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Cryopreservation is a critical tool in the conservation of valuable plant genetic resources, particularly
for medicinal species like Polyscias filicifolia, a member of the Araliaceae family (Fig.1).This plant is
known for its rich production of secondary metabolites such as triterpenoid saponins and phenolic /
compounds, which have shown antioxidant, antibacterial, and antimutagenic properties. However, one
of the main challenges in plant cryopreservation is maintaining genetic, physiological, and biochemical /
integrity over long-term storage.

Hairy root cultures, obtained through infection with Agrobacterium rhizogenes: ATCC 15834, are highly _ /!
suitable for this purpose because of their rapid growth and enhanced biosynthesis of secondary
metabolites compared to undifferentiated tissues. In this study, we aimed to optimize the (|
cryopreservation of Polyscias filicifolia hairy roots using encapsulation-dehydration, a technique
designed to protect root meristems during freezing, while ensuring the recovery of genetically stable
and biochemically active material post-regeneration.
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Objectives /

Develop an efficient cryobanking method for Polyscias filicifolia hairy roots. v
Assess the genetic stability of regenerated roots using molecular markers and flow cytometry.

Evaluate the physiological and phytochemical stability of stored roots, focusing on the production ==
of chlorogenic acid (CGA) and oleanolic acid (OA). |
" » Investigate the antioxidant potential of root extracts post-cryopreservation.

| N B

The study was conducted on the Polyscias filicifolia K-1 hairy root line, established through = °
transformation with Agrobacterium rhizogenes. The cultures were grown in modified DCR-M liquid
medium, and apical root meristems were used for cryopreservation (Fig. 1).
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Plant Material:

Cryopreservation Protocol: |

B nodly (bl Eietree Tor Ko Fig. 3. Changes in the morphological features of the transformed root (TR) P filicifolia meristers subjected The encapsulation-dehydration method involved encapsulating apical meristems in sodium alginate
filicifolia K-1 transformed root line. to various forms of cryopreservatoin after two weeks of culture on solid DCR-M medium: (&) nonayopesned TR : ) . j . . )

(B)afer capae removel, demoniing a rember of visbe e ro0s il any e clmege; () fer ayopresenveton e oo cehycketon (OD) capsules, followed by osmotic dehydration (OD) using sucrose solutions of increasing concentration (0.3

e el ol o e M to 1 M). After OD, the samples were subjected to four different air dehydration (AD) periods: 3, 4, 5,

combined with five-hour AD, demonstrating a fevv long thin lateral roots with b ical meristerms; (G and H) after jonand OD combined with six-hour AD, i i i i i i

R (Ol RER e S o e or 6 hours, before freezing in liquid nitrogen (Fig. 2, 3).
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t ) z f After regeneration, the genetic stability of the roots was assessed using Inter Simple Sequence Repeats
} (ISSRs) and Start Codon Targeted (SCoT) markers. Flow cytometry was employed to measure nuclear -
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DNA content, ensuring no significant changes occurred during cryopreservation.
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Quantitative and qualitative analysis of chlorogenic acid (CGA) and oleanolic acid (OA) in the roots |
was performed using HPLC-UV-Vis and HPLC-PDA-ESI-HRMS. The antioxidant capacity of the *
extracts was determined using DPPH and FRAP assays.
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: ) ¥ . : Biomass and Growth Rate:
Fig. 3. The survival [%0] of Polyscias filicifolia apical hairy root meristems  Fig 4. A comparison of chlorogenic (CGA) and oleanolic (OA) acid content [mg/g DW/] in Polyscias

subjected to dehydration procedures: ob-—osmotic denydrationwithoutair detyairaion (AD); ~ filicifolia transformed roots (TR) cultivated on solid medium (SM) or in liquid (LM) DCR-M 4 i -
AD3 OD et fresfus D A CD b s AD ADS CD b e mecilm affer Six Week:— der ODan eyt AD) AD4-di CDa o A, ADS g CD s A The growth of cryopreserved roots was measured by fresh and dry biomass increase after 6 weeks, 6
obtained fiom the same variant culivaed for four o eight weeks according o Tukey's HSD postha test (p<005), m&m%ﬁmm%mfﬁ&fﬁﬁfﬂﬁ%ﬁgmmdatammdd“"”gw'""a“mmm"d“'”"q”'dmed'”m months, and 12 months of culture. /

Various lowerfupper-case letter above each bar indicate statistically significant differences between culture variants
according to Tukey’s HSD post-hoc test (p<0.05).
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The cryopreservation method, particularly with a 6-hour AD, led to a high survival rate (93%) and
b an impressive biomass increase (up to 3-fold) compared to control roots (Fig. 3) The roots subjected to
6-hour AD showed the best regrowth, while those subjected to shorter dehydration periods (3-4 hours)
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Interestingly, while prolonged dehydration (5-6 hours) improved biomass growth, it had a negative
| PSR S B 4 o - § gl (g o e SRR S / Impact on genetic stability, leading to a slight increase in somaclonal variation, particularly with the 6- =~
fggp __________________________________________________________________________ Y hour AD treatment. =
Fig. 5. Example electrophoretic patterns obtained for roots of P. filicifolia exposed to different cryo-treatments after PCR with ISSR primer UBC-818 () and SCoT primer SCoT-24 - 2. Genetic Stability
(). Abbreviations: C, ,; —individual controlfairy rootsamples; OD, 5—individual samples of hairy roots after asmotic dehydration; AD-3, 5 —individual samples of hairy roots after cryopreservation preceded by three-hour air dehydratation (AD); AD-4, 45— individual samples of roots
mwmwmmmn AD-5, - —individual samples of hairy roots after cryopreservation preceded by five-hour AD; AD-6,_—individual ssmples of hairy rootsafter cryopreservation preceded by six-hour AD; M—DNA size marker (100-op DNA ladder). Red /
o S e la - A /' Genetic stability, measured using ISSR and SCoT markers, revealed that the cryopreservation process
I T a1 --I . h /AR TENNET 40 / did not significantly affect the overall genetic profile of the roots. The highest genetic stability was

- o015 | el Melblaes FLandE observed with 4-hour AD treatment, where the roots displayed the lowest level of polymorphism

? P compared to control samples. Flow cytometry analysis confirmed no significant changes in nuclear

° | DNA content between cryopreserved and control roots, indicating the absence of polyploidy or large- \
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" scale chromosomal abnormalities (Fig. 5, 6, 7).

13
14
12 1n

& o il ; 3. Phytochemical Stability and Antioxidant Activity

13
e Mecel,3% 9 005
%g'él?‘a_& (Y] 3,

mag M o] g

Tilla MR ITA

TR 1|

6999
|
et

0.553

8.0 40 50

015 19 -0.05 0.05 0.15 0.25 035 0.45
LR

0.973

Similarity
}
F2(11.92%)
e ®
L J

14
%10 St SQS

Chlorogenic Acid (CGA) Production: Cryopreservation enhanced CGA content, particularly in roots |
PETEP I IR subjected to 6-hour AD, which reached 2.6 mg/g dry weight (DW) after six months of regeneration and &'
AL / remained stable (2.2 mg/g DW) after 12 months. The production of CGA was significantly higher in
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Fig. 6. Agglomeration (UPGMA method, Jaccard similarity coefficient) analysis. Abrevaions ~ F19- 7. Principal coordinate analysis (PCoA) plot of data based on combined ISSR cryopreserved roots compared to controls (Fig. 4, 9).

C, 45— individual control hairy root samples; OD, ,— individual samples of hairy roots after osmotic dehydration; AD-3, ,—individuelsamples ~— and SCOT markers. The FL and F2 axes are indicated by the first and second coordinates, respectively, and the values in
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G MoC . > Sl e - y W o L R e e Oleanolic Acid (OA) Production: OA content remained relatively stable across all treatments and did
gmﬁ%msm—mmmﬁgm%mwmlwmﬁﬁymwwmg Emmﬁ'ﬁr%mmé%ﬁﬁ?fﬂﬁwﬁmﬂf%%;ﬂwwm'e?c’f 4 not significantly differ between cryopreserved and non-cryopreserved roots. This suggests that OA
Cryopreservation preceded Abbreviations: 15 , Cryopreserved ry osmotic jon ! 1) | samples ree-hour air Cryopresenvation; ; ¥ . g X . )
Pour i desiocetion (AD-3, ., @yopreseved wih foLhour i desiocation (AD-4, ), @yopresenved OD Wi fe-hour i desioaion (A, ), icivickel sapls afer fourhour AD el ayopresenation; ADS, ,Yincividiel samples fer feior AD e biosynthesis is not heavily influenced by the cryopreservation process (Fig. 4).
(AD51-15),and cryopreserved with six-hour air desiccation (AD-6,_ye)- cryopreservation; (AD-6, ;=) individual samples after six-hour AD and cryopreservation.
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— / Extracts from roots subjected to OD and AD treatments demonstrated significantly higher antioxidant
& activity, as measured by DPPH and FRAP assays. The highest antioxidant potential was recorded in

Sampleno. | kdADY 3fem

A the OD-only variant, correlating with increased total phenolic content (TPC) (Fig.8).
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. | / Encapsulation-denhydration, particularly with a 4-hour air dehydration step, represents an optimal
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-y stability, and sustained production of valuable secondary metabolites like chlorogenic acid. This
approach could serve as a model for the biobanking of other medicinal plant species, ensuring their
long-term conservation and availability for pharmaceutical research and development.

Fig. 8. Total phenolic content (TPC) [GAE mg/g DW], total flavonoid content (TFC) [QE

Jh o D IR g PR DPP_H anq F | ’“. IITE S8 DR/ ih or Polyscias filicifolia transformed roots cultivated in liquid DCR-M under various

cryopreserved (control) and cryopreserved Polyscias filicifolia transformed roots (TR), it & ditio T

cultivated in liquid DCR-M medium for six weeks, six months and 12 months: OD —after osmotic dehydration (OD); AD-3 —after OD and three- ) /
hour air dehydration (AD); AD-4—after OD and four-hour AD; AD-5—after OD and five-hour AD; AD-6—after OD and six-hour AD. Asterisks /
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Fig. 9. HPLC-PDA-ESI-MS chromatograms of methanolic extract derived from
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