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Introduction

Rosa is one of the major economically important genera 
in floriculture. Pentaploid roses from Caninae section (2n 
= 5x = 35) are a source of plant material for breeding. The 
specific type of meiosis in Caninae contributes to the great 
morphological diversity of dog roses [1].

Cryopreservation is a technique used to ensure safe and 
cost-efficient, long-term conservation of germplasm. Most 
explants require a special protection for liquid nitrogen (LN) 
conservation, which must be developed for each method of 
cryopreservation [2]. In vitro precultures of donor plants or 
explants were applied to induce the tolerance to low tem-
perature by using of media containing either a higher than 
standard concentration of carbohydrates (sucrose, glucose) 
and ABA, proline or activated charcoal [3,4].

A few reports on the rose cryopreservation of shoot 
tips collected from in vitro grown plants have described 
encapsulation–dehydration [4,5] and droplet vitrification 
[6–8]. Recently, the plant material from greenhouse-grown 
R. chinensis ‘Old Blush’ [9] and from in situ [10] have been 
cryopreserved.

Morphological, physiological, biochemical and genetic 
stability of regenerants need to remain unaltered by the 
process of cryopreservation. Prior to the implementation of 

cryopreservation protocols, in the global germplasm storage 
projects, regenerants should be monitored as reported in 
banana meristem cryopreservation [11].

The aim of this study was to optimize the droplet vitri-
fication protocol to improve the efficiency of the shoot tip 
cryopreservation of in vitro-grown four species of pentaploid 
roses and to evaluate the effect of donor plant preculture. To 
assess the influence of cryostorage, the morphology of the 
regenerated plants was compared with the donors.

Material and methods

The shoots of fieldbriar rose Rosa agrestis Savi, dog rose 
R. canina L., glaucous dog rose R. dumalis Bechst. and 
sweetbriar rose R. rubiginosa L. were micropropagated on 
the Murashige and Skoog (MS) [12] medium with 1 µM 
6-benzylaminopurine (BA), 1.5 µM gibberellic acid (GA3), 
0.087 M sucrose and 0.7% agar Difco® Bacto®, pH 5.7 (rose 
multiplication medium; RMM). Cultures were maintained in 
a 16-hour photoperiod at photosynthetic photon flux density 
(PPFD) 30 μmol m−2 s−1 (Philips TL-D 36W/54), at 23/25 
±1°C (night/day). Donor plants were cultivated for seven 
weeks on a preculture medium supplemented with abscisic 
acid (ABA; 3.8 µM), proline (2.15 mM) or sucrose (0.25 M). 
The excised shoot tip consisted of a meristem covered with 
one or two leaf primordia and a piece of stem.

The dry mass content (DM) of explants was determined 
prior to the application of cryoprotectants. The samples (30 
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Abstract

Shoot tips from in vitro plants of four rose species were cryopreserved by the droplet vitrification method. Optimized 
conditions involved exposure to loading solution for 20 min, then treatment with plant vitrification solution (PVS2) for 20 
min (Rosa agrestis, R. canina and R. dumalis) or 30 min (R. rubiginosa) followed by freezing in liquid nitrogen. Survival rate 
ranged from 78.3 to 95.1%, depending on the species. Regrowth rate of shoot tips was 50.5% for R. agrestis, 63.2% for R. 
rubiginosa, 71.4% for R. dumalis and 78% for R. canina. The preculture of donor plants in a medium with 0.25 µM sucrose 
facilitated the isolation of shoot tips and increased regrowth rate after cryopreservation. Plant regeneration was carried out 
in Murashige and Skoog medium with 1 µM 6-benzylaminopurine, 1.5 µM gibberellic acid and 0.087 M sucrose. Plants 
regenerated from cryopreserved shoot tips did not display morphological alterations in comparison with non-cryopreserved 
shoot tip – derived plants.
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explants per dish) were dried at 65°C in a Sanyo MOV-112S 
oven, until constant weight.

For cryopreservation, a method described by Pawłowska 
nad Szewczyk-Taranek [10] was applied with the modifica-
tion of PVS2 (plant vitrification solution) treatment time 
(10, 20, or 30 min). In the experiments testing preculture 
media the PVS2 treatment was for 20 min.

The developing axillary shoots were subcultured every 
5 weeks on RMM. After 7 months shoots rooted on plant 
regulator-free (PGR) medium. Plantlets were acclimatized 
in a greenhouse and were evaluated after 4 weeks.

To assess the cryopreservation efficiency, the number of 
alive explants was observed at 25th day after droplet rewarm-
ing (the survival rate). Regrowth rate corresponding to the 
development of shoots from all cryopreserved explants was 
calculated 55 days after rewarming. Biometrical observations 
involved: shoot multiplication rate and height of the plants, 
number of rooted shoots and number of roots per shoot.

Each variable of the cryopreservation experiments was 
tested in triplicate, with 15–20 explants per replicate. Plant 
regeneration (shoot micropropagation, rooting, acclimati-
zation) was carried out in 5 replicates with 25 explants per 
each replicate.

Data were subjected to ANOVA using Statistica 9 software 
(StatSoft), and the means were compared by Duncan’s test, 
α ≤ 0.05.

Results and discussion

We established the efficient cryopresevation protocol 
for four species of Caninae rose shoot tips, and assessed 
the morphology of regenerated plants recovered from LN 
storage.

Exposure to PVS2 was critical and affected the survival 
and regrowth rate after the cryopreservation. The highest 
survival rates of R. agrestis and R. canina explants were 
observed after 20 min of exposure to PVS2, 78.6% and 
95.1%, respectively (Fig. 1a,b). The survival rate of R. dumalis 
was high after 20 or 10 min PVS2 ranging from 73.9 to 
78.3% (Fig. 1c), whereas the optimal PVS2 treatment for 
R. rubiginosa explants was 30 min (87.5%; Fig. 1d). Similar 
trend was observed after 55 days post re-warming of the 
droplets, however the regrowth rate was lower in compari-
son with the survival rate. The highest regrowth rate was 
recorded for the shoot tips of R. canina (78.6%), followed 
by R. dumalis (71.4%), R. rubiginosa (63.2%) and R. agrestis 
(50.5%; Fig. 1a–d).

Apical meristems guarantee the highest genetic stability of 
post-cryopreserved regenerated plants and are more suitable 
as explants for storage in gene banks than the callus or cell 
suspension cultures. Undifferentiated meristematic cells with 
a low water content usually demonstrate high post-thawing 
survival and regrowth rates [2,13].
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Fig. 1 Effect of 20 min LS and varius PVS2 treatment time on survival and regrowth rate of Rosa agrestis (a), R. canina (b), R. 
dumalis (c) and R. rubiginosa (d) shoot tips after cryopreservation.  Means for the examined attributes with the same letter are 
not significantly different at α = 0.05, statistical analyses were performed separately for each rose species.
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All the preculture media increased the dry mass content 
in the explants. Donor plants cultivated on 0.25 M sucrose 
had the highest DM (31.8–32.9%; Tab. 1). The DM of plants 
precultured on ABA was 30–31.5%, while for those precul-
tured on proline was lower (23.2–24.1%). For reference, the 
DM of control explants was 22.1–22.5% (Tab. 1). Preculture 
media affected the survival and regrowth rate. In R. canina, 
preculture did not improve survival, whereas ABA precul-
ture decreased the survival of R. agrestis: control survived 
at 78.6% vs. ABA 58.5% (Tab. 1). Explant preculture on a 
medium with 0.25 M sucrose resulted in higher survival 
rate of R. dumalis, and better regrowth rates of remaining 
species (R. agrestis, R. canina, R. rubiginosa; Tab. 1). Plants 
from sucrose preculture were solid and thick, consequently 
the shoot tips were larger and easier to excise. In contrast, 
plants from proline preculture were thin and without turgor, 
which made preparation of explants for cryopreservation 
difficult and cannot be recommended.

Sugars play an important role in the acquisition of tol-
erance to desiccation and to LN exposure. Halmagyi and 
Pinker [7] successfully used pretreatment of rose apical buds 
on a medium with higher than standard sucrose content (0.5 
M). The explants from in vitro cultures had relatively low dry 
mass content, as compared with tissues naturally protected 
against low temperatures, e.g., rose shoot tips from in situ 
plants, collected from dormant buds in January, which had 
the water content of 44–52% DM [10]. Notwithstanding, we 
decided to preculture the donor plants and test the media 

with ABA and proline according to Burritt [3] to reduce the 
water content of the shoot tips to 20–30% [2].

Phenotype biometric examination during the in vitro 
growth stage did not reveal any morphological abnormalities 
compared with the non-cryopreserved plants. Although rose 
species showed different multiplication rates, no statisti-
cally significant differences were observed between plants 
regenerated in vitro (control) and those regenerated in vitro 
after cryopreservation. Similarly, the height of plants (ap-
proximately 25 mm) did not differ between the control and 
post-cryopreserved plants (Tab. 2). Detailed observations 
during the rooting stage revealed that 59–89.3% of the plants 
formed adventitious roots. Control shoots of R. dumalis 
and R. rubiginosa, rooted better in comparison with the 
post-cryopreserved shoots, while there were no differences 
in rooting between the control and cryopreserved shoots 
of R. agrestis and R. canina. The number of roots per plant 
was 1.8–3.4. After 4 weeks of acclimatization, 93–100% of 
rooted shoots developed new leaves (Tab. 2).

When applying cryopreservation, it is important to 
confirm that the tissue is capable of regeneration of true-to-
type plants. The evaluation of phenotypic markers remains a 
relevant strategy to assess the stability of the cryopreserved 
material. The visual observations are the easiest and the 
most inexpensive methods that are used in the first stage 
of testing the post-cryopreservation plants for genetic 
fidelity required for validation of the cryopreservation 
protocol [11,13].

Preculture medium Dry mass (%) Survival (%) Regrowth (%)

R. agrestis control 22.2 a ±0.8 78.6 c  ±2.4 50.5 a ±3.5

3.8 µM ABA 30.9 cd ±0.5 58.5 a ±1.5 52.2 a ±2.2

2.15 mM proline 23.2 ab ±0.4 79.6 c ±2.6 78.3 c ±2.7

0.25 M sucrose 32.7 e ±1.3 71.5 b ±1.9 69.5 b ±3.2

R. canina control 22.1 a ±0.8 95.1 a ±4.9 78.6 a ±3.4

3.8 µM ABA 30.0 c ±1.1 93.2 a ±1.8 80.0 a ±2.0

2.15 mM proline 23.7 ab ±0.8 91.5 a ±3.5 81.3 a ±2.3

0.25 M sucrose 32.9 e ±0.5 95.3 a ±1.5 87.6 b ±2.1

R. dumalis control 22.1 a ±0.2 73.9 a ±3.0 71.4 b ±2.6

3.8 µM ABA 31.3 cd ±0.5 89.8 c ±2.2 72.9 b ±2.9

2.15 mM proline 24.0 b ±0.3 88.1 bc ±3.5 63.5 a ±2.1

0.25 M sucrose 31.8 e ±0.7 83.1 b ±1.8 69.6 b ±0.7

R. rubiginosa control 22.5 ab ±1.0 53.0 a ±3.0 42.0 a ±2.8

3.8 µM ABA 31.5 cd ±0.6 82.1 b ±2.1 76.0 b ±2.5

2.15 mM proline 24.1 b ±1.8 82.0 b ±2.4 79.2 b ±1.8

0.25 M sucrose 32.7 e ±1.6 79.3 b ±2.1 74.8 b ±3.3

Tab. 1 Dry mass content, the survival and regrowth of rose shoot tips after 7-week preculture on ABA, 
proline and sucrose medium.

 Means for the examined attributes with the same letter are not significantly different at α = 0.05; statistical 
analyses were performed separately for each rose species.
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Micropropagation stage Shoot multiplication Rooting

Species Treatment
Shoot 

multiplication rate Shoot height (mm) Rooted shoots (%)
Number of roots 
per rooted shoot

Acclimatized 
plants

R. agrestis control 1.0 a  ±0.1 21.3 a ±3.1 62.7 ab ±6.7 2.1 b ±0.1 100.0 b ±0

post-cryo 1.2 a ±0.1 18.8 a ±2.8 66.7 a–c ±3.5 3.4 f ±0.3 95.0 ab ±5

R. canina control 3.0 c ±0.7 32.3 b ±2.5 75.0 d–f ±3.8 2.6 c ±0.4 93.0 a ±5.3

post-cryo 2.8 c ±0.8 32.5 b ±3.8 66.7 a–c ±4.7 2.0 b ±0.1 95.7 ab ±5.9

R. dumalis control 1.2 ab ±0.1 19.0 a ±4.0 70.8 c–e ±6.9 1.8 a ±0.2 100.0 b ±0

post-cryo 1.5 ab ±0.1 18.8 a ±4.1 59.0 a ±4.3 1.8 a ±0.6 100.0 b ±0

R. rubiginosa control 2.0 b ±0.3 26.8 b ±1.6 89.3 h ±2.1 3.3 ef ±0.2 97.0 ab ± 1.7

post-cryo 1.9 b ±0.3 30.3 b ±1.8 79.5 fg ±3.4 2.1 b ±0.1 100.0 b ± 0
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