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The production of doubled haploid plants through in vitro techniques is
considered an effective tool to accelerate plant breeding programs and
the development of new cultivars. In this regard, Trichostatin A (TSA), a
histone deacetylase (HDAC) inhibitor, has been reported to enhance
androgenesis efficiency in some plant species. This study aimed to
investigate the effect of TSA on androgenesis response and the
expression of certain genes associated with embryogenesis and histone
deacetylases in anther culture of Camelina sativa L. To this end, flower
buds from seed-grown plants were primed with different concentrations
of TSA (0, 0.2, 0.5, 1, and 2 uM), collected at the stage when the anthers
contained mid- to late- uninucleate microspores, and then cultured.
Subsequently, the relative expression levels of key embryogenesis and
HDAC -related genes were evaluated in the resulting calli. Analysis of
variance revealed that different TSA treatments significantly (p < 0.05)
affected the mean number of embryos per anther, with the highest
number of embryos observed at 0.5 and 1 pM TSA treatments (0.417 and
0.483, respectively). Moreover, the relative expression of LECI, WUS,
SERK, BBM, and AGL15 genes increased at these concentrations. In
contrast, treatments with 2 uM TSA led to a reduction in the expression
level of embryogenesis-related genes and upregulation of HDAC6 and
HDACI9 genes. Overall, these findings advance our understanding of
complex interaction between chromatin modification and embryogenesis
while opening new avenues for exploring epigenetic strategies in plant
tissue culture.
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Introduction

Doubled haploid (DH) production through anther or microspore culture is a powerful
technique in plant breeding. However, its broader application is limited by factors such as low
tissue culture responsiveness and strong genotype dependency. Histone deacetylation, which
suppresses the expression of key morphogenetic genes, is considered one of the underlying
contributors to these limitations. In Camelina sativa, a valuable oilseed crop, challenges such
as low embryogenesis rates, incomplete diploidization, and high production costs hinder the
routine use of DH technology. Recent studies suggest that Trichostatin A (TSA), a histone
deacetylase (HDAC) inhibitor, may enhance DH production and reduce breeding time by
promoting histone acetylation. TSA, an antifungal compound derived from Streptomyces
hygroscopicus, significantly influences gene expression, including genes critical to
embryogenesis such as LECI, BBM, AGL15, and WUS, whose upregulation has been linked
to increased embryogenic efficiency. Given the role of histone acetylation in chromatin
remodeling and transcriptional activation, TSA may modulate gene expression and facilitate
cell differentiation. This study investigates the expression patterns of embryogenesis-related
genes (LECI, BBM, AGL15, WUS, SERK) and histone deacetylase genes (HDAC6, HDAC19)
in Camelina anther cultures treated with TSA. The aim is to evaluate the relationship between
androgenic responses and the expression of these genes during gametic embryogenesis.

Materials and Methods

To assess the effect of TSA on androgenic response and gene expression in Camelina sativa
(Soheil cultivar), seeds were pretreated with 0, 0.2, 0.5, 1, and 2 uM TSA for 48 hours at 4°C.
Plants were then grown in pots under a 16/8 h light/dark cycle in a completely randomized
design (CRD) with three replications. Suitable anthers were cultured on Bs medium
(Gamborg et al., 1968) supplemented with NLN vitamins (Fletcher ez al., 1998), 2 mg/L 2,4-
D, 0.5 mg/L BAP, and 20 g/L sucrose. Each replicate included 20 anthers per petri dish.
Cultures were maintained at 25 + 2°C under a 16/8 h light/dark cycle and 50% relative
humidity. Androgenic response was evaluated based on the percentage of callus-forming
anthers (C%) and the mean number of embryos per anther (ME/A). Gametic embryos were
harvested for gene expression analysis. Gene expression levels were quantified using the 2 4t
method (Livak and Schmittgen, 2001), where ACt = Ct (target gene) — Ct (reference gene).
Data were analyzed using one-way ANOVA in SPSS 16.0 and MINITAB 14.0 after
confirming the normality of residuals. Means were compared using Duncan’s multiple range
test at the 5% significance level. Two biological and two technical replicates were used in
qRT-PCR assays.

Results and Discussion

ANOVA results showed significant differences (p < 0.05) in the mean number of embryos per
anther across the various TSA pre-treatment concentrations. Duncan’s test revealed that the
highest ME/A values were obtained with 0.5 uM (0.417) and 1 pM (0.483) TSA treatments.
Significant differences (p < 0.01) were also observed in the relative expression levels of
embryogenesis-related and HDAC genes across treatments. The highest expression levels of
LECI, WUS, and SERK were associated with 0.5 uM and 1 pM TSA, while BBM and AGL15
showed peak expression at 1 pM. In contrast, the 2 uM TSA treatment downregulated the
expression of embryogenesis-related genes and upregulated HDAC genes. Notably, HDAC6
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and HDAC19 expression reached their highest levels (2.5-fold and 8.49-fold, respectively) in
plants treated with 2 pM TSA.

Conclusion

The results of present study underscores the complex interaction between chromatin
modifications and embryogenesis, providing new insights into the epigenetic regulation of
somatic and gametic embryogenesis. The findings highlight the role of histone acetylation and
deacetylation in regulating gene expression and indicate that HDAC inhibitors such as TSA
can promote embryogenic responses. These insights support the use of epigenetic modulators
to overcome recalcitrance in plant tissue culture and to advance crop improvement through
biotechnological approaches.
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Figure 1. Stages of gametophytic embryogenesis in anther culture of Camelina. A: Floral bud approximately 2
mm in length, suitable for anther isolation and culture; B: Microspores at the mid to late uninucleate stage,
appropriate for anther culture; C: Embryo induction in cultured anthers; D: Initiation of embryogenesis on

embryogenic calli; E: Proliferation of induced embryos at various developmental stages under Trichostatin A
treatment, with some initiating regeneration.
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Table 2. Analysis of variance for the effect of different TSA concentrations on the percentage of anthers
producing calli and the mean number of embryos obtained per anther

Sl e Sl
P $3lsT s Means of square
Sources of variations I?:eg;ggrgf 28 e Sy 2 il Oy, sl [;:fv'l:ﬂ
The percentage of anthers The mean number of embryos obtained
producing calli per anther
A sl 5ok
b5 e 4 193.333m 0.044"
TSA treatment
b3l gl
el S 10 115.000 0.009
Error
7Y ol as .
() St 2 15.61 29.05

Coefticient of variation (%)

Aas o OLES 1yl sme (oLl Ml e 5 0/00 a3l e (Lol BVl s ™

* and ™: Show significant differences at 0.05 and non-significant levels, respectively.

LlelS Slow oS 3 355,00 Slio il 55 5 s glaclale S Sl aslio = Jus

Table 3. Mean comparison of the effect of different TSA concentrations on androgenic traits in Camelina anther culture

A sl G 5 e el S el oS Ao s JLM;.J;&L;\)'\@QQ;)MMQSLQ
TSA treatment Cultured anthers  Percentage of anthers producing calli Mean number of embryos obtained per anther
(Control) sl 60 73.33a 0.25bc

0.2 uM 60 68.33a 0.18¢
0.5 uM 60 75.00a 0.42ab
1 uM 60 71.67a 0.48a
2 uM 60 55.00a 0.30bc

il oo sl e Dsle gl STl Qijmﬁ.w,;o JL&.}‘C}G.«)J(MQ}L&JA&J)F Lgb!:ASL;.'La\;m.(JL:A

Means denoted by different letters are significantly different according to Duncan’s multiple range test at the 0.05 probability level
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Table 4. Analysis of variance for the effect of different TSA pretreatments on relative expression of genes
associated with embryogenesis and encoding histone deacetylases in camelina anther culture

) Sl e J:-<-’L‘

5] JUUP LRI G
RGNS ol Means of square
Sources of variations DF LEC, BBM AGLis wUS SERK  HDACs HDACIs
R o] 5ok
o }gij o 4 7097.2™ 6982.21"" 1189.18™ 64.46™ 1866.8™ 1.91* 18.24™
TSA treatment
byl gllas
e S 15 33443 1351.81 3591 5.78 179.35 0.13 1.4
Error
(1) et e 2
Coefficient of 16.77 21.75 24.84 23.16 16.69 22.41 23.24
variation (%)
s e OLES 1 e/ c]a.u BEpIEpEY dJL»T | e
**: Shows a statistically significant difference at the 0.01 level.
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Figure 2. Effect of different concentrations of Trichostatin A (TSA) on the gene expression of five genes of

embryogenesis-related, including A: LEC1, B: WUS, C: SERK, D: BBM, E: AGLI15. Means denoted by different
letters are significantly different according to Duncan’s multiple range test at the 0.05 probability level
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Figure 3. Effect of different concentrations of Trichostatin A (TSA) on the gene expression of genes of HDAC-
encoding, including A: HDAC6 and B: HDAC19 Means denoted by different letters are significantly different

according to Duncan’s multiple range test at the 0.05 probability level.
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