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Abstract

Objective

Meristem culture is a method used to produce virus-free plants. This study aimed to eliminate
common viruses affecting Malus domestica L. Additionally, the investigation focused on
the effects of two compounds, pectin and phloroglucinol, on improving branching and
rooting.

Materials and methods

Lateral and apical bud explants were collected at three different time points in July, August, and
September. The establishment of meristems was assessed using various concentrations of BA
hormones. Explants derived from meristem growth were then transferred to an MS propagation
medium supplemented with BA and GA3 hormones. After identifying the most suitable culture
medium for propagation, the explants were moved to an optimal medium containing pectin and
phloroglucinol to examine their effects on shoot length, shoot number, and leaf development.
Rooting of elongated stems from the propagation stage was performed in MS%2 medium with
NAA and IBA hormones. Additionally, an experiment was conducted to evaluate the influence
of phloroglucinol on rooting percentage. To confirm their virus-free status, regenerated plants
from meristems were tested using RT-PCR.

Results

The results indicated that explants collected in the latter half of July in MS medium with a
concentration of 1 mg L' BA showed the highest establishment percentage (26.66%). The
optimal medium for promoting stem elongation contained 1 BA and 1 mg L' GA3. The highest
leaf development was observed in MS medium with 1 mg L' BA and without GA3. The


https://orcid.org/0000-0003-2171-9746
https://orcid.org/0000-0001-8058-7814
https://orcid.org/0009-0008-3352-5993

o S,

Agricultural Biotechnology Journal, 2026, 18(3)

o

interaction between BA and GAs significantly affected the number of secondary branches,
whereas no significant effect was observed on the number of primary branches. Adding pectin in
the proliferation stage increased the stem length (45%) and the branch number (82.6%).
Incorporation of phloroglucinol into the medium led to a 24% increase in stem length but a
39.13% decrease in branch quantity. The highest rooting percentage (34%) was observed in %2
MS medium treated with 1 IBA plus 0.5 mg L' NAA. Phloroglucinol treatment diminished the
rooting percentage while increasing the average number of roots per explant. RT-PCR analysis
of the plant samples derived from meristem culture did not reveal any bands indicative of viral
infection.

Conclusions

This research demonstrated that meristem culture is an effective technique for generating virus-
free red-fleshed apple plants. Additionally, the RT-PCR method proved to be sufficiently precise
for virus detection. Taking all factors into account, the application of pectin and phloroglucinol
can serve as two dependable compounds to enhance branching during meristem culture.
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Introduction

Red-fleshed apple (Malus domestica L.), belonging to the Rosaceae family and the
Maloideae subfamily, is extensively cultivated across the globe, predominantly in temperate
regions, and has significant economic importance. Iran is recognized as a center of genetic
diversity for apples, particularly for the Red-fleshed apple varieties prevalent in Central Asia.
However, only small populations of wild Red-fleshed apple trees persist in northern, northeastern,
and northwestern regions of Iran, and this variety is critically endangered. In commercial apple
cultivars, viral pathogens such as ACLSV, ASGV, and ASPV are the most common viruses and
severely reduce the growth and productivity of infected trees. Currently, conventional methods
for controlling viral infections in plants are lacking. Consequently, the selection and propagation
of healthy, virus-free mother plants are imperative to mitigate productivity losses and maintain
fruit quality. Producing virus-free planting material is thus a vital strategy to prevent economic
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damage caused by viral diseases. The meristem culture technique offers an effective approach for
eliminating viruses and producing pathogen-free plant material. This method is widely employed
in horticultural plants for virus eradication. The rapid cell division and growth in meristematic
tissues, coupled with the limited vascular connection between the meristem and underlying
tissues, facilitate the formation of virus-free zones in the apical meristem regions. The structural
features of the meristem restrict viral movement, enhancing the likelihood of obtaining virus-free
plants. The plant cell wall is a dynamic and complex structure that plays an important role in
regulating growth and development, intercellular communication and defense, as well as in
determining cell shape and fate. Growth and differentiation require remodeling of the wall
polysaccharide networks during development and in response to external signals. Studies have
provided ample evidence for the critical role of cell wall components such as pectins during
embryogenesis in plants. This study aims to develop an optimal protocol for eliminating
economically detrimental viruses from the endangered native Red-fleshed apple population and
to produce virus-free clones via micropropagation, thus making healthy planting material
accessible to local horticulturists. Additionally, the use of plant growth and structural stimulants

in tissue culture was evaluated.

Materials and methods

To determine the optimal developmental stage and meristem size for preparing meristem
explants, branch tips were collected at three different times (July, August, and September). These
samples were fixed in FAA70 fixative for 24 hours. Following fixation, the samples were rinsed
and stored in 70% ethanol. Conventional histological methods were employed for tissue
sectioning. Pre-sterilization and sterilization procedures for explants containing lateral or apical
buds involved treatments with 3% Tween 20, dishwashing liquid, 70% ethanol, and 5% sodium
hypochlorite for varying durations. Based on microscopic examination of microtome sections, the
most suitable developmental stage and meristem size were identified. Meristems, approximately
0.2 to 0.6 mm in size, were carefully dissected from apical and lateral buds under a
stereomicroscope using a scalpel and a graticule, and then transferred to the bud establishment
medium. To assess factors influencing establishment success, all explants were cultured on MS
medium. The sampling time was considered as the first factor, and the second factor was the
concentration of BA hormone (0, 0.5, 1, 1.5, and 2 mg L™"). Meristems that developed were
transferred to MS medium containing BA (1, 1.5, and 2 mg L") along with GA; (0, 0.5, and 1
mg L™"). At this stage, measurements of shoot length, number of shoots, and leaf development
were recorded. After identifying the most effective propagation medium, explants were moved to
an optimal medium supplemented with pectin and phloroglucinol, each at 0.2 mg L™, to examine
their effects on shoot length, shoot number, and leaf development. Rooting was induced in
elongated stems using MS’2 medium containing NAA (0.5 mg L™') and IBA at different
concentrations (1, 1.5, and 2 mg L™). After two months, rooting success was assessed. In a
subsequent experiment, the best rooting medium was compared with a control medium containing

162 mg L™ phloroglucinol, and rooting percentages were evaluated. Finally, rooted plants

29



o S,

Agricultural Biotechnology Journal, 2026, 18(3)

o

underwent acclimatization and were transplanted into pots. To confirm their virus-free status,
regenerated plants from meristems were tested using RT-PCR. All experiments included at least
three replicates, and statistical analyses were performed using SPSS software with Duncan's

multiple range test as a factorial experiment in a completely randomized design.

Results

The initial findings from meristem sterilization indicated that treating the explants with 5%
sodium hypochlorite for 15 minutes, combined with increasing exposure times in 70% ethanol
from 10 s to 30 s, eliminated contamination. This sterilization protocol was subsequently used for
all remaining stages of bud culture. Results also identified that the optimal time for meristem
establishment occurred in late July, with a benzyladenine (BA) concentration of 1.5 mg L™
achieving the highest success rate of 26.66%. After four weeks, meristem-derived samples were
transferred to an MS medium supplemented with various combinations of BA and GA3. It was
observed that increasing GA3 concentration in media with BA led to longer stems. The
combination of 1 mg L™ BA and 1 mg L™' GA3 produced the greatest stem length of 2.7 cm.
Conversely, media with 1.5 mg L™ BA without GA3 yielded the shortest stems at 0.8 cm. The
addition of GA3 at BA concentrations of 1.5 and 2 mg L™! tended to reduce leaf development.
The interaction between BA and GA; significantly affected the number of secondary branches,
whereas no significant effect was observed on the number of primary branches. Incorporating 0.2
mg L™ of pectin into the culture medium increased stem length by 45% and boosted branch
number by 82.6%. Similarly, adding 0.2 mg L™ of phloroglucinol resulted in a 24% increase in
stem length and a 39.13% rise in branch number. Regarding rooting, the effects of IBA and NAA
were significant. Higher IBA levels led to decreased rooting percentages. The highest rooting rate
of 100% was achieved in MS2 medium containing 0.5 mg L™ NAA and 1 mg L™ IBA. Increasing
IBA concentration from 1 to 2 mg L™ significantly reduced rooting success to 11.06%. The
addition of phloroglucinol slightly decreased the rooting percentage from 100% to 73.77%, but
this difference was not statistically significant. Notably, phloroglucinol increased the average
number of roots per explant fourfold compared to media without it. RT-PCR analysis revealed
that none of the meristem-derived plant samples showed bands corresponding to common apple
viruses (ASGV, ApMV, ACLSV, and ASPV), indicating they were virus-free. In contrast, the

original orchard mother plants tested positive for these viruses.

Conclusions

The meristem tissue prevents the spread of virusus due to its lack of vascular bundle
differentiation and elevated auxin levels. Therefore, in this study, a meristem culture technique
was employed to produce virus-free plants. Initial testing of the mother plants using molecular
RT-PCR revealed that all samples were infected with ACSLV, ASGV, ApMV, and ASPV viruses.
In contrast, none of the plants derived from meristem culture showed viral contamination,

demonstrating that RT-PCR is sufficiently accurate for virus detection. Additionally, the
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application of pectin and phloroglucinol proved to be effective and reliable agents for enhancing

branching in meristem cultures.

Author Contributions

The following statements should be used: Conceptualization, PJ and ZSh.; methodology, PJ,
ZSh and MN; validation, PJ; formal analysis, PJ, ZSh and MN; investigation, PJ, ZSh and MN;
data curation, PJ and MN; writing—original draft preparation, PJ and ZSh; writing—review and
editing, PJ; visualization, PJ.; supervision, PJ; project administration, PJ; funding acquisition, PJ
and MN. All authors have read and agreed to the published version of the manuscript.

Data Availability Statement
Not applicable.

Acknowledgements
The authors are grateful to the Vice President for Research and Technology of Kharazmi

University for providing laboratory equipment.

Ethical Considerations

The authors avoided data fabrication, falsification, plagiarism, and misconduct.
Funding

This research did not receive any grants from funding agencies in the public, commercial, or

nonprofit sectors.

Conflict of Interest

The authors declare no conflict of interest.

31



3, & S.29b5 (5598 i gu Aloxo @,. @
JA{AJ’}',’,),’_\./ gl o’U/fr”";”
“ TYYA-—580e 1Sy 2SI UL TIYA-5Y48 silo L i

Oy Ol 51 owy g3 g it po CuldS” (G2 3b 51 E pwl Caw (w9 il 5l (LS sy
O 3L3j1 32 JormmglS g yold o

19 L 5y

jonoubi@ac.ir :abbly .yl pl oyl o5 ¢ 05 )le5 oKy ¢ g j pole 0.l ¢ aLS pole 09,5 wliwl . Jotume odims 55*
G e 02

z.shirkhani@khu.ac.ir :4ebL], . o)) p) <105 < o0j)led olRisly ¢ s pole 0aSLily ¢ oS pole 0,5 ¢;Laluwl
ol gai sk

nosoohianmaedeh@gmail.com

S

Glo Gun b yusls dddllas 39y 0 S ugpg il o)le HblS wg clp a8 conl olaigy 5 (S piamw po cusS (AR
9 054 S 5 93 586 caliddny 5 AL S5 lale & (pizred A bl ¢y s ol @l (slowg g
8,5 )8 (o 3)50 JgienslS s )old

2 oo sl yitas] 5D Sl g0 b g 0 pe 5 ) o 03k dws > el g (b Wl sladigaisny 1 gy 9 g0
LS MS (6515 baomo & s yo 13 5l Juols (sladigaisy; 285 )15 b5)) 3590 (BA) ol s cilises (slacdale
5 ol Al (e st 4 Joruogl)sld 5 (S o> Aty baore & odigalfy) (e 20 Jatie GA3 5 BA (90,50
P gl e yo 3 0ad gl (sladdls I liasiy, bl Jinl Sy anssgi g o)LL 2lass daoylus L Jobo 52 jlos
b L yo 5l 00 21550 LS «waps il (09 sle Cunsg dob (gl ans pbosl IBA g NAA ()b YaMS lagxe
535 ialej] RT-PCR 3l oslit

BA i) yp)S e ) clale LMS Sl 13 oloys pod dog jd 0dd by (sl digeisyy ol o Luis gl 1z WS
GA; yJ ppSie ) s BA 1) pp S LoV cdale LMS Lo by L |y (4o pd YE/EF ) )il s yd (o yiitis
GA3 oo s BA 3 50 p)S ke ) clale LMS Lo )3 (S desngs (i g2 4Bl Jobo (2ol 3l (sl baueo (o i
Uil el gygly dpe )3 SS9, 8Ll gy Iy dme o8 slaslis sl GA3 s BA Jlite 1 .as saalie


https://orcid.org/0000-0003-2171-9746
https://orcid.org/0000-0001-8058-7814
https://orcid.org/0009-0008-3352-5993

RN,

V€40 Ko g (5>

wamsml,

Y )k L VAMS S b )5 (103 YY) oljdiiny dopd oyt bl ialS (a0 )d YA/NY) a8Ls slaws g cély i3l
doyd il el JoiaglSg)old slagi jpmd> ad osnlio NAA 1) 5 S Lo /0 oM IBA 2 5y 05 Lo
b 8l g RT-PCR L JoSUgo glaousy 53 b olS p p ) slaad (0:0lo (58, YU g olalS S )5 (oljasis
B g2 i o S I ol LS (390 039)]

By o LS 53 (wayg il le (lalS a5 sl 2al)S (1) i yo S 48 0y Lt adlllas (] 36 S AR
5 085 3l ol ol el plas (85 )15 ) Lagy 8 (o 2l cge B ey JRT-PCR i, ol
21> 518 oalatwl D50 i yo CudS 53 ol5as L dau ) dleiel LB (oS 5 90 lgieds gl oo ) JoimwslS gl

09090 Bl Ay (il cady) Gl ojlgads

singy Wle £

s yo oS )b 51 Eywss s oo J )le QLS Mg (VF40) ekl (gl 0y (B0l ey (9 LA

DYV (DA cripplis 5aliSin almo .51 333l 1 JsioslSgslé g Sy SI31 2 9

Publisher: Shahid Bahonar University of Kerman & Iranian
@ Biotechnology Society.
© the authors

3 03y jabdy caw 133 )b )3 Maloideae o5, ; g Rosaceae o,5 > (Malus domestica L.)

«s55 yo skl .(Phipps et al., 1991) k)5 asg b8 (oolasl cucal g ord cuiS Juze bl 13 ool plaw

.

Aol

Eg o ST (gl 05294 G (ST €95 35 p0 (lal Mt s s 55 ool lio o (gliwl 5 515 ¢
SaS Cumen dix ks pobs b 55 aliwkie .(Faramarzi et al., 2014; Wang et al., 2018) cawl (5550 bl 5
I8 BBl s 0 > it o5, ol o o5le (B il et 5 By less o Bolia 3 (g & s
sl Blus g9 (ACLSV) s K55 1S (5 a0 ogpg acumw (5,155 pB,1 5 (Abedi et al., 2019) ol 43,5
@b 4 |y ogll (1S5 gyg0 e 5 455 5 W gy 5@l (ASPV) s (5365 4Bls g9 9 (ASGV)
3,15 3939 b og g plp 5 LS I cblis cly 3)lie Lbs) gun (Desvignes & BoyA, 1988) was o Lials
Gl gy Glcslon S )3 o9 (13> CuhsS 5 590 (IS I 555l sglateds (nlnl (Szabo etal., 2024)
HsrSole 4 Sbld S8 ugny jl s)le oS Myi g)0nl 5l S (o0 Mo Coonl jlons @l 60l sl Jlog iS4
N4 om0 (550 )3 o g (Sadsy sl (il (alejl (slagby) bleie gy Shelen I Jol llus
i yo S ((Hu et al., 2015; Vivek & Modgil, 2018; Wang et al., 2018) jloylo,5 alen 5l 29 g0 48,5
Papritein et ) jloy exd (Hu et al., 2017) piws o cutS 5 Sloysle,S 3uili (Wang et al., 2016) sl ],
(Lietal., 2016; Romadanova et al., 2016; Bettoni et al., 2018) sl sl s <(al., 2013; Hu et al., 2015

33



RN,

(YE+0 3l ¥ o)l VA 093) (55,9UiS (55909 g alomo

wamsml,

Vivek & ) cosl (£l QLS 1 gy (Sadsy ly 2 5 (o89) piye calS 33loioe oSen |y oo I )l
ooy Siand 13 0350 (99,25 51 ()le (ol 155 o gy 4 a0l i oo A5y 5 Jgho s (Modigill, 2018
pie B)b 5l 39 dgamme Bl (D wopg wiST 4 315 3gg Jlain pl de )3 49l demgds et po (g ASle oLS
sl sl ojlul JBlas b dBlus wiwg yo iy (gl (08 b slo 53 (& Bhat, 2010; Hadidi & Barba, 2011
AY ‘.: |) ASGV 9 ASPV L;lmu»9ﬁ5 .\3.))5 u,o)’t: Wang et al., 2016 .l oiis f:bu‘ Cuw yd ‘.muuj)w PP O
Oler S 5l e o Bl +/VF (S Slalad cadllas () )3 disled Bl b ladiles 5l onds iie sladdliw Sy
J}lo 4:) d.>l.w).w 594 A oaléswl L?ub d‘.mcblp dw] (_5‘).} 9 ‘J.> BUI IR 03911 "y s anle ;ga d‘.mdblw u)‘.e(u‘
S JgimglSgyald . ad culS S Ls al35k (gl g a8 b (glazan ¥ Ll cladilex S| Sy poadigers e b (egke +/Y
S ol 5l (Singh et al., 2010) cosl (ooamio uw; b o oo ol al Hbdle &S cul Job S5
slogdll i j <l cuiS > nlply 33l (i (oo 0)lgwd ) &4 Cunl 0ad (1558 el il 98 S JgiwlSy)sld
adyy Job iuli8l o Wl el by ya0yen pwla b bl 1o JoiuwslSg)els oS cawl oaids odly oLis aulalllas 1 (oolasws j5 .oyl
o)liwded yod Bl cuiS > JowolSeysls 5l eslazwl (Daud et al., 2013; Pérez et al., 2016) s35
b Sladllas oy L 1) S gt eS| ads  olgd 9 05 olS L35b g oljwdlS ecl (Ornithogalum dubium)
8 o Jb gl b (Petti, 2020) 45 Wl i (2130ks) 5 45 Jos (90150l Glsicds Sl JoipmslSssld o ol
Sl gl o pile S el oas 3ld o ey join S SOl S 5 JstauslSygld (sl
Sy 40 ok odalie e i L a5 (Teixeira da Silva et al., 2013) 5l ol58len 51 ST b JoiwglSs 0l
Oldles yien (Sarkar & Naik, 2000; Siwach & Gill, 2011) 51y ciles o)lusls Wl b 5 oliads,
B9 5 P2 claaly 5 o)lsls lgs Llbl conge Wlsiie 52 1o pySike VPV A 53 JgiuusslSssll o ol odls o)Lt
Cool (glodzmy g bgy ()il (LS Jolw o)led 343 o (Miri et al., 2003a) M9 4 (Webster & Jones, 1991)
WS oo Wl Joho Culgipw 9 KB (e ) Oemed 9 gBd g (Jshe (o Ol igeigady wial > cere i &S
@ ol )3 g9 25 Job 43 o)led e, b sleaSs gilwsl piliwe ples 9 A3, (Somerville et al., 2004)
Wle Jolw oyless slinl Sl i 5l (goasie anled il .(Barnes & Anderson, 2018) ol )5 sla JuSw
(El-Tantawy et al., 2013; Rodriguez-Sanz et al., 2014) cwl o3> ;i 5L » Sl5obey Job 1 by
g By dBlug b (gladnd JSde (63950 0 cow MS cuSlse 3 Gl eolil plbil cél cuis” s
Pérez-Pérez et ) 5 )b Lids boly Slogus (olj0by) 50 06 & 3y oL s iags (Rugini and Verema, 1982)
L) ksl gasls gli 5 aisy o 30 |y oM ST (iS5 b oad g QL Lasmo a5 5l L b jimg 3, (al., 2019
Abdollahi ) 5 e Sy 56 aBaalefl Ll 31, M8 Ciliseo pl8) 5 1 iy dtacol ) job 4 5 b3 oo el
oy lg> (clapgrdyges s (651U 1 S 5 cpl &S 3l Ui psto S lasme 3 iSs jl eoliiwl b (et al., 2005
Bl gl cuolio ol ygws 8L« imgh oyl 5l Baa (Garcia-Angulo et al., 2018) syl jid Jsbo ples 5 A,
b3l Ghgy 4 ogns Il ol oS Mg LBLET Jb 3 (g Epmg s olS ) o3baBl Lok sgegns

34



RN,

V€40 Ko g (5>

wamsml,

D9 o gz dllae oyl Blaal (Kb 5l sl cuiS aul )b )

LS9, 9 dlge

Sy il el VemV0 Job & (Malus domestica L.) ¢ pog cow slo)ludls qpinspo cuiS jolaio 4
b ad 75 ) g Jo el 5 Clidos

5 e o yo it Ll yslaio & fetau po CandS (611 4B (ol im0 (501 gl LB L (25
RS YOG Y gols,0 YOG Y- (o3 YO LY+ yloj dus )3 0did (6 yglxon 1nddlis puo cpoitons po diged 10y 4 (8ly2 oionn yo 0151
b lodged gabgcomsd j (193,85 st (sl Siitaol 9 Ve Jgilil d0lo)3) FAATO ssiSeass o celos Vo- VY Sike 4
Chehregani et al., ) 50 (6,055 Jolxe oot 13 (605 o loj U g oad Jatio doyd Ve Joibl @ layl ool
I (il slaspw > iy 4 adiged b odlatl (3Bl Jsho Jgene (slogsby) jl oS (i sslaie 4 (2007
Ssls (sl (Sl pre S+ S o2 93) (gilodlad (Bl Bl slacs e )3 (sl (103 )0+ 935 A )
b psissSee b ool Jl caled )3 5 5ad S B ol 13 5 (LA gls 5 gl o 99 + S e S il 5 U
Aer) S lS (gl sy b atiges (20T 5 (Bss5 L 200508l 51 e oAb 45 b a9 Sm SV sl
b odd aws Ml (Sanderson, 2020) wus (s5elSS, cpjel-cubnS gilon 3l odlazul b (1o)> B+ ¢ Vo QD
H8)S )3 )l peSe g 385 sy 2)90 529 P59 S

Yo g b ool iz L ol il gl aaigaiss) (silupigsio 5 silogg it 148 US oy piun o CulS
CES Oygo (4883 V0 5 V0 D) 2op> B s CoplSgmn g (458 Ve 5 Ve) o> Ve Joll 098l wlo 2> ¥)
ol 059 ,Sue (sla by (wyp il &S 0510l 5 (g903 dls yo s pins (axidS | uy e o (Boudabous et al., 2010)
loailss j1 o o +/5 1 1Y i (clmojll > JMSeol &5 Alusss e JsSel S 51 oolitol b oSy Sposy siaal 125 93 e
dot gyl aloya by lin 2 S50 Jalge oy polaie 4 Wb Jitte Sl el baoma 4 5 00 b ol g (o
p93 dos) Jol 15518 laicdy (5 pSdises ooy .0 S’ (Murashige & Skoog, 1962) MS cuis’ lae )5 ladiges sy,
ST 53 Ladiges .85 )8 (cwy 3590 (i 3PS ke ¥ 9 VO /0 yio) BA (190)9 93 195516 5 (19285 5 31350 35
Juopd olo 5 IS 5l L g i8S 8 SOU celo A g olidsy Celo V8 04 98 b oL, Sl 4 )0 YOEY (glod jo 0,
W85 )8 (y 3590 )il

MS (olp basme 4 atin Jloa s3SI dn pianyo My 5| Jools cladigesss, 1 sl jdniy 9 BASLS (69l
4 Jl 5l e olo Sy wiad Jae (3 52 p)S ke V g +/0 o) GA3 g (33 32 p)S ke Y 9 V0 V) BA (y90)90 (1)l
ol Casday ) Jso b Ballas (S dmaogi OS5 )15 (o 0590 (S 2 dnirgi g o)Ll dlass oo )lus L Jobo ()] Laome
N ger

o dnog= ((Sp 25855 oo XS0 25855 0232) T (Sp 025555 Jsb XS0 2 5SasS 25e)) | ¥

35



RN,

(YE+0 3l ¥ o)l VA 093) (55,9UiS (55909 g alomo

wamsml,

o 42 plaSym JgtausglS 9,008 5 (S (gsl g bamo 4 nigaly) «c gl St CulS lapome (it Sl amy

dooyluslis Jsbo 52 jloi 93 ol BT oy sgbate 4y olo S 5l am bl JS! ST AL 12 0 p)5 eo <Y iee 4 B>
VAMS Lo )3 (g5l dlo po 3l 00 gl (sloail > (oliady; (85 g (S Wigad (S dnws g o)lus s Sl
ey 2oyd ol ¥ euddS Sl an 8 plosl (3 5 pyS e Y 9 VB V) IBA 5 (2 5 )5 o O) NAA (9090 (51>
pS sk VY (lise 4 Sl 088 (gsl Laome b sl lsic a4 dige baome 02t 5500 ptalesl ) .28)5 )18 ()l 3,50
9 Ced5S (0)9 «CangS oS bl syl lglS J31 4y et LS Coled 3 B (cwyp (aliddny Moy g dualie 1
@ (s Cag) ghaw (w 88,5 )18 Vb (s Cagho 53 59, 0 B F oo 4y 5 Jiite 0 byl ViV Y Cns b el
aa00)5 )5k laoes b ol ccaghy jials (eus 00,5 B jlo Lo b olS gy (ialS (yaus A 03y alS gy
a5 Jite Ganlio bl b SIS 4y 5 13550 sl 4 olS (39 pllo 51 el b S 4y 0lS” JUisl jl asin ¥ csiS
pirye Jlosd ik olals IRT-PCR S5 j1 03Ukl b (g g 51 5)le a0 (2135L oS (b5

Reverse Transcription Polymerase Chain ) RT-PCR iS5 51 onlisl b 291 (wops 5l cole b jolaio 4
5 i yo CulS ) Jols € pugi s gladind (19,3 olS I RNA glseal jslate oy 085 )8 (b3l 5,50 (Reaction
LS 5 (o0S ooy 15 ploxd] (Cat. No: TGK2004) TOPAZ GENE 5 i §) S e e ) o3bizl L 2L oLS
S 15 S ) o3liol by CDNA i .88 plogl 1o ys ¥ 5,51 5 5,589,550 5 olya3b 51 edlitesl L o )5l RNA

o @l Srs s 4 baye oy o S3T el 5 CDNA LS pslate 4 PCR (25T 5 cdjdy @90 (o5 ok
J5 &9y 3 uiSly Joaso .45 plosl Multiplex- PCR &g 5 (V i) (ASPV 3 ACLSV ApMV ASGV)
s )05 ¢ 2lod (1STy (sl (gl 100)8 oolitsl TAE 1X 3L 31 559801 plowil (glys (gt 2l )3 -2 55989501 5,61
Yo ke 4 0, Kilo 43 )3 AF (lod 13 gulygils a8 > YO o JLod 4 g caiidd ¥ o 4 o Kl 43,0 AF (clod j> 4yl
UyiuS 5 dil ¥e G 4 oL, Sl a0 VY (slod ;0 i yind 5 4l B0 e 4 LSl dx 3 0F (slod o Jlasl call

A5 plol adds Ve e 4 0Kl a0 VY gled o ol

sWid 90 ,5 5T JIgi Y Jous

Table 1. Sequence of required primers

%GC ™ (°C) Skl Jlgs S5kl sl
Primer sequence Primer name
50 56 5' GAAGACGTGCTTCAACTAGC 3' ASGV —-F
40 55 5'TTTTAGACCAGTGGCAAAGT 3' ASGV R
60 62.14 5' AGGGTCCTGAGCAGTCGAGA 3 ApMV —-F
60 62.08 5' GTTTGGAGGGGCTTCCCACT 3' ApMV-R
47.62 59.85 5'TTCATGGAAAGACGGGGCAA 3' ACLSV-F
26.67 56.64 5' AAGTCTACAGGCTATTTATTA 3 ACLSV-R
55 58.22 5' ATGTCTGGAACCTCATGCTGCAA 3' ASPV-F
60 63.53 5'TTGGGATCAACTTTACTAAAAAGCATAA 3' ASPV-R
47.83 61.63 5'GATGCTTCTTGGGGCTTCTTGTT 3' nads-F
45.83 61.53 5'CTCCAGTCACCAACATTGGCATAA 3 nads-R
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Figure 1. Longitudinal section of the shoot apical meristem. T: Tunica, C: Corpus, Mm:
Medullary meristem, Ef: Leaf primordium
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Oloj oinl38l gy b 4idy 1O Cide 4 do)d B e CulSann 10 g b Eals agl Ye 4 agl Ve 5las s Ve Jeibl jo
ady 0 aS 05 Ve b diges Slo 015 doyd g ey yho 4 (539l lise 4l Yr ay adl Ve 5l oo Ve il 3 (65,18
(Y Jgiz) 2 odlazal o digedsa) (gile gy sl Cos nl 5l il coaS” ol
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Table 2. Percentage of infection of M. domestica meristems in different sterilization

treatments. Different letters indicate groups with statistically significant differences

Infection (%) (a0 ,3) 5391 Treatment  ,lou
KWL YA TR WICHIN L SW Joyp Ve K
Sodium hypochlorite (5 %) Ethanol (70%)
302 5 min 10s
20° 5 min 30s
16.6° 10 min 10s
16.6° 10 min 30s
6.6° 15 min 10s
04 15 min 30s

2oy 3l Jols slaodls bl 4555 @l tetm yo )l 52 BA (590,98 9 (5510 paiged ploj 3
g oloy blite 3l as oly lis culS 5l s atan ¥ BA (905 g ()b pdised loj il slajloss )d digei sy, Sleods;
a8 ol L b jlows pSle duglio 1 ool o 4y gl (Y JS5) (P<+/+0) 34 )l e Wi po )yl pp BA clale

(Y USS dao > YE/£5) s obliie i o )yl Ao yd oy yidtin BA i 3 p)5 Lo V0 clale g oloys pod do

30 4 Blul,: BWAug-asb.. Sep— PO
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BA (mg LY

9 (192005 5 212,00 €23 093 dow) (5,13 priged (yloj BliSce (Sl 4 huant yo 5l ikl Sy .Y JSU
Ol ©gliste B9y (S5 (Sl lio (19031 Bab () 2 0,5 o ¥ 9 1/0 ) +/0 o) BA (390,52
Sl £ ST Y uile B yro (g 2 (P<e/¢0) Cawl aiislojl (009,5 (ym 4I5 gire SWA] 2D

Cowl 3l tiw!
Figure 2. Percentage of meristem establishment in different treatments of sampling time
(July, August and September) and BA hormone (0, 0.5, 1, 1.5 and 2 mg L"). According to

the Duncan test, different letters indicate a significant difference between the experimental
groups (P <0.01). (means = SE, n =3)
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GA3 2 oS ke Vs BA 2l o5 ko ) igopgn AL L MS cai Luma > lndigaizy 45 8L Jgb xS0k
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Figure 4. Proliferation stage of samples
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Figure 4. Stem length in MS medium containing BA (1, 1.5, and 2 mg L) and GA3 (0, 0.5,

and 1 mg L!). According to the Duncan test, different letters indicate a significant difference

between the experimental groups (P < 0.01). (means £+ SE, n =3)
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Figure 5. Leaf development in MS medium containing BA (1, 1.5, and 2 mg L) and GA3

(0, 0.5, and 1 mg L7). According to the Duncan test, different letters indicate a significant
difference between the experimental groups (P < 0.01). (means £+ SE, n = 3)
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Figure 6. Number of primary branches in MS medium containing BA hormone (1, 1.5 and

2 mg L) and GA3 (0, 0.5 and 1 mg L!). According to the Duncan test, different letters
indicate a significant difference between the experimental groups. (means + SE, n = 3)
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Figure 7. Number of secondary branches in MS medium containing BA hormone (1, 1.5 and
2 mg L) and GA3 (0, 0.5 and 1 mg L'). According to the Duncan test, different letters

indicate a significant difference between the experimental groups (P < 0.01). (means + SE,
n=3)
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Table 3. Variance analysis of pectin effects on proliferation

C}';‘;Lﬁ" . l#.’ ‘.i . ‘ oo .
Sl Clup gy SO Sl fe o
F-Value o Sum of Degrees of Source of Trait
Mean Squares Freedom Variation
Squares
4.8 4.014 4.014 1 29,5 O
Between groups
0.83 13.37 16 2955 9y alo Jgbo
ithi hoot Length
17.38 17 Within group Shoot Lengt
&yoee
Total
0.05 0.005" 0.005 1 2955 O
0.00 | 441 y Betwee/n group . "
: P95 092 S 2 dawg
Within group Leaf Development
1.441 17
&yoee
Total
10.05 64.22™ 64.22 1 2955 o
Between group
6.38 102.22 16 2955 9y &L sl
166.44 - Within group ~ Number of Branches
&yoee
Total

(P <0.01) soys Sy g 55 5005 09,8 by 5 sine 13 sine MBI (P < 0.05) dao s guiy g 55 50l 9,5 by s sie 13 ine 3Nz
22l5 09,5 b o gz BB pac ™
" Significant differences with the control group (P < 0.05), ** Significant differences with the control
group (P <0.01), ™ no significant differences with the control group

,n)fgl,,a'/A)NAA 0929 dl)b 1LMS Ja?ud.gdl)'d..&i) 61).3 W) J.’g.‘o dl.mdél.w :d‘)w))| J..pla- &tb
55 o e 3148 ol L5 Wools Luily g 43500 j1 ol ol wins Jiie (i p pySike ¥ 9 V0 ) IBA 4 (1)

cge IBA (150)90 o (ial3l 45 31 (L5 lapsS0le dumliie gulis ((P<e/o)) 391 )3 e (aliade) 20> 2 (190)98
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Table 4. Variance analysis of phloroglucinol effects on proliferation

Ol Egoe R ECSY [GHJUVE I Voo
F- Ol o) Ol 0 I - : o
Value : : Degrees of Source of Trait
Mean Sum of Freedom Variation
Squares Squares
6.998 1.681 1.681 1 )5 Oy
Between groups .
0.24 3.842 16 29,5 903 Bl Jobo
[S1))
oy Shoot Length
Within group
5.523 17
Total ggexe
0.063 0.006" 0.06 1 B9)S oy
Between group _ )
0.09 1441 16 S S g
[S1))
oy Leaf Development
Within group
1.447 17
Total ggexe
6.919 14.22 14.22 1 )5 Oy
Between group Lo olaws
2.05 32.88 16 2955 09 Number of
4711 " Within group Branches
Total gaeee

0l 0,5 by I size 3] pae ™ (P < 0.01) sy Sy el 55 0l 09,8 by )by sine I3 sine M1
** Significant differences with the control group (P < 0.01), " no significant differences with the control

group

b & 01d sk sl aliade; 3 JoumwgSays8 Sl oyp o ljanly 2 JpmwolSg old i1

256k VY oMl (NAA 1 52 )5 (o <10 oM IBA 1 0 )5 (Lo V) 00 plosl J2mggy subo 0l (gjlodinge
22 el 395 o dne olidity 8oy 2 JgiglS 06 b 45 ol s Wodls il ly 4525 50 Jitte JgiamslSyold 2
il el JoinwglSs)old ol oS 31 (L5 @l (0 Jga2) (P<e/+0) 392 Jdgime digeifn) o il 4 iy slass (0L
Y ol JgmmglSg gl loss g 395 sl dme (s lel jlas 31 gals” oyl b o )d YWIVY & a0 Ve 5l gliat) s>
Jgi5lS 95l 136 Lo L dugliie )3 Lgeija) o 53 dudyy Slass (60Lo &5 65k A5 digaie) po0 53 Al Sasd (1Slio (38,
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Figure 8. Rooting percentage in MS 2 medium containing NAA (0.5 mg L) and IBA (1,

1.5, and 2 mg L™). According to the Duncan test, different letters indicate a significant
difference between the experimental groups (P < 0.01). (means = SE, n =3)

JpniglS's 518 oS 5 3L (€ 9 b g {giumgls's;old a5 (115 (d g @ thaomo 4> (il jeniiay A JSS
Figure 9. Rooting in medium; a and d) containing phloroglucinol and; b and c¢) lacking

phloroglucinol
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Table S. Variance analysis of phloroglucinol effects on rooting

‘-’. “”L:.b 5l ‘.j ] s .
e Gl fgoe SO Ar3 Clymx Zawe o
F-Value o Sum of Degrees of Source of Trait
Mean Squares Freedom Variation
Squares
12.98 352.667" 352.667 1 395 O
Between group o sl
27.167 108.667 4 2955 950 iy S
s Number of Roots
Within group
461.33
5 Total ggeze
4 743.77 743.707 1 )5 O
Between group .
185.927 743.707 4 S oo ey 2o
Within erou Rooting Percentage
1487.413 grodp
5 Total  ggeoe

0l 09,5 by I sixe M) pie ™ (P < 0.01) sy Sy prlas 55 8l 09,5 | by sine I3 sine 3331
™ Significant differences with the control group (P < 0.01), "™ no significant differences with the control

group

RT- Ly jl Jols mls RT-PCR SSG 51 03kl U (wo g 5! gyle a0 (21550 LS b,
Jols alS 3g 03g)1 13 JI5 a8 coils 3439 (b winm yo oSl Jools aLS (sladiges | plaSoun 45 3l olis PCR
3 sl cpl a8 Jb s (W ) ik (ASPV JACLSV AApMV AASGV) Caw plis sl wgpg 4 cél cuis jl

Ll ypas b y0 g0k bl

S Gl |y M ) Wl el S SIS sl ol yod (Mo b (it gl by b asn LS SG
Aty CutS b g omizmed il 5Vl ks, cabl iS5 ol 5 ol pblS o cul oo lis cllas
bdigedss) gilorgymw lp Solite slojlas imgh oyl ;> .(Zarghami & Ahmadi, 2023) 55 wJg Wlo olS
laaigaiss) (Sagl oliee o 3l (i Sglite g9l (slaglo 5 matuocy WS g o JSU ) ol 28,5 1,5 oolitsl 350
ponelS o S g il JSI o I pliand olo cpiiz )l (St 08 Sgasas ole > (pailud loj e 4,
LS dlge (Glugyg e Cap 45 gy il p Solite (gygebge (slaplej g e lale )3 (gl 02 IS o o K grn
Al Ye 5l am a5 3g oladiges 4 byrye adllae ol 3 S39 o> o 28 (Boudabous et al., 2010) 540 o o3kl
Cillas gl (59 p Slalllas gl b 45" gy 0 031> guiiannds 7 O oy S gt Ly 483 VD ko 4y o3 Ve J5ibl 13 (59dbose

(Felek et al., 2015) cuils
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Figure 10. a) Acclimating specimens; b) Aeration plant; c) Plants adapted to the outdoor
environment
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Figure 11. Electrophoresis of RT-PCR. a) Positive control; b) Negative control without
c¢DNA ; c¢) Ladder 100 bp; d-g) Virus-free samples from meristem culture
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Yok &5 20 ol Vivek and Modgil (2018) .(Vivek & Modgil, 2018) w55 0 o433 oS oyl ,d s
digaissy Slonsj yiShis as Jbo s ciles o swdlgs o0l Sid s 4 (st oo +/V=+/F 050l 13 o (lapins o
pB,l ol 3 a8 ud ooy L imgh 50 )b Bl ol yimgh b oSt ud sdalie jie Lo +/0—+/Y ojlul 3ga5e 4o
a3y g oloj 5k 5l (Masoudi et al., 2020) a3l oo Jloe o 00b (5slaen loigaiss; 3 i dio)> iy s
& boye doel g &S i8S 18 adlae dy40 E. viminalis o Eucalyptus gunni Jolis wgud] 5l 465
Asare ) xobs flas |y s Sloged e o yieS 5 )yl duoyd (s SV g 139 0 g ole (13398 13 &S dg olbdigel s
Sdye slodigesss; 5 391 olo Cudgud)l (3 0l A (sladigas ) 4 basye JLyatwl e op 3YL 93,5 > (& Zandi, 2008
A ladiges 4 w0 i Wamdly pl .l Lo b jles plo b (o)l pxe coglas a8 sy | lyazul o)liee (o 208 ol
Sbles &) gl o ey BESL )3 19)> slagigesgn aw (39 YU g oo juin (39 S8 o 0 Juad 9,5 5 005
Ol 1y Ll duoyd oy i oloyd 43 ol ds sladises 5 ol imgh ) (Yard et al., 2011) wlools ouis Jloe!
S5 Ologas > 4 Bad o clly ) Jad clize claglej 3 a5 LS slacdl ) i 4 b
g5 Wyain £ i) ol o3> 55 e 1t o5 L5 Sy Fouly (S CatS @ Conns Ygoma sglite
Liwd fgo baigeiyyy sl culS lid 5 culS b oS5 (PGRs) (als ab) glhoasSplas cbile
)91 4> 0 »3 (Dobranszki & da Silva, 2010; Magyar-Tabori et al., 2010; Zahedzadeh et al., 2014)
ol Bl ol sine 51 e yb g ol (claasls a5 59 b sine Sy Awsi 9 4Bl Jsb » GA3 9 BA Jilize I
BA cble &S Jloj 5,155 cpl > (Ochatt & Caso, 1982) 55 ciglite s (slapianns po (slp 0 (5155 zols b ol
guod y5l> imgh 5l odel Conday gl .cdl ol Kgeis, b )3 adls i il jgals 1SS lasxe 45 g0 0 GAs
o 4515 2l g aBlo Job Ll 38l Cuw (659l (sl o 3 5 5l eolil e Vivek and Modgil (2018) zbs L
Cusl (ol 05025 (62, g sloaSieds oad 58 (53loil sinjl 3aled g 05 45 amd o LS (938059 0l A5 ¢ pusgd
Barnes & Anderson, ) ses sl le jgboas Jolus (b yiud g mumdi 3905 o0 bl (S6lSo olgs )3 3l pis 4 i oS
S ot G (S50 9 (Sloge 2lighey 0 etmen 5 il Jsb 53 Sy wile Jobu o)l I3t (2018
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