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barar (Ilpomoea batatas L.) Bupomryetbcs y Oa-
raTbOX pErioHax CBITY Ta 3a BHPOOHMIITBOM IIO-
cijjae chboMe Miclie cepejl HAHBaKIMBIIIUX XapYOBUX
KylnbTyp. BipycHi 3axBoproBaHHS (30Kkpema Sweet
potato feathery mottle virus ta Sweet potato chlo-
rotic stunt virus) TIEPENIKOKAIOTh OJICPIKAHHIO BEIH-
KHX ypokaiB miei pocnunu [1, 4, 5].

Bigomo, mo 6arar po3MHOXKYEThCS BET€TaTUBHO,
TOMY TIOCTiHHE IOCTauyaHHs OE3BIPyCHOTO IIOCAIIKO-
BOTO MaTepially Ma€ BHpIIIaNbHE 3HAYCHHS U HOTo
cTamoro BHPOOHHUITBA. KymbTypy MeEpHCTEM IIHpPOKO
BUKOPUCTOBYIOTh JIJISl OTPUMaHHs O€3BIpYCHUX KIIOHIB
KyJIbTypHUX pociivH. E(eKkTHBHICTD BUIaIEHHS BipyCiB
3aJIKUTh BiJ PO3MIpy BEpXiBKOBHX MEPUCTEM: UUM
MEHIINH po3Mip 3pa3ka, THM OibIlla HMOBIpHICTH OT-
puMaHHs 6e3BipycHOI pocauHU. OCTaHHIM YacoM Kpio-
KOHCEPBYBaHHS BBAKAETbCA €(PEKTUBHUM METOIOM
eniMiHalii BipycCiB 3 pOCIMHHOIO Matepiaiy [5].

3a nHaHUMM JIiTEpaTypu JKUTTE3JATHICTH MeEpH-
creM OaraTy micis HHU3BKOTEMIIEPATYPHOTO BIUIUBY
He nepesuinye 40% [3]. Lle moxxe OyTu moB’si3aHe 3
THM, IO TEPMIH EKCIO3MINI 3pa3KiB y KpPiO3aXHCHHUX
po3unHax € abo HeJOCTaTHIM i e()EeKTUBHOI JeTiapa-
TaIii, abo, HaBIaKH, 3aHAJITO TPUBAIHMM, IO TPU3BO-
JUTh JI0 TIPOSIBY TOKCHYHOI Jii XIMIYHHX CITOJYK.
Omxe, miadip KpiO3aXHWCHOTO CEpElOBHINA Ta Tep-
MiHIB €KCIO3HUIIIT MEPHCTEM — Ha3BUYANHHO aKTyaJbHA
npooOnema.

Mertoro nanoi po6oTH OyJi0 AOCHIKEHHS 0CMOTHY-
HUX peakiiii MepucteM OaTary y Kpio3aXUCHHUX PO3YH-
Hax I BU3HAYEHHS TEPMiHYy €KCIO3HULIT 3 MaKCUMaJlb-
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Sweet potato (I[pomoea batatas L.) is grown in
many regions worldwide and is the seventh most
important food crop. Viral diseases, such as Sweet
potato feathery mottle virus and Sweet potato chlo-
rotic stunt virus, prevent high yields of this plant [1,
4,5].

It is known that sweet potatoes propagation is
vegetative, so the constant supply of virus-free planting
material is crucial for its sustainable production.
Meristemal culture is widely used to obtain virus-free
clones of cultivated plants. The effectiveness of virus
clearance depends on the size of the apical meristems:
the smaller the sample size, the higher probability of
obtaining a virus-free plant. Recently, cryopreservation
is considered an effective method of eliminating viruses
from plants [5].

According to the published data, the viability of
sweet potato meristems after low temperature exposure
does not exceed 40% [3]. This may be due to the
fact that the exposure time of the samples in cryopro-
tective solutions is either insufficient for effective
dehydration, or, conversely, too long, resulting in the
manifestation of toxic effect of chemical compounds.
Therefore, the selection of cryoprotective medium and
exposure time of meristems is an extremely important
issue.

The research aim was to study the osmotic responses
of sweet potato meristems in cryoprotective solutions
to determine the exposure time with maximum
dehydration of samples and prevent the manifestation
of their toxic effect.
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HOIO JIETi/Iparalli€ro 3pas3KiB Ta 3aroOiraHHs MPOSBY
1XHBbOT TOKCUYHOT Aii.

Marepianom i IOCHTIJKEHb Oyl MepuctemMu Oa-
Taty copry BiHHUIIBKUI pOXKEBHI, OJiepKaHi 3 TIArOHIB,
sIK1 BUPOIIYBaJIN B JADOPaTOPHUX YMOBaX. Y KOHTEHHe-
PH 3 MOMEPEIHBO MPOKAPSHUM ITICKOM FOPU30HTAIBEHO
3aKIafiany KiyOH1 OaraTy, 3aropTalouu iX HaroJIOBUHY.
[3 mpopomeHrX MaroHiB BUAULUTN Ma3yIIHI MEPUCTE-
MH, SIKi OMIIIAJIA Ha YKUBUIIbHE cepeoBHIne Murasige
and Skoog (MS) [2] 6e3 gonaBaHHS TOPMOHIB Ta caxa-
po3n.

Po3unHy 171 BU3HAUEHHS OCMOTHYHOI pPeaKiiii Me-
pUCTEM TOTYBalld Ha COJBOBOMY cepeloBHIN MS.
Y po6oTi BUKOPUCTOBYBAJIM CyMiIlli KPiOHMPOTEKTOPIB,
PO3po0ieHi JUII HHM3BKOTEMIIEPAaTypHOTO 30epiraHHs
MEpPUCTEM PI3HUX BHUJIB POCIMH METOIaMH, AKi 0azy-
1I0Thcs Ha BiTpudikamii (plant vitrification solutions
(PVS)): PVS2 (30% rminepuny + 15% eTusneHrikomnto
+ 15% numeruncynsdokeuay + 13% caxaposn); 88%
PVS3 (44% rniuepuny + 44% caxaposun); PVSN (34%
caxaposu + 18% mminepuny + 15% eTHICHITIKOIIO).

OCMOTHYHY PEAaKIF0 MEPUCTEM Ha i Kpiompo-
TEKTOPIB BHBYAIHM 3a JIOMIOMOTOI0 (HIyOPECIIEHTHOTO
Mikpockona «Axio Obzerver Z1» («Carl Zeiss», Himeu-
YHHA).

[lix mMixpockon Ha MpPEAMETHE CKJIO 3 JIyHKOIO Ha-
HOCHJIM MEepHUCTeMy Oartary B Kparut cepenoBuina MS
1 dotorpadysanu. Ilnomry orpumanoro 300paskeHHS
BHU3HAYaJIM 3a JOMOMOTOI MPOTPaMHOTO 3a0e3redeH-
Hs «AxioVision Rel.4.8» («Carl Zeiss», Himeuuuna).
CepenoBume MS BHIAIsUM, 3aMiCTh HBOTO IOABAIU
200 MK Kpio3aXHCHOTO PO34MHY i (DiKCyBanu 3MiHY
mioni 300pakeHHs B 4aci. Jlocmian mpoBOAMIN st
KO)KHOT MEPHUCTEMH 1HIHWBITyalTbHO IO TPUITMHEHHS
3MiHH 00’€MYy, TICIISl YOTro JIOJIABAIN PiJIKEe KUBUIIbHE
CEepeIOBHIIIE 1 CIIOCTEepirayv 3a periaparariero. Jocmin
MTOBTOPIOBAJIM HE MEHIIIE TPHOX PasiB Ui KOKHOTO PO3-
YHHY.

Pesynbratu, oTpuMaHi 3a JIOMOMOTOK0 OCMOTHYHHUX
peaxiiiii, MopiBHIOBAJIM 3 MOKA3HUKAMH KHUTTE3AATHOCTI
MEpHCTEM 3aJIeKHO BiJI TEPMiHY €KCIIO3HUIIi y Kpio3a-
XHCHHUX pPO3YMHAX. BUAiNCHI 3 TPUTHIKHEBHX POCIHH
3pa3Ky, sIKi POCIH B YMOBaX in Vitro, BATPUMYBAIH Y
BIIMOBIIHUX po3unMHax mnpotsarom 10-90 xB, micis
YOro TPUKPATHO BIMUBAJIM BiJl KPIOMPOTEKTOPIB Pij-
KHM XHUBHILHUM cepenopuiieM MS i3 10% caxaposu.
KyneruByBaHHS MEpHUCTEM IPOBOAWIA Ha TBEPAOMY
JKUBUIILHOMY cepefioBuI MS i3 momaBanHsM 3% ca-
xapo3u, 5% arap-arapy ta ¢iToropmoHiB. Pereneparus-
Hy 3JaTHICTh BH3HAYAlM 32 KUIBKICTIO MEPHUCTEM, SIKi
YTBOPIOBAJIN MArOHU 3 JIUCTKAMHU 1 KOpeHi. Y KOKHOMY
JIOCHiIi BUKOPUCTOBYBAIH 10 10 MepUCTEM y TPHKpAT-
Hill moBTOpHOCTI. TepMiH CHOCTEpPEKEHHS CKJIalaB
30 mio.
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The research material was the sweet potato
meristems of Vinnytskyy rozhevyy variety, obtained
from the shoots grown under laboratory conditions.
Sweet potatoes were put horizontally into containers
with pre-calcined sand, wrapping them in half. Axillary
meristems were isolated from the germinated shoots.
Then they were placed in a nutrient medium Murasige
and Skoog (MS) [2] with no addition of hormones
and sucrose.

Solutions for determining the osmotic responses of
meristems were prepared in saline medium MS. We
used mixtures of cryoprotectants developed for low-
temperature storage of meristems of different plant
species by the methods based on vitrification (plant
vitrification solutions (PVS)): PVS2 (30% glycerol +
15% ethylene glycol + 15% dimethyl sulfoxide + 13%
sucrose), 88% PVS3 (44% glycerol + 44% sucrose),
PVSN (34% sucrose + 18% glycerol + 15% ethylene
glycol).

The osmotic response of meristems on cryopro-
tectant effect was studied using a Axio Obzerver Z1
fluorescence microscope (Carl Zeiss, Germany).

Sweet potato meristem was placed on a glass slide
under a microscope in a drops of MS medium and
photographed. The area of the obtained image was
determined using AxioVision Rel.4.8 software (Carl
Zeiss, Germany). The MS medium was removed, 200 pl
of cryoprotectant solution was added instead of it,
and the change in image area in time was recorded.
The experiments were performed in each meristem
individually until the volume change stopped, thereafter
liquid nutrient medium was added and rehydration
was monitored. The experiment was repeated at least
three times for each solution.

The results obtained by osmotic responses were
compared with the viability of meristems depending
on the exposure time in cryoprotective solutions.
The samples isolated from three-week-old plants
grown in vitro were kept in appropriate solutions for
1090 min, after which they were washed three
times from cryoprotectants using liquid nutrient
medium MS with 10% sucrose. The meristems were
cultured in MS solid medium with the addition of 3%
sucrose, 5% agar-agar and phytohormones. Rege-
nerative capacity was determined by the number of
meristems that formed shoots with leaves and roots.
In each experiment, 10 meristems were used thrice.
The observation period was 30 days.

The study results were statistically processed using
PAST v 3.11 software (Oyvind Hammer, Norway).

The results of the study of osmotic responses
of sweet potato meristems to the effect of cryopro-
tective solutions are presented in Fig. 1. The smallest
change in the relative area of meristems (down to
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Puc. 1. OcmoTuyHi peakuii mepuctem 6ataty y PVS: o —
PVS 3, m-PVS 2, A -PVSN.

Fig. 1. Osmotic responses of sweet potato meristems in
PVS: e —PVS 3, m—PVS 2, A -PVSN.

CratuctuuHy OOpOOKY pPEe3yJbTaTiB JIOCHIKSHHS
MIPOBOJIUIIN 32 JIOTIOMOTOFO MPOTPaMHOT0 3a0e30e4eHHSs
«PAST v 3.11» («Oyvind Hammer», Norway).

Pesynpratit 3 MOCHIKEHHST OCMOTHYHHMX peaKIii
MepucTeM OaraTy Ha JIif0 Kpi03aXMCHHUX PO3UMHIB MIPea-
cTasieHi Ha puc. 1. HalimeHmry 3MiHy BiJHOCHOI IJIO-
i Mepuctem (o 28%) crocrepiranu 3a aii PVS2 Ta
88% PVS3, 3nauyme 6inbioro Oyna iXHs Aerigparaiis
y PVSN (110 35%). Takox mokaszaHo, 1110 MaKCUMaJlbHa
JIeTipaTallisi y 3a3Ha4eHUX PO3YMHAX BiJIOYyBA€THCS Y
pi3Hi TepMminn. 3a Bukopuctanus PVS2 ta 88% PVS3
3MiHa 00’€My 3pa3KiB MPHUITHHSUIACS yXKe uepe3 45 XB,
0 CBIIYMTH MPO YCHINIHY JAETiApaTaiito MEpUCTEM.
[TomoBxkeHHST TepMiHY €KCIIO3HIliT MOXKEe TIPU3BECTH JI0
MIPOSIBY TOKCHYHOT il KPiOMIPOTEKTOPiB. Y pa3i BUKOPH-
cranHg PVSN 111 ycminrHOro KpioKOHCepBYBaHHS Jie-
rifpatanis MepucTeM OaraTy MOBHHHA OyTH HE MEHIIE
Hix 60 XB.

Ha puc. 2 npencraBieHo pe3yabTaTd IaciiHKEHHS
BIUIMBY TEPMIHY EKCIO3ULIl y KpiO3aXHUCHHUX PO3YH-
HaX Ha pereHepaTHBHY 3MaTHICTH MEPUCTEM Oarary.
[TokaszaHo, mo y PVS2 micns 30-xBuimHHOT iHKyOAaIii
3pa3KiB CIIOCTEPIra€ThCs TCHIECHINS 0 3HWKEHHS 1X
pereHepaTHBHOT 31aTHOCTI, Mmicist 40-XBHJIMHHOT €K-
CTO3HMIIIT Iel MOKa3HWK 3HauyIlle 3HUXKYEThCS 110 BiJl-
HOIICHHIO J0 KOHTPOJIO, ajJ€ pPiBEHb XKUTTE3IATHUX
MEpPHUCTEM AOCTATHIN [T YCIITHOTO KPiOKOHCEPBYBaH-
Hs. [licns 30-xBunmmHHOT ekcno3uiii y 88% PVS3
3[aTHICT O BiJHOBJECHHS POCTY MEPUCTEM 3HAUy-
e 3MEHIIYEThCs. [lOMOBKEHHS TEPMiHY BHTPUMKHU
3pasKiB y JaHOMY PO3YMHI HPU3BOAMTH A0 3HAYHOI
BTpaTH TIOKA3HUKIB I1XHBOI JKUTTE3NATHOCTI. bubin
TOrO, uepe3 1,5 TrommHH yCi MEpUCTEMH BHUSBISIOTH-
Cs TIOBHICTIO HEXHUTTE3MaTHUMHU. Ha BiaMmiHy Bij

182

::

100

28%) was observed with PVS2 and 88% PVS3, their
dehydration was significantly higher using PVSN
(up to 35%). It has been also shown that the maximum
dehydration in these solutions occurs at different
terms. Using PVS2 and 88% PVS3 the change in sample
volume stopped after 45 min, indicating success-
ful dehydration of the meristems. Prolonged exposure
may result in toxic effects of cryoprotectants. When
using PVSN the dehydration of sweet potato me-
ristems should be at least 60 min for successful
cryopreservation.

Fig. 2 presents the study results of exposure time
effect in cryoprotective solutions on regenerative
capacity of sweet potato meristems. It was shown that
in PVS2 after 30-min incubation of samples there
was a tendency to reduce their regenerative capacity,
after 40 min of exposure this index decreased sig-
nificantly relative to the control, but the level of viable
meristems would be sufficient for successful cryopre-
servation. In 88% of PVS3, the capacity to growth
recovery of meristems is significantly reduced after
30 min of exposure. Prolongation of exposure time
of the samples in this solution resulted in a significant
loss of their viability. Moreover, after 90 min, all
meristems were completely unviable. PVSN at the in-
cubation stage did not show a pronounced toxic effect
contrary to the previously mentioned solutions, a
significant decrease in the regenerative capacity was
observed after 50 min of exposure. A sufficient level
of viable meristems (at the level of 70%) was even
after a 70-min exposure of the samples in this solution.
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Fig. 2. Regenerative capacity of sweet potato meristems
depending on exposure time in PVS: m — 88% PVS 3,
A — PVS N, ¢ — PVS 2; * — differences are significant re-
lative to the untreated meristems.
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yKe 3a3HaueHHX po3unHiB, PVSN Ha erami iHkyOarii
HE TIPOSIBIISIE BUPAKCHOT TOKCUYHOT JIii, 3HAYYIIE 3HU-
JKCHHSI TIOKA3HHKA PEreHepaTHBHOI 3IaTHOCTI CITO-
crepiraetscst micna S0-xBunuHHOI ekcmosumii. [lo-
CTaTHIA piBeHb JKUTTEe3daTHUX MepucteM (70%)
crocTepiraBcst HaBiTh Micast 70-XBHJIMHHO! BUTPUMKH
3pa3KiB y 1aHOMY PO3UMHI.

[TopiBHSAHHS pe3yabTaTiB JIOCHIHKEHHS OCMOTHY-
HOi TOBEHIHKH MEpPUCTEM 0aTaTy y KpiO3axXHCHUX
pO3YHMHAX 3 TOKA3HUKOM iXHBOI pereHepaTUBHOI 37aT-
HOCTI TI0Ka3aJ10, 0 TePMiH NPUITUHEHHS 3MIHH TUTOMT
3pa3KiB CITIBIIAJa€ 3 TIOYATKOM 3HMIKCHHS DPIBHS KHT-
te3mpatHocTi. Llei (akrt, Ha Hamry JIyMKy, MOXKHa TIO-
SICHUTH TIPOSIBOM BIIACHOI TOKCHYHOCTI KPi03aXWUCHHX
PO3UMHIB.

TakuM YMHOM, 3MEHIICHHS IUIOIII MEpUCTeM Oara-
Ty 32 paXyHOK OCMOTHYHHUX pEakiiil y JOCIHiIKEeHHX
Kp103aXHMCHUX PO3UMHAX MPUMUHAEThCS micias 40 xB
excrio3utii y PVS2 ta 88% PVS3 Ta micia 60 xB —
y PVSN. MakcumManbHe 3MeHIICHHS 00’eMy 3pa3KiB
(mo 35%) BigOyBaeThCsl y BUNAOKy BHUKOPUCTAHHSI
PVS N. Ioka3HUK pereHepaTHBHOI 3IaTHOCTI MEpHC-
TEM ITICJIsI eKCTIO3HUITIT Y pO3UrHAX, K1 BITPU(IKYIOTHC,
3HAUYIIC 3HWKYETHCS TOPIBHIHO 3 KOHTPOJIBHUM 3HA-
yeHHAM Ha 30-y xBunuHy y Bunaaky 88% PVS3, 40-ty
xBwinHy — PVS2 ta 50-1y xBununy — PVSN. 3meHnmien-
HSl KUTBKOCTI KUTTE3ATHUX 3Pa3KiB, SKOi HEJIOCTAaTHHO
JUIA KpiokoHcepByBaHHS (MeHiie 70%), cocrepiraetb-
cs uepe3 60 xB excrnosuuii mepuctem y 88% PVS3,
70 xB —y PVS2 ta 90 xB —y PVSN.

s po3pobru epexmusnux npomoKonie KpioKoH-
cep8ysants mepucmem 6amany nepcneKmueHUMU Kpio-
s3axuchumu pozuunamu € PVS2, PVSN ma uac excnosu-
yii 3paskis 40 i 60 x6 8i0nosioHo.

s po3pobru npoyedyp KpioKoHCep8yS8anHs mepu-
cmem pi3HUX 8U0I8 POCIUH HEOOXIOHE OOCTIONCeHHS iX-
HbOI OCMOMUYHOI peakyii y Kpio3axucHux po3uuHax, uwo
003601UMb BUSHAYUMU ONINUMATbHULL TNePMIH de2iopa-
mayii excnepumMeHmaibHux 3pasKie nepeod 0X0100HCeH-
HAM 00 memnepamyp pioko2o asonty.
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Comparison of the study results of the osmotic
behavior of sweet potato meristems in cryoprotective
solutions with the index of their regenerative capacity
showed that the termination of changes in the sample
area coincided with the onset of the decrease in viability
level. This fact, in our opinion, can be explained by the
manifestation of the toxicity of cryoprotective solutions.

According to the obtained results we can conclude
that the decrease in the area of sweet potato meristems
due to osmotic responses in the studied cryoprotective
solutions stops after 40 min of exposure in PVS2 and
88% PVS3 and after 60 min in PVSN. The maximum
reduction in sample volume (down to 35%) occurs
when using PVSN. The index of regenerative capacity
of meristems after exposure in vitrified solutions is
significantly reduced compared to the control value
to minute 30 using 88% PVS3, when using PVS2
this occurs to minute 40 and for PVSN to minute 50.
A decrease in the number of viable samples, that is
insufficient for cryopreservation (less than 70%), is
observed after 60 min of meristem exposure in 88%
PVS3, 70 min in PVS2 and 90 min in PVSN.

PVS2, PVSN cryoprotective solutions and sample
exposure time of 40 and 60 min, respectively, are
promising to develop the effective protocols for
cryopreservation of sweet potato meristems.

To establish procedures for cryopreservation of
meristems of different plant species, it is necessary
to study their osmotic response to cryoprotective
solutions, that will allow to determine the optimal time
of dehydration of experimental samples prior to cooling
down to liquid nitrogen temperatures.
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