
RESULTS & DISCUSSION – continued

The expression of virus coat protein TRV2 CP showed 
no difference in plants with the different constructs 
(Fig.6 A), indicating the physiological changes in VIGS-
silenced plants was not due to virus effect.

The expression of a type I metacaspase gene MC1, 
another senescence regulator from the apoptosis 
pathway, was suppressed in ATG6- and PI3K-silence 
plants (Fig.6 B), suggesting an interaction between 
autophagy and apoptosis pathways.
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INTRODUCTION

Flower longevity, the amount of time from flower opening to 
senescence (Fig.1), is one of the most important features of 
flowering plants. Autophagy, a metabolic pathway responsible 
for nutrient recycling, is considered important in the regulation 
of petal senescence [1]. However, whether autophagy plays a 
positive or negative regulatory role remains obscure. 

Autophagy Gene 6 (ATG6) and Phosphoinositide 3-Kinases 
(PI3K) are two central genes in the autophagy pathway, and 
the critical regulatory function of ATG6 and PI3K in longevity 
has been demonstrated in various species [2]. A reverse 
genetic study of the two genes will help determine the role of 
autophagy in the regulation of petal senescence.

OBJECTIVE
To characterize the role of autophagy gene ATG6 and PI3K
in the regulation of petal senescence

HYPOTHESIS
The silencing of ATG6 and PI3K will decrease flower 
longevity

METHODS

Plant Material and Growing Conditions
Petunia ´ hybrida ‘Picobella Blue’ seeds were germinated, 
and uniform seedlings were transplanted to 6.4-cm pots and 
moved into the growth chamber. Plants were arranged in a 
Randomized Complete Block Design (RCBD) with 10 blocks 
per treatment. All plants were fertilized with 150 mg·L-1 N 15-
5-15 Ca+Mg fertilizer.

Virus-Induced Gene Silencing (VIGS)
VIGS was conducted via a previously developed protocol 
in petunia [3]. Briefly, tobacco rattle virus (TRV) was used as 
the vector for the VIGS experiments, including two separate 
particles: pTRV1 and pTRV2 (Fig.2 A&B). pTRV2 carries 
the target gene siRNA sequence and triggers silencing when 
introduced into plants with pTRV1. A reporter gene Chalcone 
Synthase (CHS) was used to disrupt the formation of 
pigments in flowers as an indicator of successful silencing. A 
fragments of the genes of interest (GOI) ATG6 and PI3K
were cloned into the pTRV2:CHS construct (Fig.2 B). A 
control construct pTRV2:CHS:GFP with a fragment of the 
Green Fluorescent Protein (GFP) gene was used in the 
VIGS experiments to ensure all VIGS constructs shared the 
same length, and therefore triggered the same silencing 
effect (Fig.2 C). The constructed plasmids were 
electroporated into Agrobacterium tumefaciens GV3101, 
which was used for introducing the construct into the plants. 

Figure 1 Petal senescence process

METHODS – continued

Physiological Measurements
The evaluation of the plants in VIGS experiments included 
flower longevity, flower number, flower biomass and shoot 
biomass. Flower longevity was measured based on days 
from petal opening to petal wilting, with three flowers from 
each plant being measured. Only flowers that showed over 
50% of silencing efficiency (> 50% white area of the corolla) 
were used for flower longevity measurements. Flower 
number of each plant was measured three months after 
VIGS inoculation. Flower and shoot biomass were 
measured based on the dry weight of all attached flowers 
from each plant and all above ground tissue, respectively. 

RNA Extraction and Gene Expression Analyses
RNA extractions from petunia corollas and gene expression 
analyses using Reverse-Transcription quantitative 
Polymerase Chain Reaction (RT-qPCR) were done following 
previously published protocols [4]. Briefly, senesced and 
non-senesced petals were collected and ground in liquid 
nitrogen. Total RNA was extracted using TRIzol Reagent and 
cDNA was synthesized with iScript Reverse Transcription 
Supermix. The qPCR experiments were conducted using 
SsoAdvanced Universal SYBR Green Supermix in an C1000 
TouchTM Thermo Cycler. The relative expression of target 
genes was calculated using CFX ManagerTM software based 
on the expression of two reference genes: PhSAND and 
PhEF1α. All qPCR analyses were conducted with four 
biological replicates and two technical replicates. 

Statistical Analyses
All statistical analysis was conducted in R 3.3.1. The effect 
of treatment was analyzed with ANOVA using model y=µ + 
treatment + block + e. Mean separation was determined 
with Tukey’s HSD (α=0.05) using the R package agricolae.

RESULTS & DISCUSSION 

CONCLUSION & SIGNIFICANCE

• VIGS is an effective method for characterizing the function 
of genes in petal senescence

• Autophagy genes ATG6 and PI3K are negative regulators 
of petal senescence

• Petal senescence is potentially influenced by the crosstalk 
between autophagy and apoptosis

• The results of this project will provide genetic information 
for future studies on petal senescence and improvement of 
crops through biotechnology or breeding
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Figure 2 Components of Virus-Induced Gene Silencing (VIGS) experiments: 
(A) TRV1 construct, (B) TRV2 construct, and (C) controls and treatment plan

Figure 4 Relative expression of ATG6 (A) and PI3K (B) in senesced petals of 
VIGS-silenced plants

Figure 6 Relative expression of TRV2 CP (A) and MC1 (B) in senesced petals of 
VIGS-silenced plants

Figure 5 Physiological measurements of VIGS-silenced plants: (A) flower 
longevity, (B) flower number, (C) total flower dry weight, and (D) total shoot 
dry weight 

The expression of ATG6 and PI3K increased in senesced 
petals compared to non-senesced petals (Fig.3), 
demonstrating similar expression pattern as 
senescence marker gene Cysteine Protease 10 (CP10).

The expression of ATG6 and PI3K decreased in VIGS-
silenced plants (Fig.4 A&B), indicating the success of 
silencing. 

Figure 3 Relative expression of ATG6, PI3K, and CP10 in non-senesced and 
senesced petals of plants treated with pTRV2:CHS:GFP

The ATG6- and PI3K-silenced plants showed reduced 
flower longevity, decreased flower number, lower flower 
dry weight and shoot dry weight (Fig.5 A, B, C&D), 
indicating the critical role of ATG6 and PI3K in the 
regulation of flower longevity and other important traits 
for floriculture crops
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