CPaBHEHHIO C KOHTPO-
nem. [ToromcTBo F1, moydeHHoOe OT MyX, pa3BUBIIIHX-
Csl U3 KPUOKOHCEPBUPOBaHHBIX SMOPHOHOB, HE OTIINYA-
JI0Ch OT KoHTpoIs. Mcrionp3oBaHue n3onponaxsona Juis
repMeadITU3aIHI PE3KO CHIDKAIIO ITPOIIEHT BBLTYTIHB-
LIUXCS TUYUHOK [67]. DIeKTpOHHO-MUKPOCKOIIHYEC-
KW aHaJIM3 [T0Ka3ajl, YTO CMECh TeKCaH-MU30IPONaHON
MPOHHUKAET CKBO3b BUTEJUIMHOBYIO MEMOpaHy M IO-
BpekaaeT neprdepudeckue KieTku sMOprona. ToHko-
cioiiHas xpomartorpadus cios, TOKPHIBAIOIIETO
BUTEITMHOBYIO MeMOpaHy M. domestica, noka3ana,
YTO OH HE COJCPKUT BOCKOB [67] B OTJIMUKE OT aHAJIO-
THYHOTO CJ10s1 y Apo3odu [40]. Hanmydmme pesymnpra-
ThI BEDKMBAEMOCTH 3MOpHOHOB M. domestica Obln
MOJTyYEHBI [IPH X MePMEaOMIN3aIH eI TaHOM WIIH
rekcanoMm 0e3 100aBIeHUs] W30MPOINAHOa, YTO, MO
BCEH BUAMMOCTH, OOYCIOBIICHO 0COOEHHOCTSIMU XH-
MHYECKOTO COCTaBa JUIHIHOTO CJI0S BUTEIITHHOBOM
00on04KkH. Butpuduuupyromuiicss pactBop A 5M-
OpuonoB M. domestica conepxan 34% OI, 5,4 % no-
v TaneHnmkoist (1310 6000-7500) u 15,5% Tpera-
1103561 [67]. Ioce mepmeabrmn3aIiy SMOPHOHEBI HHKY-
oupoBaiuck B pactBope 1,8 M OI' B Teuenue 20 MmuH
[IpY KOMHaTHOM TeMneparype, a 3areM 10 MUH B BUT-
puduupylomeMcs pactsope Ha Jbay. [loOaBienne
II9I" 1 Tperano3sl TO3BOIIIIO JOOUTHCSI BUTPU(DHUKA-
WU IPY CHUKEHUH KOHIEHTpauu D1, 4To CHU3HIIO0
Tokcnueckuit 3pdext OI. IMOPHOHBI BBIACPKUBAIN
B Mapax a30Ta B TeYeHHE | MUH, a 3aTeM MOTPyKalu
B MOTOK >KHAKOTO a30Ta, YTO JABaJI0 HEOCIIOPUMOE
[IPEUMYILIIECTBO 110 CPABHEHUIO C MOTPYKEHUEM B
MOTOK a30Ta 0e3 IpeABapUTENBHOM 3KCIIO3ULIUH B €TO
napax. [Ipu HermocpeICTBEHHOM ITOTPYKEHHUH B ITOTOK
a30Ta BUTEJUTMHOBBIE MeMOpaHbl ’MOpHoHOB M. do-
mestica TOBPEXAAIOTCSI, U TTOCJIE OTOIPEBA MPOLIEHT
BBUTYIUICHHS COCTABIISUI BCETO JIMIIb 2%. DKCIOZUIHS
B Mapax JKUIKOTO a30Ta IMO3BOJISIIA TOCTHYb HEO0XO0-
MO cKopocTH oxyaxaeHus. [ [pu otorpese aMOpuo-
HBI TaKXXE BBIACPKUBAIM B Mapax a3oTa B TEUCHHE
1 MuH, a 3aTeM HOTpy>KaJli B UHKYOAILIMOHHYIO CPEIY
IIpy1 KOMHATHOHN Temneparype. Wang W.B. u coast.
[67] cauTaroT, 9TO OTHOM U3 TIPUIMH CTOITH HEBBICOKOM
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servation of D. melanogaster embryos [26, 55]. A
typical protocol involves incubation of embryos in 2 M
EG solution for 30 minutes at room temperature and
subsequent incubation in a 8.5 M EG solution for 5 mi-
nutes at 5°C. Solution of 8.5 M EG is often supple-
mented with 10% (w/v) polyvinylpyrrolidone (PVP)
or 6—12% bovine serum albumin (BSA). They are not
able to penetrate into dechorionized embryos, especial-
ly for 5 minutes at 5°C. Mazur et al. [28] suggested
the protective function of these substances to be con-
sisted in reducing the rigidity of the extraembryonic
vitreous mass. Furthermore, they increased the osmo-
larity of the environment and contributed to greater
dehydration of embryos if compared with pure PVP
solution. Since the procedure was performed in emb-
ryos with well differentiated tissues and organs, they
may have compartments poorly permeable to EG. The
authors associated the death of embryos with re-
crystallization during warming [28]. To prevent re-
crystallization and to achieve an acceptable survival
the warming should be provided with rate of about
100,000 deg/min.

Cryopreservation of D. melanopgaster reproduc-
tive products is of particular interest to geneticists and
evolutionary biologists, therefore the application of
cryopreserved speciemens in experiments is possible
if proving that cryopreservation is not a mutagenic
factor. Despite the routine use of cryogenic techno-
logies for the storage of various biological specimens,
there are only few studies on the quantification of the
mutation frequency post cryopreservation. Houle et al.
[12] for the first time quantified the mutagenic effect
of cryopreservation on the embryos of a multicellular
organism. The investigation was performed in D. me-
lanogaster embryos of the line carrying recessive X-
linked lethals. Mutation rate in the control flies and
those developed from cryopreserved embryos did not
significantly differ (95%).

The embryos of housefly Musca domestica are
selected for cryopreservation at the same stages like
Drosophila embryos. However, each species require
the selection of optimal conditions for permeabilization
of the vitelline membrane. It was found that the pro-
tocols for cryopreservation of D. melanogaster emb-
ryos were not suitable for preservation of embryos of
other flies. Wang et al. [67] developed a protocol for
housefly M. domestica embryos: vitrifying solution
contained EG, polyethylene glycol, trehalose; cooling
and warming steps included keeping of embryos in
liquid nitrogen vapors. More than 70% of the M. do-
mestica embryos survived dechorionization procedu-
res, permeabialization, loading with cryoprotectants and
dehydration in vitrifying solution, but vitrification and
following warming sharply reduced their survival.
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3G PEKTHBHOCTH KPHOKOHCEPBUPOBAHUSI SMOPUOHOB
JOMaITHEN MyX1 MOXET OBITh pa3mep sutl. CpeaHuid
pasmep siina D. melanogaster coctaBnser 150%420
MKM [52], Torna kak y M. domestica pa3mep siina
ropazno 6osbie — 2601000 mxm [3].

Mamaneauna Lucilia cuprina mpeacTaBiseT co-
0oif cepbe3HyI0 TpoOIeMy I OBIEBOJICTBA, IO-
CKOJIbKY BBI3BIBAE€T MHA3, 3a4acTylO MPUBOIALIMMA K
rulenn >KUBOTHBIX [53]. [l XpaHeHus ee reHeTH4ec-
KOTO Marepuana ObU1 MOIU(PUIIMPOBAH TPOTOKOII,
pa3paboTaHHBIN 17151 KPHOKOHCEPBUPOBAHHSI SMOPHO-
HOB D. melanogaster [17]. B akcniepuMeHTax UCTIOJb-
30Baju 6—7-9acoBble SMOPHOHBL, TP 3TOM Ha CTAANN
6,5 9 SMOPHOHBI OKA3ATHCH HAaNOO0JIee TTOIXOISAITIMH,
MIOCKOJIBKY TIOCJIE MX 3aMOpakKMBaHUA-OTTaUBaHUA
MPOLEHT BBUTYIJICHUS IMYMHOK ObUI HanOoliee BbI-
cok —20,2 + 3,5%. [lanHas craaus pa3BUTHS YMOPHO-
HOB MaAAJIBHUIIBI KaK Pa3 MPeIIecTByeT HHBOIIOINN
TOJIOBBI M OPCAIBHOMY 3aKpPBITHIO, YTO COOTBETCT-
BYET CTaauM pa3BUTHs SMOpHOHOB D. melanogaster,
Ha KOTOpOH OHU HamboJiee yCTOMUYMBHI K (hakTopam
KpHOKOHCEPBHPOBaHUs. B 7-4acoBbie SMOPHOHBI TLTO-
X0 MPOHMKAET KPUOTIPOTEKTOP, O YEM CBUAETEIBCT-
BYET XapakTep ux cxkarus 1 HaOyxanus. [Ipupona nos-
pexneHutt 6,5- u 6,75-9aCOBBIX SMOPHOHOB HE BIIOJTHE
SCHA, TTOCKOJIBKY MHOTHE W3 HUX Pa3BUBAIOTCS 0
CTaJUH BBUIYIUICHHUS, HO HECTIOCOOHBI BEIOpAThCA U3
BUTEJUIMHOBOW 000104uKku. Hanmyummuii pesynbrar
(20,2 £ 3,5%) Obu1 TOTyYeH TpPU MCIOIB30BAHUHU B
KauecTBe KpronpoTtekropa J1" B KoHneHTpanusix 3,0 M
JUTsl Harpy304Horo pactsopa u 7,5 M — ans nerunpa-
tupyromero. OAHaKo JaHHOE BEIIECTBO OKa3bIBAaCT
maryOHOe BO3jeicTBHE HAa dMOPUOHEI L. cuprina,
MTOCKOJTBKY 3HAYUTENIFHOE UX KOJTMYECTBO MOTHOAET Ha
JTane aeruaparayy. TecTupoBaHue Apyrux KpHOIpPO-
TEKTOPOB TMOJNOKHUTEIBHBIX PE3yJIbTaTOB HE UMEJO.
[Ipu aTom DI He siBIsIETCA CTIENN(UIHBIM TOIBKO IS
SMOpPHOHOB L. cuprina, TOCKOJIBKY OH OKa3aJics Bpe-
JIEH U 7151 IPYTUX BUOB ABYKpbUIbIX [16]. [Ipn aToM
YPOBEHB BEDKMBAEMOCTH, AOCTUTHYTHIH A7t D. mela-
nogaster (no 50% HaceKOMBIX, MPEBPATHBIINXCS B
MMaro U3 JMIMHOK, BEUTYTTUBIINXCS U3 KPHOKOHCEPBH-
pOBaHHBIX sui) [26] He mpuemiuem it L. cuprina,
[I03TOMY JUI UCTIOJIb30BaHUsI KPHOKOHCEPBHPOBAHUS
KaK HaJIe’)KHOTO C1I0c00a COXpaHeHUs JIMHUM 3TOT0 Ha-
CEKOMOTro TpeOyeTcsl TECTUPOBAaHUE APYTHX KPHUOTIPO-
TEKTOPOB, UX CMecel U Pa3TUYHBIX 100aBOK K BUTPH-
(UIMPYIOIMMCS PaCTBOPAM ISl CHYKCHHS HETaTHB-
HBIX 3(hekxToB Ha dTane meruaparanuu [17].

CoxpaHeHHE TEeHETHUECKOT0 Marepuajia Bpeau-
Tene HeoOX0AMMO 151 TabOPATOPHBIX UCCIIEAOBAHUI
1 MacCOBOTO BOCTIPOM3BOJICTBA MyX IPU peasn3aluu
porpamMM ayTOUHAHOTO KOHTPOJA (IIPOTPaMMBI
BBITTyCKa CTEPIIILHBIX HACEKOMBIX-BpeauTeneil). Jle-
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About 53% of vitrified-warmed M. domestica emb-
ryos achieved the larvae stage, and only 13% of the
embryos evolved fertile imago if compared with the
control. F1 flies that evolved from cryopreserved emb-
ryos did not differ from the control. The use of isopropa-
nol for permeabilization sharply reduced the percentage
of hatched larvae [67]. Electron microscopic analysis
indicated that the hexane-isopropanol mixture pene-
trated through the vitelline membrane and damaged
the peripheral cells of the embryo. Thin layer chroma-
tography assay of the layer covering the vitelline mem-
brane of M. domestica, showed that it did not contain
waxes [67] unlike the same layer in Drosophila [40].
The highest survival of M. domestica embryos was
obtained after permeabilization with heptane or hexane,
without isopropanol added, apparently due to the pecu-
liarities of chemical composition of the vitelline mem-
brane lipid layer. Vitrifying solution for M. domestica
embryos contained 34% of EG, 5.4% of polyethylene
glycol (PEG 6000-7500), and 15.5% of trehalose [67].
After permeabilization the embryos were incubated
for 20 min in 1.8 M EG solution at room temperature
and then for 10 min on ice in vitrifying solution. Adding
of PEG and trehalose allowed to obtain vitrification at
lower concentrations of EG, which reduced its negative
effect. Embryos were kept in nitrogen vapors for 1 mi-
nute, and then plunged into flowing liquid nitrogen,
which was more beneficial if compared with immersion
into the nitrogen stream without pre-exposure to nitro-
gen vapor: direct immersion into the flowing liquid
nitrogen resulted in injury of M. domestica embryo
vitelline membrane damaged and post-warming hat-
ching was only 2%. Exposure in liquid nitrogen vapors
allowed reaching the necessary cooling rate. During
warming the embryos were also kept in nitrogen vapors
for 1 minute, and then plunged into incubation medium
of room temperature. Wang et al. [67] believed that
one of the reasons for low efficiency of the house-fly
embryos cryopreservation may be the size of eggs.
The average size of the D. melanogaster eggs is
150%420 mm [52], whereas the size of the M. domes-
tica eggs is much bigger, 2601000 mm [3].

Sheep blowfly Lucilia cuprina is a major problem
for sheep breeding because it causes myasis, often
leading to death of the animals [53]. To store its germ-
plasm the protocol developed for the cryopreservation
of D. melanogaster embryos has been modified [17].
The experiments were conducted in 6—7 hour-old
embryos, herewith the embryos at the 6.5 hour stage
were most appropriate: post-thaw hatching was the
highest among studied cases, 20.2 + 3.5%. This stage
of sheep blowfly embryo development just precedes
the involution of the head and dorsal closure, and this
corresponds to the stage of D. melanogaster embryo
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mapraMmeHT cenbckoro xo3siictBa CIIIA Beimyckaer
B HEJIENIO 25 MJIH CTEPUIIbHBIX MEKCUKAHCKHX TII0JI0-
BbIX MyX Anastrepha ludens (Loew) (Diptera: Teph-
ritidae), KOTOpBIE MIPENICTABISIIOT CEPhEIHYIO YTrPpo3y
JUISl IUTPYCOBBIX W JIPYTHX IUIONOBBIX B Texace,
Kamudopuuu u Oiopuie, 9To mo3BoIISIET CBECTH K MHU-
HUMYMY (yMHTaIHio 3KCIIOPTHUPYEMBIX 10108 [10].
UccnepoBanus Ha apo3oduiie NoKa3ai, YTO OJHUM
U3 KITFOYEBBIX MOMEHTOB yCIIEIIHOTO KPHOKOHCEPBH-
pOBaHUsI SMOPHOHOB SIBISIETCS MPABHIBHBIN BHIOOD
CTaguH 3MOPHUOHATIBHOTO pa3BuTHs. [loaTOMY BaskHO
YCTaHOBHUTH CTPYKTYPHBII MapKep HYKHOH cTaguu
[42]. B xauecTBe Takux MapkepoB s A. [udens ObI-
T BBHIOPAHBI KOJIMYECTBO JKENTKA, dTAl Pa3BUTHS
POTOBOTO arnmnapara 1 KUILEeYHUKA, HOCKOJIBKY IPH UC-
MOJIb30BaHUU MOP(OJIOTHH KUIIEYHNKA KaK €JHHCT-
BEHHOTO Mapkepa ObLTH MOJTyYeHbl HEOJHO3HAYHEIC
pe3ynbraTel. Beicokoe conepkaHue KelaTKa CUh-
TaNI0Ch KPUTHYECKUM (HAaKTOPOM, BIUSIOMIMM Ha YC-
eX KPHOKOHCEPBUPOBAHUS, TIPU pa3padboTKe MPOTOKOa
JUTS TOTITOCPOYHOTO XPaHEHHUSI SMOPHOHOB Cpen3eM-
HOMOpcKoit mmonoBoit myxu Ceratitis capitata [43]
(cm. HIke). Jenmunuan3sanust Oblla OJHUM W3 TOJ-
XOZOB, MO3BOJISIONIUX MOBBICHUTH BBIKHBAEMOCTD
KPUOKOHCEPBHPOBAaHHBIX SMOPHOHOB JIDYTHX BHIIOB
[14,22, 63]. Haxe sifna, OTJIOKEHHBIE HA TPOTSHKEHUN
30 MuH, pa3BHUBAIOTCA C Pa3HOM CKOPOCTBIO BCIEN-
CTBHE €CTECTBEHHOW WHAMBHIyallbHOW Baphabeib-
HocTH. OTOOP IMOPHOHOB BPYUHYIO TTO3BOJIII TOBBI-
CHUTB BBUIYIUIIEMOCTD JINYHHOK U3 KPHOKOHCEPBUPO-
BaHHBIX 3MOpHoHOB 10 80%. IIpsimMoe morpyxeHue
SMOpPUOHOB A. [udens B KUIKHIA a30T 0Ka3aJI0Ch Me-
Hee 3(pPeKTUBHBIM, YeM TIOTPYKEHHE TIOCTIe MpeIBa-
PHUTEIHHOTO BBIJICPKUBAHUS B IApaX >KUKOTO a30Ta.
JAmuTenbHOCTh XpaHEeHUS B KUIKOM a30T€ Ha Pe3yJib-
TaTbhl KPUOKOHCEPBUPOBAHUS HE BIHUSUIA, TOCKOJIBKY
BBUTYIIISIEMOCTD JIMYWHOK M3 BUTPUMUIIMPOBAHHBIX
SMOPHOHOB, XPAHSIIAXCS B XKHIKOM a30T€ B TCUCHHUE
roja, He OTJIMYalach OT TAKOBOW MPHU XpaHECHHUH
15 mun. Hanbonpmias BeUTyIIIsIeMOCTD (LY POCTOH
CHHXPOHHU3AINU 00pa3mnoB 0e3 oTOopa 3MOPHOHOB
BpPYUYHYIO) TUIHHOK A. [udens ObL1a OCTUTHYTA TIPH
WCTOJIB30BAHNN BUTPUPUIUPYIOLIETOCS pacTBoOpa,
conepakariero 40% OI" u 5% [12I'8000 (49,1 + 12,2%)
[42]. U3 3Tux numanHOK 66,5+17,8% OKyKJIMBaINCh, H
89,1 £ 7,6% KyKOJIOK IPEBpAIIATUCEH B UMaro. Takum
00pa3oM, KOHEYHBIH BBIXOA MyX M3 KPHOKOHCED-
BHUPOBAaHHBIX SMOPHOHOB A. [udens coctasuin 29,2%.

Eme oqun nipencraBuTens cemeiicTBa Tephritidae,
SMOPHOHBI KOTOPOTO YIalI0Ch KPUOKOHCEPBUPOBATH, —
3TO cpeau3eMHOMOpCcKas miuoaoBas myxa Ceratitis
capitata. OHa nnoBpexaaeT okoao 200 BUOB TIONI0-
BbIX pacTeHui. K MapKkepHbIM NpHU3HAKaM, CITy>KalluM
JUTSE OTOOpa HyKHOH CTaInH SMOPHOHAIIEHOTO Pa3BH-
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development, which is namely the most resistant to
the factors of cryopreservation. The 7 hour-old emb-
ryos are hardly permeable for the cryoprotectant, as
was evidenced by the course of their shrinkage and
following swelling. The reason of injuries in 6.5 and
6.75 hour-old embryos is not clear, because many of
them develop to the stage of hatching, but are unable
to get out of the vitelline membrane. The highest sur-
vival (20.2 £+ 3.5%) was obtained after using EG as a
cryoprotectant in concentrations of 3.0 M for loading
solution and 7.5 M for dehydrating one. Nevertheless,
this substance has also a detrimental effect on the
L. cuprina embryos, since a significant number of
them do not survive the dehydration step. Screening
for other cryoprotectants did not deliver a positive
results. In addition the negative action of EG was not
specific only for the L. cuprina embryos, since it was
harmful to other species of Diptera too [16]. Moreover
the survival rate achieved for D. melanogaster (up to
50% of the insects developed to imago from larvae
hatched from cryopreserved eggs) [26] is not suitable
for L. cuprina, so to apply cryopreservation as a
reliable way to preserve the lines of this insect the
thorough screening for other cryoprotectants is needed,
as well as their mixtures and various supplements to
cryopreservating solutions to reduce the negative
effects at the stage of dehydration [17].

Preservation of the pest germplasm is necessary
for laboratory investigations and mass reproduction of
flies during implementation of autocide projects (project
of sterile pest insects releasing). U.S. Department of
Agriculture release 25,000,000 sterile Mexican fruit
fly Anastrepha ludens (Loew) (Diptera: Tephritidae)
each week. These insects seriously threaten citrus and
other fruit in Texas, California and Florida, and these
measures minimize the need of the fumigation of
exported fruits [10]. Studies in Drosophila have shown
that one of the key points in successful cryopre-
servation of embryos is choosing the right stage of
embryonic development. Therefore it is important to
establish the structural marker for appropriate stage
[42]. As markers for 4. [udens the amount of yolk,
stages of mouthparts and intestine development were
selected, whereas using only intestinal morphology as
a marker gave diverse results. The high content of
yolk was considered as a critical factor in the success
of cryopreservation during development of a protocol
for long-term storage of Mediterranean fruit fly Cera-
titis capitata embryos [43] (see below). Delipidization
was one of the approaches that increased the survival
of cryopreserved embryos of other species [14, 27,
63]. Natural individual variability resulted in different
rate of development even in the eggs laid during 30 min.
The manual selection of embryos allowed to increase
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THS, OTHOCSATCS XapaKTepHas CriupalibHas popma Ku-
[IEYHHUKA U OTCYTCTBHE kenTKa [43]. IHTepecHo, 9To
MIEPHUOJ] SMOPUOHATILHOTO PA3BUTHS, TPUTOTHBIH JIIIS
KpuokoHcepBupoBanus y C. capitata, IOCTUTAET T0Y-
T 2 4 [43], B TO Bpems kak st M. domestica Takoe
«OKHOY» cocTasseT juib 20 muH, a st Cochliomyia
hominivorax — eme Menbiue [19, 67]. [Ipu stom
OTCYTCTBHE WJIM MUHUMAJIBHOE KOJTUYECTBO KEITKA,
[IO-BUIUMOMY, SIBJIICTCS OOIIMM IPHU3HAKOM IIPHUIOJI-
HOCTH SMOPHOHOB ABYKPBUIBIX JIJIS1 BUTpU(HUKAINN.
Wang W.B. u coasr. [67] B ucclienoBaHUsX Ha 3MO-
puonax M. domestica noka3aiy, 4To yBeIUUCHUE PO-
HUIIAEMOCTH BHUTEJUIMHOBOW OOOJOYKU C TTOMOIIBIO
M30MPOMaHOIIa COITPOBOKAAETCS PE3KUM CHHIKEHHEM
BbuTyIIsieMocTH. Rajamohan A. u coasr. [43] Takxke
HaOJIONIAIM YYaCTKA HEKPO3a B yMUPAIOIIUX SMOPHO-
Hax, KOTrJa KOHIEHTPAalrs U30MPOTAaHONIa B TeKCaHe
mpesbimana 0,5%. OHu CYUTAIOT, 9TO HAJIHMYHE HEKPO-
TUYECKOW TKaHM SIBIISIETCS XOPOIIUM WHIUKATOPOM
YPOBHSI TOKCHYHOCTH M30IPOITaHO A Ha 3TaIe epMea-
Ommm3anuy. BuTpuuiupyommiicss pacTBOp comep-
xuT 40% OI. Nobasnenne 0,5 M Tperanosst u 5%
[T cymiecTBeHHO HA YPOBEHB BEDKUBAEMOCTH KPUO-
KOHCEpBHPOBaHHBIX 3MOproHoB C. capitata He BIus-
710. «3akankay sMopuoHoB C. capitata B mapax >KuI-
KOTO a30Ta Iepe/| IOTPyKEHUEM B KHUIKHH a30T TI03BO-
JSET TOCTHYb 00JIee BBICOKUX PE3yJIbTaTOB BhIXKUBAC-
MOCTH, YTO paHee ObLIO MOKa3aHO Ha JAPYTUX BUAAX
IBYKPBUTBIX [42, 67]. HeoOxoamMoCTh dTama «3akai-
KI» B TIapax )KUIKOTO a30Ta, BO3MOXKHO, OIIPEAETISIeTCs
pasmepoM s, fina qomMalHe, cpeau3eMHOMOPCKOR
IJI0JIOBOM M MsCHOU MyX B 3,5—13 pa3 Ooublie, uem
sifa Apo3oduiIel U B 7-25 pa3 Ooible, 4eM stitra
Mokpera [43]. I MaJIbIx SMOPHOHOB Pa3IOMBI BUT-
PUPUIUPYIOLIETOCs pacTBOpa HE CTOJIb ONTACHBL. Puck
BO3HHUKHOBEHHS Pa3JIOMOB BO BpeMs BUTPU(DUKALIUN
MO>KHO CHU3UTB IKCIIO3UIINEH HArpy>KEHHBIX KPHUOIIPO-
TEKTOPOM 3MOPHOHOB IPH 00JIee BEICOKUX TEMITepa-
Typax B Iapax HUJIKOTO a30Ta, YTO ObLIO MPEIOKEHO
W.F.Rallu T.K. Meyer [41]. OMOpuoHBI najalIbHALIEI
naxe OompIre, 4eM dMOPHOHBI MICHOU MyxH. He nc-
KITIOYEHO, YTO HU3KAs! BBUTYTUISIEMOCTD JIMIWHOK, TIOTY-
YEHHAS MPU BUTPUDUKAIINY SMOPUOHOB MaAALHUITBI
[17], oOBsicHSAETCS UMEHHO OTCYTCTBHEM JTala «3a-
KanuBaHus». [Ipn Hanbosee ONTUMANBHBIX PEKIMax
repMeadrIn3annud, BUTPUGUKAIINH | TIOCIIECTYIONIETO
BOCCTAHOBJICHUS BBIXOJ] MMAaro M3 KPUOKOHCEPBH-
poBaHHBIX 3MOpuoHOB C. capitata coctaBun 35,4%
(47,3 + 0,7% BBUTYIHBIINAXCS JIMIMHOK, U3 KOTOPBIX
okykmtock 80,3 £ 7,9%; 92,9 & 7,96% 3THX KyKoJoK 3a-
BEpLIMIM MeTaMop(03 1 IPEeBpaTHIIKCh B UMaro) [43].

[IpoTokon KpUOKOHCEPBUPOBAHUS SMOPHOHOB
D. melanogaster 6bu1 MomuUIIMPOBAH TSI HU3KO-
TEMIIEPATYPHOTO XPaHEHNS SMOPHOHOB SKTOMapa3H-
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the hatchability of larvae from cryopreserved embryos
up to 80%. Direct plunging of 4. ludens embryos into
liquid nitrogen was less effective than the plunging
preceded by exposure in liquid nitrogen vapors. Dura-
tion of storage in liquid nitrogen did not affect the out-
come of cryopreservation, as the hatchability of larvae
from the vitrified-warmed embryos stored in liquid
nitrogen for a year, did not differ from that after
15 minutes of storage. The highest hatchability (in the
case of simple synchronization of specimens without
manual embryos selection) of 4. ludens larvae was
achieved using a vitrifying solution containing 40% EG,
5% PEG-8000 (49.1 + 12.2%) [42]. Pupation was
observed in 66.5 £ 17.8% of these larvae, and 89.1 +
7.6% of these pupae developed to imago. Thus, the
final yield of flies from cryopreserved A. [udens
embryos was 29.2%.

Another member of the family Tephritidae, emb-
ryos of which were successfully cryopreserved, is the
Mediterranean fruit fly Ceratitis capitata, which
affects about 200 species of fruit plants. As the mar-
kers for selection of the desired stage of embryonic
development served characteristic spiral shape of the
intestine and the absence of yolk [43]. Of interest is
the fact that the term of embryonic development, suitab-
le for cryopreservation for C. capitata, reached almost
2 hours [43], while for M. domestica the ‘gap’ was
only 20 minutes, and even less for Cochliomyia homi-
nivorax [19, 67]. The absence or minimum amount of
yolk, apparently, is a common feature of validity for
Diptera embryos for vitrification. Wang et al. [67]
showed in research on M. domestica embryos that
an elevation of the vitelline membrane permeability by
means of isopropanol was followed by a sharp decrease
in their hatchability. Rajamohan et al. [43] also ob-
served necrotic areas in dying embryos when the
concentration of isopropanol in hexane solution ex-
ceeded 0.5%, and believed that the presence of
necrotic tissue is a good indicator of the isopropanol
toxicity at the permeabilization step. Vitrification solu-
tion contained 40% of EG. Its supplementation with
0.5 M trehalose and 5% PEG did not substantially af-
fect the survival of devitrified C. capitata embryos.
Hardening of C. capitata embryos in liquid nitrogen
vapors prior the plunging into liquid nitrogen allowed
to achieve higher survival, similarly to the previously
shown in other Diptera species [42, 67]. The need to
hardening in liquid nitrogen vapors is probably deter-
mined by the dimensions of eggs. Eggs of domestic
fly, Mediterranean fruit fly and blowfly are 3,5 to 13
times bigger than the Drosophila eggs and 7 to 25
times bigger than biting midge eggs [43]. For small
embryos the fractures in vitrifying solution are not so
dangerous. The risk of fractures appearance during
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ta — MsacHoit myxu Cochliomyia hominivorax (Dip-
tera: Calliphoridae) [19], BeI3bIBarONIEH MHa3 y JIIO-
Jiei ¥ )KUBOTHBIX. DTO OBUIO IEpBOE HACEKOMOE, AU~
MUHUPOBAaHHOE 0JIarojiaps MacCOBOMY BBIITYCKY CTe-
pubHBIX ocobeit. Ha repputopuu Ceeproii u Llent-
panbHOI AMepuku oHO ncyesno [68]. Leopold R.A. u
Rinehart J.P. [18] npennararor MmeToq KpHOKOHCEPBU-
pOBaHUs 3MOPHUOHOB 3TOTO BU/Ia B3SITh KaK OCHOBY IS
KPHUOKOHCEPBUPOBAHMSI SMOPHOHOB HACEKOMBbIX. JlJ1st
YCIEIIHOTO KPHOKOHCEPBUPOBaHUs SMOpHOHOB C. ho-
minivorax BaXXHO OBLJIO OMPENIEIUTh CTaIUU SMOPHO-
HaJIBHOTO Pa3BUTHS, HA KOTOPHIX IMOPUOHBI HanboIee
YCTOWYMBHI K (PaKTOpaM KPHOKOHCEPBUPOBAHUS. DTO
CTazusl, Ha KOTOPOH pa3BuTHe 3aBepiieHo Ha 75—-80%.
[Toka HeT yoBIETBOPUTEIHLHOTO OOBSICHEHUS, TIOYEMY
MMEHHO 3Ta CTaJIUsl OKa3allach HAM0O0JIee YCTONUNBOI.
Leopold R.A. u Rinehart J.P. [ 18] mpeamonoxwm, 4to
HaJM4ve JKeITKa W/ MHOTOYWCIICHHBIE JEICHUS
KJIETOK MOTYT OBITh IPUYMHAMH YPE3BBIYAIHON YyB-
CTBHUTEJILHOCTH SMOPHOHOB 0OJiee paHHHUX CTAAUHN pa3-
ButHsL. Kpome Toro, BayKHO BpeMs HHKYOAIH B BUTPH-
(urnmpyromemMcs pacTBOpe, Tak Kak e€ro MpojieHne
BCETo Ha 2 MUH NMPUBOJUT K THOEIIN HACEKOMBIX [67].
DTO MOXET SBIATHCSA Pe3yIbTaTOM W HEraTUBHOTO
BO3ICHCTBIS D1, I KOHIICHTPUPOBAHUS BHY TPHKIICTOU-
HBIX BemiecTB. [lepBoe nmpeamnonoxenne kaxercs 00-
nee 000CHOBAaHHBIM, TOCKONIbKY Mazur P. 1 coaBt.[28]
[OKa3aJli, YTO BHYTPUKIIETOYHOE MOBBIIICHUE KOH-
LEHTPALNH STIIICHIIINKOIS OoJiee maryoHo BIHsIeT Ha
aMOpuoHEl D. melanogaster, 4eM neruapartaus.
[Mpubnm3utensHO 53% JTMYUHOK BEUTYTUISETCS U3 KPHO-
KOHCEPBUPOBAaHHKIX 3MOpuoHOB C. hominivorax, 3
HUX okKykmuBaeTcs 22%, u 75% 3THX KYKOJIOK
pa3BuBaeTCA 0 CTaINHU NMaro. Berxos mMaro u3 Kpro-
KOHCEPBHPOBaHHBIX SMOpuoHOB C. lominivorax coc-
TaBJIsLT 0KOJIO 9%, HO ATOrO0 JOCTATOYHO IJIs BOC-
MIPOM3BEACHUS KOJIOHUH Pa3TMIHBIX JINHAH, TOCKOIBKY
ITIOTOMCTBO MYX, Pa3BUBIIUXCS U3 KPHOKOHCEPBHPO-
BaHHBIX dMOPHOHOB KOJIMYECTBEHHO HE OTIUYACTCS
OT KOHTPOJIBHOTO YPOBHSI.

IIpu xprOKOHCEPBUPOBAHUHU IMOPHOHOB MSICHOU
myxu Cochliomyia macellaria (Diptera: Callipho-
ridae), TakKe BBI3BIBAIOIIEH MHAa3, yIaJ0Ch IOCTHYb
63,7% BBUTYTUIIEMOCTH JINUMHOK U3 BUTPU(PUIIMPOBAH-
HBIX YMOPHOHOB, OJTHAKO TIPH BUTPUDUKAITAH IMOPHO-
HOB TIaJIaTBHUIIEI 3e71eHor Lucilia sericata (Diptera:
Calliphoridae), BbI3bIBaAIOIIEH JTYLMINO3, BBUTYIUIS-
noch Tonbko 20,2% nuuuHoK [66]. DT ele pa3 cBuae-
TEIBCTBYET O HEOOXOMMMOCTH OTPAOOTKH Ka’KIOTO
JTana KPHOKOHCEPBUPOBAHUS TS KAXKIOTO BHA HACe-
KOMBIX, HECMOTPS Ha UX MPUHA]ICKHOCTH K OJTHOMY
CEMEUCTBY.

Butpudumupyrontuticss pacTBOp ISl KPHOKOHCEP-
BUPOBaHUS 3MOPHOHOB KapUOCKOW IUIOAOBOH MYXH
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vitrification can be reduced by exposure of cryopro-
tectant loaded embryos at higher temperatures in liquid
nitrogen vapors, which was proposed by Rall and
Meyer [41]. Sheep blowfly embryos are even bigger
than the blowfly embryos. It could not be excluded
that the low hatchability of larvae obtained from de-
vitrified sheep blowfly embryos [17] resulted from ab-
sence of ‘hardening’ stage. The most optimal con-
ditions of permeabilization, vitrification and following
reviving the yield of imago from devitrified C. capitata
embryos was 35,4% (47,3 + 0,7% of hatched larvae,
of which 80,3 + 7,9% pupated; and 92,9 £+ 7,96% of
these pupae completed metamorphosis and transfor-
med to imago) [43].

Cryopreservation protocol for D. melanogaster
embryo was modified for low temperature storage of
embryos of an ectoparasite, blowfly Cochliomyia
hominivorax (Diptera: Calliphoridae) [19], causing
myasis in humans and animals. It was the first insect
eliminated due to the mass production of sterile indivi-
duals. In North and Central America, it was fully elimi-
nated [68]. Leopold and Rinehart [18] proposed the
method for cryopreservation of embryos of this species
as the basis for the development of cryopreservation
methods for embryos of insects. For successful cryo-
preservation of C. hominivorax embryos, it was im-
portant to determine the stage of embryonic develop-
ment in which embryos were the most resistant to the
factors of cryopreservation. This was the stage at
which the development was completed by 75-80%.
There is still no fair explanation, why this step has been
the most resistant. Leopold and Rinehart [ 18] suggested
that the presence of yolk and/or multiple cell division
may be a cause of the extreme sensitivity of embryo
at earlier stages of development. Moreover, the dura-
tion of incubation in vitrifying solution was also crucial,
since its extension even for 2 minutes caused the death
of insects [67]. This may be the result of both adverse
effects of EG and concentrating of intracellular solutes
as well. The first assumption seemed as more rea-
sonable since Mazur et al. [28] have shown that in-
creasing of intracellular concentration of EG caused
more detrimental effect on the D. melanogaster emb-
ryos than dehydration. Approximately 53% of the
larvae hatched from devitrified C. hominivorax
embryos, 22% of them pupated, and 75% of the pupae
developed to the imago. The yield of imago from
devitrified C. hominivorax embryos thus was about
9%, but it was enough to propagate the colonies of
different lines, as the offspring of flies developed from
devitrified embryos had no quantitative differences
from the control level.

Cryopreservation of blowfly Cochliomyia macella-
ria embryos (Diptera: Calliphoridae), also causing
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Anastrepha suspensa copepxur OT, [10I" u Tperanosy.
Cragum OXJIaXJICHUS M OTOTPEBa BKIIOYAIOT ATAIlbl
[IPOBEJICHYSI SMOPUOHOB Uepe3 Maphl )KHUJIKOTO a30Ta.
Ho 46,5% »mOpuoHoB A. suspensa (Diptera: Tephri-
tidae) BRIICPIKUBAIOT BUTPUPUKAITHAIO M Pa3BUBAIOTCSI
JI0 CTaAWH JIMIUHOK [66], 29% 3THX THYUHOK OKYKITH-
BAIOTCS, ¥ M3 KYKOJIOK BBUTYTUIIOTCS (DEPTHIIFHBIE IMArO.

Eme omuH Bua BpemuTesnei, SMOPHOHBI KOTOPOTO
YIaJIoCh KPHOKOHCEPBUPOBATh, 3T0 MOKpel Culicoi-
des sonorensis (Diptera: Ceratopogonidae). Mok-
peu C. sonorensis SBISAETCS NEPEHOCUUKOM BUpyca
adpUKaHCKOHN KaTapaiabHOW JINXOPAJIKUA U BBI3BIBACT
ueparonoronnnos. Sina C. sonorensis ycTONUNUBBI K
MPOLIEAYPaM JIEXOPUOHU3AIINH, TICPMEA0UITH3AINN U
Haceimenus I [38]. Tlocne 3TuX 3TanoB B cpegHeM
80,3% 00paboTaHHBIX IMOPHUOHOB Pa3BUBAIOTCS 10
CTaany TMYUHKH. [leruaparanus B BUTPUPUITUPYIO-
IEMCSI PACTBOPE CHUXKAET JKU3HECTIOCOOHOCTH IMO-
proHOB 10 42,7%, mocne 3aMOpakuBaHUA B KHIKOM
MIPOTIaHE YHCI0 SMOPHUOHOB, PA3BUBIINXCS 10 CTAIUN
JMIUHKHA, KyKOJIKA U uMaro, coctasmio 40,1, 22,9 u
18,8% COOTBETCTBEHHO.

B pamkax npoekra JlenaprameHTa CEIbCKOTO XO-
3siictBa CIIIA Obuia co3aHa TEXHOJIOTHUS MACCOBOTO
KPUOKOHCEPBUPOBaHMS SMOPHOHOB MsicHO! Myxu C. fo-
minivorax, dnarofapsi KOTOPOU 332 OJTUH IUKIJI MOXHO
3akoHCcepBHpoBaTh A0 5000 aMOproHOB U Gosee [46—
48]. dnst co3nanus KpuoOaHKa FEHETHYECKOTO Ma-
Tepuaa MICHOW MyXH U JPYTUX ABYKPBUIBIX HEO0XO-
IuMa pa3paboTka MPOTOKOJIa aBTOMAaTH3UPOBAHHOTO
KpHOKOHCEepBHUpOBaHUs. Takke ObLT yCOBEPIIIEHCTBO-
BaH IPOTOKOJ KPHOKOHCEPBUPOBAHMS SMOPHOHOB XJIOTI-
KOBO# Monu Pectinophora gossypiella (Lepidoptera:
Gelechiidae), cornacHo KOTOPOMY THIIOXJIOPUT HATPHUs
nepes yAalleHueM XOPHOHA MOYKHO HE UCIIOIb30BaTh
WJIH, 110 KpaiiHeld Mepe, CHU3UTh €ro OTPHUIATeILHOS
BIIUSIHUE JJOOABJICHUEM B CPE/Ty TOBEPXHOCTHO-aKTHB-
Horo BeniecTBa Tween 80. DTOT moax0/1 MOXKHO TaKKe
KCIIOJIb30BAaTh U YISl TIPOIICTyPhl aBTOMAaTU3HPOBAH-
HOTO KPHOKOHCEPBHUPOBAHMS SMOPHOHOB JIBYKPBLIBIX,
HarpuMmep MscHO#M Mmyxu. Kpowme toro, B 2011 1. 6511
Havar MmpoekT «Pa3paboTka poOOTH3MPOBAHHOMN CHC-
TEMBI C BBICOKOW MPOITYCKHOH CIOCOOHOCTBHIO ISt
KpHOKOHCEPBHPOBAHUS SMOPHOHOB HACEKOMBIX» («De-
velopment of a Robotic System for High Through-Put
Insect Embryo Cryopreservation») o ycoBepiieHcT-
BOBaHHUIO pOOOTH3UPOBAHHON CHCTEMBI KPUOKOHCEP-
BHPOBaHUS 3MOPHOHOB HACCKOMBIX, TECTUPOBAHUE
KOTOPOH IIIaHUpYeTCsl Ha JoMalrHel Mmyxe M. domes-
tica, msicaoii myxe Cochliomyia macellaria v 3eneHou
naganeHoi Myxe Lucilia sericata [45].

KpunokoHcepBHpoOBaHIEe TeHETHUECKOTO MaTepraa
koMmapa Anopheles gambiae obneramino OB co3qaHue
OaHKa JTMHWA, HECTIOCOOHBIX K ITepenade Masipuu [21].
WHTakTHBIC SMOPUOHEI KOMapa MPUOIN3UTENBHO B 50
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myiasis, resulted in 63.7% larvae hatchability of devitri-
fied embryos, nevertheless vitrification of green blow-
fly Lucilia sericata embryos (Diptera: Calliphori-
dae), causing luciliosis, resulted only in 20.2% hatched
larvae [66]. This highlights again the need for refining
each step of cryopreservation protocol for each spe-
cies, despite their belonging to the same family.

Vitrifying solution for cryopreservation of Caribbean
fruit fly Anastrepha suspensa embryos contained EG,
PEG and trehalose. The stages of cooling and warming
included the exposure of embryos in liquid nitrogen
vapors. Up to 46.5% of A. suspensa embryos (Di-
ptera: Tephritidae) survived vitrification and develo-
ped to the larvae stage after devitrification [66], 29%
of the larvae pupated, and thereafter fertile imago
emerged from the pupae.

Another species of pests, embryos of which were
successfully cryopreserved, was midge Culicoides
sonorensis (Diptera: Ceratopogonidae). The biting
midges C. sonorensis are carriers of the bluetongue
virus and cause ceratopogonidosis. Eggs of C. sono-
rensis were resistant to procedures of dechorionisation,
permeabilization and saturation with EG [38]. After
these steps, 80.3% of treated embryos in average
developed to the larvae stage. Dehydration in the vitri-
fying solution reduced the viability of the embryos down
to 42.7%, after vitrification in liquid propane the num-
ber of embryos that developed after warming to the
stages of larvae, pupae and imago was 40.1, 22.9 and
18.8%, respectively.

Within the frames of the project supported by the
U.S. Department of Agriculture the technology of mass
cryopreservation of blowfly C. hominivorax embryos
was developed, which provided preservation of up to
5,000 or more embryos in a single cycle [46—48]. To
create low temperature bank for germplasm of blowfly
and other Diptera it is necessary to develop an auto-
mated cryopreservation protocol. The optimization of
cryopreservation protocol for cotton moth Pectino-
phora gossypiella embryos (Lepidoptera: Gelechii-
dae) was also performed, according to which it was
possible to omit the use of sodium hypochlorite before
removing the chorion or at least to reduce its negative
effect by supplementation of the medium with Tween
80 surfactant. This approach could also be used for an
automated procedure for cryopreservation of Diptera
embryos, e. g. blowfly. Moreover, a project ‘Develop-
ment of a Robotic System for High Through-Put Insect
Embryo Cryopreservation’ was started in 2011 to
improve robotic system intended for cryopreservation
of insect embryos, which is planned to test in M. do-
mestica fly, Cochliomyia macellaria blowfly and
green blowfly Lucilia sericata [45].

Cryopreservation of germplasm of Anopheles
gambiae mosquito would facilitate the creation of the
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pa3 6oJree MPOHUIIAEMBI [T BOASHBIX ITAPOB, UEM 3MO-
pHoHbI ipo3oduibl. Clie0BaTENbHO, IPU BHICYIIHBA-
HUM Ha BO3JYXE OHH MOTYT OBITh IE€rHAPaTHPOBAHEI
6onee 3¢ PeKTUBHO, YeM SMOPHOHBI APO30( 1T Ha aHa-
JIOTHYHBIX CTAAUSAX pa3BuTHs. [IpoHHIIaeMocTh st
BOJIBI IEXOPHOHU3NPOBAHHBIX SMOPHOHOB A. gambiae
MHOTOKPAaTHO MPEBHIIIACT JAHHBIN MTOKA3aTeNb Y dM-
OpuoHoB D. melanogaster. Tem He MeHee KaK HHTaKT-
HBIE, TAK ¥ JIEXOPHOHU3UPOBAHHBIE SMOPHOHBI KOMapa
HernpouutiaeMsl st O1 [64]. IIpuMeneHne mpoToKosa
nepMeadunnzannu, pa3paboTaHHOTO 11 SMOPHOHOB
npo3odwikl, mpuseo k 100%-1i netansHOCTH SMOPHO-
HOB MaJsipuitHoro komapa A. gambiae [65]. T'ubenn
HEKOTOPOM 9acTH YMOPHOHOB ObLTAa BEI3BaHA BO3/IEH-
ctBueM 50%-ro pacTBOpa oTOENMBaTEINS, 8 OCIIE M0-
Ipy’KeHHs B U30MIPONAHOI MOTHOaIl BCe SMOPHOHBI
komapa. [Ipu 3amene «Clorox» ma 10%-ii pacTBOp
THIIOXJIOPUTA HATPHS, KOTOPBIH TaKk)Ke OCYIIECTBIISET
JEXOPHOHM3ALINIO UL, CYIIECTBEHHO CHIKAIach TOK-
CHUYHOCTH JTAHHOTO 3Tamna. TOKCHYHBIN 3Taml morpy-
JKEHHSI STUT] B U30ITPOIIaHOI OB 3aMEHEH UX BO3AYIII-
HBIM BBICYIITUBAHUEM JUISI YaJICHHsI TOBEPXHOCTHOM
BOJIBI. DTOT MPOLECC KOHTPOIUPOBATIU MUKPOCKOIIH-
YeCKH 1 IPEKPAILIaH, KOIa SMOPHOHBI HAYUMHAIM CXKHU-
Mathcs. Takast MoanduurpoBaHHas MpoIeAypa mep-
MeaOwIn3alyH o3Boiuia foctuyb 30%-it BeKMUBae-
MOCTH IepMeaduIN30BaHHBIX SMOPHOHOB A. gambiae.

Brua Takke npeAnpuHATA MONBITKa KPHOKOHCEP-
BHPOBATh JIMYUHKH ITEPBOTO Bo3pacTta A. gambiae [21],
KOTOpbIe cocToAT Ha 81% u3 Boawl. BricymmBanme Ha
Bo3ayxe yransaeTr 90% 3toii Bogs! mpuMepHo 3a 20 MuH,
OIHAKO JJMYMHKHU HE CIIOCOOHBI MIEPEXUTH MOTEPIO 00-
nee 70% Bojas! Tena. B To ke BpeMs mpeaBapuTeTb-
Hasi 9KCITO3HITUS TMYMHOK B pacTBope 0,2 M Tperanoss
M03BOJISIA JJOCTUYb BBKUBAEMOCTH Ha ypoBHE 63%
nipu 75%-1i notepe Boasl. [Ipu nanpHelIIEM yBEnHYe-
HUM KOHIIEHTPAIIUH TPETAIO3bI TOKA3aTENN BhDKIBAC-
MOCTH CHUXANHUCh. AHAJIIOTUYHBIE PE3YIIBTaThl ObLTH
MOJTyYeHbI IPH IPUMEHEHUH caxapo3bl. MexaHu3M,
Onaromapsi KOTOpOMY HaJlM4Ke CaXxapoB Ha BHEITHEH
MTOBEPXHOCTH JIMYNHOK OKa3bIBAET 3aIIUTHOE JEHCT-
BHE, ITOKa He u3ydeH. Kpome Toro, OTCyTCTBYIOT CO-
OOIIEHUS O pe3yabTaTax YCHEIIHOT0 KPHOKOHCEPBH-
POBaHMS KaKUX-TMOO0 HACEKOMBIX Ha CTAJANH JINYNHOK.

KpunokoHcepBUpoBaHUE TeHETHYECKOT0 Ma-
Tepuaja YemyekpbLIbIX

lenernyeckuii Mmarepuan YemryeKpbUIbIX TaKKe
SBJSETCS MPEIMETOM H3YUYEeHUsT KPHOOHOJIOTOB.
CymecTByeT OrpoMHOE KOJIMYECTBO JIMHUI TYTOBOTO
menkonpsiga Bombix mori (Bombycidae: Lepido-
ptera), KOTOpBIE ITHUPOKO UCTIONB3YIOTCS AJIsI SKCIIEPH-
MEHTAJIBHBIX IIeJICH ¥ TIPH TPOU3BOJICTBE MIETKA, YTO
JIeTIaeT BOIIPOC O COXPAHEHWH I'€HETHYECKOTO MaTe-
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bank of the lines incapable of transmitting malaria [21]
Intact mosquito embryos were about 50 times more
permeable for water vapors than Drosophila embryos.
Therefore, during drying on air they can be dehydrated
more effectively than Drosophila embryos at similar
development stages. Permeability for water of de-
chorionized A. gambiae embryos was many times
higher than that found in D. melanogaster embryos.
However, both intact and dechorionized mosquito emb-
ryos were impermeable for EG [64]. Application of
permeabilization protocol developed for Drosophila
embryos resulted in 100% mortality of mosquito A.
gambiae embryos [65]. The death of a part of the
embryos was due to the influence of 50% solution of
bleach and immersion into isopropanol resulted in death
of all the mosquito embryos. Replacing of Clorox by
10% solution of sodium hypochlorite, also providing
dechorionization of eggs, substantially reduced the
toxicity of this stage. Toxic stage of plunging the eggs
into isopropanol solution was replaced by air drying to
remove surface water. This process was monitored
microscopically and ceased when the embryo started
to shrink. Such modified procedure of permeabilization
allowed to get 30% survival rate of permeabilized
A. gambiae embryos.

There was also an attempt to cryopreserve the first
instar larvae of 4. gambiae [21], consisting of 81%
water. Air drying allowed removing 90% of this water
for about 20 minutes, but the larvae were not able to
survive the loss of more than 70% of body water. At
the same time, pre-exposure of larvae in 0.2 M tre-
halose solution allowed to reach 63% survival at 75%
water loss. Further increase in the trehalose concent-
ration led to a decrease of survival rates. Similar results
were obtained in case of using sucrose. There was no
mechanism found, which underlie the protective effect
of presence of sugars on the outer surface of the lar-
vae. Moreover, there were no reports about successful
cryopreservation of any insects in the larval stage.

Cryopreservation of Lepidoptera germplasm

The germplasm of Lepidoptera is also of interest
for cryobiologists. There is a huge number of silkworm
Bombix mori lines (Bombycidae: Lepidoptera), which
are widely used for experimental purposes and the
production of silk, which makes the issue of the pre-
servation of the germplasm of this species highly rele-
vant. Tamura and Sakate [60] succeded to freeze
sperm of B. mori, but after storage in liquid nitrogen
they lost their fertility. Since the ovaries of B. mori
larvae could be successfully transplanted into ovari-
ectomized caterpillars [62], the idea of low-tempe-
rature storage of the silkworm gonads appeared. Ima-
go ovarian discs were isolated from 5™ instar larvae
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puaia 3Toro Bujaa 0cobeHHo akTyanbHbIM. Tamura T.
u Sakate S. [60] coobmumy 06 yraaHOM KPpHOKOHCEP-
BHPOBAHMH CIIEPMATO30UJ0B B. mori, OJHAKO MOCIIe
XpaHEHUSs B )KUIKOM a30T€ OHU yTPauuBaIn pepTuiib-
HOCTb. [I0CKOIBKY AMYHUKN TUYUHOK B. mori MOTyT
OBITH YCIIEUTHO TPAHCIUIAHTHPOBAHBI T'yCEHHIIAM, TTO/I-
BEPTHYTBHIM OBAPUIKTOMUMU [62], BO3HUKIIA HJIEs HU3-
KOTEMIIEpaTypHOTO XpaHEHHU s TOHA/I TYTOBOT'O ILENKO-
npsina. OBapHaIbHbIE IMarnaibHbIE TUCKH H3BIIEKAIN
13 TYCEHHI] 5 BO3pacTa U BBIIEPKUBAJIH B PaCTBOpax
IIMLEPYHA Pa3THYHbBIX KOHLEHTPALUH, TOCIIE YETO OX-
JIXKIaJIM cO CKOpOCThio 1 rpan/muH 10 —35°C U XpaHiu
B JKHJIKOM a30T€ B TEUEHHE, KaK MHHUMYM, 2 CYTOK,
a3areM OTTamBalii co cKopocThio 500 rpam/muH [15].
JlekoHCepBHPOBaHHbBIE SMYHUKH TPAHCIITIAHTHPOBAIIN
nu4auHKaM B. mori 5 Bo3pacTa. bonee 20% anyHnKoB
Pa3BHBAINCH HOPMAJIBHO U MPOTYIIMPOBAIIN 3pEIIbIe
sifiia. Ilocne napTeHoreHeTUUe CKO aKTUBAIIUH B 3TUX
silax HauyMHajcs sMOpuoreHe3. B 3aBucumoctu ot
JIMHUY PELUIMEHTA BBUTYIUIIEMOCTb COCTABIIsIIa OKOJIO
10 nmm 50%. BeurynuBmimecs: TMYUHKY, KaK U KOHT-
POJIEHBIC 0COOM, 3aBEPIIMIIH IIOCTIMOPHOHATIFHOE Pa3-
ButHe. Shinbo H. [51] nucnonp3oBan mo1o0HbIH IPOTO-
KOJI 1715l KPUOKOHCEPBUPOBAHUS SIMUHUKOB M CEMEHHH-
KOB B. mori. [oHab ”HKYOHUPOBAIIA B CEPUU PACTBO-
POB C OBBIMIAIOIIMMHUCS KOHIIEHTPAIUSIMH TIIUIIEpHUHA
(0,5, 1 u 1,5 M), 3areM OXJIaXkJald CO CKOPOCTHIO
1 rpan/mun 1o —7°C, BBIIEPKUBAJIH IPH JAHHOU TEM-
neparype B Tedenne 10 MUH, MEUIEHHO OXJaKIalIn
1m0 —35°C u morpy>kaiid B )KUIKHH a30T. OTTanBaHUE
roHa npoucxoauso mpu 37°C. JlexkoHcepBUpOBaHHBIE
TOHa/1bI TPAHCIIAaHTHPOBAJIM NIPEIBAPUTENBHO CTEPH-
JIN30BaHHBIM JIMYMHKAM TaKOro K€ BO3pacra, 4To
1 1oHOPEI. [locie BEUTYTIIIeHHS UMaro CaMKH M CaMITbI
CHapUBAIIMCh C HOPMAJIBHBIMH CaMLIaMU U CaMKaMH.
B skcnepumenTax ObUIH HCTIONB30BaHbI JIMYUHKY 3, 4
u 5 Bo3pactoB. /{0 33,3 u 7,3% caMOK, KOTOPBIM OBLITH
repecaxeHsbl KPHOKOHCEPBUPOBAHHBIE STMYHUKH Ha
CTaJluu JIMYMHOK 4 ¥ 5 BO3pacTOB COOTBETCTBEHHO,
OTJIOKHWIJIM OTUIONOTBOpeHHBIE sifiia. Mochida Y. u
coant. [32, 33] coobmmn 0 pa3paboTKe HAEHKHOTO
METO/a JOJTOBPEMEHHOTO XpaHEHUS SUYHUKOB B.
mori. SINYHUKN U3BJIEKaNU U3 TyceHun 3, 4 u 5 Bo3-
pacToB 1 HHKyOHpoBaiH B cpene [pefica, coneprkarueit
1,5 M IMCO, mipu KOMHaTHOM TeMIIepaType B TeUe-
uue 10 muH. B xpronpobupku o0semom 1,2 Mt mome-
manu 120-150 snYHUKOB B BHIE CYyCTIEH3UH B BUTPH-
¢dunmpyrouieics cpene, OXJIaXKIAIN UX B apax Ku-
KOTO a30Ta B TedeHne 30 MUH U MOTPY>Kali B KHUIKAN
a30T. HermocpeacTBeHHO TIOCTIe OTTaUBaHMS Ha BOJIS-
Ho 6ane npu 37°C IMYHUKY HHKYOHPOBAITH B PaCTBO-
pax AMCO nonmxaromuxcs konieHTpanuii (1,0, 0,5
n 0 M) B Teuenne 10 MUH Ipu KOMHATHOW TeMIIepa-
Type. JlekoHCepBUPOBaHHbBIE SUIHUKH TPAHCTIIAHTH-
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and exposed in glycerol solutions of various concentra-
tions, cooled thereafter with rate of 1 deg/min down to
—35°C and stored in liquid nitrogen for at least 2 days
and then thawed at a rate of 500 deg/min [15]. Post-
thaw ovaries were transplanted into B. mori larvae of
5™ instar. More than 20% of ovaries normally developed
and produced mature eggs. After parthenogenetic acti-
vation, embryogenesis began in these eggs. Depending
on the recipient line hatchability varied from 10 to 50%.
Hatched larvae completed post-embryonic develop-
ment like the control individuals. Shinbo [51] used a
similar protocol to cryopreserve B. mori ovaries and
testes. The gonads were incubated in a series of solu-
tions with increasing concentrations of glycerol (0.5, 1
and 1.5 M), then cooled with a rate of 1 deg/min down
to—7°C, kept at this temperature for 10 min, then slowly
cooled down to —35°C and plunged into liquid nitrogen.
Thawing of the gonads occurred at 37°C. Post-thaw
gonads were transplanted in preliminarily sterilized lar-
vae of the same age as the donor individuals. After
hatching of imago the males and females were mated
with normal males and females. The experiments were
coducted in larvae of 3%, 4™ and 5" instars. Up to 33.3
and up to 7.3% of the females, which underwent
transplantation of cryopreserved ovaries from 4™ and
5t instar larvae, respectively, produced fertilized eggs.
Mochida et al. [32, 33] reported the development of a
reliable method of long-term storage of B. mori ovaries.
Ovaries were isolated from the caterpillars of 314, 4t
and 5" instars and incubated in Grace's medium sup-
plemented with 1.5 M DMSO, at room temperature
for 10 min. Cryovials of 1.2 ml were filled with 120-
150 ovaries suspended in the cryopreservation medium,
cooled in liquid nitrogen vapors for 30 minutes and
plunged into liquid nitrogen. Immediately after thawing
in a water bath at 37°C the ovaries were incubated in
DMSO solutions of reducing concentrations (1.0, 0.5
and 0 M) for 10 min at room temperature. Post-thaw
ovaries were transplanted into surgically sterilized ca-
terpillar females of different ontogenic stages. It was
found that the highest percentage of female recipients
capable of oviposition, was achieved if larvae of 3%
instar were used as ovaries donors and recipients as
well (22.1%). After natural mating the recipient but-
terflies produced fertilized eggs. The results of cryopre-
servation of testes were less successful [51]. Only in
one case the oviposition was achieved in 9.1% of fe-
males mated with the males which were transplanted
with cryopreserved testes of 37 instar larvae (the testes
were frozen in a medium contained 1.5 M glycerol, in
0.5 ml plastic straws, cooling rate was 1 deg/min in
range from 0 down to —7°C, then 10 min exposure at
—7°C, and thereafter the cooling rate was 0.3 deg/min
from —7 down to —35°C, followed by immersion in
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POBaJHM CTEPUIN30BAaHHBIM XHPYPTUYCCKUM IyTEM
I'yCEHHUI[aM-CaMKaM Ha Pa3HbIX CTaJMSIX OHTOTCHE3a.
Bru10 ycTaHOBIIEHO, YTO HAN00JIEE BHICOKHH IPOIICHT
CaMOK-PEIMIIHEHTOB, CTIOCOOHBIX OTJIOXKHUTH 1A, ObLT
MTOJTyY€H TIPH UCIIOIH30BAHUH T'yCEHHUII 3 BO3pacTa B
Ka4eCTBe KaK JJOHOPOB SSIMYHUKOB, TaK U PEIIUITHEHTOB
(22,1%). Ilocne ecrecTBEHHOTO CcTIapUBaHMs 0a00UKH-
PEIMIHNEeHTHI OTKJIAIBIBAIIN OIUIOA0TBOPEHHBIE SHIIA.
Pe3ynbsraTsl KpHOKOHCEPBUPOBAHHS CEMEHHIKOB OKa-
3a)IMCh MeHee ycnenrHpiMe [51]. Tompko B ogHOM Ba-
pHUaHTE yIanoch AOCTUYh TOTO, 4ToOKI 9,1% camok,
CHAPUBIIUXCS C CAMIIAMHU, KOTOPBIM OBLITH MEepecaxe-
Hbl KPUOKOHCEPBUPOBAaHHBIC CEMEHHUKHU Ha CTaJIUU
JUYMHOK 3 BO3pacTa, OTIIOKWIH OIUIOJOTBOPESHHBIC
stiflia (CeMEHHUKH 3aMOPKUBAJIM B Cpelie, COAepKa-
meit 1,5 M muneprHa B TIACTUKOBBIX COJIOMUHKAX
06veMoM 0,5 MIT; CKOPOCTh OXJIAXKACHHUS COCTaBIIsIIA
1 rpax/mun ot 0 mo —7°C, 3KCIIO3UITUSA B TCUCHHE
10 mun ipu —7°C, ckopocTh oxnaxkaeHus 0,3 rpag/MuH
ot —7 10 —35°C, 3aTeM 00pa3IThl IOTPY>KATH B KUK
a30T). B pesynbrare sKCriepruMeHTOB C KPHOKOHCEPBH-
pOBaHHWEM CEMEHHHKOB, MONYYEHHBIX OT JIMYNHOK
JPYTHX BO3PacTOB, U BAPbUPOBAHUEM CKOPOCTEH OX-
JaXJIeHUA Ha 3Tare oT —7 10 —35°C 0:xKu1aeMoro yBe-
JTMYCHHS KOJTMYECTBA OTIIOKEHHBIX OILIOI0TBOPEHHBIX
SIAIT TIOJTyYeHO He Ob110. Bo3MoxHO, B Oyy1iieM yaacT-
csl MOOUTHCS JTYyYIIUX PE3yJIbTATOB IyTeM Monoopa
KPHOKOHCEPBUPYIOIIUX PACTBOPOB U PEIKHUMOB 3aMOpa-
KUBaHHUS-OTTAaNBAHMS.

Nmerorcs coobriernst 0 KpHOKOHCEPBUPOBAHHUH CIIEP-
Maro30H0B TyTOBOTO Imenkonpsina. Camxu B. mori, Ko-
TOPBIX NCKYCCTBEHHO OTIOIOTBOPHIIN CITEPMATO30H-
namu, XxpaBmmmMucs mpu —196°C B Teuenne 356 CyToK,
OBLIM CIIOCOOHBI OTKJIA IBIBATh AUIIA, TPH ITOM ITOKa-
3aTellb OIUIOJOTBOPSEMOCTH M YHCIIO OTIOKEHHBIX
SIUIT TIPAKTHYECKH HE OTIIMYAIMCH OT TIOKa3aTesel Hop-
MaJlbHO crapuBaBImIMXcs 6abouek [58]. B kauectse
KpuomnpotekTopa ucnonb3osanu 10% JIMCO B cpene
I'peiica, koTopbIil 10OaBIANN K paBHOMY 00BEMY
crepMbl. 3aTeM CriepMy 3aMOPaKUBAJM B COJIOMHH-
Kax o0beMoMm 0,25 mit. J171st 1o CTHKEeHHS BEICOKOH OIT-
JIOJIOTBOPSIFOIIEH CITOCOOHOCTH CIIEPMHUEB ONITHMAITh-
Hasi CKOPOCTh OXJIaKIEHHS JOJDKHA OBITh B MTpeeax
5-65 rpan/MuH. ABTOPHI CIUTAIOT, YTO MPOCTON M Ha-
JIEKHBIN CITOCO0 KPHOKOHCEPBUPOBAHHMS CITCTYFOIITHH:
KOHTEHWHEPHI CO CIIEPMO# TOMEIIAIOT B MOPO3UIBHYIO
kamepy (—80°C) Ha 10 MuH, 3aTeM IEPEHOCAT B KUJI-
kuii a30T. Korma camku 6abodek MyTaHTHOMW JIMHUU
c OenbIM BETOM Il (pereccuBHas MyTanus «white
25») OIUIOAOTBOPSIUIA CMEChIO JIEKOHCEPBUPOBAHHOU
CIIEPMBI OT CAMITOB C TEHOM OKPACKH SIUI] IUKOTO TUTIA
(sitia 6ab0YeK ITUKOTO THUIA TEMHO-KOPUIHEBEIC) U
HE3aMOPOKEHHOH CIIEPMBI OT CaMIIOB, HECYIIHNX aJl-
JIeJIb «W-2», 0a00UYKH OTKJIaAbIBAJIM B OCHOBHOM Oe-
JpIe WA U JUIIh OYCHb HEOOJBIIOE KOJIUYECTBO
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liquid nitrogen). As a result of experiments with cryo-
preservation of testes obtained from larvae of other
ages and varying cooling rates within the range of -7
to —35°C the expected increase in the number of ferti-
lized eggs were not achieved. Maybe, future success
could be achieved by choosing proper cryopreservation
solutions and freeze-thawing regimes.

There are the reports about cryopreservation of
silk-worm sperm. B. mori females artificially insemina-
ted with sperm stored at —196°C for 356 days were
able to oviposit, and the fertility rate and the number
of eggs laid was almost the same as in normally mated
butterflies [58]. As a cryoprotectant in the studies ser-
ved 10% DMSO solution in Grace’s medium, which
was added to an equal volume of semen. Then the
sperm was frozen in 0.25 ml straws. To achieve a
high post-thaw fertilizing ability of sperm the optimal
cooling rate was reported to be within 5-65 deg/min.
The authors proposed a simple and reliable method
for cryopreservation: containers with sperm were pla-
ced into a freezer (—80°C) for 10 minutes, then transfer-
red to liquid nitrogen. When butterfly females of mu-
tant line with white colored eggs (recessive mutation
‘white 2”) were fertilized with a mixture of frozen-
thawed sperm from males with the gene of wild-type
colored eggs (eggs of wild-type butterflies are dark
brown) and non-frozen-thawed sperm from males
carrying the allele ‘w-2’, butterflies produced mostly
white and only a very small amount of dark brown
eggs. These results suggest that there was a com-
petition between the sperm during fertilization and that
cooling down to —196°C significantly reduced the
fertilizing ability of sperm.

Some species of Lepidoptera constantly form apy-
rene spermatozoa (sperm cells lacking nuclei), and the
process of fertilization in B. mori requires the presence
of apyrene and eupyrene (with normal haploid set of
chromosomes) of sperm. It was found that eupirenous
sperm tolerate cryopreservation procedure better than
apirenous [59]. The silkworm female artificially fer-
tilized with cryopreserved sperm showed the fertility
rate ranged from 0 to 76.9%, depending on the line.
Adding fresh semen from triploid males (infertile, but
with apyrene spermatozoa in the semen) significantly
increased the fertilizing ability of cryopreserved sperm
of normal diploid males. Frozen-thawed apyrene sperm
from triploid males also increased the fertility of
females, fertilized with cryopreserved sperm of normal
males, but to a lesser extent compared with fresh sperm
of triploid males. Takemura et al. [59] recommend to
add apyrene sperm of triploid donors as an auxiliary
agent for cryopreserved semen during artificial insemi-
nation, which can contribute in turning cryopreservation
into a routine technology for genetic conservation of
the silkworm.
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TEMHO-KOPUYHEBBIX. DTH PE3yJbTaThl CBUACTCIBCT-
BYIOT O TOM, 4TO CYHIECTBYET KOHKYPCHIIUS MEKIY
CIEPMUSIMU TIPH OILJIOJJOTBOPSHHUH U YTO 3aMOPaKHU-
BaHue 10 —196°C 3HaUNTEILHO CHIKAET OILIOA0TBO-
PAIOIIYIO CTIOCOOHOCTD CIIEPMHUEB.

Y HEKOTOPBIX BUJOB YETITYEKPBLUIBIX TIOCTOSTHHO 00-
pa3yroTcs aMpeHHbIE CIIEPMUH (CIIEpMUH, JTUIIICHHBIE
A1pa), MPUIEM MPOIECC OIUIOAOTBOPEHUs y B. mori
TpeOyeT MPUCYTCTBHS M allMPEHHBIX W 3YMHUPEHHBIX
(MMeronX HoOpMaIbHBIHA TaIJIONIHEIN HA00p XPOMO-
COM) criepMueB. BBUIO YCTaHOBIIEHO, YTO DYITUPEHHBIE
CIIEPMHH TIEPEHOCAT MPOIEAYPY KPHUOKOHCEPBUPO-
BaHU4 JIy4llle, 4eM anupeHHsle [59]. Camok menkorn-
Ps/1a UCKYCCTBEHHO OTLTOA0TBOPSUIA KPUOKOHCEPBUPO-
BaHHBIMH CIIEPMATO30UIaMH, U PEPTUIHHOCTH OTLIO-
JOTBOPEHHBIX caMoK cocTtasisuia ot 0 go 76,9% B
3aBHUCHUMOCTH OT JINHWH. J[0OaBIeHNEe CBEXKEH CIIEpMBI
OT TPUIUIOMAHBIX CaMIIOB, KOTOpBIE SBISIOTCA Oec-
IUIOAHBIMH U CIIepMa KOTOPBIX COAEPKUT WHTAKTHBIS
anMpeHHbIe CIIEPMaTO30H Ibl, 3HAUNTEIHHO YBEIHUIN-
BaJIO OTUTIOIOTBOPSIIOIIYIO CITOCOOHOCTH KPUOKOHCEP-
BHPOBAHHBIX CTIEPMATO30UJ0B HOPMATBHBIX TUTUION]-
HBIX CaMIIOB. 3aMOPOKCHHAS allMpEHHAS CTIepMa TPH-
IUIOUIHBIX CaMIIOB TAK)KE MOBHKIIIAA TIOJOBUTOCTh
CaMOK, OIUIOJIOTBOPEHHBIX KPHOKOHCEPBUPOBAHHOMN
CIIEpPMOI HOPMAJILHBIX CaMIIOB, OJTHAKO B MEHbIICH
CTEIEHU IO CPAaBHEHUIO CO CBEXKEH CIIEPMO TPUTLIOH/T-
HbIX camiioB. Takemura Y. u coaBr. [59] pekoMeHIyOT
T00aBIATH ATMPEHHYIO CTIEPMY TPUTUIOUIAHBIX JOHO-
POB KaK BCIIOMOTaTeNbHBINA areHT K KPHOKOHCEPBHPO-
BaHHOM criepMe Py NCKYCCTBEHHOM OTLIO/IOTBOPEHHUH,
YTO MOXKET CII0COOCTBOBATH MPEBPALIEHIIO KPHOKOH-
CEpBHUPOBAHUS B PYTHHHYIO TEXHOJIOTHIO COXPAHEHUS
TCHETUYECKUX PECYPCOB TYTOBOTO HICIKOMPSIa

Mochida Y. u coaBr. [32] Takke uccie0Bain Bo3-
MOXKHOCTh KPHOKOHCEPBUPOBAHHUSI CIIEPMBI TYTOBOTO
HIEIKoNpAna. /JJeKkOHCEpBUPOBAHHOM CIEPMOM HC-
KYCCTBEHHO OTIOIOTBOPSUIH CAMOK, Pa3BUBIIMXCS U3
SIIT, OTJIOXKCHHBIX CAMKAMU-PEITUITAEHTaMH IEKOHCEP-
BHPOBaHHBIX IMYHUKOB B HAN0OJIE€ ONTHMAaIHLHOM Ba-
praHTe sKcriepuMeHTa. TombKo HEOOIBIIOE KOJIH-
YECTBO OIUIOAOTBOPEHHBIX 0a004YeK OTKIAIBIBAIO
siina (8—10,3%) mo cpaBueHwmro ¢ KoHTposeM (100%).
Kpowme Toro, ¢pepTHIIbHOCTS SHUIT KCIIEPUMEHTATHHBIX
caMOK OblIyIa TOpa3no HIDKE, 9eM KOHTPOIBHBIX: 40,3—
88 u 97,5% cooTrBercTBeHHO. B cienytomeit cepuu
AKCIIEPUMEHTOB SIHIIa XUPYPrHYECKU H3BIICKAIH U3 OBa-
PHOJI CAMOK-PELUIIUECHTOB B. mori ocie TpaHCIUIaH-
TaIUH JICKOHCEPBUPOBAHHBIX STUMHUKOB U TIOJIBEPrain
MapTEHOTCHETUYCCKON aKTHUBAIMH C TOCIICYFOIIUM
HCKYCCTBEHHBIM BBUTYIUICHUEM. BceX MOydeHHBIX
TakuM 00pazoM 0a00YeK-CaMOK CITApUBAId €CTECT-
BEHHBIM ITyTeM JTH00 MCKYCCTBEHHO OTUIOOTBOPSITH
JIEKOHCEPBUPOBAHHOM CIIEPMOH, YTO J1aBaJIO BHICOKHI
BBIXOJ] HOPMAJIBHOTO TIOTOMCTBA B O0OUX CITyYasiX.
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Mochida et al. [32] also investigated the possibility
of cryopreservation of silkworm sperm. Frozen-thawed
sperm was used in artificial insemination of females
developed from eggs produced by the females, that
were the recipients of frozen-thawed ovaries in the
most optimal variant of the experiment. Only a small
number of fertilized butterflies produced eggs (8—0.3%)
if compared to the control (100%). Furthermore, fertili-
ty of eggs from experimental female was much lower
than that of the control ones: 40.3—88 and 97.5%, res-
pectively. In the next series of experiments the eggs
were surgically excised from ovarioles of B. mori
recipient female after transplantation of frozen-thawed
ovaries and were subjected to parthenogenetic activa-
tion followed by an artificial hatching. All obtained in
such a way butterfly females were mated naturally or
insemi-nated artificially with frozen-thawed sperm,
giving a high yield of normal offspring in both cases.

Cosi et al. [5] tested various protocols of dechorio-
nization and permeabilization of wax moth Galleria
mellonella eggs (Lepidoptera: Pyralidae), damaging
the wax honeycomb, honey brood stocks, bee-bread,
frames and heat insulation of beehives. The study was
performed in early (24 h after oviposition) and late
(72 h after oviposition) embryos. Lepidopteran eggs
unlike eggs of Diptera are surrounded by outer pro-
tective layers, that require a new approach for their
dechorionization and permeabilization. After permeabi-
lization with heptane G. mellonella hatchability was
low: 0.1-4.2% in the early embryos and 4.3—-11.2% in
late ones. Replacement of heptane with a surfactant
allowed to achieve better results. Exposure of eggs in
1.25% solution of NaOCl, containing 0,08% Tween
80 for 2 minutes, altered the permeability of egg en-
veloppe, like did the 10 second-long exposure in
heptane, according to the rate of eggs shrinkage, but
the hatchability level was thereafter significantly higher:
68.2+ 1.5 and 22.4 + 3.7% for early and late embryos,
respectively.

One day old eggs of G. mellonella, dechorionized
in sodium hypochlorite aqueous solution supplemented
with Tween 80, were rapidly cooled by immersion into
liquid nitrogen and stored at —140°C for 48 hours [49].
After the storage the survival rate was 0,6 = 0,2%.
92.9% of the larvae hatched from cryopreserved eggs
underwent metamorphosis and turned into fertile
imago. Hatchability in the F1 and F2 generations was
above 90%. Roversi et al. [49] succeded to create a
colony of the descendants of butterflies hatched from
cryopreserved eggs.

The attempt to cryopreserve late (4548 hour-old)
cutworm Spodoptera exigua embryos (Lepidoptera:
Noctuidae), being a pest of many agricultural and wild
plants, was not successful [23]. Ethylene glycol was
the least toxic to cutworm embryos compared with
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Cosi E. u coasr. [5] npoTecTupoBaiin pa3iniHbIe
IIPOTOKOJIBI JIEXOPUOHH3AITUH U TIepMEaOMITN3aIiu SIUIT
BockoBo# orueBku Galleria mellonella (Lepidoptera:
Pyralidae), noBpexxnaromeii BOCKOBBIE COTBI, PacIuIof,
3armachkl Ména, mepry, PaMKH U yTeTUTUTEIbHBIN MaTe-
puan yabeB. B paboTe ObUTH HCTIOB30BaHbI paHHUE (24 1
TTOCJIE OTKJIAJIKH SIIT) ¥ TIO3MHUE (72 9 TIOCIIe OTKIIAIKH
AWI) SMOPHUOHBI. SiiTa YenryeKpolIbIX, B OTIMYNE OT
SWI] IBYKPBUTBIX, OKPY>KEHBI HAPYKHBIMH 3aITUTHBIMA
CJIOSIMH, 9TO TpeOyeT moadopa HOBBIX MTOIX0I0B K UX
JIEXOPUOHM3AINH U iepMeabmm3aruu. [locrne mepmea-
OunM3alMy renTaHoM BeUTyIuisieMocts G. mellonella
obu1a Huzkoi: 0,1-4,2% y panaux 3MOpruoHOB U 4,3—
11,2% y no3aHux. 3aMeHa TenTaHa MOBEPXHOCTHO-
AKTUBHBIM BEIIECTBOM MO3BOJIMIIA TOOUTHCS JTYUIIIHX
pe3ynbpTaroB. Dkcno3uus auu B 1,25%-M pactBope
NaOCl, conepxkarmem 0,08% Tween 80, B Teuerne 2 MUH
M3MEHsIa MTPOHMUIIAeMOCTh 000I0UeK siTia, Kak u 10-
CeKyH/IHasl SKCIIO3UINS B TENTaHe, Cy/s MO CTETICHN
CKaTHA SUI, HO YPOBEHB BBUIYIIISIEMOCTH TIOCTE Hee
OBLT MOCcTOBEpHO BhIMIE: 68,2 + 1,5 1 22,4 £+ 3,7% mst
PaHHUX U MO3AHUX YMOPHOHOB COOTBETCTBEHHO.

OnnonueBHble siina G. mellonella, nexopuoHu-
3MPOBaHHBIC B BOJJHOM PACTBOPE THITOXJIOPUTA HATPUS
u Tween 80, OBICTPO OXJTAXK TN TIOTPYKSHUEM B KU
Kkuii a30T u xpanunu npu —140°C B Teuenue 48 u [49].
[Tocne xpanenus BebxkuBaeMoCTh cocTaBuia 0,6 +0,2%.
W3 Tex NMUMHOK, KOTOPHIC BEUTYITHIIUCH U3 KPUOKOH-
CEPBHUPOBAHHBIX AUIL, 92,9% nporutn metamopdo3 u
MIPEBPATHIIHCE B (DepTHIIBHBIX UMaro. BeutyruisemMocTsb
B mokoneHnsax F1 u F2 6pi1a Bermre 90%. Roversi P.F.
c0aBT. [49] ymanock co31aTh KOJIOHHUIO U3 TIOTOMKOB 0a-
004eK, BEUTYTIMBIINXCS M3 KPUOKOHCEPBUPOBAHHBIX STHII.

[TonpITKa KPUOKOHCEPBUPOBATH NO3IHUE (45—48-
YyacoBble) SMOPHOHBI COBKH Ha3eMHOU Maoit Spodo-
ptera exigua (Lepidoptera: Noctuidae), xotopas siB-
JIIETCSl BPEIUTEIIEM MHOTHX CEJTbCKOXO3SIIICTBEHHBIX
Y TIUKOPACTYIINX PACTCHUM, HE YBEHYAJIACh YCIIEXOM
[23]. DTHUACHTIIMKONB OKa3aJIcs HAUMEHEE TOKCHUYCH
JUTSE SMOPHUOHOB COBKH ITO CPABHEHHUIO C IPYTUMH TIPO-
TECTUPOBAHHBIMHA KPHOMPOTEKTOPaMHU (METaHOJIOM,
1,3-npornananoaoM, MUIEPUHOM, 2-aMUHO- | -3TaHo-
JIOM, 3-aMHHO- | -TTpomIaHoIoM U 3-MeToKcH-1,2-T1po-
MTaHUOJIOM), OTHAKO JMYMHKH, BBUIYIIHBIIHECS U3
JIEKOHCEPBHUPOBAHHBIX YMOPHOHOB, OBLTH HE CITOCOOHBI
MUTAThCA U pa3BuBaThecA nanee. Luo L. u coasr. [23]
MOJIararoT, YTO 3TO 00BsACHSETCS 00pa30BaHUEM KPHUC-
TaJUIOB B TEJE MO3HUX SMOPUOHOB, KOTOPHIC UMEIOT
c(OPMUPOBAHHYIO CPEHIOIO KHIIKY.

KpuokoHcepBUpOBaHHE TeHETHYECKOTO Ma-
Tepuajia IlepenoH4YaTOKPBLIBIX

[lepemmoH9aTOKpBLIBIE — €111 OJH OTPSIT HACEKO-
MBIX, HEKOTOPBIE MTPEICTABUTENN KOTOPOTO SIBIISTIOTCS
MEPCIICKTUBHBIMU 00bEKTAMHU JIJIsl pa3paboTKH METO-
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other tested cryoprotectants (methanol, 1,3-propane-
diol, glycerol, 2-amino-1-ethanol, 3-amino-1-propanol
and 3-methoxy-1,2-propanediol) but the larvae hatched
from frozen-thawed embryos were not able to feed
and develop. Luo ef al. [23] believed that this was due
to the formation of crystals in the body of the late
embryos with developed midgut.

Cryopreservation of Hymenoptera germplasm

Hymenoptera is another order of insects, some
members of which are promising for the development
of methods for low-temperature storage of their
germpalsm. The number of bee colonies is reduced
due to colony collapse syndrome and defeating by var-
roa mites. Cryopreservation of honeybee germplasm
becomes increasingly important because of the emer-
gence of new pests and diseases that are not treatable
with antibiotics. Bee embryos, like other insects are
cold sensitive. Collins and Mazur [4] estimated the cold
sensitivity of bee embryos of 24 to 62 hours of deve-
lopment after exposure at 0, —6.6 and —15°C and
showed that hatchability decreased sharply with dec-
reasing temperature of exposure. The most stable in
the conducted experiments were the 48 hour-old em-
bryos.

Using of genetic markers allowed to reveal that
honey bee Apis mellifera L. sperm (Hymenoptera)
can produce progeny after storage at —196°C in cryo-
protective medium containing DMSO and egg yolk
within 2 years [9]. Unlike many studies suggested that
the period of storage in liquid nitrogen did not affect
the final result, in this report, it has been suggested
that the loss of viability may occur between day 4 and
2 years of storage. Nine of queen bees, fertilized by
sperm stored during 4 days, produced 22% of worker
bees (fertility ranged from 8 to 55%), while eight
females, fertilized by sperm stored for 2 years produced
8% of worker bees (range from 1 to 25%). Survival
after cryopreservation is usually presented as the mean
percentage of survivors. Obviously, that even more
important is fraction of samples with survival close to
zero. A wide range of survival in this case served as
an alert, and meant that there was a factor of cryo-
preservation being at extremely dangerous level, or
that there was an off-design change in the cryopre-
servation protocol. In addition, the sample with extre-
mely low survival prejudice the quality of the material
stored in the repository on the whole.

Taylor et al. [61] tested three cryoprotectants
(DMSO, dimethyl acetamide and glycerol), six media
and five variations of solvent/sperm ratio (1:1, 3:1, 6:1,
9:1 and 12:1) for purpose of enhancing the viability of
honey bee A. mellifera sperm after freeze-thawing.
Exposure in the medium of fresh sperm per se de-
creased spermatozoa motility. Hypotonic antioxidant
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JIOB HU3KOTEMITEPaTypHOTO XPaHEHHS UX PEMpOAYK-
THBHBIX ITPOAYKTOB. UHCIEHHOCTh ITYETTHMHBIX KOJIOHUIH
COKpaIllaeTCsl BCAEICTBUE CHHAPOMAa Kpaxa KOJIOHHUN
U TopakeHHs Kiemamu Bappoa. KprnokxoHcepBupo-
BaHHE TeHETUYECKOT0 MaTepraia MeIOHOCHBIX el
proOpeTaeT OOBIIYIO aKTyadbHOCTh H3-3a MOSBIIe-
HUS HOBBIX NApa3uTOB M OOJE3HHU, KOTOpast HE MOJ-
JaeTcsl JICYCHUIO0 aHTHOMOTHKaMH. DMOPHOHBI ITYET,
TaK kK€ KaK M JPYTUX HACEKOMBIX, XOJOJOYYBCTBH-
tenbHbL. Collins A.M. u Mazur P. [4] otieHunu xo510710-
YyBCTBUTEIBHOCTH MUEIHHBIX SMOPHOHOB MEXTy 24
n 62 4 pa3BuTus nocine skcnosunuu npu 0, —6,6 n
—15°C u mokazanu, 4T0 BBUTYIUIAEMOCTh PE3KO CHH-
JKAETCs C MOHIKEHWEM TEMITepaTyphl SKCIIO3HIIHH.
Haunbonee ycToiunBbIMH B MIPOBEAECHHBIX IKCIIEPH-
MEHTax OKa3aluch 48-4yacoBble SMOPHOHBIL.

[Ipu ncionp30BaHNM TEHETHYECKUX MapKEpPOB yC-
TaHOBIIEHO, YTO CTIEPMATO30MAbI MEOHOCHOM ITYEIIBI
Apis mellifera L. (Hymenoptera) MOryT naBaTh IO-
TOMCTBO IocJie XpaHeHus pu —196°C B Kpro3auuT-
HO¥ cpene, conepxanieit IMCO u SUIHBIH )KEITOK B
tedyenue 2 neT [9]. B ornuane ot MHOTHX HcCie0Ba-
HU, CBUAETEIBCTBYIOIIUX O TOM, YTO CPOK XpaHEHHS
B JKH/IKOM a30T€ HE BJIMAET HAa KOHEUHBIH pe3yJbTar,
B JaHHOHW paboTe OBIIO BBHICKA3aHO MPEATIONIOKEHHE,
YTO MOTEPS JKU3HECTIOCOOHOCTH MOKET IPONCXOAUTD
MeXNy 4 cyTKaMH U 2 ToJJaMH XpaHeHus. J[eBATh mmye-
JIMHBIX MaTOK, OTFIOAOTBOPEHHBIX CIIEPMAaTO30HIaMH,
XPaHUBIITUMUCS B TeueHUe 4 CyTOK, nmpousBenu 22%
pabouux muen (Iuana3oH 3Ha4eHUH MII0J0BUTOCTH 8—
55%), B TO BpeMs Kak BOCEMb MaTOK, OILIOJIOTBOPEH-
HBIX CIIEPMATO30UJaMH1, XPAaHUBIIUMHUCS B TEUCHUE 2
JeT, mpou3sBenu 8% pabounx muen (auamazon 1-25%).
BrpxuBanue mocie KpUOKOHCEPBUPOBAHUSA OOBIYHO
MPEACTABIAIOT KaK CPEIHUN MPOLECHT BBIKUBIIUX
ocobeit. OueBHIHO, YTO Jake Oosiee BakHa 01 00-
PasIoB ¢ BEDKMBAEMOCTHIO, ONTM3Koii K HyseBou. LLInpo-
KHii THana30H BEDKUBAEMOCTH B 3TOM CITydae SIBIISET-
Csl TPEBOXXHBIM CHTHAJIOM M O3HAYaeT, YTO OAMH U3
(haKTOpOB KPHOKOHCEPBUPOBAHMUS HAXOAUTCS Ha Mpe-
JIETBHO OITAaCHOM YPOBHE JIM0O0 MPOMU30ILIO0 KAaKOe-TO
HEYYTEHHOE H3MEHEHHE MPOTOKOIa KPHOKOHCEPBUPO-
BaHus. Kpome Toro, BEIOOpKH € TpeAeiIbHO HHU3KOH
BBDKMBAEMOCTBIO BOOOIIIE CTaBsT MO COMHEHHUE Ka-
YeCTBO KOHCEPBHPOBAHHOTO B XPaHMIIUIIIE MaTepHaa.

Taylor M.A. u coasr. [61] npoTecTupoBanu TpH
kpuonpotekropa (AMCO, numernnaneTaMu U TId-
LEpUH), LIECTh CPE/I U MSTh BADHAHTOB COOTHOIICHUI
pactBoputens/ciepma (1:1, 3:1, 6:1, 9:1 m 12:1) ¢
LIEJIHI0 TIOBBICHTH JKM3HECITOCOOHOCTh CIIEPMAaTO-
30UJI0B MEIOHOCHO# muensl A. mellifera mocne 3amo-
paxuBanus-ortanBanui. Cama mo cebe obpaboTka
Cpesoil cBexKel HE3aMOPOKEHHOW CIIEpMBbI CHIDKaIa
MMOABMIKHOCTH CIIEPMAaTO30M10B. [ MITOTOHNYECKas
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medium which contained highly diluted catalase and
comprised DMSO allowed to reach the highest sperm
viability (68.3 £ 5.4%). No differences in viability of
sperm from different lines of bees were found. Kafta-
noglu and Peng [13] reported an artificial insemination
of 15 females with sperm frozen-thawed in the pre-
sence of 10% DMSO and 3—4 deg/min cooling rate.
Area occupied by juveniles obtained from surviving
females was 345 + 60 cm?. It should be noted that
47% yield of worker bees obtained from the queen
bees fertilized with cryopreserved sperm indicated
rather low level of fertilization performed in these
conditions. Later, Hopkins and Herr [11] succeeded in
achieving better results. Slow freezing under the
protection of 10% DMSO and 3 deg/min cooling rate
resulted in post-thaw viability of A. mellifera sperm
0f'93%, moreover the post-thaw motility did not differ
from that of fresh sperm. This research group proposed
an alternative method of freezing honey bee sper-
matozoa which provided 93.13% viability of the sperm
assessed by fluorescent dye staining [56]. Other tested
in this study methods of cryopreservation were ranged
by the efficiency which was expressed as percentage
of viable cells assessed by fluorescent staining and
made the following descending row: 1) slow cooling
from 5 down to —40°C with rate of 3 deg/min and fol-
lowing plunging into liquid nitrogen, DMSO as cryopro-
tectants, resulting viability was 78.84%; 2) rapid cooling
achieved by plunging of microglass cryostraws into
liquid nitrogen accompanied with constant stirring to
prevent the formation of vapor layer around straws,
glycerol as cryoprotectant, resulting viability made
38.90%; and 3) slow cooling with glycerol as cryo-
protectants resulted in 26% post-thaw viability. Since
the females fertilized with semen, containing more than
50% of viable sperm, are highly probably to exhibit
normal reproduction during the whole season, these
results are of importance for beekeepers. Next stage
of this research are the field experiments.

Turnip sawfly Athalia rosae (Hymenoptera: Ten-
thredinidae) is a dangerous pest of oilseed rape, turnip,
cabbage and other cruciferae. Moreover, this insect is
an extremely interesting object for research on the
genetics of sex, since it is a representative of a unique
group of animals for which arrhenotoky (a kind of
haploidy when diploid females develop from fertilized
eggs and haploid males do from unfertilized eggs) is
the normal way of reproduction [39]. Hatakeyama and
Sumitani [8] procured sperm from males of transgenic
A. rosae line, carrying reporter genes of green fluores-
cent protein (GFP), froze it in liquid nitrogen and stored
thereafter at —80°C for a year. Thawed sperm was
injected into mature unfertilized eggs isolated excised
from the ovaries of wild-type females. Some of the
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AHTHOKCHJIAHTHAs CpeJia, CoJeprKaias Katanasy npu
CIIIBHOM pa3BefieHHH B couetanuu ¢ JMCO mana
HaWTy4IIUe pe3yJIbTaThl )KU3HECTIOCOOHOCTH CIIepMa-
To30u10B (68,3 £ 5,4%). Paznuuuii B )Ku3HECIOCO0-
HOCTH CTIEPMaTO30H/ 0B ITYeJ Pa3UIHbIX JINHIH 00Ha-
py»xeno He Obu10. Kaftanoglu O. u Peng Y.S. [13] npo-
BEJIM MHCTPYMEHTAJIBHOE OIUIOAOTBOpEHHUE 15 MaTok
CIIepMaTo30M1aMH, 3aMopokeHHbIMU ¢ 10% JIMCO
€O ckopocThio 3—4 rpaa/muH. Ilnomiaas MOJIOIU OT
13 BBDKHUBIIUX MaTOK cocTaBmia 345 + 60 cm?. Cre-
IOyeT OTMETUTbh, 4T0 47%-e mpou3BOACTBO pabounx
T4YeJI OT MYETMHBIX MAaTOK, OIIOJOTBOPEHHBIX KPHO-
KOHCEPBHPOBAHHBIMH CIIEPMATO30MIaMH, YKa3bIBAET
Ha JIOCTaTOYHO HU3KHUI YPOBEHH OILIOIOTBOPEHHUS B
nansbIx ycnosusx. [losnnee Hopkins B.K. u Herr C.
[11] ymamoch noOUTHCS OoJiee BEICOKHX PE3yIbTATOB.
[Ipu MenneHHOM 3aMopakuBaHuU o1 3amuToi 10%
JAMCO co ckopocThIO 3 Trpaj/MHUH KHU3HECIIOCO0-
HOCTBh ciepMato3ouioB 4. mellifera nocturana 93%,
pUYEM KX MOJBHKHOCTH IOCJIE 3aMOpPaKMBaHUS-
OTTaWBaHMUs HE OTJINYAIIACh OT MOJIBHKHOCTH HATHB-
HBIX CIIEpMATO30MI0B. JTa K€ HCCIeI0BaTEIbCKas
rpynmna [56] mpemioxuia anbTepHAaTUBHBIA CIIOCO0
3aMOpa)KUBaHMs CIIEPMATO30UI0B ITYETIBI, C TOMOILBIO
KOTOPOTO UM yAaI0ch focTudb 93,13%-i1 xu3necro-
COOHOCTH CTIEPMAaTO30M 0B 110 PE3yIIbTaTaM OKpaIlIn-
BaHMS (PIIyopecueHTHBIMH KpacutensMu. pyrue
MPOTECTUPOBAHHBIE B 3TOH paboTe METOABI KPHOKOH-
CEPBHUPOBAHMS 1O CBOEH 3(PPEKTUBHOCTH, BBIPAXKEH-
HOM Kak JI0JIs ’KU3HECTIOCOOHBIX KJIETOK IpH (hryopec-
LEHTHOM OKpAIlMBAaHUH, PACIIOJIaraloTcsl B CIEAYIO-
meM nopsiake: 1) MenjeHHOe OXJaXACHHE OT S5 N0
—40°C co CKOpOCThIO 3 Tpaa/MHUH C TMOCIECIYIONTAM
morpyxenueM B xunkuii a3otr u JJMCO B kauecTBe
KPHOTIPOTEKTOPA, KHU3HECTIOCOOHOCTD 78,84%; 2) ObIc-
Tpoe OXJaKACHNE, JOCTUTHYTOE MOTPYyKEHHUEM KPHO-
COJIOMMHOK U3 MHKPOCTEKJIa B KUAKUI a30T MpH TO-
CTOSTHHOM TI€PEMEIINBAHUH [JIS PEJOTBPAIICHUS
00pa3oBaHUs MPOCIOWKH Mapa BOKPYT COJIOMHHOK,
IJIMLEPHH KaK KPHOMPOTEKTOP, KU3HECHOCOOHOCTD
38,90%; 3) MenmeHHOE OXJTAKICHHE, KPUOTIPOTEKTOP
IJIULIEPHH, )KU3HECTIOCOOHOCTH 26%. [TockonpKy MaT-
KH, OTUTOZIOTBOPEHHBIE CIIEPMOIA, CoiepIKaIiei boee
50% *XU3HECTIOCOOHBIX CIIEPMATO30UI0B, C BBICOKOH
BEPOATHOCTHIO CIIOCOOHBI K HOPMAJILHOMY BOCTIPOH3-
BOJICTBY B T€UEHHE CE30HA, JaHHBIE Pe3yJbTaThl
UMEIOT 0OJbIIOE 3HAYeHUE Il mueiaoBonoB. Cre-
JQYIOIUM 3TalloM HCCIEN0BAaHUH ABISAETCS MpPOBEe-
HUE SKCIIEPIMEHTOB B TIOJIEBBIX YCIOBHUSAX.
Pancoswnii munmmnbuk Athalia rosae (Hymeno-
ptera: Tenthredinidae) — onacHbIil BpeUTENb parica,
TypHeTca, KalmyCcThl U JAPYTHX PAacTeHHH ceMelcTBa
KpecTolBeTHbIX. KpoMe Toro, 310 upe3BbIuaiiHO UHTE-
PECHBIH 0OBEKT JJIsl UCCIICIOBAHUMN 110 TCHETUKE T10J1a,
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eggs were fertilized and developed into diploid females
expressing BFP. Haploid males descended from these
females segregate to BFP-positive and for BFP-ne-
gative individuals in 1:1 ratio, that indicated hetero-
zygosity of the parental females and preservation of
genetic markers for cryopreservation of semen.
Cold could be used not only for the conservation of
collections of different genetic lines, but for synchro-
nization of insects development as well. This approach
was used for the synchronization of flowering period
of alfalfa Medicago sativa with the development of
its pollinator, alfalfa leafcutter bee Megachile rotun-
data (Hymenoptera: Megachilidae) [69]. The deve-
lopment of pupae and pharate imago in late spring was
interrupted by short low-temperature storage. Insects
of three stages of ontogeny: pupae with pigmented eyes,
pupae with the pigmented body and pharate imago,
were subjected to exposure at 6, 12 or 18°C for 28
days. The insects of all the studied stages of deve-
lopment collected in April and July survived the storage
at 12 and 18°C during 14 days. The temperature of
—18°C was the most optimal from the studied ones
because the insects continued to develop slowly in
these conditions. Storage at 6°C during 14 days signi-
ficantly reduced the life span period of hatched bees.

Conclusion

It should be recognized that the cryopreservation
of insect embryos was accompanied by appearance
of much more problems than would be expected if
compared to embryos of other taxa representatives.
Over the past few years much has been achieved in
the development of low-temperature storage methods
of the germplasm of the orders Diptera, Lepidoptera
and Hymenoptera. However, despite a number of
publications in this field of research, the developed
protocols are still insufficient to make the process of
cryopreservation of insect reproductive cells routine.
In addition, there is still a lot of unstudied species, both
pests and laboratory research targets, germplam of
which should be stored in a cryopreserved state.
Creation of cryobanks of such products would solve
many fundamental and applied problems of genetics,
bee-keeping, sericulture and other areas. One can
expect further improvement of automated cryopreser-
vation of germplasm from the species that are already
objects of research in this area, as well as the develop-
ment of methods of cryopreservation of embryos and
sperm from new and promising species and members
of other orders. It should be noted that insect embryos
nowadays are among the most complex biological
objects cryopreservation of which is an accomplished
fact. This could be important for cryobiology in general,
since the obtained results imply that the multi-cellular
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TaK KaK SIBJIIETCS MPEACTaBUTENIEM YHUKATBHOU TPyTI-
TIBI JKUBOTHBIX, JJIS1 KOTOPBIX apPEHOTOKUS (Pa3HOBHU-
HOCTb TaIuIOAMIUIOUANH, KOTJA AUILUIOUAHBIE CAMKHU
Pa3BHUBAIOTCS U3 OIUIOAOTBOPEHHBIX SIHII, a TAIUIOU -
HbIE CaMIIbl — U3 HEOIUTOJOTBOPEHHBIX SIHI]) — HOP-
MaJIbHEIN crmoco6 Bocmpom3BojacTBa [39]. Hatakeya-
ma M. u Sumitani M. [8] momyuyuin criepMaTO30UabI
OT CaMIIOB TPAaHCTEHHOU JTMHUU A. rosae, HeCcylIen pe-
MOopTEepHBIEC TeHbl Oenka 3eJeHol (QIryopecieHIH
(b3®), 1 3aMOPO3WITH UX B JKUIKOM a30Te, TIOCTIE YEro
xpanuu npu —80°C B Teuenue roaa. JlekoHcepBHpo-
BaHHBIE CIIEPMATO30H1bI BBOJUIIM B 3pEJIbIE HEOILIO-
JOTBOPEHHBIE SHI[a, N3BJICYCHHBIE U3 SIMYHUKOB CAMOK
JUKOTO THITA. YacTs siuil OblIa OTIIOIOTBOPEHA U Pa3BH-
JIach B IUIIOUIHBIX CAMOK, 3Kcnpeccupyromux b3d.
lNannongHbIe caMIIbl OT 3TUX CAMOK CETPETUPOBAINCH
Ha b3®-nonoxxurenpHBIX 1 b3D-HeraTHBHBIX 0cO0eH
B COOTHOIIICHUH 1:1, 94TO yKa3pIBaeT HA T€TEPO3UTOT-
HOCTb POJAUTENBCKUX CAMOK M COXPaHEHHE FeHETHYEC-
KHX MapKepoB IPU KPHOKOHCEPBUPOBAHUH CIIEPMBI.

X0I10/T MOYKHO HCTIONIB30BaTh HE TOJIBKO JUTSI COXpa-
HEHUS KOJUIEKIMH Pa3NNIHBIX T€HETUIECKIX JIMHUH, HO
U 71 CHHXPOHM3ALUU Pa3BUTHUSI HACEKOMBIX. Takoit
[TOJIXO] MCTIONIb30BAJIN JJ11 CHHXPOHHU3AIUH [IBETEHUS
moniepHbl Medicago sativa ¢ pa3BUTHEM OTIBUTATEICH
TYEN-TNCTOPE30B JTIOIEPHOBRIX Megachile rotundata
(Hymenoptera: Megachilidae) [69]. Pa3BuTre xyko-
JIOK ¥ (papaTHBIX UMAro Mo3/aHei BeCHON NMpephIBaIu
KPaTKOBPEMEHHBIM HU3KOTEMIIEPATypPHBIM XpaHe-
HrueM. HacexoMble Ha Tpex CTagusix OHTOT€He3a —
KYKOJIKH C IMUTMEHTOM IJIa3, KyKOJIKH C MUTMEHTOM
Tena u (papaTHbIE UMaro — ObUIH MTOABEPTHY ThI SKCITO-
summu 1ipu 6, 12 wm 18°C B Teuenne 28 cytok. Bee
WCCIIeIOBAaHHBIE CTAINH PAa3BUTHS «alpeNbCKUX» U
«MIOJIBCKHUX» MUEJI MOKHO XpaHuTh Iipu 12 n 18°C B
TedeHue 14 cyTok 6e3 CHIKEHUS BBLKUBAaeMOCTH. 13
BCEX IIPOTECTHPOBAHHBIX TEMIIepaTyp Hanboiee o1-
TManbHOM Ob1a 18°C, MOCKONBKY B 3TUX YCIOBUAX
HAacEKOMbIE€ MPOJOJIKAIOT MEJJIEHHO pa3BUBAThCS.
Xpanenue npu 6°C B TeueHue 14 cyTOK CyIIeCTBEHHO
CHIDKAJIO TTPOIOJKUTENNFHOCTD KI3HH BBUTYTUBIINXCS
ITYelt.

3akiao4eHne

CrnenyeT npu3HATH, YTO PU KPUOKOHCEPBUPOBA-
HUHY YMOPHOHOB HACEKOMBIX BOZHHKIIO OOJIbIIIE TPOO-
JIeM, YeM MO>KHO OBLIIO 0KHIaTh B CPAaBHEHHUH C IMO-
PHUOHAMHU NIPEACTABUTENEN IPYTHX TAKCOHOB. 3a IO-
cleHUe ToJbl OBIIM JOCTUTHYTH 3HAYNUTEIHHBIE
pe3yabTaThl B pa3padoTKe HU3KOTEMITEPaTypHBIX Me-
TOJIOB XPAHEHNUsI TEHETUYECKOTO MaTepHaia OTpPsA0B
JIBYKPBUIBIX, YEITYEKPBIIBIX U IEPENOHYATOKPHUIBIX.
Tem He MeHee, HeCMOTPsI Ha MHO)KECTBO ITyONTMKaInit
B 3TOM HaIpaBJICHUU UCCIEOBAHNUN, pa3padOTaHHBIE
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differentiated systems per se are not an insurmoun-
table obstacle for the development of cryopreservation
methods.
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