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Abgtract
Dracocephalum argunenseisalocal wild flower in Heilongjiang, China, which has been successfully domesticated. The value of D. argunensein
landscaping has been severely affected dueto its flowering time of only 2-3 days. The petal senescenceisrelated to the programmed cell death. Itis
important to elucidate phenomenon and mechanisms of the petal senescence process. Therefore, in the present study, the ultrastructure of the petal
cells during the process of flowering wasfirst investigated. The results showed that the programmed cell death appeared during the process of the
petal senescence of D. argunense. Therewere many big phagocytic vesicles produced by vacuolesin the cells acted aslysosome that led to the self-
disintegration of the petal cellsand thusfulfilled the process of cell death. It was suggested that the petal senescence of D. argunense isthe type of

vacuolerelated programmed cell death.
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Introduction

Flowering is the wonder of the nature, but it means senescence
and desath to the plant itself. The senescence appears at the last
period of the development of flowers and the senescence comes
to the end when petals die » 2. Flower is a good material to
investigate plant senescence. The control on petal senescence
playsanimportant rolein keeping cut flower fresh and prolonging
the flower life. Flower has its own species specialty and the
program of senescenceisirreversibleduringitslimited lifetimes.
The petal senescence in flowers is not much affected by the
environment, thisisin opposite to the |eaves where senescence
isinfluenced by the environment 3.

The petal senescenceisrelated to the programmed cell death; it
isalso called apoptosis, which is an active and orderly death of
cell in certain physiology and pathology circumstancein order to
maintain growth and adapt to its living environment. The
programmed cell death is controlled by genes“and has positive
significance to the plant growth. The changes of cell wall, cell
membrane, vacuoles, mitochondria, chloroplasts and nuclei are
the most obvious and important part of cell senescence. Yamada
et al. ® treated petals using STS or AOA and demonstrated that
cell death led to the petal senescence. Some researches showed
that the cell structure was damaged when flower started wilting.
Cell wall bent severely due to the extravasations of cytosol and
therewere many disintegrated debrisin the cells. The mobility of
plasmamembrane reduced and the permeability increased, which
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led to the cell disintegration and death 6. Hence, theinvestigation
of the mechanism of the programmed cell desth of petal senescence
haspractical significanceto dow down the programmed cell death
and to improve the quality of postharvest flowers.

The perennial herb, D. argunense, is a plant of lip shaped
family, Dracocephalum genus. Itisalocal wild flower in North
China. Theflower ishig, blue, aromatic and has high ornamental
value. ItisasoaChinesemedicineand can beusedtotreat allergy
and heart disease with anti-senescence effects. The surface is
normally covered by aromaoil. D. argunense are originated in
Heilongjiang, Jilin, Liaoning, East Inner-Mongoliaand the north
part of Hebei Provincein China. Theflower speciesin Heilongjiang
are scarce, especialy the blue flowerswhich arerareand low in
guantity. We successfully introduced and domesticated the
perennially rooted D. argunense, but the short florescence
(flowering timeonly 2-3 days) has severely affecteditslandscaping
value. Hence, cultivating D. argunense species with longer
florescence and extending its usagein landscaping are of practical
sgnificance.

The current researches on D. argunense have been focused on
its medication efficacy ™2 and tissue culture °, and no report has
been published on the features of flowering and senescence. We
investigated, in the present experiment, the cytological changes
in the process of the programmed cell death during the petal
senescence of D. argunense and clarified the cell ultrastructure
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changes during the process of petal senescencein order to explore
the apoptosisfeatures of D. argunense petal cells. The study will
provide the basis to further explore the mechanism of petal
senescence and establish a system to diminish the plant
senescence and to prolong the florescence of D. argunense.

Materialsand M ethods
Plants materials: The plants used in the experiment were D.
argunense, collected from the greenhouse of Northeast
Agriculture University. The flowerson the plant were categorized
according to their appearance. The standard categories of
florescencewere asfollow:
Stage | (young buds): Buds were small and the whole bud was
whitish green and no blue col our appeared.
Stage |1 (budding but not flowering): The buds appeared blue and
grew bigger.
Stagelll (early flowering stage): Theflowersblossomed in small
amount and most of them were still in half closed state. The
peduncles were erected and the colour waslight.
StagelV (flowering stage): Most or amost al flowerswereblossom
and the colour waslight blue.
StageV (senescent): The petal became dark blue, the dehydration
symptom appeared and the flowerswithered.
Stage V1 (petalsfalling stage): Petals and peduncleswere easily
separated, the colour was dull and the flowers started falling.

Experimental analyses: The above mentioned materials at

different stages were cut into small pieces on ice using blades,

immediately placed in 2.5% glutaral dehyde (vacuuming) and kept
infridgesfor three days. The materials were washed three times
using a0.1 M phosphate buffer at pH 7.2 for 20 min. Thematerias
werefixedin 1% osmium tetroxidefixing solution adjusted using a
0.1M phosphatebuffer (pH 7.2) for 4 h. Again, thematerialswere
washed threetimesusinga0.1 M phosphate buffer (pH 7.2) for 20
min. Afterwards, they weretreated in acetone series dehydration
for 20 min. Five stepsof infiltration were adopted:

1. Inepon 812:acetone= 1:3for 12 h.

2.Inepon 812:acetone=1:1for 12h.

3. Inepon 812:acetone=2:1for 12h.

4. 1nepon 812:acetone=3:1for 12 h.

5. Inpureepon 812for 12 h.

Then, the material swereembedded (45-60) for two days. Embedded
blocksweretreated into suitable shapesand cut into 1-2 mm slices
using LKB-V ultra-thin slicer and observed under amicroscope
(Olympus CX21, Tokyo, Japan). The sliceswerefurther cut into
ultrarthin slices, double stained with uranyl acetate and lead citrate
and observed and photographed using a transmission electron
microscopy (JEM-100CX 11, JEOL Ltd., Tokyo, Japan).

Results
The appearance changesduring the flowering and senescence
of D. argunense: Theformation time of the buds was relatively
long and the colour was greenish white when the buds had just
formed. The colour became darker asthe buds grew and it turned
to light blue when the buds flowered. The buds normally flowered
at 4:00-5:00 am and the symptoms of senescence appeared with
the continuing development of the flowers. The petals started
bending inward and losing turgor pressure. The colour turned to
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dark bluefrom light blue and eventually the whol e corollawilted
though it did not fall down. The reason was because the flower
falling after the senescence of thelip shaped plantsisof aspecial
type and the processiis caused by the growth of fruit 2°.

The ultrastructure during the flowering and senescence of D.
argunense: The petal developmentisaprocessinwhich cell turn
to death from rapid growth and has special appearance features.
Series of changes have been observed to the petal cells through
transmission electron microscopy during the development of D.
argunense.

The ultrastructural changes of bud cells. The cytoplasm was
thick and alarge amount of Golgi apparatus, mitochondriaand ER
were distributed in the thin-walled petal cells[Fig. 1(1-2)] at the
beginning of the bud formation (I). The nuclei were big and
vacuoleswere small and distributed in the cytoplasm [Fig. 1(3)].
The cellswere in a state of rapid growth at thistime. The petal
cellswere growing bigger with the devel opment of the buds and
the vacuoles started fusion. The central vacuoles gradually
enlarged and formed bigger vacuolesin the centre of the cellsin
which large amounts of different shaped anthocyanins were
distributed [Fig. 1(4)]. Thenuclei and cytoplasm were pressed to
the edges of the cell wall and the cytoplasm contained ER and
mitochondria. The ER was flake shaped and in large quantity at
thistime[Fig. 1(5)].

Theultrastructural changes of flowering cells: Thethin-walled
petal cellswere occupied by big vacuoles and the cytoplasm were
thick in which large amounts of ER and mitochondria were
distributed. The nuclei werenormal, ova shaped and stuck tightly
tothecell wall [Fig. 1(6)] at the beginning of the flowering (111).
The vacuole membranesinviginated in large areas [Fig. 1(7-8)]

and autophagosis of the vacuoles began at the flowering stage
(IV). Through autophagosis, the cytoplasm and organelles,

including ER, metochindriaand plasmid, were surrounded by the
inviginated vacuoles. This caused the cytoplasm entering the
vacuoles, which had lysosome activity. Many autophagosis

vesicles were formed through the phagocytosis of the vacuoles
[Fig.2(9)]. In addition, being surrounded by the autophagosis
vesiclesformed from the vacuole membrane, caused that some of
the organelles al so began to degrade. The mitochondriabegan to
expand and the Golgi apparatus showed disintegration[Fig. 2(1)].

Theultrastructural changes of senescent cells: Theinvigination
of the vacuoles continued and fused toward the centre, which

separated the cells into many compartments [Fig.2(2)]. The

cytoplasm became sparse at thistime and the organelles reduced
in quantity due to the degradation. The ER was enlarged into a
bubble-like shape in which contained autophagosis vesicles but
thenuclei still existed [Fig. 2(3-4)]. The perinucl ear spacesbetween
theinner and outer nuclear membranewere enlarged in somecells
and large amounts of autophagosis vesicles showed up. The

expended outer nuclear membrane eventually broke and the nuclei
dissolved [Fig. 2(5-6)]. The vacuole membrane wrinkled, the
cytoplasm became sparse and the plasma membrane system

expanded and gradually destructed and disappeared by the end
of senescence[Fig. 2(7)]. Therewerenointact nuclel and organelles
inthe cellsat thistime and only somelarge phagocytosisvacuoles
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Figure 1. The cell ultrastructure in petals of D. argunense flowers: (1), (2) and (3)
the cellular structure in petals of D. argunense flowers at the early stage of bud
formation (M, mitochondria; G, golgiosome (x12,000); ER, endoplasmic reticulum
(x8,000); V, vacuoles (x15,000)); (4) anthocyaninin petal cell vacuolesat flower bud
development stage (x8,000); (5) the endoplasmic reticulum in petal cells at flower
bud development stage; (6) nucleolusin petal cells at the early flowering stage (V,
vacuoles (x6,000)); (7) and (8) vacuolar membraneinvaginationin petal cellsat the
full flowering stage (x2,500, x6,000); (9) vacuolar changesin petal cellsat thefull

flowering stage season (x2,500).

left and separated from each other [Fig. 2(8-9]; moreover, they
gradually collapsed causing self-disintegration of the cells. This
indicated that the reason of the petal senescence of D. argunense
was due the compartment effect of the vacuoles causing the
disintegration of the active material inthe cell hencefulfilled the
petal senescence. The ultrastructral changes of petal senescence
weresimilar to nucellar cellsof the Ginkgo biloba* and Japanese
morning glory 2.

Discussion
The plant cells went through some typical appearance changes
during the programmed cell death. These changes included the
shrunk cell volume, the aggl utinated, marginated and fragmented
cytoplasm; the disintegrated or disappeared organelle and the
vacuolated cell membrane to form apoptotic bodies. The dead
cells were phagocytosed and absorbed by the near cells without
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any trace 316, Miller 2 suggested that no apoptosis
bodieswould be formed and phagocytosed by the near
cells, duetotheexistence of cell wall intheplant cells
and the vacuoles, would phagocytose the organelles
during the programmed cell death in some cells. The
known programmed cell death (PCD) can be separated
into three categories: 1) apoptosis like cell death, 2)
cell death happened inthe process of |eaves senescence
and 3) vacuolerelated cell death?’.

Large amounts of experiments proved that vacuoles
played very important rolein the PCD of many plantst®.
It wasthelocation of variouslysosomeand other death
executorsat thelaunching period of PCD. Thevacuoles
broke and released the contents, this is the symptom
of the beginning of the cell death 8. Either dueto the
speed of the cell death or the resume extent of the cell
content, the destruction of the vacuoles played very
important rolein both the apoptosislikecell death and
cell death happened inthe process of |eaves senescence
8, Hence, they al included inthe vacuolesrelated PCD.
Groover et al.Z? suggested that the invigination and
fragmentation of vacuole membrane was the major
reason leading to cell death and the mobility of
cytoplasm stopped at the same time. The death of the
vacuoles can rel ease large amounts of lysosometo act
on the organelle, the autophagosis of the cells could
also be included in the mechanism of the degradation
of cell contents®. The petals lost their physiology
significance after the plant fertilized and started
senescence. The petal senescence was proved to fulfil
through PCD 2., Malitle'? observed the ultrastructure
of the corollasenescencein a Japanese morning glory
using transmission electron microscope. The results
demonstrated that the devel opment of short flower was
short and the senescence appeared shortly. The
senescence first happened on the vacuole membrane.
Theinvagination of the vacuole membrane caused the
cytoplasm entering the vacuol es. The vacuol es shrank,
cytoplasm became sparse, the cell membrane system
expanded and the vacuole membrane broke and caused
the self-disintegration of thecell components'2.

In the present experiment, we observed the petal

senescence of D. argunense and demonstrated that

the vacuole membrane invaginated during flowering stage.

Cytoplasm, ER, mitochondriaand plasmid were surrounded and
many phagocytosis vesicles were formed. The organelles were
degraded, mitochondria expanded and Golgi apparatus
disintegrated in these phagocytosis vesicles. These characters
demonstrated that the program of cell death had already startedin
the petal cells. The further invagination of the vacuoles in the
cells separated the cell into many compartments with the
development of the senescence. The large amounts of organelles
were degraded, the ER expanded into bubbl e-like shape, thenuclei
expanded, nuclear membrane broke and nuclei dissolved

eventually. There were almost no intact organelles at the end of
senescence and the vacuole membranewinkled, cytoplasm became
sparse, the cell membrane system expanded, broke, gradually
collapsed and caused the self-disintegration of the cells. The
ultrastructual changes above were accorded with the features of
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Figure2. Ultrastructural changesin petal cellsof developing D. argunense flowers:
(2) cellular organelle changes in petal cell at the full flower stage (G, golgiosome,
(%x12,000); (2) the Locellus phenomenon at petd aging stage (x2,500); (3) cytoplasm
changesat the petal aging stage (x5,000); (4), (5) and (6) nuclear changes at the petal
aging stage (x3,000, x3,000, x6,000); (7) vacuolar membrane changes at the petal
aging stage (x3,000); (8) and (9) phagocytose cell changes in the senescent petals

(x2,000, x2,000).

the vacuole related cell death in programmed cell death 4. This
proved the PCD existed in the petal senescence of D. argunense,
however, specific mechanismsand control features of PCD need
further investigation.
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