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ABSTRACT

This study was conducted to investigate the effect of cryopreservation on the
genetic and physiological stability of two potato cultivars (Arinda and Sante) at
two developmental stages (regenerated plantlets and first-generation plants).
Virus-free plantlets were first established under in vitro conditions and then
subjected to two treatments: (1) in vitro maintenance and (2) cryopreservation
using the encapsulation-dehydration technique. After recovery and
multiplication, a subset of the samples was analyzed at the plantlet stage for
molecular evaluation, while the remaining ones were transferred to the
greenhouse to produce minitubers and subsequently assessed in the first
generation. Following pot cultivation of the minitubers, samples were collected
for molecular analyses. Genetic assessment was carried out using 15 pairs of
microsatellite markers under a completely randomized design with three
replications (10 plants per replicate) at both stages. The results showed no
significant genetic variation between plantlets and first-generation plants derived
from the two storage methods. Furthermore, physiological evaluations, including
survival rate, vegetative growth, and minituber quality, revealed no meaningful
differences between treatments. These findings demonstrate that
cryopreservation not only maintains genetic fidelity but also does not adversely
affect plant performance or reproductive capacity. Overall, the results confirm
that cryopreservation using encapsulation-dehydration is a safe and reliable
approach for the long-term conservation of potato germplasm without inducing
detectable genetic or physiological alterations. This strategy may play a valuable
role in breeding programs, germplasm banks, and the large-scale production of
virus-free seed potatoes.

KEYWORDS
Cryopreservation, Potato, SSR Markers.

|@ ® I © 2024, by the author(s). Published by Payame Noor University, Tehran, Iran.

This is an open access article under the CC BY 4.0 license (http://creativecommons.org/licenses/by/4.0/).

https://cropbiotech.journals.pnu.ac.ir/



=3 ol Gyl )

(Y1) VF+0 ey Y Loy cpoes oylod ol Lo

DOI: 10.30473/cb.2026.75874.2019

<<&5&552 dlox

Jol J—i 9 Bazmals i3 Ssll 8wl B Slocmil (S310655 3T (b 35
31 odliiaw! b dbilaw 9 oy 5T pB 41 58 (Solanum tuberosum)  Jwe jmmw OB

Ll e ggmge (bl F ol 8 Loy g pdpl (o

0SS

(Lo 5 1a20)1) (gmirms o) 9 (Safglanied 5 (Ssy LS 2 3 plyd 2ozl b )y B L adllas )
P 1l g 5l o)l slaazals s el (Jg) Jus plalS 5 008 155k slaazals) ab ) dbye 95
Slozsl (V5 sladind (1950 kalpd )3 ()oK () Jols o 9 €O s 5 B3 A5 4l (93 Ll 3
o 53 ndiged Jl (oS0 S5 g (bl ) g 855 )5 (3l liams g (3l g ST g 4 3pw 12
J_u».; P9 J.J}T )49..0&.0 i3 ML& JLO.:JI PHEA L LY )i:b um 9 LA ealawl Jﬂ}a @l}))] dl)a wtf
lelbwla)i dl).) d)‘5ﬂ439“3 ‘L?’l"\lf . <t le.g Jrl Lb))}».;uuuo csls )‘ % JJ)S )I)§ u)lﬁ))l dy90 ‘_ng
Vo) S5 dus by 3kas MolS gyl B 45 g o lgmlogy, Sl i VO by oS35 ol 45 bl JoS)go
Obe (2P BB (U5 g5 WgSun & 2 (L @l L C8)S Cpgo dlape 93 y2 )3 (S5 2 3 elS
e S5lnied lacabj)l wiomen kS osald o (0SS gy 93 51 Jo b Jgl Juus (LS g laaals
SOl asly cpl ol lis byles o 1) (6)ld dxe ©glds b g o CatS g (dagy Ab) iy Juoyd dler
)18 ite B 56 alS (il ol g 0Sles o S gt Lais y 0gMle 3yl dlezdl by, 45l ]
Sa)l8 g ol (b 95 (3l lyaemd g (g5l i oS gy b 2 5 dleorsl & 1S o 10T S cgoone
csloanlio 1B (Soelsnse b (S5 Sl &0l G sl omjims o Mipy§ Soosily (6 )laS sl
ooy 3 ole ke Mg g 0F SOl (lPa Gbasly 3 (corn G Nl e go—dge (nl bles S

gl ]

S5 (slaejly
.SSR ;;LZJ R Jaw ‘.)).M:‘)B .)lo?ul

550 Sl S5

? Moo oo

S5l ol&ily ¢ gl dnlg «bils ZMol g cclyj 09,5 )
ol el ekl

oinggy oo 5 il cuiS clids Lisy Y
Ol (55,9158 (5399

(e odiny g
Shlbye (ledew

mirbabaie56@gmail.com :4.bL),

VooV N el 5ol
VO XN s pdy fuyb

Wl opl a4 dliw!
Loy ool p fpdpe pdaplo ide i o Ibliye
bl (OFF) e )bl 5 ol el (sgmge
G5 Sl g ol dleasl (S b
Solanum ) iusja pllS Jol Jus g laazals
51 ookl b asls o bl A6, 5> (tuberosum
SplScun) (pole dollas (Jsge (la)SiLis
AY2N (V)N o ey ylolS

(DOI: 10430473/Cb.2026475874.20l9)

el 55 play oKl clin iyl b O VY e ] S b & (Bleie cditnn ] L) 3> ‘@ 0] |

ol jbre s gl L L'j 3 oslitwl g oads yuiitie Creative Commons Attribution (CC BY 4.0) jgome cou dllie oyl

(http://creativecommons.org/licenses/by/4.0/)
https://cropbiotech.journals.pnu.ac.ir/



Y V0l OF (oly oF oo (el Jlo o oly; bl (gysbdcu ) ole 4y i

090° Coge 4 dsgedne (pl )3 (e jimm Dbl
3 il Sl o b 8-S (5)0 4t
JUzl g w19 g Slow (b e—wp do pug g
Vollmer et al., ) 35i basls b )sis plo 4 (gylow
3 (A3 0y9,9) 1IN VILrO (5l S5 4> ,31.(2017
Sax e gome (i Lo Ll S (0 (55l (53]
ohals o) Kaly 5l (S i | as g LB mle diojls
3 65 sty o Wop)f (Sl Lol (e 53 adiy 1o
&Bly 3wl )b dlassl Sl G ) degasme
g gl eSS o | g Ll "3 s 18 slas
0 L 553,54y ymmio S5 o8 23k S5
Ol ) bo)ludls Sgi 85,5 oo )3 5l )50 )
I3k g 0285 b @l Biess » IS b
Sl 3l ©yg—o )3 g Wgb A aalS 4 B edges
55 )18 oslinl 3)50 @55 b GimoR
&l 2 ylyd dlessl Jasllygiwd didsdS dnd g3 )
Slawwdo 5| S)lun 9 4Bl dawgi Jpaxe g5 brod
3l slool SlasSl sl (BLS S5 iegi
AS o bais 1) asliolis il U las oS ass
s oy 5l (S dpmlyd slessl (Pritchard, 2016)
S5 @l ©aasth (S @l 62008 5 wre
)0 30 (5 & Cad gy (il el (e
aje g yieS lad 4 Sl aded (90 cutS L
Sy Jop b (5391 s izmen 5 00 ciomb
Sloals s caliseo Glalllas s o ialS ) (S5
.))M:])ﬁ .)l.o.Du] )I o omu;l))l; (R Juw uLtbLf FLY
Slozol eyl plis 23S oo Lais 1y 398 S5 5 Yoo
2l JoSo g palan (odg) lyiedr Wlgi e 3pml
oguis) cblis > oo (B «gjlwe xS (sl b,
WS W Wedhyl slapwpiod g ooy sladisS
oW Wl Jlels (Niino & Arizaga, 2015)
(Castilleja  levisecta Greenm.)  ilpciy
Betula ) owMS olw ws (Salama et al., 2018)

AoNdo

S lgea (Solanum tuberosum L.) oo jcuw
Devaux ) &5 o Wl 88 jialS g Sl olie coil
o=l (et al.,, 2014; Niino & Arizaga, 2015
& Cuwd JYL cbby et ld pdb b Jeame
o Lo )3 S oo Vo ¥ Jolee (daw 3 M
Oy AJgi 9 yarkee YV VLo g 205 oo S o>
o 0LS ol S )0 § Ve A b wgie jebay m
o SlpdemgyS plis die LSS ) g B
Castel (300l )3 (ot (A8 g 0392 (Fdne 3o g (pslivg
L) axwes Jbo )0 (sl yeiS )0 ougdy ixT o plde
w5y ¥eor 5l i b (Batool et al., 2020) ws'
3,8l Judody dwejium (ler pdaw jd ol cuk S
é.{LLAo ).) b.)):_us .)).f)lf 9 llbbA.é O}‘A}‘ 625‘9;&-) £Ylg
@Yl 5598 5 oalaBl 5] jl (gl 5 e
(Mushtaq & Alwutayd, 2025) ¢l jl3)55
ol a3 (g Lo | ¥ gu 30 51 (S0
ool 9 YU o ,Slee s 9wl o 4 olie
WJya e pl cuiS 4w ¢ (Hu et al., 2025) us L
oxial 3 g i b abilie (olp T8 g Jlub (63,500,
Singh et al., ) 39, o0 jlosias oz ;3 ooy (S )S
ohod (Sl Cuned A ) dmia 4 4247 (2021
el )3 e G o 55 Jl> )3 (sl jgtS )
Devaux et ) sl o Coaoal w5l o olde Cuel

(al., 2021
asg0m g0 )5S ) mjia llolligm 3550
ooy o ciS gla s jouw ol o Slex
cilitie Cunlg)> 4 U degedme (pl o Hop, A8 (0

"9)13 9 e UQLS Ui"”) C)L.A ‘_;U»QJ“)A) o lzo U)UQJ

diged FYM Slss (FAO, 2009) 555 0 aojs8

3. Cryobank
4. Cryopreservation

1. International Potato Center
2. International Treaty for Plant Genetic Resources for
Food and Agriculture



o 05 e LS Jgl o 5 o azealS (S g ibaly oyl ® slol (6)0aS 556 oyl 1) Re 9 B9 f

bl eoolasjlie) plosl Sl Gl gy § olales
095 9ud 5 Al guy Cdedy plBy] ol (gols sla lAS
(st Cagly S (Bl ar 2 ¥ LY olod il b
28)S )8 WSl Yerer g LA S g FOL S
o A ol Sl sy e ol )3 (L]
B /Y ojlil a4 (St gen U dww oy )0 gl aaw yo
9 Seblyge al cutS e 53 9 (gilo b piedke-/o
V) NAA sl S| 55 ST g5 oS
5 (3 3 S ben oIY) odpmd i) 3PS e
3 om 2528 03l ctS (i o pyS (eo oY) S
3 ok sabl (gl ELISA 5050 dla aze al § o,
Slaelsl jn.cé 8 pbrsl b & god Jo S ol3j o
lis (glo,SeS5 (glaankad oy 5l oyl sloadl s
092298 gt S gl 9 Sl jg0 dala Laomo )3 g 003
58T 1) e S ¥ G 1) p ST S5
Odods o CulS (ladiges .05 cuiS O/Y il pH
oS ile 4 d YF LYY cloo bad ) U1 ) jo, Yo
G g (Sl celw A g oy celo V5 24 paid

213 0SSPV

Goails (5,055 sl ylou Jlos!
wdly 3 ) glaazals ol )b sleosl s Jlosl sl
a2 ¥ gl el w VY Caods atan gy jl
Bl Sg Oladad 5l g 4D e g dF b
ool 0wl 8 slessl wnl,8 als pldl (o)l paiges
SilodguS (hg)d (Ve rA) ohlSen 5 (ol yo (o)
.(Zarghami et al., 2008) .i plx! (g5loalyams 4
e S Joloms )3 Bl S'g5 labad 29, ol )2
Moo Ve Ca? - g1 ol (0o (Sg) 2o ¥
Ve cdale b s Joloo Sl g ol 3 A dlgunsS
2 eelS b s g 2lmle B ad odlatl jYge e
33 Db S5 JgmnS g 0318l 3la5] wu i il 3]
CulS i basro j0 5y ¥ dedy  BLS Sl gies dol]
VB IY0) 55 L il elacdale (oS 5 gobs

5 by 465 ¢ (Rathwell et al., 2016) (lenta L.
Androcalva ) (sujlgpe 19055, s 5ixe
;| Xon (Whiteley et al., 2016) (perlaria Wilk.
b (ol 4 0)lgd (soleosl (gilwe 35 525k
ilodds 035,550 245

Tosl (5),S5 sla g Lo lgaloss, sla ) Silits
laassdS g 5l b (i B g3 (6))S5 slassly (SSR)
X 0035y gy )S'gs i iy poif 40 &S A
olyw 30 S sl Jlgs opl (Zane et al., 2002)
g Sy ol | g Slodd idy g s poi
Vleaky glo s sl STy e (e (S SIS
S o1y Vyons e 5 M 5 (PCR)
cblis ©)go & lise glaaiss (g o o jlales)
1,585 ol @Y gy s 4 lesle Bl ot
2 s Slgh8 9 )k o le5 (ASS Wi ool s
55 b Jelod g o0 e )L ol Sl poi
o b w yp (Su et al., 2025;) 5 o0 odlitw |
5255 e 15 1 5 o ] i oS sl
SIS S o Gl U S o 3 255
&dasie Ollllas yien ((Harding, 2004) i
Zarghami ) oejcu—w dles | calizee LS (g9,
bas (goimdlis (S a5 ouds plool (et al., 2008
ilodgy 3 puol 3 dlessl 51 e Sy ls

Szl 51 sy G by 5l adlllas <)
S35 oMb g Slamads S (hy) 43 —l)b
g i)l ajiam o8y 9 gl Juus (lalS g Wnacrals
olyea oy cnl @B a3 12l (b aslw
D9 (bl e et ais 53 S50 (63,50

PRIR (b9

09223 3 6sle saazals uly
sl g byl njm—a 08y 93 5l eimgd ol
490 Sbcdglie ($59gSSan oaSiing)y jl ord ans
D9 6l 3l pliseb] jakaiods .l edlaie |(lhaw )

7. Polymerase Chain Reaction
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Figure 1. Banding patterns of SSR markers in two potato cultivars (Arinda and Santé) amplified with primers STI0014 (a) and
STM1104 (b) on 10% polyacrylamide gel. SM: DNA ladder. The order of samples is as follows: 1-3: Sante explants (non-
cryopreserved), 4-6: Sante explants (cryopreserved), 7-9: Sante first-generation plants (non-cryopreserved), 10—12: Sante first-
generation plants (cryopreserved), 13—15: Arinda explants (non-cryopreserved), 16-18: Arinda explants (cryopreserved), 19-21:

Arinda first-generation plants (non-cryopreserved), and 22-24: Arinda first-generation plants (cryopreserved). As shown in the
figure, the resulting bands are completely identical.
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