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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. Afteridentifying 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
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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 appletrees persist in northern, northeastem,
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 microtomesections, 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'% 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 bestrootingmedium wascompared with a control medium containing

162 mg L™ phloroglucinol, and rooting percentages were evaluated. Finally, rooted plants
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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 successrate 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 concentrationsof 1.5 and 2 mg L™ tended to reduce leaf development.
The interaction between BA and GAs 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 highestrootingrate
of 100% was achieved in MS)2medium containing 0.5 mgL™' NAA and ] mgL ™' 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-PCRrevealed thatall samples wereinfected 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.
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Table 1. Sequence of required primers

%GC T™ (°C) Sl Jlg Sl pb
Primer sequence Primer name
50 56 5'GAAGACGTGCTTCAACTAGC 3' ASGV -F
40 55 S'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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Table 2. Percentage of infection of M. domestica meristems in different sterilization

treatments. Different letters indicate groups with statistically significant differences

Infection (%) (wo,3) (59 Treatment  ,loy
KSR WICII L WY oy Ve S
Sodium hypochlorite (5 %) Ethanol (70%)
30° 5 min 10 s
200 5 min 30s
16.6° 10 min 10s
16.6° 10 min 30 s
6.6¢ 15 min 10s
04 15 min 30s
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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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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 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 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 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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Table 3. Variance analysis of pectin effects on proliferation

b

s Olayyo ggozmo (o331 a2y Oy g o
F-Value e Sum of Degrees of Source of Trait
Mean Squares Freedom Variation
Squares
4.8 4.014" 4014 1 ) o
Between groups
0.83 13.37 16 B9 Oy Gl Jobo
1738 Within group Shoot Length
17 gseoxe
Total
0.05 0.005ms 0.005 1 B9 Om
0.00 1 441 6 Betwee/n group ) )
' 295 9 O dang
Within group Leaf Development
1.441
17 goecne
Total
10.05 64.22™" 64.22 1 ) o
Between group
6.38 102.22 16 P95 9y Bl sl
166.44 Within group  Number of Branches
17 g3ox
Total

(P <0.01) aoys Sy a5 1l 05,5 byl ine I sine SUBT (P < 0.05) doys iy el 55 0ls 05,5 L s ime sl sine B3I
32L3 09,5 b 5 gxe S| pac 1
* 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
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Table 4. Variance analysis of phloroglucinol effects on proliferation

ke £92 R HECSY Ol pantd Zaro
F- Ol yo Ol po 2 - * Coo
Value : : Degrees of Source of Trait
Mean Sum of Freedom Variation
Squares Squares
6.998 1.681*" 1.681 1 P9 O
Between groups .
0.24 3.842 16 2o o bl Jobo
oy Shoot Length
Within group
5.523
17 Total §geee
0.063 0.006"s 0.06 1 oS Oy
Between group _
0.09 1441 16 a5 S Ao
I Leaf Development
Within group
1.447
17 Total gge0
6919 14.22* 14.22 1 P95 O
Between group a3l ol
2.0 32.88 16 295 092 Number of
4711 Within group Branches
17 Total §geee

0l 055 Ll ine M) pae 15 (P < 0.01) soys Sy gelaws 3 30L5 05,5 b 5l in ly sine M1
** Significant differences with the control group (P < 0.01), " no significant differences with the control

group
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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)
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Figure 9. Rooting in medium; a and d) containing phloroglucinol and; b and c) lacking

phloroglucinol
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Table 5. Variance analysis of phloroglucinol effects on rooting

ke : ,
s Ol ggome (o35 @y Oyt gk o
F-Value e Sum of Degrees of Source of Trait
Mean Squares Freedom Variation ral
Squares
12.98 352.667*" 352.667 1 P95 O
Between group )
27.167 108.667 4 295 e Addyy s
Within erou Number of Roots
46133 group
5 Total §geee
4 743.77"s 743.707 1 oS Oy
Between group )
185.927 743707 4 b e iy 2o
Within group Rooting Percentage

1487.413
5 Total §gee

0l 055 L 1y sine M) e 15 (P < 0.01) soys Sy gedaws 3 a0ls 05,5 b 5l sine o sine 331

** Significant differences with the control group (P < 0.01), " no significant differences with the control

group
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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 ; ¢) Ladder 100 bp; d-g) Virus-free samples from meristem culture
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