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ABSTRACT

Seed dormancy is one of the most pivotal physiological phenomena of the
plants. But many key factors involved in the mechanism of dormancy are still not well
known. The dormancy seeds of Prunus campanulata Maxim, a native species in
Taiwan, was selected to study the mechanism-of dormancy. We focus on the extracts
of testa and endocarp of the seeds to. elucidate the chemical roles on the seed
dormancy of P. campanulata. There are many reports usually emphasizing the
importance of embryo in controlling dormancy of plants such as Arabidopsis, tomato
and tobacco. But our results showed that the P. campanulata embryo itself could not
remain dormancy without intact testa and endocarp, by contrast, the growth of embryo
could be repressed by the extracts of testa and endocarp from fresh P. campanulata
seeds. Via the effect of the testa and endocarp extracts of P. campanulata from
various stratification treatments on the germination of Arabidopsis thaliana seeds, we
confirmed that miscellaneous stratifications can alter the repressive ability of
endocarps and testae for germination. All these data showed that the P. campanulata
testa and endocarp that are derived from the maternal original tissue play an essential

role in seed dormancy.
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Chapter 1 Introduction

1.1 The significance of dormancy

Seed dormancy can be defined as the temporary failure of a living seed to
germinate under favorable conditions of germination (Simpson 1990). From the
view of the evolution, the mechanism of seed dormancy is designed to survive the
ominous and hostile environment. Seed dormancy is released only under the
circumstances which can promote the probability of the seedling survival. (Fenner,
Thompson. 2005) For dormant seeds, when the condition is suitable for germination
but not for the development of seedling, the seeds keep the dormancy going on. For
example, when the water and nutrition conditions can meet the requirement of
germination of the non-dormant seeds, or.the dormancy-breaking seeds, the seeds
germinate. But the same conditigns of water.and nutrition may not urge the dormant
seeds of the same species to germinate unless the dormancy is released or broken.
How can the plant seeds predict if the.situations are suitable for their development?
The adaptation of seeds to the variety ‘of environment is attributed to the mechanism

of evolution. The dormancy is one of the most successful ways of adaptation.

1.2 The relation between dormancy/germination and ABA/GA

There were many researches to focus on the relationship of abscisic acid (ABA),
or Gibberellic acid (GA) with dormancy. Some showed that ABA synthesis in the
embryo and endosperm contributes to the induction of seed dormancy. (Lefebvre et al.,
2006) Increased ABA biosynthesis is associated with the dormant state (Cadman
et al., 2006). But in Prunus campanulata Maxim, the covering layers can impose the
dormancy. A decrease of ABA content of the covering layers and an increase of
embryonic GA4 content go along with dormancy-break. (Chen et al., 2007) Whereas

some studies using the methods of grafting or reciprocal crosses between ABA
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mutation and wild type in Arabidopsis, tomato, Nicotiana elucidated that only ABA
produced by the embryo itself, but not maternal ABA, was necessary to induce and
impose a lasting dormancy. (Frey et al., 2004) The maternal ABA in seeds is
produced by the seed-covering layers as well as the leaves or roots of the plant. The
maternal ABA is synthesized by the maternal vegetative tissues mainly from the roots
and the leaves. (Sauter et al., 2001) ABA is then transported through the xylem and
the phloem to the seed. ABA recirculation and redistribution is a significant
component of the root-to-shoot signaling process. It often results form pH changes.
(Nambara et al., 2003) The ABA produced by roots can sink leaves, fruits and seeds
through the xylem, so as the ABA produced by the leaves sink roots, fruit and seed
through the phloem. The vascular tissue of roots, hypocotyls and leaves is an
important site of ABA biosynthesis in vegetative tissues (Koiwai et al., 2004)
However, the maternal ABA can affect the seed development. At least in Arabidopsis,
the maternal ABA of the seed is invelved-in-preventing viviparous germination. (Raz
et al., 2001) Vivipary is a normal.phenomenon in Rhizophora mangle (the
mangrove). (Kermode, 2005) But vivipary is an abnormal phenomenon in many
plants such as a rice or Arabidopsis. (Gubler et al., 2005) In Arabidopsis, the
regulation of vivipary requires two processes, the first stage is regulated by the
FUS/LES genes and the second stage requires ABA. (Raz et al., 2001) In addition to
the maternal original ABA in the seed, ABA can also be synthesized by the embryo
and the endosperm. (Lefebvre et al., 2006)

ABA in the seed can play roles of assisting the seed development, keeping the seed
in the state of dormancy, desiccation tolerance, reserve accumulation, pigment
synthesis such as anthocyanin or flavonoid in the seed coat and seed capsule
maturation. A class of flavonoids esterified with sulfates groups are of common

occurrence in a number of plant families, especially in the Asteraceae. (Varin et al.,
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1992) Anthocyanins and flavinol which is a subgroup of the flavonoid pigments
may have a primary role in protecting against active oxygen species during growth

and stress. (Yamasaki H., 1997, Rice-evans et al., 1997)

1.3 The relation between dormancy and cell division cycle

Seed dormancy processes at least two sequential stages: first, the embryo
growth of a seed is arrested because of cell division being suspended, second, the
embryo kept in dormancy. ABA can promote the expression of a cyclin-dependent
kinase inhibitor (ICK1) which would conduct the cell cycle arrested at the G1/S
transition.(Wang et al., 1998) The endogenous ABA from the embryo is required for

arrest in G1.(Finkelstein et al., 2002)

1.4 The relation between dormancy-breaking and stratification

Cold stratification (chilled »process)—can' ‘break dormancy and promote
germination. In the presence of-light, the helix-loop-helix transcription factor
SPAULA(SPT) can regulate the cold response, loss of SPT allows germination
without stratification. SPT is a repressor of GA3ox(the gibberellin biosynthetic genes
GA3 oxidase). (Penfield et al., 2005)
In the research of A. thaliana Cvi , Sonia et al. (2004) found that the chemical
compounds or treatments that induce the germination of dormancy seed are, in
increasing order of efficiency: GAs (GA3,GA4,GA7) << NO3 < fluridone < GA3 +
fluridone < 13°C sowing < 4 days chilling. Fluridone is the inhibitor of the

synthesis of ABA.

15 The genes of ABA

From the view of the gene expression, ABA 8’-hydroxylase is the key



catabolic enzyme for ABA. The CYP707A gene family which is constituted of four
members (CYP707A1 to CYP707A4) encodes ABA 8’-hydroxylase in Arabidopsis
thaliana. (Okamoto et al., 2006) The reduction of ABA levels in mid-maturation is
contributed by the expression of CYP707A1 that located in the vascualar tissue in the
embyro, whereas ABA reducing from late-maturation to germination is contributed by
the expression of CYP707A2 gene that located in both embryo and endosperm.
CYP707A1 and CYP707A3 also contribute to ABA catabolism during
postgermination growth, while the expression of CYP707A4 was found only in the

silique envelopes. (Kushiro et al., 2004)

1.6 The character of P. campanulata Maxim

P. campanulata Maxim is a local, species plant of Taiwan. (Figure 1) It

shows a strong dormancy. In the study.of Chien CT et al.(2002), they showed that a
combination of warm and cold-stratifications could break dormancy and elevated the
percentage of germination of P. campanulata:= \We used P. campanulata for studying
the mechanism of dormancy. To explore the*relationship between stratification and
dormancy as well as the relationship among embryo, endocarp and testa, we utilized
the endocarp and testa extracts of P. campanulata with various stratification
treatments to test their effect on the germination of A. thaliana seeds.
1.7  The classification of P. campanulata

From the view of the anatomy, the embryo with cotyledons is warped by the
endosperm which is coated by the testa the seed coat. Then the seed of P.
campanulata is enveloped by the endocarp. (Figure 2, 3) Both the testae and the
endocarps of P. campanulata are maternal tissues.
The testa derives from the integuments of the ovule, while the endocarp derives from

the innermost section of the ovary. (Nambara et al., 2003)



From the view of the classification.

The following is the classification of Prunus campanulata Maxim:
Kingdom : Plantae

Division : Spermatophyta

Class : Angiosperma

Order : Rosale

Family : Rosaceae



Chapter 2 Materials and Methods

2.1 Materials

The seeds of Prunus campanulata Maxim were harvested from 2000 meter
elevation of Ali Mountain in Chiayi County, central Taiwan during May in 2006 and
2007. Then the seeds were saved in cooling requirements at 4°C to keep them fresh,
alive and be at our disposal. By fresh seeds we mean that the seeds didn’t process any

stratifications.

2.2 The warm stratification processions.

The Method of the warm stratification was based on the study of Chien CT et
al.(2002). Fresh P. campanulata seeds were intermingled with vaporous sphagnum
in a polyethylene bag capable of.sealing. In the:warm stratification conditions, the
sealed polyethylene bag which-contained the.seeds and moist sphagnum in a desired
period were kept alternative between.at-30°C_in the-fluorescent light at the lumen of
80-100 1. E/m?/s for 12 hours and-20°C in_the dark for 12 hours. The bags were

opened for checking moisture one time a week.

2.3 The cold stratification processions.

The Method of the cold stratification was based on the study of Chien CT et
al.(2002). In the cold stratification conditions, the sealed polyethylene bag which
contained the seeds and moist sphagnum in a desired period were kept at 4°C in the

dark. The bags were opened for checking moisture one time a week.

2.4  The test of the germination of P. campanulata in alternative stratifications.
The germination testing of P. campanulata in alternative stratifications was

processed in the incubating box kept the temperature alternative between 30°C in the



fluorescent light at the lumen of 80-100 2 E/m%/s for 12 hours and 20°C in the dark

for 12 hours in the period of 12 weeks.

2.5 The preparation of the testa extracts and germination test

The testae were removed from the 300 seeds of P. campanulata. Then the testae
which were added to 5ml ddH,O were ground to a glue-looking state in a grinding
machine.
The grinding frequency was 25 times per second in 30 seconds of operation interval.
Next, take a rest for one minute. Repeat the same grinding procedure four times. The
ground testae were sent to the high temperature at 121°C for 30 minutes for
eradicating bacteria and molds. At the same the high temperature destroyed proteins.
The water which was added to the testae'would vaporize off in the high temperature.
When the testae cooled down, methanol:0f 80% concentration were added to them.
The proportion was 20ml methanol to testae of 300 seeds in the condition for testing
the germination of ArabidopsiS' seeds. But for testing the germination of P.
campanulata seeds the proportion was changed to 35ml methanol to testae of 300
seeds. The chemicals in the testae can dissolve in methanol gradually. The solvent was
kept at 4°C for 24 hours. Afterwards the solvent was stirred and centrifuged at
17800 rpm for 30 minutes. The upper clean liquids were collected. That was the testa
extracts dissolved in methanol. Then the extracts can be dropped to the filter papers in
Petri dishes. In the case of testing the germination of Arabidopsis seeds, a filter paper
was set in every Petri that was dropped 2 ml extracts. But in the case of testing the
germination of P. campanulata seeds, a Petri dish contains two filter papers into
which 4ml extracts were dropped. The seeds cannot be sowed on the filter papers until
the solvent vaporized completely and the filter papers dried off. After the filter papers

were desiccated, the filter papers were moistened by water in order to preparing for



the imbibition of the seeds. 1.5ml water was added to per Petri dish in the case of
testing the germination of Arabidopsis seeds, whereas 4ml water was added to per
Petri dish in the case of testing the germination of P. campanulata seeds. Then the

seeds concerned were sowed on the filter papers. ( Flow Chat 3)

2.6 The preparation of endocarp extracts and germination test

The endocarps were removed from the 300 seeds of P. campanulata. (300 is the
quantity for 3 repetitions.) Then the endocarps were ground to a powder-looking state
in a grinding machine.
The grinding frequency was 25 times per second in 30 seconds of operation interval.
Next, take a rest for one minute. Repeat the same grinding procedure four times. The
ground endocarps were sent to the:high temperature at 121°C for 30 minutes for
vanquishing bacteria and molds.zAt the same the.high temperature destroyed proteins.
When the endocarps cooled down, methanol of 80% concentration were added to
them. The proportion was 40ml methanol to endacarps of 300 seeds in the condition
for testing the germination of Arabidopsis seeds. But for testing the germination of P.
campanulata seeds the proportion was changed to 70ml methanol to endocarps of 300
seeds. The chemicals in the endocarps can dissolve in methanol gradually. The solvent
was kept at 4°C for 24 hours.  Afterwards the solvent was stirred and centrifuged at
17800 rpm for 30 minutes. The upper clean liquids were collected. That was the
endocarps extracts dissolved in methanol. Then the extracts can be dropped into the
filter papers in Petri dishes. In the case of testing the germination of Arabidopsis
seeds, a filter paper was set in every Petri into which 2 ml extracts were dropped. But
in the case of testing the germination of P. campanulata seeds, a Petri dish contains
two filter papers into which 4ml extracts were dropped. The seeds cannot be sowed on

the filter papers until the solvent vaporized completely and the filter papers dried off.



After the filter papers were desiccated, the filter papers were moistened by water in
order to preparing for the imbibition of the seeds. 1.5ml water was used to per Petri
dish in the case of testing the germination of Arabidopsis seeds, whereas 4ml water
was used to per Petri dish in the case of testing the germination of P. campanulata

seeds. Then the seeds concerned were sowed on the filter papers.

2.7 The favorite growth condition for P. campanulata and A. thaliana.

The P. campanulata seeds were incubated in the environment at the temperature
alternative between 30°C in the fluorescent light at the lumen of 80-100 « E/m%/s for
12 hours and 20°C in the dark for 12 hours, whereas the A. thaliana seeds incubated
in the environment at the temperature alternative between 22°C in the fluorescent

light at the lumen of 80-100 12 E/m*/s:for12 héurs and 18°C in the dark for 12 hours.

2.8 The imbibition of seeds
Both of the warm stratification-~and_chilling stratification of the P.
campanulata seeds were moistened. The imbibition of seeds before the germination is

one of the requirements for germination.

2.9 The test of germination of P. campanulata embryo without the testa and
endocarp
The endocarp and testa were removed from the P. campanulata seed. The
cotyledons were cut down a half in order to favor the radicles of P. campanulata seeds

to contact the liquids of a filter paper in a Petri dish. (Figure 14 ; Flow Chat 2)



Chapter 3 Results

3.1 The dormancy-breaking and germination of Prunus campanulata Maxim in

various stratification

For the intact Prunus campanulata Maxim seeds with endocarps under the
auspices of the stratification first of six weeks warm at 20/30°C and then of eight
weeks chilling at 4°C , the germination percentage can culminate in nearly 100%.
(Figure 6) The stratification of either the warm or the chilling alone cannot
completely break dormancy, although the chilling stratification effect is greater than
the warm stratification. The germination percentage of C8 Prunus campanulata
seeds was 52%, whereas that of W6 seeds was 3.3%. But the effect of the
combination of W6 and C8 stratifications on the germination of Prunus campanulata
seeds was over the sum of the germination percentage of the individual warm and

cold stratification.

3.2

When taking away the endocarps and testae with endosperm from mature seeds,
the embryos can germinate in a few days in the Petri dishes with filter papers which
were added water to at the temperature alternative between 30°C in the fluorescent
light at the lumen of 80-100 1 E/m2/s for 12 hours and 20°C in the dark for 12 hours.
(Figure 4, 5) The mature seeds without endocarps were cut into two halves in the
cross direction, the embryos which contact the endosperms with testae can also
germinate in a few days in the Petri dishes with filter papers which were added water
to at the temperature alternative between 30°C in the fluorescent light at the lumen of
80-100 1, E/m?/s for 12 hours and 20°C in the dark for 12 hours. In contrast, it took

a few months to complete the germination for the whole seed.

10



3.3 The effect of P. campanulata endocarp and testa extracts on the germination of
Arabidopsis
The extracts of fresh P. campanulata endocarps contain some chemicals that can
repress nearly completely the germination of wild type Arabidopsis thaliana. (Figure
7,8,9,10,11,12,13) The repressive ability of W6 endocarp extracts was reduced,
whereas that of C8 endocarp extracts was still great for the germination of A. thaliana
seeds. The effect of testa extracts on A. thaliana was less than that of endocarp

extracts.(Table 1,2,3)

3.4  The effect of P. campanulata endocarp and testa extracts on the growth of the
embryos of Prunus campanulata Maxim seeds which were removed testae and
endocarps

Both of testa and endocarp extracts can represse the growth of radical of the embryo

partially.
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Chapter 4 Discussion

4.1  The germination of P. campanulata Maxim seeds with/without endocarp and
testa

It has been elucidated that only ABA produced by the embryo itself, but not
maternal ABA, is necessary to induce and impose a lasting dormancy in Arabidopsis
and Nicotiana plumbaginifolia (tobacco). (Karssen et al., 1983 , Frey et al., 2004)
But our research showed that the embryo of P. campanulata seeds cannot conduct the
maintenance of dormancy when the endocarps and testae were taken away. In the
situation of removing endocarp from P. campanulata seed, the embryo can germinate
even endosperm and testa still contact the embryo in the condition of testa and
cotyledons cut down a half.(Figure 4) _While in the full seed state by which we mean
the embryo covered by testa but.without'endecarp;. the testa and endosperm is kept
intact in the P. campanulata seeds, the germination of the embryo can be arrested. It is
apparent that the maintenance of dormancy-of P. campanulata seeds should not be

contributed alone to the the embryo.

4.2 The interaction between Arabidopsis thaliana seeds and extracts from P.
campanulata seeds

The influence of P. campanulata on other plants, we chose Arabidopsis thaliana
seeds. According to the experimental results, the endocarps of fresh P. campanulata
seeds containing some chemical (or chemicals) can repress the germination of
Arabidopsis seeds. To subtract the noise background of mold, it is apparent the
endocarps of fresh P. campanulata seeds have more powerful repression than the testa
of fresh P. campanulata seeds did. (Figure 7,11) In fact the fresh P. campanulata
seeds are in the state of deep dormancy. There must be some proteins and chemicals

taking the control of dormancy and repressing the germination of fresh P.
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campanulata seeds. From our research, the endocarps of P. campanulata seeds may
play a role to keep seeds in the state of dormancy or repress the germination of seeds.

The factors involved in dormancy are not only physical but also chemical.

4.3  The effect of extracts from various stratification on the germination of
A. thaliana seeds

Compared with the endocarp treated by stratification process of six weeks warm
and eight weeks cold, the fresh endocarp still had more repressive ability to control
the germination of A. thaliana seeds. The inhibit ability of endocarp extracts in order
of efficiency was

W6C8 Endocarp< W6 Endocarp < C8 Endocarp < Fresh Endocarp (Figure 12;
Table 1)
This result makes sure that the chemicals of the endocarps of P. campanulata seeds
are affected by temperature changes. The stratification process can increase the
percentage of germination. The results of our research confirm that the stratification

process can release the repressive ability of the endocarp of P. campanulata seeds.

4.4  The significance of the warm stratification

The endocarp extracts of W6 stratification had less repressive ability to the
germination of A. thaliana seeds. In the case, the germination of A. thaliana seeds was
nearly 42.7%. The supposed chemicals which can repress germination seemed
decayed in the process of warm stratification. But the test germination of the whole P.
campanulata seeds which were processed with W6 stratification, their germination
percentage was still 3.3% near to the situation of fresh seeds. According to the study
of Chen et al. (2007), they found that the ABA content in endocarps and testae

decreased after stratification, and the ABA content with warm stratification was less
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than that with cold stratification. The order of ABA content was W6C8 Endocarp<
W6 Endocarp < C12 Endocarp < Fresh Endocarp. The research result of Chen et al.
in term of ABA agrees with our result in term of germination of A. thaliana seeds
affected by endocarp extracts. It is obvious that the repressive chemicals leached
from endocarps and testae during the stratification, especially the warm stratification.
On the other hand, the warm stratification could promote the catabolism of repressive
chemicals such as ABA. But germination of P. campanulata seeds with warm
stratification was still so insignificant. Why? The embryos of P. campanulata seeds
seemed still under arrest after warm stratification. It was possible that the restriction
was released but the promoting factors which could induce the growth of embryo had

not been produced yet.

4.5 The significance of the cold stratification

The endocarp extracts of cold 8 weeks (C8) stratification still have very greatly
repressive ability to the germination.of A. thaliana-Seeds. In the case, the germination
of A. thaliana seeds was nearly 10%. But the test germination of the whole P.
campanulata seeds which were processed with C8 stratification, their germination
percentage was over 50%. In fact, the C8 seeds must be transposed from 4°C to 30
‘C/20°C for testing germination. Cold stratification seemed to promote the producing
of growth factors maybe something such as GA. Then at the 30°C/20°C environments
which were the same as the condition of warm stratification the repressive chemicals
decayed gradually, the promoting chemicals commenced the effect. In Arabidopsis,
cold stratification at 4°C can promote and synchronize seed germination because of
inducing the GA3ox1 mRNA expression in the entire radicle and increasing the
product of GA. (Yamauchi et al., 2004) In P. campanulata, we suggest that the cold

stratification can expedite the synthesis of growth factors for germination.
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4.6 The hypothesis of stratifications

The repressive chemicals of testa and endocarp extracts of P. campanulata seeds
may be ABA, but it is necessary to be confirmed. But from our study, we can confirm
that P. campanulata seeds must process two stages for dormancy break. First, take off
the impediment with the warm stratification, afterwards, promote the growth with the
cold stratification. The embryo which was removed the endocarp and testa could
germinate without stratification. The embryo itself of P. campanulata is ready for
germinating. As a consequence, we can revise the previous hypothesis that the cold
stratification can promote the growth factors something like GA to a new hypothesis
that the cold stratification can repress the factors which restrain the synthesis of

growth factors.

4.7 The role of endosperm in germination

The endosperm of immature P. campanulata Maxim seeds is thicker than that of
mature seeds. The thick endosperms can be the obstacle to the growth of radicles of
embryos.( Mdller et al. 2006) When the endosperm of P. campanulata was cut, the
radicle could release from impediment and grow similar to germination. It is
necessary to weaken the endosperm in the procession of germination. In Arabidopsis,
ABA can inhibit endosperm rupture but dose not appreciably affect testa rupture of
after-ripened seeds.(Mdller et al. 2006) But in P. campanulata, the interaction
between the endosperms and the chemicals which the testae or endocarps contained is
not confirmed. The chemicals of endocarps or testae may affect the rupture of

endosperm then to control the germination and dormancy.
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Chapter 5 Conclusion

5.1
Whole seeds of P. campanulata show deep dormancy, whereas the embryos
without testae and endocarps show non-dormancy. The maintenance of dormancy
contributes to the interaction among the embryo, endosperm, testa and endocarp. The
testae and endocarps have chemical as well as physical function. The concentration of
chemicals in testae and endocarps will vary with the stratification. The stratifications
which switch seed dormancy off may depend on the chemicals of testae and

endocarps to deliver the message to the embryos.

5.2

To insight the mechanism: of dormancy must integrate various views of
chemicals, anatomy, physiology, histology, embryology, genomics and proteomics.
The P. campanulata is an ideal "plant for studying dormancy. But the genome of P.
campanulata is not available in the present time. If the difficulty of getting genome
data can be broken through, the mechanism of dormancy of P. campanulata as well as

many other plants must be explicit and unequivocal.
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Figure 1.

Prunus campanulata
Maxim can produce
pink red, campanulate

.} flowers in the spring

(about from January to
March).
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Figure 2.

= The seed of P.
campanulata is covered
by an endocarp.

N

Figure 3.  ( Courtesy of Chen SY et al., 2007)

The inner structure of P.
campanulata seed

[ amm
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Figure 4.

Take off the endocarp, there is the tes
Under the testa, there is the embryo whi

endosperm and so on.

ains the radicle, cotyledons and
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Figure 5.

en away were cut into two

ntact the endosperm with testa can
In'sight, it was ten days after sowing.
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Figure 6. The germination test of P. campanulata seeds from various stratification
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Stratification condition

The P. campanulata seeds which had already been treated by various stratifications

were carried out the test of germination.
The P. campanulata seeds were harvested in 2006.
“ mix 14 weeks’ stands for warm 6 weeks then cold 8 weeks stratification.

The germination percentage of ‘mix 14 weeks’ seeds was nearly 100%.
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Figure 7. The effect of fresh P. campanulata seed extracts on the germination of
wild type A. thaliana seeds
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H20 Methanol testa endocarp

Treatment

The test was processed with extracts of 100 seeds.of P. campanulata per Petri dish for
120 hours.

50 A. thaliana seeds were sowed on the filter paper which contained the control or
experimental materials and incubated for 120 hours.

The endocarp extracts of P. campanulata seeds can inhibit efficiently the germination
of A. thaliana seeds.
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Figure 8.  (Continued with Figure 7) The control set of the test of the effect of fresh
P. campanulata seed extracts on the germination of wild type A. thaliana seeds

The A. thaliana seeds were
sowed on the filter paper
which contained water only.

Figure 9. (Continued with Figure 7) The control set of the test of the effect of fresh
P. campanulata seed extracts on the germination of wild type A. thaliana seeds

The A. thaliana seeds were
sowed on the filter paper into
which methanol was added
first and dried off ,then water
was added .
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figure 10. (Continued with Figure 7) The experimental set of the test of the effect of
fresh P. campanulata seed extracts on the germination of wild type A. thaliana seeds

The A. thaliana seeds were
sowed on the filter paper
which contained fresh testa
extracts of P. campanulata
seeds.

figure 11. (Continued with Figure 7) The experimental set of the test of the effect of
fresh P. campanulata seed extracts on the germination of wild type A. thaliana seeds
The A. thaliana seeds were
sowed on the filter paper
which contained fresh
endocarp extracts of P.
campanulata seeds.

The germination of A.
thaliana seeds were inhibited
efficiently by endocarp
extracts of P. campanulata
seeds.
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Figure 12. The effect of endocarp extract from different stratification on
germination of A. thaliana seeds
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Figure 13.  The effect of testa extract from different stratification on germination of
A. thaliana seeds
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Figure 14. The effect of extracts from fresh P. campanulata seeds on germination of
P. campanulata embryo which was taken off endocarp and testa with
cotyledons cut down to a half.

The control set with methanol
process.

The experimental set of testa
extracts.

The experimental set of
endocarp extracts.
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Table 1.

The effect of endocarp extract of P. campanulata seeds from different

stratification on germination of A. thaliana seeds

Endocarp

Treatment Germination (%) | Testa rupture (%) | Intact seedcoat (%)
Water 90.0+4.0 47112 53130
Methanol 80.7+3.0 6.7£1.2 12.7£2.3
Fresh 07112 38.716.8 60.7 £11.0
Warm 6 weeks 4271140 36.7x11.7 20.614.2
Cold 8 weeks 10.0+2.0 46.012.0 44.0%£0.0
Warm o end 46.0+173 227430 31.3+145

The tests in bold font are shown to be statistically significant through z-test with a.=0.01.
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Table 2.

The effect of testa extract of P. campanulata seeds from different

stratification on germination of A. thaliana seeds

testa

Treatment Germination (%) | Testa rupture (%) | Intact seedcoat (%)
Water 90.0+4.0 47112 53130
Methanol 80.7+3.0 6.7£1.2 12.7£2.3
Fresh 61.3+17.9 10.7+6.1 28.0+125
Warm 6 weeks 56.0£8.7 10.0£3.5 34.0%8.0
Cold 8 weeks 56.6 +2.3 11.3%£5.0 32.7t4.6
Warm o end 59.3+15.1 93+4.2 31.3%110

The tests in bold font are shown to be statistically significant through z-test with a.=0.01.
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Table 3. The comparison between effect of endocarp and testa extracts of P.
campanulata seeds from different stratification on germination of A.
thaliana seeds

germi nation
Endocarp Testa

Water 90.0t 4.0 90.0t4.0

Methanol 80.7+3.0 80.7 £ 3.0

Fresh 0.7x1.2 61.3+17.9

Warm 6 weeks 42.7t14.0 56.0 £ 8.7

Cold 8 weeks 10.0+2.0 56.6 £2.3

Warm 6 and 4604173 50,3+ 15.1
cold 8 weeks




Table 4. The effect of extracts from fresh P. campanulata seeds on germination of
P. campanulata embryo which was taken off endocarp and testa with
cotyledons cut down to a half.

Treatment Methanol Testa Endocarp

Radicle length

8.85+2.32 5.48+1.19 4.81+0.44
(mm)
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Flow Chat 1

Detach the testae and endocarps from
the seeds of P. campanulata Maxim

v

Grind the
endocarps

4

Grind the
testae

Add 80%
methanol

Centrifugate

@ & e

The endocarp
extracts

0
v
=

The testa
extracts
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Flow Chat 2

The endocarp extracts and testa extracts of various stratification

Test the effect of extracts on

seeds

Test the effect of extracts on the

the germination of Arabidopsis growth of radicles of embryos of

P. campanulata seeds without

endocarps and testae

.

Analysis
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Flow Chat 3

For explore the chemicals in the endocarps and testae of P. campanulata Maxim

Detach the testa and endocarp from
300 seeds of P. campanulata Maxim

&

!

<

<

‘ Heating to 121°C for 30 minutes

Grind the endocarp Grind the testa of
of P. campanulata P. campanulata
Maxim to Maxim to
Powd A state of glue -
owder: looking. 80% Methanol

< ]
H 40ml <
20ml
Add .
80%methanol to Add 80%methanol
testa powder and to endocarp pf)wder
stun it. and stun it.
Keep the solvent Keip the solyent at
at 4°C overnight. 4°C overnight.

Stun the solvent.
Centrifugate at 17800rpm for
30 min . Take clean liquid of

the upper layer.

/

{

\J

Take 2ml each liquid to a #1 filter paper . Leave the filter paper in patri dish to dry off .

< < <
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=

(=

Add 1.5ml
water to Add 15ml
filter paper water to Add 1.5ml
with filter paper water to
extracts of with filter paper
the extracts of without
endocarps theP testa of any
of Prunus runu; . extracts
campanulata cam;.o anuiata
] Maxim seeds
Maxim seeds

<7

Add 1.5ml
water to
filter paper
with
methanol

el

Add 50 Arabidopsis thaliana seeds to each petri dish .

Put the petri dishes in the state of 30°C for 12h in light and 20°C for 12h in

dark each day.

(—
—

L

L

After five ddys , examine the seeds and record .

Is germination
repressed?

Wash the 4. thaliana seeds which are repressed - put
them in petri dish that contains filter paper with 1.5ml
water without any extracts.

< After 3 days ,examine and record>
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APPENDIX

A. Epuipments

Equipments Company
Mixer Mill MM 301 Retsch
Filter paper ( No.1,110mm) Whtman

B. Methods

/-test

o 3 fz-testtJF[A : sample size% A (50%3) »
HARES LA TR e B normal distribution » 3f7
fafipkiE Hsample.

! 1, + n,
g * (1 v'r_l L
0= [P (-P) " (- + )
s = Pr - P

o

When a=0.01, z =232 if z> 2.32, the result is statically significant.

40



germination
walter

Methanal
Tresh endocarn
wh endocarm
8 endocam
whcB endocarp
Intact seedcoat

water

Methanal
Tresh endocarn
wh endocarm
8 endocam

whcB endocarp

z value of all tests

1.865506
12.68903
7.082492
11.31371

6.66973

-1.32541
-8.33106
-3.22223
-6.34959
-4.75469

1.865506
4723991
5415278
5.330018
4955882

-1.82841
430875
-5.10732
493874
-4.75469

Testa rupture
watar

[vlethanal
fresh endacam
wh endocarp
c8 endocarp

whcE endocarp

£.60999
-5.83248
-5.58487
-6.71322
-3.70162

£.60999
-1.59144
-1.43813
-1.72024
-1.27483
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