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Abstract
Objective

APETALA1 (AP1) gene plays an important role in promoting transition from vegetative to
reproductive phase and determining the flower meristem identity. This research was conducted to
investigate the AP1 relative expression in the black mustard plant (Brassica nigra L.). Also, the
effect of hydrogen sulfide on flowering and its relative expression was investigated.

Materials and methods

Total RNA was extracted from the collected samples and used to make cDNA. Specific primers
were designed and used for RT-PCR reaction based on the sequence alignment of AP1
homologous genes in plants of the same family. The relative expression of AP1 was studied in
the reproductive phase in different organs such as root, stem, leaf, flower bud, sepal, petal, stamen
and pistil. In addition, the effect of NaHS on flowering and relative gene expression in different
developmental stages in vegetative shoots, generative shoots and flower buds was investigated.
The intensity of expression was measured with ImageJ software and the data were compared with

ANOVA statistical analysis and Duncan's test with a confidence factor of 95%.


mailto:frezanejad@uk.ac.ir
mailto:hakemif92@gmail.com
mailto:a.rafie92@gmail.com
https://orcid.org/0000-0003-3825-0913
https://orcid.org/0000-0001-6814-0155

Results

Studies of the relative expression of AP1 gene in different organs of the black mustard in the

generative phase indicated that this gene is expressed in flower bud, sepal, petal and leaf, but no

expression was observed in the root, stem, stamen and pistil. Also, its relative expression in
samples treated with NaHS compared with the control group showed that the beginning of AP1
gene expression and consequently the transition to flowering is faster and earlier in plants treated
with hydrogen sulfide. Thus, the treated plants had a shorter life cycle and flowered 8 days earlier.

The comparison of its expression in vegetative shoots, reproductive shoots and flower buds did

not show any significant difference in the same developmental stages, but expression higher levels

was observed at the same sampling times in the treated samples compared with controls. No
expression was observed in the control samples at the periods that the treated samples showed
high expression and were in generative phase and flowering.

Conclusions

The relative expression of AP1 gene during developmental stages and its increase in the

reproductive stage can confirm its role in the flowering process. NaHS induced flowering and in

a 35-day life cycle, treated plants entered the reproductive phase 8 days earlier. Therefore, NaHS

treatment, by shortening the vegetative period, stimulated the precocious expression of AP1 gene

and consequently its flowering.
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e (5' - 3) 55l JIg askd J3b
Primer name Primer sequence Amplicon size (bp)
Ex"-frAP1 GGAGAGAAATCAGAGGCAC 268
Ex-rvAP1 CCCTAAGAATCTTTTCCCT
Fr-GAPDH CAAGGACTGGAGAGGTGG 500
Rv-GAPDH TTCACTCGTTGTCGTACC

RNA zl5e ol Jobxo jl oslaz_wl b JS RNA :RT-PCR olxil g CDNA i L—w (RNA ! 5!
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RevertAid First Strand cDNA ) jlie s 8,5 CONA cslw oS 5l eslaul L (Sambrook et al. 2006)
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Table 2. Time and temperature schedule for PCR

PCR #s1g aoli o [P ol FEQRN
PCR reaction program Temperature Time cycle
(Primary denaturation) aJol K5 g 95°C 4 min 1
(Secondary denaturation) 4,56 syl 95°C 30 sec
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(Elongation) ;. s 72°C 30 sec
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S 3l 5 yregtbgns 5l ool || il claigas J) oad glyi | IS CRNA 53 s Lo g CoS (30 gl
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CLRNA o i clasil sanliin g 3mo)d o 5,51 5 (coy (88 5,699,581 b S pund wizmon .Okabe 2000)
Micol-Ponce et al. ) (V JSis) cwsl RT-PCR bl g1y osis glyscs]l RNA Gollas cussS (sodimd i ¢ 09590 )
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Figure 1. Electrophoretic profile of total RNA extracted from black mustard (B. nigra). In
this figure, only the total RNA extracted from the flower bud has been shown. 1: Total RNA
with distinct bands of ribosomal RNAs. M: molecular marker (Thermo Scientific DNA 1kb)
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Figure 2. AP1 relative expression in different parts of black mustard (B. nigra) in
reproductive stage (35 days old). 1 to 8 are: 1: root, 2: stem, 3: leaf, 4: flower bud, 5: sepal,

6: petal, 7: stamen, 8: pistil. In all reactions, the relative expression of GAPDH

(approximately 500 nucleotide) is considered as a positive control
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Figure 3. AP1 relative expression in different parts of black mustard (B. nigra) in
reproductive stage (35 days old). Three replicates were used for each experiment.
Comparison of means with Duncan's test and P<0.05 indicates a significant difference.

Different letters indicate the significance of the means
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Figure 4. The growth and inflorescence formation in black mustard plant (B. nigra) at 20

days after planting, (A) treated with NaHS and (B) control. Inflorescence and flower buds
have produced in NaHS-treated plants. Control plants are still in the vegetative stage
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Figure 5. Schematic diagram of flowering gene network (taken from (Wellmer &
Riechmann 2010)) and effect of NaHS treatment on flowering and relative expression of
AP1 in black mustard (B. nigra). Comparison of relative expression time of AP1 gene in
plants of control and exposed to NaHS, from the time of the beginning of expression
(transition stage) of this gene to the formation of flower buds. *, the beginning relative
expression of AP1 gene, **, the time of maximum expression and flower bud formation. The
levels of expression in the initial stage and subsequent stages until flower bud formation are
the same in both control and treatment samples statistically (the expression levels are shown

as green digits, Figure 10), as seen in this figure, the start time of gene expression and period
of its expression are different in control and treatment samples, 0 = No expression is seen
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Figure 6. AP1 relative expression level in black mustard (B. nigra) in the control group. In

all reactions, GAPDH relative expression is considered as a positive control.
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Figure 7. AP1 relative expression at different ages of black mustard (B. nigra) in the control.
Three replicates were considered for each experiment. Comparison of means with Duncan's
test and P<0.05 indicates a significant difference. Different letters indicate the significance

of the means.
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Figure 8. AP1 relative expression levels in black mustard (B. nigra) treated with NaHS at

different ages. In all reactions, GAPDH relative expression is considered as a positive
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Figure 9. relative expression level of AP1 gene in black mustard (B. nigra) treated with

NaHS at different ages. Three replicates were used for each experiment. Means were

compared with Duncan'’s test in P<0.05. Different letters show significancy.
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Figure 10. Comparison of relative levels of AP1 gene expression in plants of the control and
exposed to NaHS since transition phase until the formation of flower bud. Three replicates
were considered for each experiment. Means were compared with Duncan's test in P<0.05.
Different letters are significant. Black and hatched columns represent the levels of relative gene

expression in control and NaHS-treated plants.
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