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Abstract

Salt and drought are important abiotic stresses of Chrysanthemum morifolium(Asteraceae). Limited
information is available with regard to molecular management strategies for salt and drought. Ced-9 (Cell
Death abnormal9) is already known to enhance the tolerance of plants to abiotic stresses. Asteraceae
plants overexpressing Ced-9 have showed improved tolerance to stresses - they kept freshness for longer
time, and were fast to grow, and had higher tolerance to salt.

Additional analyses revealed that transgenic plants generally show lower transpiration rate and higher
chlorophyll content when subjected to salt and drought stresses. These results suggest that Ced-9
inhibits the activity of a cysteine protease with caspase-like activity and that Ced-9 also enhances salt
and drought tolerances by maintaining intracellular ion balance by apparently inhibiting the external
efflux of K" induced by salt stress. Ced-9 has been proved to improve the low temperature tolerance of
asteraceae plants by controlling 2,4-D signal and other pathways responding to stresses.

1. Introduction

Drought and Salt limits the normal growth and consequently their productivity and quality by preventing
the Chrysanthemum from expressing their full genetic potential. Making an improvement in these
characteristics under salt and drought stresses is a major challenge for flower breeders (Liu et al. 2019).

Different breeding strategies for stress resistance have emerged, all with their merits and demerits.
Conventional breeding approaches have attempted through the use of genetic variability available in
diverse germplasm and somaclonal variation, interspecific hybrids and induced mutations (Ashraf 2010;
Badu-Apraku and Yallou 2019; Kindiger et al. 2006).

Current methods applied in chrysanthemum breeding include cross-breeding, mutation, radiation
breeding, satellite breeding, tissue culture, and single cell breeding and so on (Eva Maria Gémeza et al.
2019; Takashi Nakatsuka, Kanae Koishi 2018; Tsuyoshi Motohashi et al. 2014; Y.H. Qua et al. 2009).

However, this approach has low success rates due to complex adaptive mechanisms of cells that induce
abiotic stress tolerance involved in various metabolic pathways(Shinozaki et al. 2003; Yamaguchi-
Shinozaki and Shinozaki 2006). Another approach to increase the tolerance to abiotic stress including
drought has been the use of genetic engineering to increase the tolerance to various stresses in many
transgenic plants. Transgenic methods used in chrysanthemum include A. tumefaciens infection and
direct transfer. The A. tumefaciens infection mainly uses leaf slices. Several genes have been transferred
to chrysanthemum by gene shotgun method and leaf slice method, both of which were
successful(ARLAL.BUSH and STEVENG. PUEPPKE 1991; S. Mahadtanapuka et al. 2014; Patelm et al.
2013; M.F.Van Wordragen et al. 1992).

The transgenic system of different chrysanthemum species was established through the transfer of the
target gene(Daniela Pavingerova et al. 1994; Adnane Hitmil et al. 2000; Mitiouchkina T Y et al. 2000).
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Exogenous genes mainly include flower color modifiers (LC, CHS), resistance genes (Bt, Mp;, TAWV),
flowering regulatory genes (LFY), and plant morphological modifiers (Gai, Rolc, PHYB). The genetic
modification controlled flower color, enhanced resistance (pests, cold), improved plant morphology, and
controlled flowering time. Some of them expressed target traits in genetic modified plants and were
tested in the field, but some showed gene silencing(LoriA. Urban et al. 1994).

Overexpression of the CBF family gene C/ICRFT in chrysanthemum enhanced its tolerance to salt and
drought(Wenjie Gao, Miao He et al. 2018), and overexpression of COL16 was found to increase the
biosynthetic accumulation of chlorophyll Il in petunia (Akemi Ohmiya et al. 2018).

In addition, chrysanthemum transformed with rice chitinase gene (RCC2) was found to improve
resistance to gray mold (V. Takatsu, Y. Nishizawa 1999).

Ced-9is an apoptotic inhibitor gene found in nematodes, consisting of the Bcl-2/Ced-9 gene superfamily
because of its structural and functional conservation.

The Ced-9 gene was found in n7950 mutant of PCD-suppressed nematodes(Yun Wang et al. 2014).
During nematode development, ced-3, ced-4, Ced-9 and egl-7 genes are involved in apoptosis. Expression
of Bcl-xland Ced-9 genes in tobacco could inhibit cell death induced by UV radiation and hypersensitivity
to herbicides(Ichiro Mitsuhara et al. 1999).

It is known that overexpression of Ced-9 and Bcl-x/ genes in tobacco enhances plant resistance to high
salinity and low temperature through the protection of organelles(Mitsuhara et al. 1999).

Tomato plants transformed with Bel-x/ and Ced-9 by Agrobacterium-mediated infection acquire resistance
to cucumber mosaic virus (CMV) and the inhibitor gene of apoptosis completely inhibits cell death due to
hypersensitivity reactions, which can confer protection against pathogen invasion at the individual level
and resistance to unfavorable environments such as low temperature, high temperature, high osmotic
pressure, and salt stress (Xu. P et al. 2004).

The most interesting thing is that the rice and tobacco transformed with Bc/-2 and Ced-9, the apoptosis
inhibitors of animal origin, acquired resistance to salt stress.

A new research result has been reported, saying that in rice transformed with Bc/-2, the content of
chlorophyll of mesophyll cells increased and death of shoot tip cells of rice root was inhibited. This
proves that the expression of this gene inhibits the external efflux of K* which occurs under salt stress,
and suppresses the expression of OsVPEs, which consequently inhibits apoptosis(Kim yongho et al.
2014).

By real-time measurements of K* flow in tobacco mesophyll cells transformed with Ced-9 under salt
stress, it was found that Ced-9 significantly inhibited the external efflux of K* induced by salt stress,
maintained intracellular ion balance, and significantly suppressed the external efflux of K+ induced by

oxidative stress, thereby attenuating plant damage by oxidative stress (Uta Anschiitz et al. 2014).
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In addition, it has been shown that Arabidopsis and tobacco plants transformed with Ced-9 and Bcl-2

genes are tolerant to AI** and salt and promote Al tolerance by inhibiting Alinduced apoptosis (Wenzhe
Wang et al. 2009).

Chrysanthemum (Chrysanthemum morifolium) is a perennial rooted fallow flower and is widely cultivated
worldwide because of its large flower size, good flower color and flower shape and long period of
flowering(Rinaldi Sjahril et al. 2022).

There is little information on the tolerance of chrysanthemum to the drought and salt in relation with the
overexpression of Ced-9 .

2. Materials And Methods

2.1. Chrysanthemum morifolium variety and Agrobacterium
strain

We chose Chrysanthemum morifolium and transformed it with Agrobacterium tumefasiens
EHA105(pCAMBIA13011-Ced-9) provided by College of Life, Zhejiang University, People's Republic of
China.

The plasmid pCAMBIA13011 contains the kanamycin resistance gene (nptl/l) under the control of the
pnos promoter, the hygromycin resistance gene (hph), a gene for GUS activity (uidA)and the intron-uidA.
Both, of Aph and uidA genes, were under the control of the 35S promoter of cauliflower mosaic virus.

2.2. Tissue culture and Agrobacterium-mediated
transformation of leaf slices

Healthy plants of chrysanthemum grown in the greenhouse were selected and the nodal with lateral buds
for tissue culture was sterilized with 70% ethanol for 10s, 0.2% mercuric chloride (HgCl,) for 15 min,

washed five times with sterile water, and transfected. The infectious fluid of the leaf slices was removed
on the sterile filter paper and dried for 30-40 min and then co-cultured for 2—5 days in the dark at 25°C.

As an infection and co-culture medium, MS (BA 3.0 mg/L + NAA 0.1 mg/L) supplemented with
100pmol/L AS was used. The concentration was Agzpp=0.01 and it was infected for 5 min.

2.3. Selection and regeneration of transgenic plants

After co-cultured with Agrobacterium, leaf slices were inoculated on MS solid medium supplemented with
Hyg 50 /mL, Cef 500 /mL, and 2.4-D 2 mg/L and transferred to primary selection at 28°C for 60 days
under light. Antibiotic-resistant shoots were transferred to secondary selection in nodal selection medium.

Regenerated plants, of which root, stem and leaf were almost differentiated, were removed from the test
tube (or strengthened in the greenhouse for 4 to 5 days after opening the mouth) and washed thoroughly
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with water. In vitro plantlets were planted at 2x2 cm intervals on acclimatization medium and covered
with the plastic membrane for 3—7 days under light. After removing the membrane, it was acclimatized
for 20 to 25 days under light which increased gradually, and transferred to a greenhouse to grow mature
plants (Patel and Qu 2013; Ramirez-Mosqueda et al. 2017).

2.4. Assay for GUS activity

In vitro plantlets were transferred to the coupling solution and stained at 37°C for 12h to detect GUS
expression. The composition of the coupling solution was 0.1 M sodium phosphate buffer (pH 7.0), 10
mm EDTA, 0.1% (W/V) Triton, and 0.1% (W/V) X-Gluc.

Blue spots were recorded through a stereoscopic microscopy(Leica, Switzerland). Controls were samples
without A. tumefaciens co-culture.

2.5. Genomic DNA extraction and PCR analysis

Genomic DNA was extracted according to an already known method (Dellaporta et al., 1983). Polymerase
chain reaction (PCR) was followed in a C1000 Touch TM thermal cycler (BIORAD) with Taq polymerase
(Invitrogen, USA). The following parameters were used: 94°C for 5 min, followed by 30 cycles of 94°C for
30s, 58°C for 30s and72°C for 1Tmin. Final extension time of 6min at 72°C was used.

For identification of Ced-9 transgenic plants, primers P35S F (5-ACC ACG TCT TCA AAG CAA GTGG-3'),
P35S R (5'CCT CTC CAA ATG AAATGA ACT TCC - 3'), Tnos F (5-TTG AAT CCT GTT GCC GGT CTTG-3),
Tnos R (5-ACA CCGCGC GCG ATA ATT TATC-3'), Ced-9F (5-ATGACACGCTGCACGGCG-3’) and Ced-9 R
(5-TTACTTCAAGCTGAACATCATCCGC-3’) were used.

These primers amplify 123bp fragment of 35S promotor sequence, 199bp fragment of nos terminator
sequence and 869bp fragment of the Ced-9. PCR products were separated by electrophoresis on a 2%
agarose Gel.

2.6. Evaluation of transgenic plant for Drought tolerance

To determine the drought tolerance, acclimatized plantlets of transformed and non-transformed (8th
micropropagation plants) were planted on 15cm-diameter pots containing 300g of substrate (coal ashes :
humus soil : field soil =1 :1: 1). They were maintained until 8 to 10 leaves were grown, and the leaf
wilting index of the plants was investigated after 10 days of drought stress treatment.

2.7. Salt tolerance evaluation

We used in vitro plantlets to evaluate the salt tolerance. NaCl of different concentrations (0, 0.2, 0.4, 0.6,
0.8, and 1.0%) were added to the nodal medium (MS + NAA 0.1 mg/L) to prepare NaCl medium. The
axillary buds of 30-day-old chrysanthemum plantlets were excised into two segments, inoculated on the
NaCl medium of different concentrations and incubated at 28°C in the light for 30 days.

After that, growth was observed to compare transgenic and non-transgenic plants.
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2.8. Determination of chlorophyll content

Chlorophyll was extracted from a wet sample(0,2g) using 90% ethanol for 20h in the dark. Absorbance
was measured at 664 and 649 nm and the total chlorophyll concentration (ug/mL) of the samples was
determined according to a document (Lichtenthaler and Wellburn 1983).

2.9. Statistical analysis

Each treatment replicated three times. Treatment means and the standard error of the means were
calculated using SAS (Statistical Analysis System, Cary, NC) software. Statistical analysis was performed
with the Student’s ttest.

3. Results
3.1. Plant transformation and assay of transformed plants

The evaluation of the Hyg susceptibility of chrysanthemum leaf slices.

Table 1 The evaluation of the Hyg susceptibility of Chrysanthemum morifolium leaf slices

Concentration No of inoculation Rate of shoot induction Rate of necrosis

(mg/L) (piece) (%) (%)
0 30 82 0

10 30 15 33.3

15 30 0 100

20 30 0 100

25 30 0 100

Medium : MS BA3.0 /L NAAO.1 /L

hown in Table 1, shoot differentiation and callus formation were inhibited when the Hyg concentration
was increased. And it was completely inhibited at the Hyg 15 mg/L. This indicates that Hyg-tolerant

(Hyg") callus can be selected on the medium supplemented with Hyg 15 mg/L.

3.2. The evaluation of the Hyg susceptibility of
Chrysanthemum nodes

The Hyg susceptibility of Chrysanthemum nodes was determined for the transformation. As shown in
Table 2, the growth rate and rooting rate decreased when the Hyg concentration was increased, and the
former was completely inhibited at Hyg 30 mg/L and did not survive. This indicates that using the
mediumsupplemented with Hyg 30 mg/L (Hyg") chrysanthemum nodes can be selected.
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Table 2 The evaluation of Hyg susceptibility of Chrysanthemum nodes

Concentration No of inoculation Rate of Rate of Rate of necrosis

growth rooting
(mg/L) (piece) (%) (%) (%)
0 30 100 100 0
10 30 100 100 0
20 30 26 60 0
30 30 0 0 100
40 30 0 0 100

medium:MS NAA 0.1 /L
3.3. Effect of pre-culture and co-culture for transformation

Pre-culture and co-culture have a very important effect on the target gene transfer by leaf slice infection.
After Agrobacterium infection, leaf slices were selected under the above conditions.

Effect of pre-culture and co-cu-lrt?Jl:l:efir transformation of leaf slices

N2 Pre- Co- No of Damage rate after  No of Shoot No of
culture culture Inoculation co-culture induction selection
@ @ biecd o) (piece) (piece)

1 2(control)  2(control) 200 0 0 0

2 2 2 230 2 5 5

3 2 3 210 3 3 3

4 2 4 200 10 1 0

5 4 2 240 12 2 2

6 4 3 200 12 2 2

7 4 4 200 21 0 0

MS + NAA 0.1Tmg/L + BA 1.0mg/L + Hyg 15 mg/L + Cef 300 mg/L + scurose 3 + Agar 0.8%, pH 5.8, *The
control refers to pre-cultured and uninfected leaf slices.

As shown in Table 3.7 and 5 plants were chosen for the selection of Hyg-resistant plants from leaf slices
during the pre-culture of 2 to 4 days and the co-culture of 2 to 3 days, respectively.
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This shows that during those days, plant cells were activated by the effects of growth regulators on the
wound parts of leaf slices, and the susceptibility to the target gene increased the number of selected
plants.

In addition, the rate of fungal damage of leaf slices on the selection medium after pre-culture and co-
culture showed that it tended to increase along the pre-culture and co-culture.

More correctly, the transformant selection was preferable until 4 days of pre-culture and 3 days of co-
culture, but not so good after those days. The selected Hyg-resistant plants were re-selected on nodal
selection medium.

3.4. Assay for GUS Activity

We have examined the plant transformation by assaying the expression of the T-DNA with uidA that
encodes B-glucuronidase (GUS) in shoot tip and is formed in plants cultured from multiple shoots (Fig. 1).
The staining patterns of the upper stem by X-gluc, a substrate of GUS, showed the integration of T-DNA.

3.5. PCR Analysis

Plants derived from Hyg" calli were tested by PCR to check the integration of the 355 promoter and nos
terminator sequence. The PCR was carried out using genome DNA from the control and Hyg" plants to
check the integration of T-DNA of the selected 12 kinds of chrysanthemum in vitro plantlets. Of the
putative transgenic T, plants tested, selected plantlets showed fragments of 123bp and 199bp (Fig. 3).

The check of the integration of 869bp fragment of the transgene by PCR showed that the Ced-9 was
successfully integrated(Fig. 4).

3.6. Effect of NaCl on Chrysanthemum plantlet transformed
with Ced-9 gene

The expression of Ced-9 gene in chrysanthemum was compared with NaCl tolerance of transgenic and
non-transgenic plants.

Table 4 Effect of Nacl concentration on the growth of in vitro plantlets
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NaCl Length  No of No of Length
Concentration leaf root of root

(%) (cm) (piece) (piece) (mm)

1 Transgenic plantlets 3.3+0.3 4.1£0.5 1.7+0.2 1.8%0.2
Non-transgenic plantlets 1.5+0.2 3.4+0.3 1.0+0.1 1.0+0.2

0.8 Transgenic plantlets 3.5£0.3 4.4+0.5 1.9+0.3 2.0+0.3
Non-transgenic plantlets 2.5+0.2 3.9+£0.4 1.3+x0.2 1.6%0.1

0.6 Transgenic plantlets 3.5£0.4 4.7+0.3 2.1+£0.2 2.2+0.2
Non-transgenic plantlets 3.3+0.2 4.3+0.4 1.7£0.1 1.9x+0.1

0.4 Transgenic plantlets 4.1+0.3 4.9+0.5 2.2+x0.3 2.5%0.3
Non-transgenic plantlets 3.9+0.4 4.7+0.3 2.1+x0.2 2.4+0.2

0.2 Transgenic plantlets 4.7+0.3 5.3£0.3 2.4+0.4 2.7x0.2
Non-transgenic plantlets 4.6+0.4 5.2+£0.4 2.5+x0.3 2.8+0.2

0 Transgenic plantlets 5.2+0.4 5.5+x0.5 2.7£0.3 2.8x0.3
Non-transgenic plantlets 5.1+0.5 5.6x0.6 2.8£0.4 2.9x0.3

As shown in Table 4 and Fig. 5, the growth of in vitro plantlets was inhibited by the increase of NaCl
concentration in the medium. When NaCl concentration was 1%, the weight and number of leaves of the
non-transgenic plantlets were twice when compared to transgenic plantlets. Therefore, it is possible that
transgenic plants have higher Nacl tolerance than non-transgenic plants.

3.7. Effect of the expression of the Ced-9 on Chlorophyll
Content of Chrysanthemum under Salt Stress

When the length of root of the non-transgenic and transformed plants with Ced-9 grew 10 cm long, they
were transferred on the culture medium with NaCl of different concentrations and incubated for 3 days,
and leaf slices were cut to measure the chlorophyll content as shown in Fig. 6.

As shown in Fig. 6, under normal conditions, there was no difference in the chlorophyll content of non-
transgenic and transgenic plantlets, but it decreased significantly when the concentration of NaCl
increased.

However, when the concentration of salt was between 0.4-1.0%, the chlorophyll content of transgenic
plantlets was significantly higher than the non-transgenic plantlets. This suggests that the expression of
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the Ced-9 has a benéeficial effect on the inhibition of chlorophyll synthesis by salt stress in
chrysanthemum.

3.8. Determination of drought tolerance in transgenic
chrysanthemum

Figure 6 Growth of the transgenic and non-transgenic plantlets under drought. Leaf wilting index after the
drought treatment in 10 days from control(red)and transgenic plants (blue). Non-transgenic plants started
to wilt on the 6th day after the cessation of watering, but the transgenic plants started to wilt on the 9th
day. Transgenic plants showed significantly high leaf wilting index than the control (P < 0.05)

Under drought stress, the leaf wilting index of the control plantlets on 20th day was 0.7 times higher than
that of the transgenic plantlets. This indicates that the drought stress resistance of the selected plantlets
is higher than that of the control plantlets.

3.9. Low temperature tolerance of transgenic
chrysanthemum

The plantlets were planted on pots in a hon-heated greenhouse and we investigated the charateristics of
their low temperature-tolerant growth. The results are shown in Fig. 9.

As shown in Fig. 8, the plant height and number of leaves in the non-heated greenhouse were significantly
higher at 60th (3.1cm) and 90th (2.8cm)days when the temperature was the lowest compared to the
control, and at 120th days, the plant height was shorter than the control by 17.4cm.

This indicates that the transgenic plantlets were more cold tolerant than the control, so that the vegetative
growth was accelerated and transferred to the reproductive stage in March.
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Table 5
Flowering characteristics of experimental and control plants in the greenhouse

Date Floral bud Flowering Rate of Size of
emergence time flowering flowers
Group
(month/day) (month/day) (%) (cm)
Transgenic plants 3/1+3 4/15+3 56.7 12.6+1.3
Non-transgenic 3/8+5 4/20+ 6 33.3 10.5+1.2
plants
Difference 7 5 23.4 2.1
Research period ; December, 2018 ~ March, 2019

As shown in Table 5, you can see that in the greenhouse, the floral bud emergence in the control plots
was about 7 days compared to the control, the flowering time was about 5 days earlier, and the flowering
rate was 56.7%, which was 23.4% higher than the control.

3.10. Rust infection of transgenic and non-transgenic
plantlets on pots

Table 6
Rust infection of transgenic and non-transgenic plantlets on pots

Term No of No of rust cases per plant Rust infection (per plant)

leaf (piece)
Group , 1~10 11~ 21~30

(piece) 20

(cases) (cases)
(cases)

Transgenic plantlets 28.0% 9.9+0.9 591 2.7 1.320.2

3.8 0.7 0.3
Non-transgenic 30.0+ 18.6+2.1 26 49+ 111+
plantlets 2.6 0. 0.4 1.4

As shown in Table 6, the total rust cases on leaves of the transgenic plantlets are half as many as the
non-transgenic plantlets. In addition, the rust cases in transgenic plantlets occurred more by 3.3 than the
non-transgenic plantlets when there were 1-10 leaves. It decreased to 9.8 when there were 21-30 leaves.

This indicates that Ced-9 has disease resistance, and thus the Ced-9 is expressed in cold-tolerant
transgenic chrysanthemum.

4. Discussion
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Responses to various stresses like drought or salinity, have been studied in many ways such as molecular
approaches. Genes encoding transcription factors, protein kinases, chaperones, metabolic enzymes,
epigenetic proteins, and detoxifying enzymes are known to protect cells from stress (Hu and Xiong,
2014). In this study, we used the Ced-9 which plays an important role in the abiotic stress to plants. We
found that drought, salinity and cold tolerances of the introduced transgenic chrysanthemum were high
under stress and recovery conditions. This suggests that Ced-9 is conserved in plants and that Ced-9
plays a physiological role of enhancing drought, salt and cold tolerances of chrysanthemum.

Overexpression of Ced-9 in chrysanthemum showed no morphological changes under normal growth
conditions, but better growth of transgenic plants under drought, salinity and low temperature conditions
(Figs. 7 and 9).

After various stresses in the pots, the transgenic plants were bluish but the control withered (Figs. 8, 10
and 11). Ced-9 transgenic chrysanthemum has a higher chlorophyll content than the control (Fig. 6).

In terms of rust infection, the treatment had a lower total leaf rust cases than the control, indicating that
the Ced-9 has disease resistance as discussed previously (Desjardins P and Ledoux S, 1998), confirming
that overexpression of the gene enhances rust resistance (Fig. 11). The acclimatization ability of the in
vitro plantlets showed that the transgenic plantlets had a higher number of roots and root mass than the
control plantlets. This shows that the transgenic plants had higher rooting ability and higher drought
resistance.

Our results demonstrate for the first time that the transfer of the Ced-9 into evergreen chrysanthemum
enhances various stress tolerances of the evergreen chrysanthemum.

The expression of the Ced-9 is thought to suppress the peroxidation of membrane lipids by significantly
inhibiting the production of ROS in plant cells caused by unfavorable environmental stresses. These
results have already been reported for tobacco and rice.

Furthermore, it is possible that the expression of Ced-9 inhibits the production of ROS by modulating the
membrane permeability changes in unfavourable environmental conditions through interactions with
transmembrane proteins, when compared to previous studies which said that the expressin of Ced-9
inhibits the disruption of intracellular ion balance.
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Figures

Figure 1

Resistant shoots state after selection culture(Hyg", 60d).
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Figure 2
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Plant transformation and essay of transgenic plants. a; Plant in 60 days culture(control). b; GUS
expression in regenerated plant in 60 days culture from Hyg" leaf slices after Agrobacterium inoculation
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Figure 3

PCR analysis in transgenic plantlets. Lane 1. Marker of the molecular weight(DL 2 000), Lane 2. Negative
control, Lane 3. PCR analysis of transgenic plant using Ced-9 primers, Lane 4. PCR analysis of transgenic
plant using nosterminator primers(199bp), Lane 5. PCR analysis of transgenic plant using 35S promoter
primers(123bp), Lane 6. PCR analysis of non-transgenic negative control using Ced-9 primers(869bp),
Lane 7. PCR analysis of non-transgenic negative control using nos terminator primers, Lane 8. PCR
analysis of non-transgenic negative control using 35S promoter primers

Figure 4

Characterization of different salt-treated transgenic plantlets. 1. Transgenic plantlets(1.0%), 2. Non-
transgenic plantlets(1.0%), 3. Transgenic plantlets(0.8%), 4. Non-transgenic plantlets(0.8%), 5. Transgenic
plantlets(0.2%), 6. Non-transgenic plantlets(0.2%)
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Figure 5

Chlorophyll content of transgenic and non-transgenic plant leaves. Chlorophyll contents after the drought
treatment in 10 days from control(black)and transgenic plants (green). Transgenic plants showed
significantly high chlorophyll contents than the control (P < 0.05)
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Figure 6

Growth of the transgenic and non-transgenic plantlets under drought. Leaf wilting index after the drought
treatment in 10 days from control(red)and transgenic plants (blue). Non-transgenic plants started to wilt
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on the 6th day after the cessation of watering, but the transgenic plants started to wilt on the 9th day.
Transgenic plants showed significantly high leaf wilting index than the control (P < 0.05)

Figure 7

Characterization of drought-treated transgenic plants(black; control, green; transgenic plants). Leaf
wilting Characterization after the drought treatment in 10 days from control(black)and transgenic plants
(green). Under drought stress, the leaf wilting index of the control plantlets on 20™" day was 0.7 times
higher than that of the transgenic plantlets
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Figure 8

Growth characteristics of transgenic plantlets and control plantlets at low temperature. Research period;
December, 2018 ~March, 2019. Growth characteristics under the low temperature condition in 60 days
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from control(black)and transgenic plants (green). Transgenic plants showed significantly high growth
than the control (P < 0.05)

Figure 9

Flowering status of transgenic and non-transgenic plants(left; non-transgenic plant, right; transgenic
plant).
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Figure 10

Rust infection of transgenic and non-transgenic plantlets(black; transgenic plants, grey; control). Rust
infection under pot culture condition in 60 days from control(grey) and transgenic plants (black).
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Transgenic plants showed significantly high rust resistance than the control
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