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Abstract: Sophora koreensis Nakai is an indigenous plant in Koreawith a restricted natural range, part of which is
in Gangwon province. The species is known to contain phytochemicals that have beneficial effects on human health,
and it is economically important in bioindustry. Because of the limited number of plants in a small range of habitats,
the mass-propagation method should be developed for use and conservation. /n vitro tissue culture is a reliable method
in terms of mass propagation from selected clones of the species. We investigated the optimal conditions of the
medium in this process, especially focusing on the concentrations of plant growth regulators(PGRs) in the culture of
stem-containing axillary buds. Three statistical methods, i.e., ANOVA, response surface method(RSM), and fuzzy
clustering were used to analyze the plant growth, number of shoots induced, and shoot length with various
combinations of PGRs. Results from the RSM differed from those of the other two methods; thus, the method was
not suitable. ANOVA and fuzzy clustering showed similar results. However, more accurate results were obtained using
fuzzy clustering because it provided a probability for each treatment. On the basis of the fuzzy clustering analysis,
stem tissue produced the greatest number of shoots(11.03 per explant; 63.33%) on a medium supplemented with 5-uM
6-benzylaminopurine and 2.5-uM thidiazuron(TDZ). Proliferation of shoots(2.18 + 0.21 cm, 63.33%) was attained on
a medium supplemented with 2.5-uM BA, 2.5-uM TDZ, and 2.5-uM gibberellic acid.
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Table 1. Coded and real values in the central composite design.

Level of factor

Factor  Variable

-1 M) 0 (uM) L (M)
BA X, 0 25 5
TDZ X, 0 25 5
GA, X, 0 25 5
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y = 1.219630 - 0.005000 x BA - 0.391481
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Table 2. ANOVA results for shoot number and average shoot length.
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Treatments («M)

Shoot number (ea)

Average shoot length (cm)

BOTOGO
B0T0G2.5
BOTO0G5
B0T2.5G0
B0T2.5G2.5
B0T2.5G5
BOT5G0
B0T5G2.5
BOT5G5
B2.5T0GO
B2.5T0G2.5
B2.5T0G5
B2.5T2.5G0
B2.5T2.5G2.5
B2.5T2.5G5
B2.5T5G0
B2.5T5G2.5
B2.5T5G5
B5TOGO
B5T0G2.5
B5TO0G5
B5T2.5G0
B5T2.5G2.5
B5T2.5G5
B5T5G0
B5T5G2.5
B5T5G5

1.07+£0.07°
1.27+0.10%
1.63+0.24
4.43+0.670cdel9
4.57+0.60°"°1¢19
4.33i0.49(1b(:defg
5.97+0.844¢19
4.8Oi0.86{11)cdefg
6.47+0.6779
4.03+0.500de 19
1.97+0.19%%¢
2.33i0.22ab(:d
7.47£1.539"
3.40:‘:0.39(111(:(16/‘
4.67+0.650<del9
6.33+£1.32¢19
4.43£0.520¢de 19
3.53i0.320b(’def
4.83+0.74%°1¢f9
2.67i0.29(1?1(:([e
3.20+£0.327¢def
11.03+1.52"
5.97+0.90¢ 9
4.83+0.39"1¢F9
5.87+0.65%¢19
4.93:‘:0.801)(:(16/‘5/
5.43+0.63°%19

1.63+0.24°4°
0.82+0.04°
1.14+0.16°
1.05+0.11°
0.94+0.06"
0.90+0.05¢
1.05+0.06"
0.90+0.06"
0.87+0.05¢
2.10+£0.19¢
21800017
1.69+0 ]3(1ef
0.95+0.06"
0.90+0.06"
0.83+0.05¢
0.95+0.07¢
0.69+0.03¢
0.75+0.04"
17120 ]9(1ef
1.08+0.07%
1.59+0.11 %4
1.20£0.07°"
0.79+0.04¢
0.9940.04°
1.00+0.06"
0.81+0.03"
0.80+0.04“

* B: 6-Benzylaminopurine, T: Thidiazuron, G: Gibberellic acid.

® Underline, Treatments that belong to set £ Bold, Treatments that belong to set .

¢ The different letters in column indicate significantly difference at p < 0.05 by Tuckey HSD test.
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Figure 1. Contour plots of shoots number showing the interactions between BA, TDZ and GA,.

(A) Contour plot showing the effect of BA (X;) and TDZ (X,) on adventitious shoots induction (Y, response value) (B) Contour
plot showing the effect of BA (X;) and GA3 (X3) on adventitious shoots induction (Y, response value) (C) Contour plot showing
the effect of TDZ (X5) and GA3 (X3) on adventitious shoots induction (Y, response value). Contour plots of average shoots
length showing the interactions between BA, TDZ and GAj3. (D) Contour plot showing the effect of BA (X;) and TDZ (X,)
on adventitious shoots induction (Y, response value) (E) Contour plot showing the effect of BA (X;) and GA; (X3) on adventitious
shoots induction (Y, response value) (F) Contour plot showing the effect of yeast TDZ (X,) and GA3 (X3) on adventitious
shoots induction (Y,, response value).
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Figure 2. Three-dimensional response surface of shoots number showing the interactions between BA, TDZ and GA,.

(A) Response surface plot showing the effect of BA (X;) and TDZ (X5) on adventitious shoots induction (Y, response value)
(B) Response surface plot showing the effect of BA (X;) and GA3 (X3) on adventitious shoots induction (Y, response value)
(C) Response surface plot showing the effect of TDZ (X,) and GA3 (X3) on adventitious shoots induction (Y, response value).
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Figure 3. Three-dimensional response surface of average shoots length showing the interactions between BA, TDZ and GA,.

(A) Response surface plot showing the effect of BA (X;) and TDZ (X,) on adventitious shoots induction (Y5, response value)
(B) Response surface plot showing the effect of BA (X;) and GA; (X3) on adventitious shoots induction (Y, response value)
(C) Response surface plot showing the effect of TDZ (X,) and GA3 (X3) on adventitious shoots induction (Y5, response value).
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Table 3. Results of ANOVA of the central composite design.
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Response: number Df Sum Sq Mean Sq F value Pr(>F)
Block 1 2.67 2.667 0.1700 0.6813762
First-Order 3 29437 98.123 6.2552 0.0007989
(x1, x2, x3)
Two-way
Interaction 3 121.58 40.528 2.5836 0.0601143
x1, x2, x3)
Pure Quadratic 3 41.33 13.778 0.8783 0.4566396
x1, x2, x3)
Residuals 70 1098.07 15.687
Lack of fit 17 376.74 22.161 1.6283 0.0896856
Pure error 53 721.33 13.610
Response: length Df Sum Sq Mean Sq F value Pr(>F)
Block 1 1.1882 1.18815 6.0129 0.016699
First-Order 3 9.4330 3.14434 15.9126 5.471e-08
(x1, x2, x3)
Two-way
Interaction 3 0.3246 0.10820 0.5476 0.651433
x1, x2, x3)
Pure Quadratic 3 2.4919 0.83063 42036 0.008578
x1, x2, x3)
Residuals 70 13.8320 0.19760
Lack of fit 17 3.4307 0.20180 1.0283 0.445020
Pure error 53 10.4014 0.19625
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Table 4. Probability to belong to each treatments cluster.

Treatments(uM)  Cluster1(%) Cluster2(%) Cluster3(%)
BOT0GO 0 76.67 23.33
BOT0G2.5 0 100 0
BOT0GS5 0 90.00 10.00
B0T2.5G0 13.33 76.67 10.00
B0T2.5G2.5 13.33 83.34 3.33
B0T2.5G5 6.67 90.00 3.33
BOT5G0 20.00 73.33 6.67
BOT5G2.5 13.33 86.67 0
BOT5GS5 23.33 73.34 3.33
B2.5T0GO 10.00 33.33 56.67
B2.5T0G2.5 0 36.67 63.33
B2.5T0G5 0 50.00 50.00
B2.5T2.5G0 30.00 66.67 3.33
B2.5T2.5G2.5 6.67 86.66 6.67
B2.5T2.5G5 13.33 83.34 3.33
B2.5T5G0 23.33 73.34 3.33
B2.5T5G2.5 13.33 86.67 0
B2.5T5G5 0 100 0
B5T0GO 13.33 60.00 26.67
B5T0G2.5 0 83.33 16.67
B5T0GS 0 63.33 36.67
B5T2.5G0 63.33 30.00 6.67
B5T2.5G2.5 26.67 73.33 0
B5T2.5G5 13.33 86.67 0
B5T5G0 23.33 76.67 0
B5T5G2.5 26.67 73.33 0
B5T5GS 30.00 70.00 0

* Clusterl, Superior in shoot length; Cluster2, Inferior in shoot
numbers and length; Cluster3, Superior in shoot numbers.

® Underline, Treatments that have probability above 50% among
cluster3; Bold, Treatments that have probability above 50%
among clusterl.
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Figure 4. Fuzzy K-means cluster plot of treatments
BOT0GO(1~30), BOT0G2.5(31~60), BOT0G5(61~90), BOT2.5G0(91~120), B0T2.5G2.5(121~150),
B0T2.5G5(151~180), BOT5G0(181~210), BOT5G2.5(211~240), BOT5G5(241~270),
B2.5T0G0(271~300), B2.5T0G2.5(301~330), B2.5T0G5(331~360), B2.5T2.5G0(361~390),
B2.5T2.5G2.5(391~420), B2.5T2.5G5(421~450), B2.5T5G0(451~480), B2.5T5G2.5(481~510),
B2.5T5G5(511~540), B5T0G0(541~570), B5T0G2.5(571~600), BSTOG5(601~630),
B5T2.5G0(631~660), B5T2.5G2.5(661~690), B5T2.5G5(691~720), B5ST5G0(721~750),
B5T5G2.5(751~780), B5T5G5(781~810)

(A) B)

Figure 5. Comparison between treatments with TDZ(A,B) and without TDZ(C,D).

Table 5. The best five treatments for the shoot production and proliferation by three different statistic analysis methods.

Shoot number(ea) Average shoot length(cm)
Rank
ANOVA Fuzzy(%) RSM ANOVA Fuzzy(%) RSM
) B5T2.5G0 B5T2.5G0 B2.5T0G2.5 B2.5T0G2.5
(11.03£1.52™) (63.33) (2.18£0.217) (63.33)
B5T5GS
5 B2.5T2.5G0 B2 250 B2.5T0GO B2.5T0GO
gh . y ef 56.67)
(7.47£1.539") (30.00) (2.10£0.19°) (
; BOTSGS, B%STTZSSC}GziSS BA 3.90 BSTOGO B2.5T0G5 BA 232
4740 6719 G2 TDZ 4.41 7140.19% (50) TDZ 4.08
(6.47+0.677%) (26.67) et (1.71£0.199°T) G 5%
B5T5G0
A B2.5T5G0 B2.5T5G0 B2.5T0GS B5T0GS
(6.33+1.32°79) BOT5GS5 (1.69+0.134°T) (36.67)
(23.33)
s BOT5GO0 BOT5GO BOT0GO B5T0GO

(5.97+0.84%°19) (20.00) (1.63£0.24°%) (26.67)
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