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Introduction

Flower color is one of the most significant characteristics in ornamental plant breeding. New varieties of
various plants in relation to their flower color have been obtained by monitoring the expression levels of genes
involved or regulating the flavonoid and anthocyanin biosynthesis pathway. Flavonoids possess significant and
diverse biological functions. They are the major pigments for flowers, fruits, seeds, and leaves. They are natural
products that contain a C6-C3-C6 carbon framework and are synthesized by a branched pathway that yields both
colored and colorless compounds. The gene encoding chalcone isomerase (CHI) is among the genes and
enzymes identified in the flavonoid pathway. This enzyme catalyzes the isomerization of naringenin chalcone
into the corresponding flavanone. CHI enzyme belongs to the family of isomerases, specifically the class of
intramolecular lyases. Chalcone isomerase has a core 2-layer alpha/beta structure and has attracted much
attention recently due to its role in stress response and pigment production. One of the most effective methods of
genetic engineering is the reduction of flower pigments by suppression of required enzymes for their
biosynthesis. RNA interference (RNAI) has provided the tool for the investigation of genes involved in the
production of flower color. Silencing of any gene in the anthocyanin biosynthetic pathway can result in reduced
or inhibited anthocyanin production. RNAI technology is an effective gene silencing method and a powerful tool
for studying gene function and development of new traits by transformation of viral RNA or hairpin RNA
(hpRNA) constructs into plants. The processing of dsSRNA into 21-23-nt small interfering RNAs (siRNAs), and
the mediators of RNAI, triggers cognate mRNA degradation. The hpRNAIi methodology simply requires a
transgene construct containing an inversely-repeated sequence of the target gene flanked with a promoter and
terminator which effectively function in plants.

Material and Methods

In this research, with the design and construction of chiRNAI, the transformation of the RNAI construct was
carried out of Petunia plants. Potted plants of P. hybrida were grown under standard greenhouse conditions (16-
17°C night temperature and 21-24°C day temperature and photoperiod 16/8 (light/dark)). The RNAI construct
including the 530 bp cds of the chalcone isomerase (chi) gene and 741 bp of pdk gene as intron between chi
sense and antisense were used for transient RNAi-induced silencing. The pBI121-chi530 plasmids were
introduced into A. tumefaciens strain LBA4404 by electroporation method. Colonies of A. tumefaciens carrying
the desired plasmid were screened by PCR with specific primers for chi gene. RNAI construct co-cultured with
petunia’s leave. Samples was kept in dark condition for 3 days and then transferred to branch induction media.
Samples were investigated for phenotypical changes and chi gene expression by gRT-PCR.
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Results and Discussion

Transgenic lines showed a reduced number of pigments and a faded flower color. So that, in purple petunia,
was shown 5 phenotypical groups. These groups was indicated different levels of chi gene silencing. In pink
petunia was seen two groups of phenotypical changes. In these plants, chi-RNAi construct was reduced pigment
production and so, these plants had faded colors in petals. Also, the chi gene expression was reduced in all
transgenic lines. Generally, the results of this research showed that RNAI can be used as an efficient method for
gene silencing. The application of gene silencing can indicate the gene’s function in biosynthesis pathways of
various components such as anthocyanins. In addition, the chalcone isomerase gene was identified as one of the
effective genes in anthocyanin biosynthesis pathway in Petunia plants that could be involved in the production of
color in these plants; hence, chi gene silencing resulted in clear phenotypic alterations in this plant.

Conclusion

In general the concentration of the target MRNA in a particular tissue could be a factor that influences
silencing efficiency. At very low levels of gene expression, small amounts of the silencing target, mRNA, could
be completely degraded by the RNA-induced silencing complex (RISC), whereas the presence of higher amounts
of the target mRNA may result in incomplete silencing, allowing some residual functional mMRNA to be
translated into the corresponding protein. This research demonstrated the hpRNA construct has been successfully
established for floral tissues of P. hybrida. The hpRNA construct was developed for chi-RNAi silencing of one
of the key genes in the anthocyanin biosynthetic pathway in Petunia flowers. The silencing of the chi gene is a
prototype for the modification of the anthocyanin biosynthetic pathway in Petunia through gene suppression.
This strategy could also be useful for rapid functional analysis of other genes involved in flower development.
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Figure 1- Designed RNAI construct for chi gene with restriction enzyme in pB1121 vector
chi-RNAI construct containing 530 kb sense and antisense of chi’s mRNA and 741 kb of pdk as intron that it replaced between sense
and antisense of chi gene. This construct was cloned in pBI121 plasmid including kanamycin resistant gene, gus gene, NOS
terminator and CaMV35S promoter.
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Table 1- Sequence of specific primers for silencing vector containing chi for PCR

Primer name Forward primer (5'—3")

Reverse primer (5'—3")

Synthesized fragment

length
607
sense CTATCCTTCGCAAGACCC CAGCATTCGCAGTGCCAGTT
antisense AAACTTCTCAATGGCACGAC GCGGGACTCTAATCATAAAA 568
vir GCGGTGAGACAATAGGCG' GAACTGCTTGCTGTCGGC 2100
kan ATTCGGCTATGACTGGGCAC GTAAAGCACGAGGAAGCGGT 676
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Synthesized fragment

Primer name Forward primer (5'—3") Reverse primer (5'—3") length
chi TCTCCTCCAGTGTCCGTTAC ACAAACTTCCCTTCTATCTCCAG 137
eflA CGGCGTCAACACCTACACC GAAGTTTCCTGCTGCGATGG 180
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Figure 2- PCR analysis for conformation of construct introduction to petunia genome
A) Synthesized 607 bp fragment with promoter and sense strand of chi primers; B) synthesized 568 bp fragment with terminator and
antisense of chi primers; A and B) lane 1: 100 bp size marker; lane 2-20: transgenic plants; C) vir gene with 2 kb length; lane 1: 100
bp size marker; lane 2: pure pB1121 plasmid (non-recombinant); lane 3-7: petunia transgenic lines containing chi-RNAi construct;
lane 8: control plant; D) presence of construct in recombinant pBI121 and its absence in non-recombinant plasmid; presence of kan
gene in transgenic plants and its absence in control plant; lane 1: 100 bp size marker; lane 2: recombinant plasmid replicated with

antisense primers (568 bp); lane 3: recombinant plasmid replicated with sense primers (607 bp); lane 4: non-recombinant plasmid,;
lane 5-9: transgenic plants containing kan gene; lane 10: control plant.
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Figure 3- Observed phenotypical changes in transgenic petunia with purple flowers
A) wild type; B) V1 phenotype: magenta; C) V2 phenotype: purple with white streaks; D) V3 phenotype: light purple; E) V4
phenotype: chimera or hybrid purple; F) V5 phenotype: magenta and purple (two colors).



YAV (559U3 3l ooliwl b (oandbol oS 50 S5y ad g5 yns 2 5l p09 1) 595Ul (35 (Sogols 1y Ko g 5 Tlss

® ()
iy 5 415 g Y Sl 5y 10 suuid s Lo Ol puii —€ S
oy 55y b aso )l plalS 0 Sl ) o (0 (b cdb) sals plals Sy 5 J5 ()

Figure 4- Observed changes in anther of transgenic purple petunia
A) flower and anther in wild type; B) color change in anther of transgenic purple flowers.
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Figure 5- Observed phenotypical changes in of transgenic pink petunia
A) wild type; B) P1 phenotype: light pink; C) P2 phenotype: pink with white streaks.
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