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Abstract

The anthers in vitro culture is a useful technique for plant improvement as to create new varieties. However, the success of this
technique is limited by several factors. This study was carried out to identify factors as the influence of spikelet position in
the spike, position of donor tiller on plate tillering and anther otientation onto the medium as well as cold pretreatment and
the genotype that affect the callusing induction in anthers 7z vifro culture of three cultivars of Moroccan barley (Arig 8, Asni
and Tamelalt). Among genotypes, the callusing response was significantly higher in Asni (21.42%). The callusing response was
significantly decreased when spikes stemmed from tillers far from the main tiller on the same tillering plate. However, anthers
coming from the spikelets of the middle part of the spike showed the highest callusing response (29.85%) compared with the
basal (14.83%) and the upper (6.72%) patts. It was also shown that anther cold pretreatment at 4°C for 14 days had a beneficial
effect only on the callusing response but it decreased the regeneration of green plants, due to the interaction between cold
pretreatment and genotypes to which spring barley is recalcitrant and more predisposed to albinism, especially six-row type
(Arig 8). Moreover, anther orientation onto the surface medium had a marked effect on callusing response, anthers placed in
upper orientation developed more calli (60.22%) than those in flat position (18.99%). Our findings suggest that the studied
factors control the callusing response. Especially, the Anthers orientation that must be taken into account during androgenesis
through anthers 7z vitro culture.
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Introduction on optimizing the composition of culture media, the duration/
temperature of pretreatments, microspores isolation, hormones,
and genotype. However, the androgenic response can also be in-
fluenced by factors like the spike position on the tiller [14-16] and

the spikelet position on the spike [5, 17, 18]. Furthermore, the

Plant biotechnology offers very valuable tools for crop improve-
ment. Doubled haploid techniques generate homozygous/fixed
lines in a shorter time than that necessary with conventional gen-

erations of selfing, and allow acceleration of breeding programs.
Androgenesis is the most used technique for obtaining doubled
haploids (DHs). It has seen vastly applicated especially in cereals
such as wheat [1, 2], bartley [3, 4|, rice [5, 0], triticale |7, 8], oat |9,
10], and maize [11, 12].

Although it is widely used as a method to create DHs, andro-
genesis yields depend on several factors as the physiological
condition of the donor plant, the genotype, the culture medium
composition, pretreatments such as stressors and microspore de-
velopmental |2, 13, 14]. Androgenesis improvements rely mainly
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yield of androgenesis using 7 vifro culture of anthers was shown
to depend on anther orientation on the culture medium [19-23].
Despite the known influence of these factors, often they are not
taken into account during 7z vifro culture of anthers and their role
remains pootly studied.

Hence, the aim of this study was to highlight the influence of
spikelet position in the spike, position of donor tiller on plate
tillering and anther orientation onto the medium as well as cold
pretreatment and the genotype of Moroccan barley on the yield
of anthers cultured zn vitro. We focused especially on embryos
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and/or calli induction. We want to highlight the importance of
taking these factors into account when improving 7z vitro anther
culture protocols.

Materials and Methods
Donor Plant

Three cultivars of Moroccan spring barley were used namely Arig
8 (six-raw), Asni and Tamelalt (two-raw). Plants were grown in
pots in a greenhouse from December to April, without treatment
or fertilization, and were watered daily to avoid hydric stress.

Anthers Culture, Induction, and Regeneration

Spikes were harvested when microspores were at the mid- to the
late-uninucleate stage. The developmental stage was determined
by cytological analysis of aceto-carmine stained microspores.

Spikes were subjected to a cold treatment at 4°C for 14 days in
the dark. The spikes inside flag leaves were surface sterilized by
wetting with 95% ethanol and then removed from the sheath.
Anthers from the same spike were excised and transferred onto
FHG medium [24] solidified by agarose (8 g/L) for embryos in-
duction, supplemented with 2 mg/L NAA (Naphthaleneacetic
acid) and 1 mg/L BAP (6-benzylaminoputine), with adjusted pH
(5.6), respecting parts of the spike (base, middle, top). Dishes
were sealed with parafilm and incubated in the dark at 25+1°C.

After 3-4 weeks, embryos and/or calli were transferred to re-
generation medium contain the same salt elements and vitamins
contained in the induction medium, supplemented with 35 g/L
sucrose, 0.4 mg/L BAP and solidified by agar (7 g/L); the pH of
the medium was adjusted to 5.8. Dishes were kept at 23 = 2°C un-
der 18 hour light photoperiod of 2000-3500 Lux. After regenera-
tion, shoots were transferred on the same regeneration medium
without hormone, containing 20g/L suctose, and incubated in the
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same conditions to ensure their growth. Plantlets were afterward
planted in small pots with earth then acclimatized.

Statistical Methods
The calculated parameters in this study were:

Callusing response (I%) = (Number of responding anthers)/
(Number of cultured anthers) X 100

Rebeneration rate (R%) = (Number of regenerated plants)/
(Number of cultured calli) X 100

Albinism rate (A%) = (Number of albinos plants)/(Number of
regenerated plants) X 100

Data were analyzed using JMP SAS Pro software (JMP®, Version
<12>. SAS Institute Inc., 2015). Data normality was verified ac-
cording to Shapiro-Wilk test and then transformed using Arcsin
Vx to achieve normality. Data were subjected to analysis of vari-
ance (ANOVA) F-test to assess effect sources and interactions.
Significance between means was tested by Student’s #test. For the
anthers orientationon medium, statistical analysis was performed
using likelihood ratio test [25] as cited by El Goumi et al., (2). A
difference was considered significant at P=0.05.

Results

In our study, all genotypes have responded positively to embtyos/
calli induction (Figure 1, f). 8274 anthers from the various barely
genotypes previously cited, were cultured (Figure 1, e). The tests
were carried out between March and April in order to obtain the
optimal results. For tested cultivars, the majority of microspores
were in the appropriate stages (Figure 1, a to d) when the interlig-
ule length between flag leaf and penultimate was 2.5 to 5 cm for
Asni and Tamelalt, whereas it was 3 to 8 cm for Arig 8.

Figure 1. In vitro and rogenesis in barley through anthers 7n vitro culture. Microspores stages (a to d), (a): very early, (b):
early, (c): mid-uninucleate, (d): late- uninucleate; p: pore, n: nucleus. (e): cultured anthers onto induction medium. (f): Em-
bryos and callus formation on anthers. (g):poly-embryos on the upper lobe. (h): * embryogenic anther in the upper position,

** anther in the flat position. (i): green and albino plants on regeneration medium.
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The results revealed that all the studied factors had a significant
effect on the callusing response, and the genotype was signifi-
cantly in interaction with the other factors. This suggested that
the responses of the tested genotypes were variable among those
factors (Tables 1A-1B).

Spikelet Position on Spike

The callusing response from different spike parts is shown in Ta-
ble 2. The spikelet position had a significant effect on the percent-
age of responding anthers. Regardless of genotypes, significant
differences were observed among spikelet positions (P<0.0001)
(Table 1A). The highest callusing response, when averaged over
genotypes, was archived by anthers coming from the middle part
with a yield of 29.85%. Whereas anthers coming from spikelets
of the top and the basal parts yielded the lowest response with
6.72% and 14.83%, respectively. Among genotypes, for all spikelet
positions, the highest callusing response was shown in Asni cul-
tivar followed by Tamelalt and Arig 8 cultivars. However, for the
top part, the callusing response between genotypes remained with
no significant differences.

Tiller Position on the Plate Tilleting

Overall, tiller position on the plate of tillering has an impact
on embryos and/or calli induction. Significant differences were
found between the tiller positions for callusing anther response
(P < 0.001), and among genotypes differences were significant
only for the main tiller (Table 1A). The highest callusing anther
response (29.31%) was obtained with anthers of spikes coming
from main tillers; this response was decreased when the donor
spike was far from the main tiller on the tillering plate. Moreo-
ver, the cultivar Asni presented the highest average of anthers
induction (36.08%), followed by Tamelalt (27.4%) and Arig 8
(15.55%) when spikes coming from the main tiller. The lowest
responses were achieved by the second tiller, it was 3.09%, 2.77%,
and 1.28% for Asni, Tamelalt and Arig 8, respectively. It is worth
noting that the intermediate responses were observed for the first
tiller (Table 3).

Cold Pretreatment Effect

Overall, the cold pretreatment was found to significantly increase
the callusing response in comparison with the control (P<0.0001).
Anthers coming from cold pretreated spikes displayed the highest
callusing induction (24.14%) compared to the control (10.62%).
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A significant interaction between genotype and pretreatment was
found, indicated that the callusing responses of the tested culti-
vars were variable among pretreatment (Table 1A). The benefi-
cial effect of cold pretreatment was shown in Asni and Tamelalt
cultivars by increasing their callusing responses from 11.59% to
31.25% and from 9.93% to 22.78%, respectively. However, this
cold pretreatment had a negative effect on Arig 8 cultivar that
showed a decrease of its callusing response from 10.04% to
6.43%. The callusing responses of genotypes were significantly
different when anthers receiving cold pretreatment, while they
wete not in the control (Table 4).

Although the beneficial effect of cold pretreatment on the cal-
lusing response, our results showed its negative effect on the
number of plants regenerated (Figure 1, i). The regeneration rate
decreased significantly from the control (13.46%) to the cold pre-
treatment (2.35%). This decrease was more important in Arig8
and Tamelalt cultivars; it was from 12.61% to 0.00% and from
18.71% to 4.98%, respectively. In addition, the cold pretreatment
showed its negative effect on the quality of regenerated plants
which albinism rate was increased significantly (P<0.0001) in cold
pretreatment (86.63%) compared to the control (63.22%). Arig8
as six-row spring showed the highest albinism rate compared to
Asni and Tamelalt, which are two-row spring barley (Table 4).

Anther Orientation onto Culture Medium

In this experiment, only anthers coming from middle part of the
cold pretreated spike of the main tiller were cultivated. Results are
shown in Table 5.

The likelihood ratio test (G test) showed a high significant effect
of anthers orientation onto medium and genotype on the per-
centage of the callusing response (P<0.0001) (Table 1B). When
the callusing response was averaged over genotypes, the anthers
placed on edge (just one lobe in contact with the medium) ex-
pressed the highest callusing response (60.22%) while the anthers
lying on two lobes (flat) showed the lowest callusing response
(18.99%). In addition, in anthers lying in upper position, only up-
per lobes showed embryos development (Figure 1, g). Whereas
in anthers placed in flat position the microspores mostly were
released onto the medium with no development (Figure. 1. h).
Among genotypes, the highest callusing response rate was ob-
tained by Asni (59.74%) followed by Tamelalt (44.82%) and Arig
8 (14.53%).

Table 1A. Effect Test According to Variance Analysis (ANOVA).

Source DF | Sum of Squares | Mean Square | F Ratio | Prob >F
Genotypes 2 6104.48 3052.24 13.20 | <.0001*
Donor tiller 2 57305.68 28652.84 123.94 | <.0001*
Position of spikelets 2 35786.89 17893.44 7740 | <.0001*
Pretreatment 1 12070.24 12070.24 5221 | <.0001*
Genotypes*Donor tiller 4 5214.61 1303.65 5.64 0.0002*
Genotypes*Position of spikelets | 4 5098.36 1274.59 5.51 0.0002%*
Genotypes*Pretreatment 2 8022.32 4011.16 17.35 | <.0001*

*: significant; DF: Degree of freedom.
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Table 1B. Effect Test According to Likelihood Ratio Test (G test).

Effect Parameters | Test G | DF | P-value
B Upper | 177.55 | 2 | <0.0001*

Genotype/Anther position
Flat 21.99 2 | <0.0001%
Arig 8 10.68 1 [ <0.0001*
Anther position/Genotype Asni 14146 | 1 | <0.0001*
Tamelalt 73.43 1 | <0.0001*

http://scidoc.org/IJMBG.php

Genotype/anther position: genotype effect in each anther position; Anther position/Genotype: Anther position effect in each genotype (cultivar);
*: significant; DF: Degree of freedom.

Mean (£SE). Means linked with the same letter were not significantly different at P = 0.05, the same for global means.

Mean (£SE). Means linked with the same letter were not significantly different at P = 0.05, the same for global means.

Table 2. Effect of Spikelet Position on the Callusing Induction.

Callusing response (I %)
Genotypes Spikelet Position
Base Middle Top
Arig 8 7.73 £1.45 def | 14.36 £2.48 cde | 3.75 £1.07 f
Asni 17.15 %259 ¢ 3833 1+3.63a |8.78 £1.77 ef
Tamelalt 1544179 cd | 27.75+330Db [ 5.88 £1.08 ef
Mean 14.83 £1.34b 29.85+2.16a | 6.721+0.88 ¢

Table 3. Effect of Spikelet Position on the Callusing Induction.

Callusing response (I %)
Genotypes Donor tiller
Main tiller 1st tiller 2nd tiller
Arig 8 1555 +1.73 ¢ | 440+1.41de | 1.28+0.71¢
Asni 36.08 £2.852a | 10.44 £1.75cd | 3.09 £0.80 ¢
Tamelalt | 27.70 £2.31b | 7.26 +1.31de | 2.77 £0.70 e
Mean 2931 £1.62a | 8.031£0.94b | 2.62+045c

Table 4. Effect of Pretreatment on the Callusing Induction, the Regeneration, and the Albinism.

Pretreatment
Genotypes | Callusing response (I %) Regeneration rate (R %) Albinism rate (A %)
Control Cold Control Cold Control Cold
Arig 8 10.04 £1.53 ¢ | 6.43 £1.48 ¢ | 12.61 £3.38 ab | 0.00 £0.00 cd | 81.11 *£11.60 -
Asni 11.59 £1.25¢ | 31.25 £3.10 a | 10.98 £1.56 be | 9.76 £0.57 bc | 62.18 £7.51 b | 89.10 £3.39 a
Tamelalt 993 £1.19 ¢ | 2278 £2.44b | 18.71 £3.09a | 4.98 £1.06d | 55.83 £8.15b | 78.33 £9.43 ab
Mean 10.62 £0.75b | 2414 £1.77a | 13.46%£1.39a | 8.07 £0.55b | 63.22 +5.07b | 86.63 £3.40 a
Mean (+SE). ----: value not taken into consideration; for albinism, Arig 8 cultivar was excluded from the statistical analysis; Means linked with the
same letter were not significantly different at P = 0.05, the same for global means.
Table 5. Effect of anther orientation on the callusing induction.
Anthers orientation onto the medium
Genotypes Callusing induction (I %)
Upper Flat
Arig 8 21.05 8.00
Asni 91.03 27.92
Tamelalt 68.59 21.05
Mean 60.22 18.99
Data are expressed as a percentage.
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Discussion

In the current work, we have highlighted the effect of a number
of factors on the success of anthers 7 vi#ro culture in three genetic
variants of Moroccan barley. The genotype was found to be a
major factor in androgenetic ability; it manifests both in callus-
ing response and in plantlets regenerating. This finding consistent
with that described by other authors [18, 26-28]: some genotypes
respond negatively to the cold pretreatment, as in Arig 8 in which
the induction rate in cold-pretreated spikes was decreased com-
pared to the control. This observation coincides with the results
presented by Powell [29] in Igri cultivar. Note that the effect of
genotype is noticed since we used spring barleys that are predis-
posed to albinism. Indeed, Arig 8 is barley variety presenting both
spring and six-row type, which explains the high rate of albinism,
obtained for this genotype. Similar results have been reported by
previous authors describing spring barley recalcitrant genotype,
particularly six-row types [4, 26, 30].

Furthermore, the present findings also suggest that spikelet po-
sition in the ear had a noticeable effect on the callusing induc-
tion. Anthers coming from the middle part responded better than
those coming from the lower part and the upper part, which is
in agreement with results reported by Fakiri [18] and Afza et al.,
[5]. These results can be explained by the more advanced stage
development of anthers coming from the spikelet of the mid-
dle part than that coming from the upper and the lower part of
the ear [17]. Furthermore, the determination of the relevant stage
of microspore for the 7z vitro androgenesis generally focuses on
spikelets of the central part of the ear.

Regarding the spike position on the donor tiller, the callusing in-
duction response was affected accordingly. A decrease in embry-
onic induction was unveiled significant between spikes positions
when donor tiller was far from the main tiller (main shoot) on the
plate of tillering. Our results are consistent with those described
for batley by Jacquard et al., [14] and for wheat by Brazauskas [10]
and Yldrm et al., [15]. This difference is due to a competitive-
ness of tillers for nutrients in a negative gradient of assimilates
from the main shoot to the n™ tiller [31]. This competitiveness
increased the number of sterile florets when tillers were far from
the main shoot [32], which explains the callusing induction de-
crease for spikes of the 1% and 2" tillets.

For the orientation of the anther on the surface of the solid medi-
um, the results revealed a large fluctuation around 41% of the cal-
lusing induction rate between the two studied positions. Consist-
ent with findings by Hunter [20], Shannon et al.,, [21] and Perera et
al,, [23], we found that anthers cultured in the upper position (on
one lobe) were more likely to callusing induction, confirming the
influence of this factor on the success of androgenesis. Anther in
flat position absorbed liquid held around it and released micro-
spores on the surface of the medium [21]. Moreover, the isolated
microspores, which were located in this liquid, accumulated starch
and die [33]. In anthers cultured in flat position the development
of embryonic formations when existent was slow, whence the low
rate of callusing induction [23].

As to the cold pretreatment at 4 °C, our finding is in agreement
with Fakiri [18], Lazaridou et al., (28) and El Goumi et al., [2];
these findings showed the beneficial effect on the callusing induc-
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tion. There are several possible explanations for these beneficial
effects. Firstly, the effect of cold pretreatment causes degradation
of the tapetum before the spores begin to divide. This disrupts
the normal developmental stages of microspore and induces the
release of microspores in the anther's locule with more nutritional
fluid [34]. Secondly, cell death of tapetum cells emits signals that
can lead to sensitive microspores entering the sporophytic devel-
opment pathway [35]. Thirdly, the cold pretreatment causes the
decomposition of starch in the microspore, which is a determin-
ing factor of recalcitrance in androgenesis [36]. Finally, in addition
to its advantage in stopping the fragmentation of DNA in anther
tissue cells, DNA restoration is performed at the end of the pre-
treatment, as well as the increased viability of the microspore.
This viability is provided by an increase in ABA levels that pro-
tects microspores from dying by apoptosis [37]. The observations
of the current study do not support that cold pretreatment is ben-
eficial for all barley genotypes, corroborating similar observations
by Powell [29] for Igti cultivar.

Across all genotypes, the negative effect of cold pretreatment
was apparent in the regeneration phase. Compared to control,
a decrease in the regeneration rate was recorded. This may be
due to the duration of the pretreatment (14 days) in combination
with genotype; Lazaridou et al., [28] listed the same remarks. The
negative effect of this cold pretreatment was clearly represented
in the quality of regenerating, there were more albinos plantlets
regenerated in the cold pre-treated series. This is probably due
to alterations that can reach the plastid DNA as the deletion or
amendment of certain sequences [30, 38, but also the prevention
of differentiation of plastids chloroplasts under the conditions
of culture [26].
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Conclusion

The present study was designed to identify several factors that
affect the callusing induction in anthers 7z vitro culture for barley.
In addition to cold pretreatment, it appears to be more important
to concentrate on the main tiller, the middle part of the spike
and the anther position onto the surface medium for the best cal-
lusing induction. As for regeneration, spring barley genotypes in
particular six-row types are more predisposed to albinism, which
should be avoided to increase the number of green regenerated
plantlets or seek for alternatives to overcome this hurdle such as
the culture of isolated microspores, gynogenesis or interspecific
or intergeneric crosses.
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