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ABSTRACT Previous studies on genetic transformation of chrysanthemum using cold regulated gene (BN115)
have been conducted and the PCR and Real-Time PCR based method to determine the presence of the
transferred cold regulated gene in the chrysanthemum was established. To check whether over-expression of
BN115 gene in transgenic chrysanthemum will enhance their tolerance to cold stress, the transgenic
chrysanthemum were grown under low temperature condition and several cold signalling including growth
characteristics, stoma size and shape, SPAD value and lon leakage test were investigated. The transgenic
chrysanthemum in the low temperature growth chamber grow much faster in term of the height, number and
size of the leaves than those of wild-type plants and damage of transgenic plant caused by the low temperature
was much less than that of wild-type plants. The stoma type and size of transgenic plant leaves grown at 5C
were much similar to of wild-type plant cultured on 25C. It has been found that SPAD value of transgenic

plants was much higher than those of wild-type, but the EC density being lower under low temperature
condition.
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Figure 1. Cold regulated gene (BN115) successfully transferred and callus formation on the selection medium containing 5 mg/L of
kanamycin (A) and cold regulated transgenic chrysanthemum is growing on pot (B).



GGCGATACCGTA$} reverse primer GAGGCTATTCGGCTA
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PCR 7500 system(Applied Biosystems, USA)S o]&3}5]. 0.0,
PCR ¥H8-2 9|3t TagMan BN115 probe= Applied Biosystems
AA AT (Han et al. 2006).
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Table 1. The growth characterization of cold regulated transgenic chrysanthemum on different temperatures for 30 days

Temperature Transgenic Plant length Plant weight Number of plant leaf

(c) plant’ (cm) (9) (no.)
T2 2.8 1.3 75

T56 33 1.8 8.0

T63 35 1.3 9.3

5 T96 2.6 1.6 7.0
T111 2.7 1.5 7.7

Mean 2.9 1.5 7.9

WT 25 14 7.2

T2 3.1 21 9.5

756 37 2.8 10.5

T63 37 24 8.5

10 T96 2.7 2.0 9.7
T111 3.2 2.0 9.7

Mean 3.2 2.2 9.5

WT 3.1 2.0 9.3

T2 58 3.6 10.5

T56 53 3.6 10.8

T63 56 3.3 10.0

15 T96 5.1 35 9.8
T111 5.1 3.2 11.3

Mean 53 34 10.4

WT 5.2 3.2 10.2

T2 57 55 12.5

T56 6.5 5.0 12.3

T63 6.8 52 1.3

25 T96 4.6 37 11.5
T111 6.1 48 1.7

Mean 59 4.8 11.8

WT 5.5 4.8 11.3

*Transgenic plants were selected by PCR and Real-Time PCR and grown in growth chamber room which has been set 2000 lux for

30 days; WT = wild-type control plant; T = transgenic plant.

Table 2. The compare to stoma size on transgenic and wild-type chrysanthemum leaves using scanning electron microscope

Temperature Outside (ym) Inside (um)
(c) Length Width Length Width
Wild-type at 5 30.0~50.8 25.3~33.3 13.3~38.0 3.3~8.0
Transgenic plant at 5C 43.2~64.4 40.3~54.8 28.8~52.8 19.2~24.0
Wild-type at 25C 32.4~50.9 27.7~31.0 19.4~46.2 55~111
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sugars$, glycerol, methylated inositol
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Figure 2. In vitro growth of transgenic chrysanthemum cultured
in the growth chamber set different temperatures. A, Growth
on different temperatures at 2000 lux for 30 days; B, Growth
on 27C for 4 days after grown on different temperatures for 30
days; C, Growth characterization on 5C; WT = wild-type
control plant; T = transgenic plant.
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Figure 3. The shape and size of stoma on chrysanthemum leaves with cold regulated gene (BN] 15) at different temperatures. A~C,
wild-type control plant at 5C for 30 days; D~F, transgenic chrysanthemum at 5°C for 30 days; G~I, wild-type control plant at
25C for 30 days.

Table 3. The SPAD chlorophyll value on transgenic and wild type chrysanthemum leaves using chlorophyll meter

Tem?gf'“re wT T2 56 763 T96 T111
5 28.0 27.2(-0.8) 28.8(+0.8) 29.8(+1.8) 20.0(+1.0) 26.1(-1.9)
10 314 37.1(+5.7) 36.9(+5.5) 27.9(-3.5) 36.1(+4.7) 34.1(+2.7)
15 2.6 34.3(+9.7) 30.0(+5.4) 27.8(+3.2) 29.1(+4.5) 30.5(+5.9)
25 26.9 26.2(:0.7) 25.8(-1.1) 26.5(-0.4) 26.6(-0.3) 23.7(-3.2)

WT = wild-type control plant; T = transgenic plant.
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