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Abstract
Objective

The unique characteristics of plant protoplasts have made them a powerful tool for researchers to
study the genetic modification of plant cells. The most important prerequisite for the use of
protoplasts is the ability to extract them easily and in large quantities, and to cultivate and
regenerate them for cell colony formation and plant production. The most common method of
extracting protoplasts from plant tissues is the enzymatic method. The concentration and
composition of enzymes and isolation and culture steps are key factors in protoplast extraction.
This study aimed to investigate the effect of these factors on protoplasts of in vitro potatoes
(Solanum tuberosum L.) and to develop an efficient and suitable method for their extraction,

transfection, callus formation, and regeneration.

Materials and methods

For protoplast isolation from commercial and common Agria cultivars of potato, different
treatments of Cellulase and Macerozyme enzymes concentration, incubation time in an enzyme
solution, and isolation steps on leaf tissue, stem, and aerial part of in vitro plantlets were
investigated. The effects of different hormone concentrations on the culture and regeneration of

protoplasts were studied. After protoplast isolation, the efficiency of transfection by PEG 4000


https://orcid.org/0000-0003-2674-4545
https://orcid.org/0000-0003-1640-8169
https://orcid.org/0000-0002-0466-7051

using pBin61-GFP plasmid was evaluated.

Results

The best results were obtained from leaf explants and the highest number of protoplasts (2x10°
protoplasts per ml) were extracted from leaf mesophilic tissues after 16 hours incubation in an
enzyme solution (1% Cellulase and 0.2% Macerozyme). The transfection efficiency of protoplasts
by PEG with 40% concentration and duration of 30 minutes was 50%. The MS medium
containing 5 mg/L NAA and 0.1 mg/L BAP was selected as the best culture medium for callus
induction. In this hormonal treatment, 100% of callus induction from protoplasts was obtained
after about one month. The best medium for plant regeneration and shooting from callus was the
combination of 2 mg/L Zeatin with 0.1 mg/L GAz and 0.01 mg/L NAA with 86% efficiency.

Conclusions

Based on the results, the described protocol for protoplast extraction and gene transfer in this
study provides the necessary steps for genetic engineering, transformation, and gene expression
in the potato plant.
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Figure 1. Comparison of different treatments in protoplast isolation by counting the intact
protoplast. A) Comparison of cutting methods in three tissues, B) Comparison of shake time
in enzyme solution from leaf tissue, C) Comparison of enzyme concentration in isolation
from 3 tissues, D) Comparison of incubation time in enzyme solution in protoplasts isolation
from leaf tissue
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Figure 2. The tissues used in different treatments for isolation of protoplasts. A) Leaf tissue
B, C) Protoplasts extracted from leaf mesophylls, D) Used tissue is upper part of plant, E)
Protoplasts extracted from leaves and stems, F) Cell colony in extracted solution, G) Used
tissue used is stem, H) Protoplasts extracted from stems, 1) Clear and low density protoplasts
from stem tissues. Middle microscopic photos are X100 and right hand photos are X400 in
scale
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Figure 3. Comparison of with or without NaCl treatment (0.24 mu NacCl) in the washing
processes in protoplast isolation
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Figure 4. Microscopic image of control and GFP-transformed protoplasts. A, B) Control
protoplasts under light and GFP fluorescence filtre (autofluorescence of chloroplasts) C, D)
Transformed protoplasts under light and GFP fluorescence filtre respectively. E)
Percentage of transformed protoplasts with PEG concentration and transfection time.
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Table 2. Comparison of different hormone compositions and concentrations on callus
formation from leaf explants of potato cv. Agria

(p5) LowdlS B ol gl oy () 2 oS ko) o3liinl 3590 (BLS (5o yg0)90
Callus Weight (g) Callus indution % Plant hormones used
Darkness S, Light L, Darkness . ,b Light kss, NAA BAP Kin 2,4-D
0 0 0 0 (J55) MS Loes
MS Medium (control)
0.322 0 49.7 0 - - 0.01 2
0.205 0 33.88 0 - - 0.25 2
0.262 0 44.44 0 - - 0.5 2
0.265 0.416 49.99 61.11 - - 0.1 3
0 0.382 0 55.56 - - - 5
0 0.548 0 72.21 - - 2 5
0.731 0 72.21 0 2 0.25 - -
1.52 1.81 88.88 100 5 0.1 - -
A\RE4
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Figure 5. A) Fresh isolated mesophyll Protoplast, B) First Cell division after 6 days, C) First
cell colonies D, E) Microcalli after about 6 weeks and F) Microcallus inside the Alginate lens
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Table 3. Comparison of different hormone compositions and concentrations on the
regeneration of callus in potato cv. Agria

Hormone (Mg/L) () 5 p,5 ko) (90592

oS 5 ol55b do s Zeatin TDZ GA; NAA
Callus regeneration %
802 2 - 0.2 -
862 2 - 0.1 0.01
10° - 0.03 0.03 0.02
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