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Abstract

The efficiency in raspberry regeneration, from leaf explants, is limited due to several factors,
among which the age of the explant and the genotype stand out. The aim of this research was to
determine the effect of growth regulators on oxidation and in vitro regeneration from leaf explants
of five raspberry genotypes in 2021. Doses and combinations of auxins and cytokinins were
tested to induce direct organogenesis in leaf explants of raspberry genotypes; ‘C-6’, ‘Joan J.,
‘A-1’, ‘UM-702’ and ‘Heritage’. The results showed that the regulator benzylaminopurine (BAP)
decreased oxidation in genotypes ‘C-6’, ‘Joan J.’, ‘A-1’ and ‘Heritage’ by 36, 48, 60 and 68%,
respectively, those that were supplemented with kinetin had a reduction in oxidation in the
genotype ‘C-6’ (56%), when thidiazuron (TDZ) was added, oxidation decreased in the genotypes
evaluated by 72, 64, 72, 84 and 68%, respectively. The greatest regeneration (number of shoots/
explant) was with BAP (0.5 mg L-1) and TDZ (0.2 mg L-1) + indole butyric acid (IBA) (0.1 mg L-1)
for the genotype ‘C-6’, and TDZ (0.2 mg L-1) + IBA (0.1 mg L-1) for ‘Joan J.” and ‘Heritage’. In
‘A-1” and ‘UMC-702’, the use of TDZ (0.2 mg L-1) alone is suggested. It is concluded that the use
of growth regulators, alone or combined, decreases oxidation in leaf explants, and increases the

survival and regeneration of shoots in all genotypes evaluated.
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Introduction

Mexico is the fifth largest producer of raspberry (Rubus idaeus L.), in 2019, 128 848 t were
produced, with a value of 5.154 billion dollars (FAOSTAT, 2022), of which Michoacan contributed
25 988 t (SIAP, 2020). Among the most successful varieties in this region are ‘Heritage’, ‘Maling’,
‘Exploid’, ‘Adelita’, ‘Autum Bliss’, ‘Primavera’ and ‘Blazer’ (Bascopé, 2013), which were generated
through traditional techniques of crossing and selection; however, due to the perennial nature and
their low genetic diversity, the programs of improvement and generation of new raspberry
cultivars are limited (Hall et al., 2009).

Biotechnology provides tools to achieve genetic improvement in a rapid and targeted manner
(Gutiérrez et al., 2003), from the clonal multiplication of plant species with desirable agronomic
traits (Allccaco, 2016), in addition to the culture of plant organs and tissues that guarantees
the quality and safety of plant material (Jadan et al., 2015). In vitro propagation methods for
raspberry have been employed since the 80s; nevertheless, raspberry is highly recalcitrant so the
explants usually present a large amount of phenolic compounds that affect the formation of
adventitious shoots, coupled with the fact that each cultivar has its own requirements for in vitro
multiplication (Wu et al., 2009).

The plants obtained by regeneration via organogenesis distinguished themselves by presenting
outstanding traits such as greater number and length of canes, and fruits in raspberry plants
(Debnath, 2014). Organogenesis is fundamental in the in vitro regeneration and multiplication of
raspberries and includes the use of growth regulators. Several works have studied their effect,
among which auxins and cytokinins stand out (Gonzélez et al., 2009; Hunkova et al., 2016), their
concentration depends mainly on the species, tissue or organ, and on the main objective of the
experiment (Adobkar et al., 2012).

Raspberry regeneration has been obtained from leaf segments and petioles (Kim and Dai, 2020),
axillary buds and nodal meristems (Allccaco, 2016) and apical segments (Jadan et al., 2015) with
the use of indole butyric acid (IBA), benzylaminopurine (BAP), gibberellins (GA) and thidiazuron
(TDZ) (Jadan et al., 2015; Allccaco, 2016; Kim and Dai, 2020). During this process, oxidation
occurs in the cells due to the stress caused by tissue cutting (Phineas and Kuman, 2013).

The oxidation of explants is due to the action of oxidase and tyrosinase enzymes that are
released when tissues are injured (Jacinto, 2018). To counteract this, it is recommended to add
antioxidants such as ascorbic acid, citric acid and adsorbents such as activated carbon to the culture
medium, to make changes of culture medium when phenolization is observed or with
a regular frequency, to keep the tissue in darkness in the growth chamber for about 15 days
(Restrepo et al., 2018), as well as thermal shocks (Méndez-Alvarez and Abdelnour-Esquivel, 2014).

In vitro regeneration, via direct organogenesis, is a required phase in the development protocols
of Mexican raspberry varieties through biotechnological tools, such as diploidization by chemical
agents, or for genetic transformation. The objective of this work was to obtain basic information on
the effect of growth regulators, auxins and cytokinins, on oxidation and in vitro regeneration of
segments of raspberry (Rubus idaeus L.) leaves in the genotypes ‘C-6’, ‘Joan J., ‘A-1’,
‘UMC-702’ and ‘Heritage’.

Materials and methods

Plant material

In this experimental work, the following five genotypes of red raspberry (Rubus idaeus L.) were
used: ‘Joan J.’, ‘Heritage’, ‘A-1’, ‘UM-702" and ‘C-6’, the first two are commercial materials and the
last three were generated in the berry genetic improvement program of the ‘Presidente Juarez’
Faculty of Agrobiology of the Michoacan University of San Nicolas de Hidalgo.
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In vitro establishment of vegetative material

Axillary and apical shoots from the raspberry germplasm bank of the berry greenhouse
were disinfected using the methodology described by Granados-Rubio (2017) and were
established in vitro in MS culture medium (Murashige and Skoog, 1962) with mineral salts
in 100% concentration, vitamins and sucrose 30 g L™. For the proliferation of the shoots, the
medium was added with 2 mg L™ of BAP (Minas and Neocleous, 2007), the pH was adjusted to
5.7 +1, the culture medium was gelled with 8 g L™ of agar and 20 ml of medium were poured into
bottles of 100 ml capacity. They were sterilized in autoclave at 15 psi pressure for 15 min.

The explants were placed in a growth room at 16/8 h light/darkness and a temperature of 24
+1 °C. After three weeks, the shoots that did not show contamination were placed in the same
proliferation medium, in order to have enough explants to establish the experiments on the effect
of growth regulators on the oxidation and regeneration of raspberry from leaf segments.

Oxidation and regeneration of leaf segments

To determine the effect of growth regulators on raspberry oxidation and regeneration, leaf
segments of each genotype (established in vitro) were placed in a basic MS culture medium
added with cytokinins [kinetin (Kin), BAP and TDZ] and auxin (IBA) at concentrations of 1, 1.5, 2,
2.5 and 3 mg L™ for Kin and BAP and 0.2, 0.4, 0.6, 0.8 and 1 mg L™ for TDZ, alone or combined
with 0.1 mg L™ of IBA. From the seedlings propagated in vitro, the seeding of the explants was
carried out under the following procedure: inside the laminar flow hood with the light off, sterile
distilled water with ascorbic acid (50 mg L™) was placed in Petri dishes to prevent oxidation of the
explants; next, leaves were dissected in sections of approximately 1 cm” and placed inside each
bottle with culture medium, which were kept in the growth room under conditions of darkness
for eight days; after this period of time, they were subjected to a photoperiod of 16/8 h of light/
darkness and 24 £1 °C. After three weeks, they were sub-cultured in a fresh culture medium with
the same conditions as the previous medium.

Experimental design

A completely randomized experimental design was used, with 34 treatments and a control with 5
repetitions, each experimental unit consisted of 5 explants per bottle. With the data obtained, a
univariate analysis of variance was made and the variables that showed significant differences
were subjected to Duncan'’s test (p# 0.5) (Duncan, 1995) to compare means between treatments
with the statistical program of SAS version 9.0 (SAS, 2002).

The variables evaluated were: 1) oxidation of explants; it was determined by the following formula:
oxidation (%)= number of oxidized explants x 100/ total number of explants established; 2)
regenerated explants: the percentage of regeneration was determined by the following formula:
regeneration (%)= number of explants with shoots x 100/ total humber of explants established,;
and 3) the coefficient of multiplication: it was determined by the following formula: coefficient of
multiplication = number of final seedlings/number of explants established.

Results

Effect of auxins and cytokinins on the oxidation of explants

Table 1 includes the results of the effect of regulators on the oxidation of the explants of the five
genotypes analyzed. The genotype ‘C-6' treated with TDZ (0.2 to 1 mg L™) showed percentages
of oxidation from 8 to 16%, when 0.2 mg L™ + 0.1 mg L™ of IBA was used there was no oxidation
(0%), while in the control (72%) was observed. The explants of ‘Joan J." that were established
with TDZ presented oxidation from 0 to 28%, this decreased when TDZ was combined with IBA,
where the oxidation was from 0 to 12% and in the control treatment it was (64%). Oxidation
increased radically with 3 mg L™ of kinetin (84%).
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Table 1. Percentage of oxidation of raspberry leaf explants of genotypes ‘C-6’, ‘Joan J., ‘A-1’, ‘UMC-702’
and ‘Heritage’ cultured in vitro and treated with growth regulators (BAP, kinetin and TDZ) alone or in
interaction with indole butyric acid (IBA).
Growth (mg L™ ‘C-6’ ‘JOAN J. ‘A-1 ‘UMC-702’ ‘HER’
regulator
Coefficient 63.15 61.64 37.63 27.56 28.71
of variation
Benzylaminopurine 0.5 44 bedefgh 40 bedefghi 48 defg 72 ab 36 ef
1 84 a 44 bcdefgh 92 abc 84 ab 88 ab
15 52 abcdef 56 abcde 16 ghi 64 bc 76 abc
2 48 abcdefg 56 abcde 96 ab 72 ab 20 fgh
25 64 abcd 68 abc 88 abc 64 bc 88 ab
3 80 ab 72 abc 100 a 84 ab 100 a
Benzylaminopurine  0.5+0.1 60 abcde 16 fghij 100 a 40c 44 de
+ indole butyric 1+0.1 60 abcde 44 bedefgh 84 abc 64 bc Oh
acid 1.5+0.1 60 abcde 20 efghij 60 bcdef 88 ab 76 abc
2+0.1 44 bcdefgh 28 defghij 68abcde 68 bc 44 de
2.5+0.1 52 abcdef 40 bcdefghi 56 cdef 92 ab 64 cd
3+0.1 36 cdefghi 44 bcdefg 76 abcd 88 ab 28 efg
Kinetin 0.5 48 abcdefg 68 abc 88 abc 100 a 96 a
1 36 cdefghi 72 abc 80 abcd 100 a 100 a
15 40 cdefgh 64 abcd 100 a 100 a 96 a
2 72 abc 40 bcdefghi 92 abc 100 a 100 a
25 16 fghi 76 ab 84 abc 100 a 96 a
3 28 defghi 84 a 76 abcd 100 a 100 a
Kinetin + indole 0.5+0.1 60 abcde 48 abcdefg 40 efgh 100 a 96 a
butyric acid 1+0.1 32 defghi 52 abcdef 68 abcde 100 a 100 a
1.5+0.1 44 bcdefgh 36 cdefghij 100 a 80 ab 100 a
2+0.1 40 cdefgh 64 abcd 76 abcd 88 ab 100 a
2.5+0.1 56 abcde 48 abcdefg 100 a 100 a 100 a
3+0.1 44 bcdefgh 72 abc 100 a 88 ab 100 a
Thidiazuron 0.2 12 ghi 4 jj 4i 84 ab 16 fgh
0.4 8 hi 24 efghij 16 ghi 72 ab 16 fgh
0.6 12 ghi 0j 32 fghi 76 ab 12 fgh
0.8 16 fghi 28 defghij 20 ghi 64 bc 8 gh
1 16 fghi 12 ghij 60 bcdef 68 bc 24 efgh
Thidiazuron + 0.2+0.1 Oi 4 8 hi 4d 12 fgh
indole butyric 0.4+0.1 16 fghi 12 ghij 36 efghi od 8 gh
acid 0.6+0.1 8 hi 0j 28 fghi od 12 fgh
0.8+0.1 8 hi 8 hij 36 efghi od 16 fgh
1+0.1 24 efghi 4ij 4i od Oh
Control 0 72 abc 64 abcd 76 abcd 84 ab 68 bc
Different letters in the same column indicate differences significant at 0.05.

The genotype ‘A-1' showed lower oxidation with TDZ at concentrations of 0.2 mg L™ and 1 mg L™
plus 0.1 mg L™ of IBA (4%). Whereas doses of 3 mg L™ of BAP, 0.5 mg L™ of BAP plus 0.1 mg
L™ of IBA or 1.5, 2.5 and 3 mg L™ of kinetin combined with 0.1 mg L™ of IBA showed 100%
oxidation (Table 1). The genotype ‘UMC-702’ showed 0% oxidation in explants exposed to 0.4
-1mgL" of TDZ + 0.1 mg L™ of IBA, explants exposed to kinetin, alone or combined with IBA,
presented 100% oxidation (Table 1). TDZ decreased oxidation in the ‘Heritage’ genotype. Where
concentrations from 0.2 to 1 mg L™ of TDZ + 0.1 mg L™ of IBA showed percentages of oxidation
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from O to 16%, while kinetin (0.5 to 3 mg L™) + 0.1 mg L™ of IBA induced oxidation from 96 to
100%, values higher than the control (68%).

Effect of auxins and cytokinins on adventitious shoot regeneration in leaf
explants

Growth regulators had an effect on the number of explants that formed shoots in the genotypes
studied. Explants of the genotype ‘C-6' had their highest rate of shoot formation with TDZ (0.2
mg L™) with 1.4 shoots per explant; increasing the dose and combining with IBA decreased shoot
induction. It was also observed that kinetin, alone or combined with IBA, did not induce
regeneration (Table 2, Figure 1A). The explants of the ‘Joan J.” genotype showed a greater
formation of shoots with 0.6 mg L™ of TDZ and 0.1 mg L™ of IBA, where 1.6 shoots per explant
were obtained (Table 2, Figure 1B).

In the genotype ‘A-1', TDZ (0.2 mg L) induced regeneration of 0.92 shoots per explant, this
represented 36% more than the control treatment (Table 2, Figure 1C). In the case of ‘UM-702’, it
was observed that low doses of TDZ (0.2 mg L™) + IBA (0.1 mg L™) induced the regeneration of
shoots (1.12 shoots per explant) (Table 2, Figure 1D). In the ‘Heritage’ genotype, regeneration
was obtained with TDZ at the dose of 0.2 mg L™, alone or in combination with 0.1 mg L™ of IBA
(40%), while in the control treatment no regeneration was obtained (Table 2, Figure 1C).

Table 2. Comparison of the coefficient of multiplication and results of Duncan’s test for shoots obtained
from raspberry leaf explants of genotypes ‘C-6’, ‘Joan J.’, ‘A-1’, ‘UMC-702’ and ‘Her’ cultured in vitro and
treated with growth regulators (BAP, KIN and TDZ) alone or in interaction with IBA.

Growth (mg L * ) ‘C-6’ ‘JOANJ.’ ‘A-1 ‘UMC-702’ ‘HER’
regulator
Coefficient 239.1 117.48 175.69 139.1 176.81
of variation
Benzylaminopurine 0.5 0.12 be 0.12d od 0.04 fg 0.04 e
1 Oc 0.24 cd od 0.18 defg Oe
15 0.16 bc 0.08d 0.16 bcd 0.04 fg 0.44 bcde
2 0.16 bc 0.08d 0.04d 0.2 defg 0.08 e
25 0.08 c 0.04d 0.08 cd 0.6b 0.04 e
3 Oc 0.04d od 0.04 fg Oe
Benzylaminopurine  0.5+0.1 0.08 ¢ 0.36 cd od 0.24 cdefg Oe
+ indole
butyric acid
1+0.1 0.16 bc od od 0.2 defg 0.16 e
1.5+0.1 0.12 bc 0.08d 0.08 cd 0.04 fg 0.08 e
2+0.1 0.2 bc od 0.08 cd 0.04 fg Oe
2.5+0.1 0.04c od od 0g 0.12e
3+0.1 0.24 bc od 0.36 b 0.04 fg 0.2e
Kinetin 0.5 0.08 ¢ od od 0g Oe
1 Oc od od 0g Oe
15 Oc od od 0g Oe
2 Oc od od 0g Oe
25 Oc od od 0g Oe
3 0.04c od 0.08 cd 0g Oe
Kinetin + indole 0.5+0.1 Oc od od 0g Oe
butyric acid
1+0.1 Oc od od 0g Oe
1.5+0.1 0.04c od od 0.04 fg Oe
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Growth (mgL ™) ‘C-6’ ‘JOAN J. ‘A-1 ‘UMC-702’ ‘HER’
regulator
2+0.1 Oc 0.04d od 0g Oe
2.5+0.1 Oc od od 0g Oe
3+0.1 Oc od od 0.04 fg Oe
Thidiazuron 0.2 l4a 112a 0.92a 0.37 bcde 0.84 ab
0.4 la lab 0.24 bed 0.04 fg 0.32 de
0.6 la 0.88 ab 0.36 b 0.36 cdef 0.8 abc
0.8 0.2 bc 0.08d od 0.08 efg 0.68 abcd
1 0.2 bc 0.4 cd 0.16 bcd 0.2 defg 0.28 de
Thidiazuron 0.2 +0.1 0.8 ab 124 a 0.32 bc 112a 0.96 a
+ indole 0.4+0.1 0.2 bc 12a 0.12 bed 0.4 bed 0.68 abcd
butyric acid 0.6+0.1 0.2 be 16a 0.12 bed 0.16 defg 0.36 cde
0.8+0.1 Oc 0.32 cd 0.2 bed 0.44 bed Oe
1+0.1 0.2 bc 0.6 bc 0.08 cd 0.52 bc 0.24 de
Control 0 Oc 0.04d 0.08 cd 0g Oe

Different letters in the same column indicate differences significant at 0.5.

Figure 1. Different numbers of explants showing the degree of oxidation and in vitro regeneration of
raspberry leaf sections of genotypes ‘C-6’(A), ‘Joan J.” (B), ‘A-1’ (C), ‘UM-702’ (D) and ‘Heritage’ (E), all
growing in a basic MS medium added with 0.2 mg L ™ of TDZ and 0.1 mg L * of IBA.

The most relevant data of this study, encompassed in the previous paragraph, show that there is a
correlation between oxidation and regeneration of the shoots obtained from sections of leaves in all raspberry
genotypes used in this research, the lower oxidation the greater the regeneration of explants.

Discussion

Oxidation of explants

The results show that growth regulators can influence oxidation and survival of explants. The in
vitro culture of woody plants is limited by the occurrence of lethal brownings, these are related
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to oxidative stress (Turrens, 2003) that originates from the cuts of the explant, the composition of
the medium, volume and capacity of the bottle of culture, among others (Abdelwahd et al., 2008).
In most protocols, stress is caused in the explants, this induces the production of phenolic
compounds and several reactive oxygen species (Phineas and Kuman, 2013). Oxidative stress
can be attributed to the use of growth regulators; the cytokinin BAP is one of the regulators with
the most reports of this effect (Azofeifa et al., 2009).

In our research we observed that the oxidation of raspberry explants is influenced by the genotype
and by the type of growth regulator used. This coincides with other studies that indicate that
regeneration in plants is genotype-dependent, as regeneration has been obtained for some
genotypes, since the recalcitrance of Rubus tissues is a limitation (Palomo-Rios et al., 2018).
Zawadzka and Orlikowska (2006) observed raspberry genotypes in vitro that showed chlorotic and
recalcitrant leaves at regeneration.

Chlorosis in raspberry plants and oxidation of explants increase substantially when tissues
are exposed to long periods of fluorescent light in culture media added with cytokinins of type
6-bencyl adenine (BA) or isopentenyl adenine (2iP), since these interfere with the proper
functioning of intracellular calcium and increase the concentration of some proteins involved in the
proper functioning of photosystem Il (Murvanidze et al., 2022).

Regeneration and multiplication of adventitious shoots

Regeneration protocols in berries should contain the correct doses and combinations of growth
regulators (auxins and cytokinins) in the culture medium (Cappelletti et al., 2016). In vitro
morphogenesis is affected by factors such as: genotype, age, position and orientation of the
explant in the culture medium (Kumar and Reddy, 2011). In this research, it was observed
that growth regulators influenced regeneration; however, each genotype had a different
responsiveness; the use of BAP (0.5 mg L™), alone or combined with IBA (0.1 mg L™), induced the
regeneration of adventitious shoots in the genotype ‘C-6’, the rest of the genotypes showed
greater regeneration with TDZ (0.2 mg L™).

These results agree with Meng et al. (2004), where the use of BAP (1 mg L?) and IBA (0.1
mg L) in raspberry cv. ‘Marion’ induced regeneration by 70%, while 46% was observed in the
cultivar ‘Sunberry’. Kim and Dai (2020) obtained in the ‘Joan J.” genotype a regeneration of 70%
with 2.5 uM (0.56 mg L™) of BAP + 1 uM (0.216 mg L™) of TDZ. The combination of BAP with TDZ
promotes cell proliferation as the multiplication of new shoots accelerates (Bairu et al., 2007). The
effect of cytokinins on regeneration can be attributed to the fact that they act as a positive
activator of cell division, BAP belongs to this group, which are the key hormones for the induction
of shoots in various tissues and organs (Bustillo-Avendafio et al., 2018; Howell et al., 2003).

Some studies have shown that morphogenetic processes are regulated in the first instance by
cytokinins, which act on the central zone of the explants and subsequently auxins intervene in the
process on the peripheral cells of the explant (Schaller et al., 2015). BAP is used for in vitro
culture of woody species to induce multiplication because these plants have a higher endogenous
hormonal load compared to herbaceous plants (Bairt et al., 2007) and when used in young
tissues, the morphogenic potential for differentiation increases (Mazumdar et al., 2020).

In this research, it was observed that kinetin did not induce regeneration in any of the genotypes
evaluated. Nevertheless, Zawdzka and Orlikowska (2006) reported the effect of the combination
of BAP + kinetin on the regeneration of five raspberry cultivars, as cytokinins stimulate cell division
and vegetative propagation (Taiz and Zeiger, 2010).

In this research, the addition of TDZ to the culture medium stimulated the regeneration of shoots
in the genotypes ‘Joan J.” and ‘A-1’, which agrees with the results obtained by Fiola et al. (1990),
where TDZ had a greater effect than BAP on the induction of organogenesis in cotyledons and
leaves of Rubus fruticosus, the optimal dose in leaf explants was 5-20 pM (1.13-4.5 mg), this
similarly occurred in the formation of shoots from axillary buds and apical shoots in blackberry,
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where concentrations of 0.25, 0.5, 0.75 and 1 mg L™ induced regeneration percentages of 60, 70,
100, 80 and 75%, respectively (Jadan et al., 2015).

In the raspberry cultivars ‘Autumn Bliss’, ‘Canby’, ‘Summit’ and ‘Sentry’, it was observed that TDZ
was significantly more effective than BAP, the medium added with 1 uM (0.23 mg) of TDZ
induced leaf regeneration (Turk, 1994). Debnath et al. (2014) reported 70% regeneration with 4.5
UM (1.01 mg) of TDZ with 4.2 shoots per explant and a coefficient of multiplication of 1.7 in a
bioreactor system and by increasing the dose to 5 UM, a regeneration percentage of 96% was
obtained in the cv. ‘MD-ETC E-1'.

Ruiz-Anchondo et al. (2018) observe that the in vitro micropropagation of raspberry cv. Heritage,
from meristems and internodes, is favored when BAP (4.44 pM) and GA (1.44 uM) are used in
the culture medium, while Georgieva et al. (2020) find that the proliferation capacity is higher in
the cv. Magdalena (3.9 shoots/explant) relative to the cv. Willamette (2.6 shoots/explant) in a
medium added with 0.5 mg L™ of BAP and 0.01 mg L™ of IBA, concentrations of regulators lower
than those used in our study.

TDZ has been shown to be effective in the regeneration of many recalcitrant species (Liu et al.,
2003). Unlike other cytokinins, TDZ is resistant to cytokinin oxidase, so it is quite stable in plant
tissues (Dewir et al., 2018). The need for cytokinins is extremely variable and depends on the
endogenous content of the species and the genotype, as this has a marked effect on the ability to
regenerate under in vitro conditions (Hunkova et al., 2016).

The doses used influence the processes to which it gives rise, for example, when low doses of
TDZ are used, it induces organogenesis; using high doses leads to embryogenesis; but high
concentrations can be toxic to the development of in vitro cultures (Ling et al., 2013).

Conclusions

The degree of oxidation of the explants and the regeneration of raspberry from leaf sections
depend largely on the growth regulators used in the culture medium and on the genotype or
variety used for this purpose. Cytokinins (BAP), alone or combined with auxins (IBA), decrease
oxidation in the explants of genotypes ‘C-6’ ‘Joan J.” and ‘Heritage’, while TDZ, alone or combined
with IBA, has a broader effect because it decreases oxidation and also promotes the regeneration
of explants in the five genotypes evaluated.
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