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Purpose&
Contents

First breeding in the world of F2 species by overcome F1(Panax ginseng
x P. quinquefolius & P. quinquefoilus x P. ginseng) infertility.
Investigation the material that overcomes the infertility of the hybrid F1.
Identification of appropriate timing and concentration of substance
treatment to overcome the infertility of F1 hybrid.

F generation breeding with ginsenosides of various kinds and high
contents

F generation breeding with good root shape and high crack tolerance.

In vitro culture and saponin analysis for early selection of superior hybrid
lines from F1 and F2.

Results

Crossing is an interspecific cross, back cross and double cross, total of
293 combinations, 33 combinations in 2013, 58 combinations in 2014, 63
combinations in 2015, 79 combinations in 2016 and 60 combinations in
2017,106 combinations for the back cross and 4 combinations for the
double cross.

In 293 to 177 combinations, seeds were obtained but 116 combinations
were infertile. In 183 combinations of interspecific hybrids, 143
combinations were bear offspring, 40 combinations were infertile, 106
combinations were infertile, 34 combinations were bear offspring, 72
combination and double cross 4 combination were sterile. Fertility of
interspecific hybridization was relatively high(78.1%), but backcross
showed low fertility(32.1%).

Korean ginseng and American ginseng reciprocal cross. The fertility of
Korean ginseng mother plant was higher than that of American ginseng
mother plant.

In 2013, in the interspecific hybridization of Korean ginseng and American
ginseng, the combination of 0914xQ0913 showed a very high rate of
95.6%, whereas Q0913x0914 showed 0.0%. In 2014, the rate of
1003xQ1001 was 67.8%, but Q1001x1003 showed 0.0%, 1022xQ1013 was
12.5% and Q1013x1022 was 20.8%. The fertility was different according
to the parents.

In 2015, the rate of reciprocal crossing of Korean ginseng K-1 &
American ginseng & lines, American ginseng 8 lines & K-1 was 73.0%
and 42.2%, respectively. K-1 cultivar was higher in fertility than other
cultivars or lines.

In 2014, 17 seeds were obtained from 0903xF1l(American ginseng x

Korean ginseng) 4 combination backcross. Three seeds germinated in




2015 had very low germination(17.6%), and in 2015, 66 seeds were
obtained from 5 combinations of K-1xF1l(American ginseng x Korean
ginseng). Germination rate was relatively high in 2016. In the combination
of 0908xF1(0908xQ0903) and other 11 combinations, more than 146
seeds were obtained in 2016. The germination number was 88 and the
germination rate was 44.4%, and many backcross species were obtained.

The backcross combination of 2017 performed many combinations with
0920xF1 (0909xQ0903) and 40 combinations. However, 26 seeds were

obtained from only 11 combinations.

- The germination period of hybrids showed a medium degree of phenotype.

The combination of Korean ginseng as a mother plant tended to be faster
than the combination of American ginseng as a mother plant. Combining
the mother plant is Panax ginseng showed a germinating medium,
combining American ginseng with mother plant showed a late germinating
characteristics.

The germination rate of the hybrids from 2013 to 2016 showed many
differences between the hybridization groups. The combination of Korean
ginseng as a mother plant showed a higher germination rate than the
combination of American ginseng as a mother plant. In 2014, the number
of seeds and the germination rate of backcross showed a tendency to
decrease. In 2016, the backcross species showed a relatively high
germination rate.

Growth characteristics of crossing combination lines and parental plant
growth were investigated. F1 showed a strong hybrid tendency at all
years. However, after F2 generation, there was no significant difference
from the parental plant.

- The fertility induction agent was a commercially available calcium agent.

Concentration of 1.0% was most effective in fertility treatment of hybrid
F1 plants 2 to 3 times at intervals of 7 days from 10 days before
flowering. The rate of fertility of line which made American ginseng as
mother plant was higher than that of Korean ginseng as mother plant. It
was more effective at 2 years than 3 ~ 5 years. In the same mother
plant of American ginseng, the rate of fertility varied according to cross
combination lines. There were also many hybrid combinations that were
not fertility at all.

F2 ~ F4 generation line for each year is as follows.1 year old F2 is
Yeonpoong x American ginseng other 10 lines, F3 is American ginseng X
Chunpoong and American ginseng x K-1 2 lines, F4 is AK2014-1 and
other 17 lines, 2 year old F2 is K-1 x American ginseng and 7 lines, F3

1s American ginseng x Chunpoong 1 line, 3 year old F2 Q0904x0925 and
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1 line, F3 American ginseng x Chunpoong 1 line, 4 year old F3
AK2014-1 and 17 lines.

- The backcross lines for each year are 0914xF1 and 7 lines, 2 year old
Gumpoong x F1 and 3 lines, 3 year old 0927xF1 and 1 line..

- Root weights were considerably heavier than the parent. The root weights
of the hybrids F1 P.gxK1l, Q0904x0925, Q0903x0929 and QO0807x0841
were 268 g, 57 g, 21 g and 77 g, respectively. P.gxK-1 was about 7
times heavier than American ginseng, Q0904x0925 was 0.5 times,
Q0903x0929 was similar, and Q0807x0841 was 3 times more. In the F2
generation, £ gxChunpoong and P.gxK-1 were 1.7 times and 1.3 times
heavier than the mother plant. Chunpoongx/?. g was 1.6 times heavier than
the mother plant Chunpoong.

- There was no quality deterioration such as rusty root, root rot, and root
crack in F1, F2, and F3 generations. Root rot of parent plant, American
ginseng, was high at 17.0%, and Korean ginseng showed 8.0%, 5.0%, and
15.0% of rusty root, root rot and root crack, respectively. The hybrids
seemed to have a strong impact on American ginseng. The number of
surveyed population is small, so the reliability of the figure is low, but
the trend is likely to be readable.

- The quality of red ginseng was divided into good and root crack. In this
comparison, F3 showed a cracking rate of 11.7%, but the American
ginseng was 0.0% and the Korean ginseng was 63.3%

— The genetic resources collected 286 plants of Panax ginseng and P.
quinquefolius, 166 plants and 120 plants, respectively. Of the 166 plants,
10 plants were collected in China and 20 plants in P.qg were collected in
the United States.

- The development of floral, microspore, and carpel in Korean ginseng and
American ginseng was cytologically analyzed. To facilitate the future
study on ginseng male reproduction, we grouped the anther development
into 10 developmental stages according to the characterized cytological
events.

- The size of anther of American ginseng is slightly larger than that of
Korean ginseng and the cuticle layer is more distinguishable in American
ginseng even though the surface shape is similar each other. In addition,
the exine layer, outer surface of pollen is slight different each other such
as pattern of pollen wall, suggesting that there may be differences in
fidelity after in hybrid plant due to their structure differences.

- It was confirmed that there was no significant cytologic difference

between Korean ginseng, American ginseng and interspecific hybrids, in

the process of development and formation of ovary.
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- After fertilization in Korean ginseng ovary, the synergides disappear, the
sperm cell fused with the megaspore forming the embryo sac and fused
with central cell forming endosperm in ovary, with visible haustoria at the
micropylar pole. However, only ovary became swollen in hybrid F1

without formation of zygote and endosperm, finally no formation of seed.

Part 2

- Using multiplex PCR based on Nad-MLP markers, it was confirmed at
1268 bp and 682 bp for American ginseng and 321 bp for Korean
ginseng. Korean ginseng showed the main band at 321 bp and some at
181bp according to the varieties. F2 to F4 hybrid generations showed
both of Korean and American ginseng bands, which are the mother and
father, confirming the hybrid generation.

- 5 year ginseng F1 4 combination(Q0903x0929, Q0904x0925, Q0R07x0841,
American ginseng x K-1) and 6 year ginseng F1(Q0809xP.q), 4 vyear
ginseng of F1(0702xQ1010 and other 13 lines) and F3(AK2014-1 and
other 17 lines ), 3 year ginseng of F1, F2, F3 and backcrossed line, 2
year ginseng of F2(0702xQ1010 and other 16 lines), F3, F4 generations
and backcrossed lines were confirmed as hybrid plants.

- In order to select the appropriate media for growth of F1 adventitious
roots and ginsenosides production, various media were tested. After 0.5 g
of fresh adventitious roots were grown in 100 ml media for 6 weeks,
harvest weight was increased in B5 media 1.25 times higher than 1/2MS
and MS media.

- The growth of F1 and F2 adventitious roots and the production of
ginsenosides in the interspecific hybrids were significantly higher in the
B5 medium when treated with 2 ppm of IBA, 2 ppm of IAA, 2 ppm of
NAA with 1.6 times, 3.5 times and 3.6 times, respectively.

- In the analysis of ginsenoside content of 5-year-old F1, Z2-year-old F1
and F2, the content of ginsenoside was relatively high in the lines
produced by American ginseng as mother rather than the F1 wused
Chunpoong as a mother. F2 line by American ginseng x K-1 was found at
the highest content of ginsenoside at 49.3 mg / g and the content of
naturally occurring F1 was relatively high.

- The analysis of the difference in the contents of individual ginsenosides
between the lines of the F2 plants by American ginseng x Chunpoong and
American ginseng x K-1 revealed that most of the ginsenosides were
high in lines crossing the American ginseng with K-1. The content of
ginsenoside Re and Rb1l were almost twice higher.

- The ginsenoside content of adventitious roots derived from interspecific
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hybrid F1 plants was higher than that of the parent ginseng roots.

In the content of individual ginsenosides between five lines of interspecific
hybridization adventitious roots, the content of ginsenoside of PPT types
such as ginsenoside Re and Rgl was very high in the KA1l line, and the
content of ginsenoside Rbl in the KA3 line was distinguishably high. In
the case of AK6 derived from American ginseng as mother line, the
content of ginsenosides Re and Rf was very high.

A similar saponin pattern was observed in the F1 hybrid plants and the
induced adventitious roots, which can be used for early confirmation of
high saponin-containing individuals, and the individual ginsenoside
contents are different, It would be possible to secure cell lines that
increase the content of interest ginsenosides.

The content of ginsenoside in the five-year-old hybrid line of F1, F2, and
F3 generations was higher in fine root than that of the main root. The
content from main and fine root was lower than that of the mother line,
American ginseng, but higher than that of the father line, Chunpoong and
K-1. Especially, Rf which was not found in American ginseng showed
definite contents in hybrid, indicating as a marker of hybrid plants.
Ginsenoside content of 20 selected roots from 5b-year-old hybrids
F3(American ginseng x Chunpoong) roots showed 50 mg/g. Sample No. 1
showed the highest content at 98.25 mg/g, while samples No. 7, 13, 17
showed at 70 mg/g with higher interindividual variation. Four samples
including No. 6 showed lower ginsenoside content than the American
ginseng, mother line. In the case of ginsenosides Rf, it is not detected in
the American ginseng, only in Korean ginseng and hybrid lines, which

indicates the F3 generations are all hybrid lines.

Expected
Contribution

It is possible to overcome the shortage of current ginseng breeding
materials.

It will be -cultivated interspecific cultivars with many kinds and high
content of ginsenosides.

The rusty root and root cracks which are the most problematic quality of
raw material for red ginseng manufacturing will be solved.

The quality of root red ginseng will be improved.

High saponin cell lines will be produced by in vitro culture of saponin rich
products by mass multiplication.

Many molecular markers between breeds and interspecific hybrids can be
developed to establish a distribution system.

Development of new species of interspecific crossbreds and molecular

markers, which can differentiate from other countries and respond to FTA.

- The world's first hybrid varieties of ginseng species will be developed.
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K-1xQ0805
K-1xQ0806
Q0901xK-1
Q0902xK-1
Q0903xK-1
Q0904xK-1
QO0803xK-1
QO0804xK-1
QO805xK-1
QO806xK-1
K-1x7] =4}
G-1x"] =4t

& xm] =4tk

A xm] =4t

HF x| =4k

AF x| =4t

1] = 4hxK-1

1= 2kxG-1

v = A xw s

1] =4k

BC
K-1xF1(aredxv] =)
G-1xF1(argdxm] =)
e xF1(a2#xm] =)
K-1xF1("]=x31#)
G-1xF1("]=xi#)
T &xF1(m]=xaLe])

9.7
54.9
39.6

4.7
63.2
16.2
78.6
75.5
59.3
40.0
90.0
73.1
79.6
87.5
11.5
21.4
15.4
40.0
49.0
56.0
73.5
70.8
80.3
57.1
62.2
48.3
27.1
55.4
18.8
29.9
38.1
29.4

4.0
3.5
4.0
9.0
6.9
20.0

11
42
29

36

50
60
48
24
95
57
59
53

14
12
30
46
42
54
ol
154
60
105
63
29
47
39
95
129
85

12

13

21

27.3
54.7
86.2
61.5
69.4
22.2
24.0
33.3
66.7
54.2
84.8
54.4
58.8
84.9
75.9
89.5
78.3
62.0
78.3
25.5
12.9
45.1
76.1
73.3
69.5
79.4
62.1
68.1
79.5
85.3
65.9
64.7

25.0
25.0
33.3
61.5
100.0
33.3

Q1003x=%
1016xQ0902
1021xQ0903
1023xQ0905
1025xQ0908
1026xQ0909
1050xQ0903
1051xQ1001
Q1004x0909
Q0902x1026
Q0903x1021
Q0904x1022
Q0905x1023
Q0907x1024
Q0908x1025
Q0909x1026
Q0910x1049
Q1001x1051
Q1010x0916
Q0908x0918
K-1xQ0803
K-1xQ0806
K-1xQ0901
K-1xQ0903
K-1xQ0912
QO0803xK-1
QO806xK-1
Q0901xK-1
Q0903xK-1
Q0912xK-1
0806xQ0809
0808xQ0901
0809xQ0902
0811xQ0903
0813xQ0911
ZIAFxQO0911
Z14ExQ0907
Q0901x0808
Q0902x0809
Q0903x0811
Q0907x0813
BC

12.5
66.7

7.1

6.7

6.7
42.8
62.0
83.9
62.0
16.7
26.7
46.7

7.1
13.3
26.7

3.3
30.0
53.3
10.0
13.3
53.3
16.7
60.0
50.0
16.7
55.2

6.7
46.7
50.0
16.7

6.7
70.0
83.3
53.3
63.3
20.0
60.0
13.3

6.7
16.7
16.7

4
20

12
18
26
18

14

O = 00 &~ DN

16

w

32
10
36
30
10
32

28
30
10

42
50
32
38
12
36

=~ 00

10
10

0.0
45.0
0.0
0.0
0.0
41.7
5.5
0.0
38.9
0.0
63.0
14.3
0.0
0.0
0.0
0.0
0.0
0.0
0.0
56.0
43.8
0.0
22.2
23.3
0.0
0.0
0.0
0.0
0.0
0.0
100.0
14.3
40.0
53.1
50.0
0.0
5.6
0.0
0.0
100.0
20.0
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0908xF1(0908xQ0903) 5.0 4 0.0

0914xF1(0914xQ0913) 12.5 10 50.0

= ExF1(&E3xv=4h) 7.5 6 0.0

FEXF1( T 4T3 5.0 4 0.0

T xF 1A =41 2.5 2 0.0

K-1xF1("] =333 10.0 8 750

HExF1(0922x7] =4} 12.5 10 40.0

0920xF1(0920x"] =%4H) 15.0 12 66.7

0914xF1(0914xm] =4} 25.0 20  25.0

0915xF1(0915x"] =54} 20.0 16 100.0

0841xF1(Q0807x0841)  52.5 42 76.2

21 2FxF1(0902x 7] =+ 4F) 15.0 12 100.0
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20179 nidFAE dA gFEo] e AET
uh, FEE] ol 3 FolEA

ol @ EAzaALE uid AAs T B 425 201699 2AFSE Axch AW wibxgt

A 1AAEA DS dote} 2, 3, 4dA 9 Zol5AS XAt 1dA wdx3t 36741F, Augx

& 471%F, F2 13741%F, F3 1741, F4 1A%

¥ 42, A{ASE

BN PN

o WolEAzALE Sherh

ZolEA]

ol Y FobE4

A workEof

WA

BN

F1(5%xQ1007, 0809xQ0902, 0811xQ0903)
F4(AK2014-8, AK2014-13, AK2014-15)

ofy

F1(1016xQ0902, 1026xQ0909, 1050xQ0903, K-1xQ0803, 0806xQ0809,

0808xQ0901, 0813xQ0911, 4FxQ0907)

BC(0914xF1(0914xQ0913), K-1xF1(M=4tx3 %),

HAExF1(0922x7] =4, 0920xF1(0920x7] =4, 0914xF1(0914xm1] =4}),
0915xF1(0915x7]=+4h), 0841xF1(Q0807x0841), 2 AFxF1(0902x1]=4}))
F3(M =4 AZ, vl =r4kxK-1)

F4(AK2014-3, AK2014-4, AK2014-11, AK2014-14)

F1(K-1x0806, K-1x0901, K-1x0903, K-1x0912, K-1x0913,
Q1004x0909, Q0903x1021, Q0904x1022, Q0908x0918, Q0903x0811,
Q0907x0813)

F2(dAFxm =4t K-1x7]=H4F, Q1009x0702, 0920#F4F1, Q1012x0702,
Q1011x0702, Q0904x0925, Q0903x0929, QO807x0841, 0918xQ0901,
v 5 4kxK-1)

F4(AK2014-1, AK2014-2, AK2014-5, AK2014-6, AK2014-7,
AK2014-9, AK2014-10, AK2014-12, AK2014-16, AK2014-17,
AK2014-18)

F1(K-1xQ0806, K-1xQ0804, K-1xQ0803, 0831xQ0804, 0842xQ0803,
0837xQ0803, 0302xQ0804)
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F1(K-1xQ0805, Q0804xK-1, Q0904xK-1, K-1xQ0904, Q0903xK-1,
K-1xQ0903)

F1(Q0806xK-1, QO805xK-1, Q0803xK-1, Q0902xK-1, Q0901xK-1,
Q0803x0842, Q0803x0841, Q1108x0302, Q0803x0831, Q0803x0837,
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Q0904x0925 5.5%0.20 33.2+2.25 17.8 14.3 4.5 15.6£2.12  8.0£1.17 4.2 23.0
Q0903x0929 4.5+0.23 23.0+2.38 16.5 10.3 4.0 14.0£1.42  7.5%£1.12 4.0 20.0

F1
Q0807x0849  6.5+1.78  26.5%1.73 187 125 4.2  15.1%1.56 8.5%1.67 4.0  19.0
Q0901xK-1 8.6+1.25  48.6+2.24 245 137 5.2 23.3%£2.18 10.4+£1.27 4.8  24.0
F2 vl ik E 7.5+0.78 34.5+2.33 16.5 105 45  18.5%2.12 8.5%1.23 4.0 20.0

F3 vl = Ak F 6.2+0.55 27.2+1.25 17.6 8.3 4.2 16.6+1.26  8.3£1.47 4.5 25.5

AF 6.2+£0.78  42.0.£1.35 16.2 19.3 3.0 18.7+41.58 6.3+£.1.27 4.6 23.4

o] =4t 5.1+1.10 32.5%0.75 15.2 10.8 3.2 13.3+0.55  7.8%£0.55 4.0 20.0

Q0904 5.2+0.53 36.2%0.67 16.5 11.6 3.5 14.0+1.54 10.7£1.85 4.0 20.0

Q0903 4.6+0.42 30.2£1.20 16.0 10.8 3.4 14.1+£0.64  8.4£0.67 4.0 18.0

2R Q0807 4.5+0.45 32.0£1.27 16.0 13.5 4.3 16.3£1.34  8.3+0.55 4.0 18.4
= Q0901 5.7+0.55 36.5+1.34 15.5 13.6 4.4 15.3+1.46  7.8%£1.12 4.0 20.0
0925 6.7£0.34 45.5%3,27 21.0 11.4 3.3 15.7+£0.76  6.8+1.62 5.0 25.0

0929 7.3%£0.58 43.3+1.43 20.5 10.1 2.7 13.840.46  5.7£0.78 4.8 24.0

0849 6.2£0.65 43.7£1.27 18.5 9.0 1.7 14.6+1.12  6.2£0.65 4.3 22.0

K-1 7.1£0.55 38.0£1.45 22.3 10.4 3.4 14.3+£0.65 6.5%£0.74 4.4 24.9

of ATEE 7154 4dA M et A e AFS BA=H FV= A w2 FAFS HA
om, dol= B3 o]} w\»\‘jr Q0901xK-1 Al'&2] &7] 4ol 48.6cm= th& A E H
3l a7l SAS Bt 23 2 dAF ol e uF AFoly w=mate] areflikr
v 2 AFEE Btk AAAR 9o 8PS Q0904x0925418 9] 2AES EARI v=4 Asd

St AFS Heoy Q0901xK-12 EFAY] F8dS 545 vErdth

—

A} @
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mm = e ——————————= cm ——=————————————-— I I

Q1009 7.3+0.27 41.24#1.25 175 124 3.8 18.3+1.26 8.2+0.35 5.0 25.3

Q1010 8.6+1.12 44.0+1.78 225 115 35 19.2+1.45 8.3+0.65 5.0 24.7

0702x Q1011 7.240.92 46.2+1.83 19.7 123 3.4 19.5+0.82 9.0+0.56 5.0 25.0
Q1012 8.1+0.85 48.2+0.84 21.3 120 3.5 18.6+1.34 8.3+0.57 52 26.0

Q1018 7.8£0.30 45.240.38 23.0 11.0 3.4 17.7+1.25 8.2+0.35 5.0 25.0

Q1009 5.1£0.45 26.5+2.56 105 8.8 3.5 15.5+1.42 84%1.48 38 18.0
Q1011 x0702 5.5+0.62 255+2.75 123 8.3 4.2 16.3+1.36 7.5£1.78 3.6 16.0
Q1012 6.240.43  24.0+1.27 127 95 4.7 14.7+1.25 85+1.26 3.8 185
0918xQ0902  7.5£0.76 43.5+2.34 195 11.3 2.7 17.5+1.30 8.1%£1.42 4.8 240
0915xQ0902 6.8+0.45 40.0+1.65 23.2 114 3.5 16.7£1.45 7.540.28 5.0 25.0
Fl 0914xQ0913  7.5+0.78 42.042.20 194 106 3.6 17.240.30 8.2+1.27 4.6 23.0
0909xQ0903  8.0+1.12 46.5+1.27 21.0 123 34 17.0+1.56 85+1.10 5.0 252
0908xQ0903  7.1+£0.46 455+0.82 23.2 9.5 4.1 18.4+1.68 8.6+£0.08 5.0 25.0
0907xQ0903  7.5+0.34 46.5+0.75 20.3 9.4 3.8 17.5+1.38 8.5+0.25 5.0 25.0
=3xQ0902 7.240.26  41.6+1.54 18.0 9.2 3.5 11.5+1.65 6.5+1.26 5.0 25.3
Q0902x= % 5.340.17 32.5+2.45 18.0 9.3 4.3 13.7+1,73 7.74£0.78 5.0 25.0
1% xQ0903 6.6+0.34 33.4+1.75 170 105 3.5 12.540.60 6.6+0.43 3.6 16.4
Q0903x9 & 5.4+0.38 32.5+1.86 205 8.8 3.4 16.5+2.15 8.2+0.74 35 17.5
K-1xQ0913 5.740.16  33.3+1.24 16.2 9.5 3.6 11.8+41.85 6.5+0.52 3.3 16.5
Q0913xK-1 5.5+0.32  40.0+1.56 220 11.0 3.3 17.3+1.24 8.4+0.65 4.0 21.0
FAFxQ0913 7.2+0.28 4244084 235 12.1 3.8 17.240.81 8.0£0.09 5.0 25.0
QO0913xFIA} 5.840.45 36.5+1.27 155 9.0 3.5 16.0+0.52 7.5+£0.25 4.0 20.0

A Exv] =4k 45+0.34 26.0+0.88 14.3 8.6 3.6 13.3+1.50 5.0+0.65 3.6 17.0

F2 Bl & 4.840.85 24.5+1.65 14.5 7.8 3.3 12.6£0.20 5.8+0.45 3.7 18.0
)= axK-1 5.240.64 27.5+1.42 135 8.3 2.7 13.841.95 6.240.65 4.0 20.0

F3 B 5.7£1.12  26.0+0.45 10.7 6.0 2.5 12.2+0.66 6.5£0.58 4.0 20.0
0702 5.4+1.76 2524131 122 6.7 1.9 10.5+1.11 4.740.43 4.6 23.0

0918 5.5+0.32  28.4+0.74 16.1 7.1 2.0 12.4+£1.70 5.840.75 4.8 24.0

0915 5.0£0.50 26.6+1.85 157 7.2 2.3 9.84£0.21 4.4%0.35 5.0 25.0

0914 5.240.20 32.4+173 116 7.0 1.6 12.5+1.03 5.1+£045 5.0 25.0

0909 4.840.33 30.5+0.72 123 75 1.6 10.6+0.41 4.9+0.68 5.0 25.0

0908 4.8+0.45 28.3+0.85 144 7.2 2.5 9.6+£0.85 4.6+£0.28 5.0 25.0

== 5.240.34 28.6+1.67 17.2 7.3 2.4 10.4+0.41 5.7+0.65 5.0 25.0

o= 4.240.27 27.2+0.57 151 7.2 2.3 14.1£0.94 5.7+£0.55 5.0 25.0

LSS K-1 5.140.29 28.8+1.24 123 75 2.4 11.242.18 5.0£0.56 5.0 25.0
At A} 4.840.16  28.7£2.09 13.6 6.6 2.5 10.5£0.29 4.9+0.17 5.0 25.0
Q1009 4.7+0.15 255+1.68 155 112 29 12.340.41 6.740.12 35 175
Q1010 4.2+0.28 30.1+1.87 134 113 3.9 13.4+0.94 7.0+£0.33 4.3 222
Q1011 5.040.72  32.4+1.48 129 105 3.1 11.4+1.25 6.9+0.56 4.0 20.0
Q1012 45+0.31 28.8+0.66 13.2 102 3.3 14.5+0.82 7.1+£0.74 4.0 20.0
Q1018 4.840.52 246145 115 116 3.4 14.741.44 7.5+0.33 4.0 20.0
Q0902 4.740.21  25.942.14 147  10.1 2.7 13.6+£0.67 6.4+0.78 4.4  23.0
Q0903 45+0.15 2474124 161 9.8 3.2 12.8+0.56 6.4+0.33 4.3 22.2
Q0913 4.3£0.20 26.6£0.23 13.3  10.6 2.7 11.5+0.41 6.240.39 4.0 20.0
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1% 6. 4Lﬂ*§ Fl«] A5

3) A FeAld EustE 4948 BS54
F2oll A /MAER Mddste] AlEste F3At e 204159 BFdse xmoh 2ok 74249
95 DNA marker®2 133, 19 AFTES A4H AFolA F1 hybride] #F
& W AES B2k 2y AR ASETE & AT 5l AR
AU 54 e Aew wr Ade ASFS Hola (Y 7). 53] the 1A
201613} e Ao A&HQ 207 Ao 70% 7Whe aevdd e 1Y 83 o] A
ol LS Hel Ao Jtte AL m2uUAdo] e Ao B

>

3F 45. 49 F2 2eAEe A 554
L
= 7 7] 0] Zo] 29 &9 © -

I=I=IR=1 - ST o~ P
=TT N T
mm =TT TTTTTTTTTT— CmM ——— -~~~ """~~~
AK2014-1 4.4£0.32 26.5£0.64 12.5 6.2 1.5 11.5+1.00  5.5£0.42 4.0 20.4
AK2014-2 5.2+0.13 25.31£0.78 14.1 6.9 1.6 12.9£1.60  6.240.65 4.3 22.0
AK2014-3 4.0 24.0%£1.45 14.7 6.5 2.2 10.0£0.25  6.4£0.43 4.1 21.0
AK2014-4 4.2£0.10 22.7%£2.06 12.6 7.3 1.8 11.8£1.23  7.1£0.36 4.0 20.0
AK2014-5 4.0+0.34 23.511.74 17.3 6.9 1.6 10.8£1.12  7.2£0.28 4.0 20.0
AKZ2014-6 4.2 24.4%0.53 13.2 7.3 2.2 11.4£0.55  5.8%£0.29 4.0 20.0
AK2014-7 3.91£0.27 21.8+1.23 14.1 7.6 2.4 12.5+£0.40  6.240.65 4.3 22.5
AK2014-8 5.5+0.28 25.0£1.26 12.2 6.0 2.7 13.3£0.68  7.8+0.74 4.5 23.0
AK2014-9 3.3 21.7 10.8 5.5 1.6 9.5 5.5 4.1 21.0
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AK2014-10 3.7 22.5 11.5 6.2 1.7 11.6 5.2 44 220
AK2014-11 5.310.22 24.2+250  13.6 11.3 2.4  125+0.50 6.2+0.27 35 17.5
AK2014-12 4.1+0.23 21.6£1.23 125 12.6 3.6 10.4+0.64 6.4+0.48 4.1  21.3
AK2014-13 4.4%0.31 24.6+1.74 134 10.0 3.3 11.5+1.23  7.5+0.65 4.5  23.0
AK2014-14 3.8+0.78 20.3+0.72  12.8 12.0 3.5 9.7£0.72  7.0£0.62 45 225
AK2014-15 4.5+1.45 23.5+1.65  10.7 10.6 3.2  11.5+1.34 6.4+058 4.0  20.0
AK2014-16 3.5£0.25 19.4+1.14 14.8 10.4 2.0 10.5£1.26  6.2+0.30 42 216
AK2014-17 4.140.23 20.4+1.22 135 9.3 3.2 9.7+0.52  6.5+0.43 4.2 210
AK2014-18 4.3%0.12 22.6+£0.67  13.6 6.5 2.8  12.3+0.20 6.0£0.17 45  23.0
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0832xQ1004 7.0£0.17  40.2+1.30 195 102 35 17.5%0.90 824020 4.0 20.3
1003xQ1001 7.540.14  42.3+0.80 25.0 106 3.6 18.6+1.24 7.4+0.75 4.2 230
1014xQ1010 6.840.32 45.4+1.22 220 105 34 17.240.14 9.1+0.37 4.0 215
1017xQ1011 7.040.42  46.5+0.50 220 11.2 3.8 18.6+0.78 8.0+0.40 4.4 222
1020xQ1012 6.840.40  42.2+0.36 225 11.0 3.5 165+1.65 8.2+0.35 4.0 20.0
1024xQ1015 6.0+0.43  41.7+0.68 21.0 116 3.8 17.0+0.70 8.3+0.86 4.1 220
1026xQ1018 7.240.20  44.5+2.00 205 105 3.7 18.4%0.68 8.3%0.30 4.0 20.0
F1 G-1xQ1010 5.6+0.23  43.7+1.56 185 122 25 16.5+1.36  7.0£1.00 4.3 220
K-1xQ1010 5.5+0.44  46.9+1.24 206 125 3.2 14.841.30 6.5%0.20 4.0 21.0
2%xQ1010 6.24+0.32  45.0+0.90 180 10.8 3.5 17.6+0.36  7.5+0.57 4.0 220
HExQ1010 6.3+0.26  46.1+1.58 20.2 125 3.6 18.0+1.72 7.6£0.63 4.0 20.0
Q1010x0728 6.8+0.32  48.7+0.46 246 106 4.0 20.0%£1.80 9.5+0.25 4.0 21.0
Q1015x1024 6.5+0.12  44.0+0.34 200 12.8 3.3 1814055 6.5%+0.45 4.0 21.0
Q1018x1026 6.3+0.15 42.1+1.25 176 115 35 17.3#0.62 7.240.62 40 20.0
0907xF1 6.24+0.22  40.6+0.52 185 125 3.8 16.7#1.75 6.5%+1.16 40 21.0
Q0904x0925 454040 25.242.82 11.6 88 3.8 1354052 82+0.15 3.3 16.0
F2 Q0807x0949 5.4+0.35 24.5+1.98 11.7 95 4.2 14.6+1.60 7.6+065 3.6 18.0

v =4k K-1 6.5£0.24 26.5%1.14 13.3  10.2 4.6 13.3%£1.56 8.2+1.28 3.0 16.0
F3 v = A x 3 5 5.5+0.26  20.3%£0.68 12.6 8.1 4.4  12.5%0.56 7.5%+0.50 3.6 18.0
0832 4.6£1.80 23.6+0.84 13.5 6.5 20 11.2£1.10  4.6%0.42 4.0 200
B
B 1003 5.0£0.22  28.5%£0.74 16.3 7.0 1.8 12.44+1.30  5.7+0.75 4.0 200
A=k
= 1014 4.6+£0.21 25.4+1.62 14.4 6.0 2.4 10.8£0.22 4.5£0.35 4.0 200
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1017 5.6+0.28  32.0+1.74 11.5 7.0 1.8 12.841.23 5.5+063 4.2 21.0
1020 5.0£0.36  29.0+0.81 135 75 2.8 10.841.41 4.840.12 4.0 20.0
1024 4.8+0.25 27.3%£0.64 135 7.4 2.4 10.8+0.86  4.5+0.61 4.0 21.0
1026 4.6+0.36  28.6+1.75 166 75 29 1244031 57+0.84 4.0 20.0
G-1 5.4+0.19  28.0+0.40 128 7.0 25 13.241.94 5.6£0.64 4.3 220
K-1 4.840.35  27.5+1.32 13.0 7.4 25 1224228  5.4+042 4.0 20.0
== 45+0.19  28.5+2.96 13.8 65 3.6 10.0+0.25  4.9+0.15 4.0 20.0
= 4.6+0.27  31.5+0.30 150 65 24 1154020 5.2+0.25 3.8 19.0
Q1001 4.840.35  25.3+1.50 11.8 105 2.7 12.0+0.31  6.5£0.25 3.2 16.0
Q1004 4.3+0.08 31.7+1.35 135 11,5 3.5 13.240.64 7.0+0.32 3.3 165
Q1010 5.2+0.24 32.6+1.13 10.8 105 3.5 12.0%1.26 6.5£056 3.6 18.0
Q1011 4.740.16  29.0+0.70 12.3  11.0 3.7 13.5+0.32  7.0+0.44 3.2 147
Q1012 4.6+0.21  27.5+1.75 95 11.5 3.6 14.0+1.00 7.4+0.26 3.2 154
Q1018 4.6+0.34  22.5+2.14 14.3 104 20 12.6+0.80 6.5+0.68 4.0 19.6
Q1015 4.5+0.39  23.2+0.25 13.2 95 3.2 12.0+0.83 6.8+0.35 3.4 17.0
Q1018 4.7+0.14  25.5+0.23 11.5 105 25 12.84045 6.240.33 3.0 15.0
5) FXuEE 234 Aud ASEA
Fl1o g4 2dARH BEAZAS g Fo2 Hdye FFS B wiAEe
gAY 54& 2P0 $4gor Al 1 AL 1A A9 dAe] AAHWA
2AE 2AYAS d94e mRgde] Eolehy, BAVL vl A% 249 984 B
o 92 Yl e mgh
B 47. 24 FAgeF B2 REe AS554
E_@—}_%L %7] O]j];q-_%go] O]j.;é]' o]j;z_‘ T::_L(Z—l iﬂ’j
T e s 47 2ol a9 29 PR
(mm) (cm)-——=———=-=-—~
K-1xQ0806  3.0+0.15 14.7£1.30 6.8 1.8 1374042 5.7£0.58 3.0 15.0
K-1xQ0805  3.6£0.42 16.0+1.21 75 1.5 13.140.27 56+0.52 3.0 150
K-1xQ0804  3.6+0.32 15.7+0.75 75 1.6 14.4%032 57£0.27 3.2 16.0
K-1xQ0803  3.0+0.45 14.8+0.84 71 1.8 157+0.78 6.4%0.31 3.0 150
K-1xQ0904  3.2+0.33  15.1£0.87 75 1.7 153%043 6.3£0.12 3.0 150
K-1xQ0903  3.0+0.25  13.740.98 6.8 1.8 16.0+0.72 5.5%0.69 3.0 15.0
K-1xQ0902  3.2+0.11  15.5%0.55 73 1.7 154%0.95 6.1£0.54 35 17.0
K-1xQ0901  3.1+0.17  14.840.37 6.5 1.6 1394048 6.3£0.49 3.0 150
0831xQ0804  3.7+0.27  15.5%2.04 75 1.8 14.8+0.63 6.4+0.32 3.0 150
0842xQ0803  3.6+0.08  16.740.42 75 1.7 13.3+044 54£0.22 30 150
g 0837xQ0803  3.5+022 14.5%0.12 74 1.6 12.040.27 55+0.10 3.7 17.0
0302xQ0804  3.6+0.40  13.0%0.27 6.8 1.8 12.840.85 6.2£0.24 3.0 15.0
0841xQ0803  3.9+0.25 13.840.31 7.6 1.8 12.8%0.46 5.4£0.35 27 13.0
0841xQ0804  3.6+0.36  15.0%0.15 8.2 1.7 131%+1.25 5.7£044 30 150
G-1x"| =4t 3.6+£0.30 14.7£0.45 7.8 1.6 13.1£0.83 5.6£0.23 3.7 17.0
K-1xm] =4+ 3.41£0.42 16.5%0.40 7.5 2.0 13.7£0.57 6.3£0.46 3.0 15.0
F3Exu]| =t 3.1£0.27 15.3x0.68 7.0 1.8 12.3£0.56 6.5£0.55 3.0 15.0
A Fxn] =4t 3.240.23  16.7£0.65 7.1 2.1  13.0£0.70 5.7+0.12 3.0 15.0
o ZExu| =4t 3.2+0.15 12.5%0.00 7.3 1.7 13.4%£0.76 5.3£0.30 2.5 12.5
A Fxn] =4k 3.1£0.17 12.840.37 75 1.8 12.9+0.35 5.3+0.12 3.0 14.0
QO0804xK-1 2.710.26 10.6x0.45 6.2 1.4 11.0£0.50 6.6x0.43 2.5 13.0
Q0904xK-1 2.6£0.24 11.2+0.40 6.0 1.4 10.6+0.65 5.6+£0.28 24 12.0
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Q0903xK-1 2.5+0.45 11.5+0.36 65 1.3 10.5+0.50 6.1+0.14 2.5 13.0
Q0803x0302  2.3+0.27 10.5+0.42 6.6 1.7 10.8£0.63 5.8£0.48 2.4 12.0
Q0806xK-1 2.8+£0.32 11.2+0.50 6.4 1.5 11.5+0.45 6.2£0.26 2.5 13.0
QO0805xK-1 2.840.21 10.7+£0.52 6.3 1.6 10.4%+0.56 5.240.24 2.8 14.0
Q0803xK-1 2.6£0.22 10.3+0.48 6.8 1.4  11.5+0.54 6.5+0.09 24 12.0
Q0902xK-1 2.8+£0.36  11.5+0.60 6.7 1.5 10.1+0.23 6.0+0.13 2.5 13.0
Q0901xK-1 2.5£0.42 10.8+0.44 6.2 1.2 11.440.28 5.5+0.53 25 12.0
Q0803x0842 2.8+0.27 11.4+0.70 6.2 1.3 11.5+0.53 6.1£0.44 25 13.0
Q0803x0841 2.6+0.25 11.2+0.42 6.0 1.6 11.0+£0.45 5.6+0.68 2.4 11.0
Q1108x0302 3.1+0.56 11.2+0.78 6.4 15 10.4%£0.21 6.0£0.35 25 120
Q0803x0831 2.6+0.18 10.8+0.45 6.3 1.5 11.440.10 6.24045 2.6 13.0
Q0803x0837  2.5+0.25 10.5+0.52 6.5 1.4 11.6+0.45 5.6+0.11 2.3 11.0
Q0802x0302  2.840.33 11.0+0.64 65 1.4  10.2+0.37 6.1£0.68 25 12.0
Q0802x0841 2.1£0.20 12.0%0.55 6.4 1.1 10.5+0.75 5.6+0.48 2.2 11.0
Al =Akx0841  2.840.10 11.3+0.50 6.7 1.2 10.8+£0.45 6.2+£0.65 2.7 13.0
v = 4xG-1 3.0+£0.15 10.8+0.23 6.5 1.4  11.440.54 5.8%0.28 2.6 12.0
w2 Ak K-1 2.8+£0.22 11.3+0.27 6.1 1.3 10.5+0.68 6.5£0.18 2.3 11.0
v A xT S 2.6£0.28 12.5+0.61 6.1 1.3 11.840.40 6.1+0.15 2.5 13.0
v] =k A F 2.840.25 11.2+0.54 6.0 1.6 10.6+£0.53 6.6£0.28 22 11.0
v A A F 2.6+0.38 12.5+0.47 6.2 1.4  11.0+0.55 6.1£0.10 2.4 12.0
n A HE 2.6+0.20  11.2+0.45 6.3 1.5 10.240.24 6.4+0.25 2.1 11.0
n] = 4kxF1 2.3£0.16  10.8+0.53 6.2 1.6 10.6x0.45 6.240.20 2.2 11.0
BC F3ExF1 2.3+0.24 10.4£0.45 6.2 1.5 11.0£0.50 6.0£0.43 2.2 11.0
K-1xF1 2.5£0.15 11.0+0.48 6.1 1.5 10.0£0.27 5.8%+0.55 2.0 10.0
G-1xF1 2.2+0.14 10.4£0.22 6.3 1.4  10.2+0.12 6.2£0.24 2.0 10.0
o Zxm| =4k 2.840.21 12.5+0.43 6.5 1.3  13.0£0.56 5.840.28 2.6 13.0
K-1xm| =4t 2.940.20 12.3+0.45 7.0 1.2 125%0.20 6.6+0.56 2.5 12.0
0918xQ0902 3.1+0.46 12.8+0.65 6.7 1.5 10.6%£0.55 6.2£0.30 2.8 14.0
0915xQ0902  2.6+0.22 11.7+0.32 6.2 15 10.5+0.48 6.740.63 2.5 13.0
0914xQ0913 2.740.43 11.2+0.40 6.0 1.4  12.7£0.67 6.6£0.23 24 12.0
0908xQ0903  2.7+0.26 11.2+0.65 6.3 1.3 11.3£0.50 6.1£0.26 2.5 13.0
F2  0702xQ1009 2.5%0.25 12.4+0.44 6.2 1.5  12.0%0.75 5.8%£0.52 2.1 11.0
v = AxK-1 2.6£0.15 12.5+0.65 6.5 1.4  11.5+0.54 6.3%£0.23 2.5 13.0
Q0904x0925 2.840.24 12.240.46 6.0 1.5 10.4+0.65 6.3£0.58 2.2 11.0
Q0903x0929  3.1+0.25 13.8+£0.72 6.2 1.8 12.440.40 6.240.64 25 13.0
Q0807x0849  3.0£0.37 12.6+0.43 6.0 1.5 11.5+0.51 6.3+£0.10 2.6 13.0
v = AbxK-1 2.940.23  12.7+0.56 6.5 1.6 11.0+0.48 5.7+0.25 2.1 11.0
v = A x 3.0£0.15 11.8%0.33 6.1 1.6 12.4+0.48 5.2+0.26 24 12.0
F3  vaixAF 3.5+0.18 11.6+0.65 6.2 1.7 12.440.45 5.0%0.25 25 12.6
F4 IR S e 2.6+0.36 10.8+0.54 6.0 1.8 11.5+0.60 5.2+0.23 2.6 13.0
K-1 2.240,04 11.6+0.34 6.8 1.1 9.6+0.25 5.4+0.42 2.6 13.0
G-1 2.4+0.12 11.840.38 70 1.2  10.0+£0.88 5.6£0.52 2.8 14.0
=3 2.5£0.00 12.2+0.83 70 1.2  12.2+0.38 5.0£0.36 2.7 13.5
A 2.5+0.11 12.7+0.40 6.3 1.4  10.2+0.56 5.4%0.23 3.0 15.0
AF 1.6£0.15 11.4%0.82 6.2 1.8 13.0%£0.59 5.2£0.20 26 13.0
wn A 1.840.16 11.5+0.66 65 1.5 12.6+0.76 5.0*+0.61 25 12.0
N 0831 2.240.12 13.4+0.78 6.8 1.3 11.0%£0.36 4.7£0.48 2.0 10.0
= 0842 2.1+£0.06  10.6+0.50 6.0 1.8 11.3+0.62 4.840.26 2.5 13.0
0302 2.5£0.15 13.0+0.72 65 1.5 12.2+0.56 5.7£0.19 2.2 11.0
0841 2.1+£0.10 12.6+0.26 7.2 14  10.0+£0.85 5.5+0.25 2.0 10.0
0831 2.240.07 11.5+0.42 6.2 1.4  12.0%£0.30 5.6+0.36 2.2 11.0
0702 2.3£0.06  10.5+0.45 6.6 1.6 11.3%0.50 4.6+0.27 25 13.0
0908 2.5+£0.07  9.6%0.50 6.8 1.7 11.240.45 4.7£0.23 26 13.0
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0914 2.3£0.05 13.4%0.62 6.4 1.5 12.0£0.56 5.840.60 2.1 11.0

0915 2.1+£0.08 12.6+0.23 7.2 1.6 10.04£0.85 5.3£0.27 2.6 13.0
0918 2.740.06 11.6+0.40 6.3 1.8 10.0£0.39 5.24£0.33 2.5 12.0
u) =4k 3.1£0.12 10.6+0.56 7.6 1.6 9.8+0.22 6.5+0.19 2.6 13.0
Q0803 2.8+£0.20 12.2+1.36 7.5 1.3 10.5+£0.27 7.0£0.15 2.2 12.0
Q0804 3.8+0.18 12.2+0.55 80 1.1 9.6+£0.61 6.5£0.16 2.0 10.0
Q0805 3.6£0.30 11.8+0.65 7.8 1.2 8.4+1.14 56+0.21 2.2 104
Q0806 2.7+0.16  12.4+0.44 8.2 1.4 7.8€1.29 6.7£0.18 2.0 17.0
Q0824 3.0+£0.15 12.6%0.50 7.7 1.5 11.6+£0.25 6.6+£0.49 24 13.0
Q0901 2.6+£0.17  9.0+1.25 7.5 1.2 10.2+1.24 7.0£0.37 2.0 10.0
Q0902 2.540.18 10.2+0.48 8.3 1.1 8.8+0.61 4.7£0.26 2.0 10.0
Q0903 3.240.25 10.8+0.36 75 0.9 9.4+1.06 4.6+0.26 2.1 11.0
Q0904 3.0£0.10  9.4%0.48 7.2 1.4 7.8+£0.28 6.7£0.15 2.0 10.0
Q0913 3.3%£0.63 9.5+0.57 6.8 1.0 7.5+1.04 5.2+0.60 1.8 85
Q0925 2.840.53 11.2+0.65 7.6 1.5 8.4+0.82 5.8%£0.22 1.7 8.3
Q0929 3.240.20 12.2+0.40 7.2 1.4 7.6£1.00 5.6+0.26 2.0 10.0
Q1009 3.6£0.23 12.2+0.75 6.7 1.3 8.8+0.80 5.8+0.17 2.0 10.0
Q1108 3.4%£0.36  11.2+0.42 70 1.2 8.5+1.04 6.5£0.23 2.0 10.0
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K-1xQ0803 1.5 6.2 4.3 2.7 3.0
K-1xQO0806 1.5 6.7 4.3 2.3 3.0
K-1xQ0901 1.6 6.8 4.5 2.4 3.0
K-1xQ0903 1.4 6.4 4.6 2.6 3.0
K-1xQ0912 1.6 6.7 5.0 2.7 3.0
K-1xv] =4t 1.7 6.2 4.4 2.0 3.0
0806xQ0809 1.6 5.3 4.5 2.1 3.0
0808xQ0901 1.7 6.7 4.7 2.4 3.0
0809xQ0902 1.6 6.5 4.6 2.4 3.0
0811xQ0903 1.6 5.7 5.1 2.6 3.0

F1 0813xQ0907 1.7 6.0 4.3 2.1 3.0
1016xQ0902 1.6 5.5 4.1 2.7 3.0
1025xQ0908 1.7 6.5 4.0 2.3 3.0
1050xQ0903 1.7 6.8 4.1 2.3 3.0
1051xQ1001 1.6 6.0 4.4 2.4 3.0
& x| =4t 1.7 6.2 4.7 2.5 3.0
ZIAbxH] =4k 1.5 5.7 4.7 2.6 3.0
HAkxw] =4t 1.7 6.5 4.8 2.3 3.0
QO0805xK-1 1.7 5.3 5.2 2.8 3.0
QO806xK-1 1.6 5.6 5.1 2.5 3.0
Q0809x0809 1.6 5.5 5.0 2.2 3.0
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Q0901x0808 1.6 5.9 5.1 2.4 3.0
Q0902x0809 1.7 6.2 5.4 2.3 3.0
Q0903x0811 1.5 6.5 5.3 2.5 3.0
Q0907x0813 1.5 5.8 5.2 2.5 3.0
Q0907x1024 1.4 6.0 4.8 2.1 3.0
Q0908x1025 1.5 5.5 5.1 2.6 3.0
Q1001x1051 1.6 6.6 5.3 2.3 3.0
Q1003x+3% 1.8 6.7 5.2 2.3 3.0
Q1004x0909 1.4 6.5 5.3 2.5 3.0
0841x(Q0807x0841) 1.6 6.5 4.3 2.3 3.0
0914x(0914xQ0913) 1.6 5.7 5.1 2.5 3.0
0914xAF9F1(0914) 1.6 5.6 4.8 2.0 3.0
0915xAFAF1(0915) 1.6 6.4 4.6 2.5 3.0
BC 0920xAFAF1(0920) 1.5 6.5 4.5 2.6 3.0
1022x(W =4 x %) 1.6 6.5 4.3 2.4 3.0
K-1xF3(1] =43 %) 1.8 6.3 5.0 2.5 3.0
FEX(FEFx1 =4 1.7 6.2 5.2 2.6 3.0
1 Ex0922(2F21F 1) 1.6 6.1 5.2 2.2 3.0
Z14x0922(A<9F 1) 1.5 5.1 4.2 2.1 3.0
0918xQ0901 1.5 5.5 4.2 2.4 3.0
0920#F4F1 1.5 5.7 4.1 2.5 3.0
K-1xm] =4t 1.6 5.5 4.4 2.2 3.0
Q0807x0841 1.5 5.7 4.2 2.5 3.0
Q0903x0929 1.4 4.8 4.2 2.3 3.0
F2 Q0904x0925 1.5 5.1 4.1 2.1 3.0
Q1009x0702 1.4 5.4 4.5 2.6 3.0
Q1011x0702 1.5 5.7 4.4 2.3 3.0
Q1012x0702 1.5 5.5 4.0 2.4 3.0
v] =+ abxK-1 1.7 5.5 4.1 2.5 3.0
AFxH =4t 1.6 5.3 4.3 2.3 3.0
HExm| =) 1.5 5.7 4.1 2.3 3.0
F3 n] A K-1 1.4 3.1 3.5 2.3 3.0
u] oAbk H F 1.3 3.4 3.8 2.1 3.0
F4 ks 1.5 5.4 4.3 2.5 3.0
K-1 1.2 3.0 3.1 2.7 3.0
=+ 1.5 3.2 3.7 2.5 3.0
ZIA} 1.4 3.1 3.5 2.1 3.0
215k 1.3 4.0 3.0 2.0 3.0
0806 1.2 3.7 4.1 2.3 3.0
0808 1.3 3.5 4.0 2.3 3.0
0809 1.3 3.8 3.1 2.0 3.0
0811 1.1 3.6 3.3 2.0 3.0
0813 1.4 3.1 3.5 2.1 3.0
BE 0909 1.3 4.0 3.0 2.0 3.0
n 1016 1.2 3.7 4.1 2.3 3.0
1024 1.1 4.2 3.8 2.4 3.0
1025 1.3 3.4 3.9 2.2 3.0
1050 1.2 3.3 3.1 2.1 3.0
1051 1.2 3.5 3.2 2.2 3.0
Q0803 1.3 3.8 3.7 2.7 3.0
Q0805 1.4 3.3 3.5 2.8 3.0
Q0806 1.5 4.2 3.8 2.8 3.0

_56_




Q0809 1.2 3.1 3.3 2.4 3.0

Q0901 1.1 3.0 3.5 2.5 3.0
Q0902 1.6 2.7 2.9 2.1 3.0
Q0903 1.5 2.8 3.0 2.4 3.0
Q0907 1.7 3.5 2.8 2.1 3.0
Q0908 1.6 2.7 3.5 2.5 3.0
Q0911 1.8 3.3 3.3 2.5 3.0
Q0912 1.7 3.0 3.5 2.7 3.0
Q1001 1.8 3.2 3.1 2.6 3.0
Q1003 1.9 2.9 2.9 2.0 3.0
Q1004 1.8 3.8 3.3 2.5 3.0

K- 1xF1(Ul:?é}xJ‘) S 0915xF1(0915xu1%*1)

0914xF1(0914xm]==Ah) TExF1(F3xv=4h)
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a4 9. 294 ous A

7 134 20 E F2~F49 ngEat wols
2015~201739 F2~F4 WA HAA AL FHugFe] 24 2 1dA wolsS
BN A=

¥ 49. F1~F3¢] 20159 AZY, 20164 wol/ja4 2 wrol-&

Ad <dA T ANE AT 2ol 7j A wHol-&(%)
K-1xw] =4} 12 7 58.3
A x| =4k 10 7 70.0
0918xQ0902 8 5 62.5
0915xQ0902 9 4 44.4
2 0914xQ0913 7 6 85.7
0908xQ0903 9 3 33.3
F2 0702xQ1009 6 3 50.0
n] = abxK-1 20 10 50.0
s 17 7 41.2
Q0904x0925 12 5 41.7
3 Q0903x0929 20 12 60.0
Q0807x0849 15 5 33.3
27 145 74 51.0
73 n| S xHE 67 60 89.6
3 HExm) = 38 26 68.4
F4 u| = x 3 E 47 40 85.1

2015 FlolA FTAE 92 =2F2 2dA AFIxv=aes vES 923y 3dAolA I
Q0904x09259] 2741% % F39 F4Athe] FA2 AActh F1& A7) 93 wujxge 20139 24%
?‘%ﬂfﬂ 9%3t 37% &0 lA U} F3¢} F4 AadolA] A= 3N A 2 F ST

uaAbs BiEo® Jls wrHt FAFE Aoy WolgoaE of

2y

XAk
=

m[o
PE
o
i
(o
E
rlr

¥ 50. F1~F3¢ 20169 A=9, 20174 WolAl4 2 dol&

Adl A Wbz d ANE TAS ol 7 A wol8(%)

K-1x1] =4} 34 25 73.6

5 1007xQ1004 10 0 0.0

1014xQ1010 9 0 0.0

Q0901xK-1 38 0 0.0

A Fxn| =4t 30 22 73.4

0918xQ0902 15 9 60.0

3 Q1009x0702 12 8 66.7

F2 Q1012x0702 50 33 66.0

Q1011x0702 52 42 80.8

n] = xK-1 23 15 65.3

Q0904x0925 44 31 70.5

4 Q0903x0929 41 30 73.2

QO0807x0841 6 1 16.7

0920(x}<1F1) 5 1 20.0

Y 369 217 58.9
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2 w]=xK-1 329 300 91.2

F3 5 v =k E 387 322 83.2
N Fxu| = 293 207 70.7
F4 3 v =k E 658 527 80.1
2016 F1 &2 A2k dAddE= 234, 334, 430N z+2y 4%, 623, 4% o=
14233} F39F F4 4x3o2 162 A5 LUtk 20149 2371 2qolA 47zt &
A5 do] we JAES WY o9t e Ay 20149 AL JMEeE ¥ g vwd
Kol dakS nH Aoy B}l AN BRoF I AELS wolgo] ul$- e whHo] n2AS
RRoZ 3 AFE 2 WolgS WY oYd A= ISR T AES HIEY do
2 o]y He F ¢ e HES A3t Zask Bl duEth F3y F49] wholgS dukz el
AR AFH vt S BT a8y S AFo] 10¥0A 208 Ax =4 AT
2 Mol A3 golx| 7] wie £zl FasirhH Fdof wolstE A= 7] wEe] &
de] A3E Holol & o=z Hu
¥ 51. 201793 Fl1AlE =% 9 A& TA
wFEFE AN E S AT WA ANE A W FE3 ANE A
K-1xQ0805 5 G-1xm| =4t 5 Q0803x0831 17
K-1xQ0904 8 Q0803x0842 20 Q0803x0836 15
K-1xQ0903 15 Q0803x0302 2 Q0802x0302 20
K-1xQ0902 7 Q0806xK-1 10 Q0802x0841 5
0837xQ0803 25 Q0805xK-1 9 u] = abx A 5 30
0302xQ0804 13 Q0804xK-1 11 Bl = 20
A ZF x| =4t 6 Q0904xK-1 15 u] ZFAbK -1 20
A xn] =4t 4 Q0903xK-1 9 n A G-1 15
F3Exu| A 25 Q0902xK-1 8
K-1x7] =34t 5 Q0901xK-1 5
2 113 27 94 27 142

20159 % F1 3 i s P2 292 K-1xQ08059] 277452
BE AT AdES 1o 34979 F28 SRS OIANE A Wol 20184 g
Aol

A EdEaRAl A2 A7) B A=

1 2013 Fugg F1 EJES}

12 3 A9+ 38.5%9
AAES BYw, 4 doA L AMNS REOZ 3 FloA 3.8%E m|aA REAE 14.3%9 <
AES HYg A SR E 1.3%9 4.7%2] &S HAT. ol9 e Ay Hol AR o]
ol ZA4E Qo] "ojX= AHIFS BT

E 52. o8] 7HA] BAEEAE o] &3 4, 594 F19] dd&

A8 &2 33 A 43 A 534
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P q x Pg Pg x Pqg FPq x Pg. Pg x Paq. Pqg x Pg.
Control 0.0 0.0 0.0 0.0 0.0
A 38.5 3.8 14.3 1.3 4.7
B 0.0 0.0 0.0 0.0 0.0
C 0.0 0.0 0.0 0.0 0.0
D 0.0 0.0 0.0 0.0 0.0
2) 20143 Fw3 F1 EYety}
Ak o] H#] ke F1(aEdA x =4k, vk x aEelahe] dAS fEshr] 9
& 4714 BH S ALEEGITE AEES Zhzbo] nxt gl A Aol FH Ytk Q0904 x 0925 2§
57.1%% t& z3te) dlal Edth. AEES 20130l o]o] o]Ho|w ¢lAo] Ha, Vg vE =
R [ R = B P =) g =
3,98 7HA dAFEAE o] &3 29 Flo d2E(%)
;d—zsL o]/\l [e] (%)
A =4 _ Q0904 x Q0903 x Q0807 x
o A} K-1 T A ;:ﬂu
1= x 153 x 13 0925 0929 0849
Control 0 0 0 0 0
A 16.7 14.3 57.1 0 14.3
B 0 0 0 0 0
C 0 0 0 0 0
D 0 0 0 0 0
AWE Al A dAo] HAd AL S % 2 Attt Aol o] & wizFe 1 39
A B vke} o] 570 %&<ld Q0904 x 09255 A|Qlatarys HxW x o] A& A7 HE5E
o] Q0904 x 0925%% o= wt A3},
¥ 54. 234 F1(Q0904 x 0925)° AZA A7) 2 sxd AJAE(%)
225 =(%) Control 0.01 0.1 1.0 10.0
7h 8k 0.0 0.0 20.0 66.7 0.0
AAE(%) .
7N &% 0.0 0.0 0.0 20.0 0.0
A A7l @ e Ao A AFA 1.0%0A4 66.7%2 =L AdAES BT 0.1%4% 3dxt
o= AEZ A A7l s AA & Ay st 10d Aol A7k Mool e FHu =2
AL BYa, AdAoMs dAgo] oy WA 845 JAES dA3 HojX e RS F
A=
3) 2015 E7tu s F1 &< ety
2k dAde] HA Z& Fl 94S FE37] H8l AR S Vs E A8t AHeA 714
ANES AA s




¥ 55. 394 FlAI%S dAF=A AEAe Helse E A7 s A& E(%)

AHelEE A 2] A 7] WFZ3 XS (%)
(%) (N&kA) Q0904x0925 Q0903x0929 Q0807x0849 QO0901xK-1
o) % 2.0 0.0 1.0 0.0
10 ek 109 A+ 7H8}7 65.5 23.6 63.5 11.8
' Ne7l+ 708 109 % 12.8 7.3 21.5 5.8
90 Nek 109 A+ 71 8h7] 33.5 25.4 29.8 6.3
' M7+ 718 109 % 20.3 8.5 10.7 6.7

AAFEA ARE AFrret HMgArE 37 9 WoR e AAE 394 F1A%
of Mgt 47 A71E 71Este] 1094, st Al&E = A7 2 s § 109 33] A elvh. A
7 FEE 1.0%9 2.0% 2A 2= sk Aes® 1.0%% 2.0% ATl As10Y el A
= N7l A Axt ¥ & JdAES Bt Ui 109 A 1.0% Aol A Q0904x0925
Aol 65.50% 7 & AdAES BPon, Q0903x092971%-8 23.6%= 8]al Q0901xK-17
3 Q0807x0849A1%& 27k 11.8%9 63.5%2 ®HAT JH3 102 A 2.0% Az FAdE
Q0904xQ0925A1%5-¢] 33.5%= 71 =2 Y4 ES HloH, QOI0IxK-141%2 6.3%= 7Hg W
A4S ®Wla, Q0903x092971 %3 Q0807x08497A1%S 7zt 25.4%¢9 29.8%E ®lth 374
A 2% % BFoA= s 109 el AHzleh FrRohE dA43] "olAe AFE Bk Tk
TE F1o 982 ugxd Aledd gatr e d43% Aols YeEWS & 5 AT d45H87] ¢
A= st A AR JdE SN F US4 T AN
4) 20161 Frazt F1 &< Ekd)

3% 56. A FlAE dAdFEA AeA7]dd e XS

i%a H H T &
o PER) 34 44
o -

1007x 1014x 0908x 0909x Q1009 Q1011 Q0904 QO903 QO807 QOY01

) Q1004 Q1010 Q0903 Q0903 x0702 x0702 x0925 x0929 x0849 xK-1
= 0.0 0.0 0.0 0.0 2.0 5.4 3.0 0.0 0.0 0.0
0.1 0.0 0.0 0.0 0.0 3.6 5.2 3.5 0.0 1.8 0.0
0.5 10.0 10.0 0.0 0.0 7.3 10.4 11.5 2.3 5.8 2.0
1.0 24.0 20.0 8.0 9.4 55.0 50.0 69.8 32.0 56.3 10.0
2.0 10.3 10.0 0.0 2.5 28.5 35.4 35.5 26.5 26.4 3.0

QAFEA AR QA 4G5 E

A o5 uFo| AAE 2, 4343 AA o
AE 33X F1A%] 713 109 4] A

= =2}

= =]

gleto] 7d tAc=® 33 At AL sE== 0.1,
5 2

0.5, 1.0, 2.0%9F tix=T= stgth. BE A4 0.5, 1.0, 2.0% A7 TFA] d2o] Hgon, E3
1.0% A3 7Hd @A oldeS 1ok e REoRE 3 AFHts vais EEow
st AlEel dAgo] YAHeR w& AFEES Bt #E2 vmi REOAE 4dA o)A

Q0901xK-1, Q0903x0929A1 =] A5+ Hluwd v JdHAE&S By, dAdzd= Ao 2 7
S HAY o] ATt = 9 o
_]

3
2§ 2, 3dAdA 2d8e] ddEe] 2 FAE HIe

F 57 A FlIAS dAdw=A Agsle 3 s ne dd&

EEEES
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Aels 2

(%) K-1x  K-1x Q0805 Q0806 1024x 1026x Q1015 Q1018 0702x 0702x Q1011 Q1012
Q0805 Q0806 xK-1 xK-1 Q1015 Q1018 x1024 x1026 Q1011 Q1012 x0702 x0702
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.1 0.0 0.0 10.0 8.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 05 0.0 0.0 18,2 20.0 0.0 0.0 10.5 12.4 0.0 0.0 10.5 12.4
1.0 10.0 22.2 50.0 40.0 6.7 10.0 60.0 71.4 0.0 0.0 20.0 30.6
2.0 10.0 16.7 60.0 50.0 0.0 0.0 50.2 47.6 0.0 0.0 15.2 25.8
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.1 0.0 0.0 10.0 16.7 0.0 0.0 10.0 20.0 0.0 0.0 0.0 0.0
2 0.5 0.0 0.0 22.2 25.0 0.0 5.0 32.0 24.4 0.0 0.0 20.0 18.4
1.0 20.0 27.8 70.0 83.3 20.0 14.2 81.0 70.0 2.0 1.8 46.0 53.0
2.0 20.0 20.0 60.0 65.4 0.0 0.0 40.0 52.4 0.0 0.0 10.5 30.2
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.1 0.0 0.0 20.0 18.8 0.0 0.0 20.0 25.0 0.0 0.0 0.0 0.0
3 0.5 10.0 9.5 35.7 23.5 0.0 0.0 33.3 33.6 0.0 0.0 15.0 16.8
1.0 18.8 19.1 60.0 70.5 10.0 13.4 72.0 50.0 1.0 2.0 42.0 50.0
2.0 6.7 13.3 61.9 70.0 0.0 0.0 40.0 20.0 0.0 0.0 15.2 28.5

€ 3d 4a8

of. FAIte] a&7]9] X843t
2016\ 7~8¥ AH AL I &

= Jel 7k ATk 2 ARl it FA
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A al
E
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3E 58. 20154 34 F13 F29] A|sHi-3 4
=
[}

Azt 7hA

o2 (g) 7% (cm)

771 (mm) Zol(cm)
1 35.8 13.5 60.3 35.5
2 30.2 15.5 50.5 30.2
3 35.5 14.7 58.3 25,4
F2 4 38.8 15.6 65.7 30.5
(m=axad el 5 17.5 7.8 20.7 20.3
) 6 29.6 11.2 55.6 30.4
7 25.5 7.3 30.8 28.4
8 36.5 15.8 73.3 30.6
3 it 31.18 12.68 51.90 57.49
1 28.4 17.0 67.3 36.5
2 23.2 16.4 57.6 30.8
3 38.7 25.5 68.0 30.4
F1 4 16.3 16.0 30.7 27.5
(m=2xK-1) 5 16.4 6.5 32.6 28.7
6 25.3 12.8 60.2 30.5
7 26.4 10.7 70.4 32.5
it 24.96 14.99 55.26 30.99
w] =4k 20.3 7.5 45.4 21.5
R 25.4 8.5 40.6 30.2

F1(v]=4FxK-1)

3]

534 Az RelFAe AupAulel )] Flolt F2 ®% A2YOoR Relsh wasol
were 7 g YU Byt At AL Al delARY
R

Buh= Ak @do]l 453 A ol glan, o5 iAol

rot e of




ol w3k IﬂlxK—l—"—
Q0807x0841-2 3vf %
SAS TE A F
273 A ztolE Bl
7 2

13}04

7Hl AE FASA, Q0904x09252-

o

R

S HAAT F2 Ads v=idxdE

B0l WS AK-12 1.3 Fre
oIy Tl A=

2ol g melA: st B

el el 3dA AR BEAoA o, o] MAES AEEE & FHolrld A&HAH AWs 3§
ojof & Aoz ®r}.
2) 2016 =3+ F1, F2, F3 ¥gjd4d E4
¥ 59. wHF 53] Ay
Ay AT 1;% FA(g) <& (cm) =2Hcm) 527 (mm)
W zs
n)xK-1 267.8+89.52 34.3+£2.83 7.7+0.35 44.5+8.34
Q0904x0925 56.944.95 30.6+2.83 12.4+4.24 24.1£2.76
F1 Q0903x0929 21.0+6.15 25.5+3.54 9.5+3.54 15.7+0.99
Q0807x0841 77.3 34.0 14.0 28.0
Means 105.75 31.10 10.90 28.08
e 68.6+£7.07 29.9+1.41 6.2+3.18 27.6+1.70
o A Fxv| =4t 79.5 24.0 4.0 32.8
] = 2bxK-1 49.8 40.0 7.0 23.2
Means 65.97 31.30 5.73 27.87
F3 EE 58.3+4.71 29.740,71 5.0+3.54 25.6+2.33
K-1 66.3£2.55 32.6+4.95 8.2+0.71 25.8+1.27
HE 51.248.06 29.3+1.41 9.5+2.83 92.0£5.94
PEGE 0841 65.242.37 20.0+1.42 9.0+2.21 26.9+4.50
0925 45.843.30 26.5+2.45 7.5+2.33 24.4+3.42
0929 55.8+4.71 27.5+2.12 8.5+2.83 26.4+4.73
Means 56.86 27.18 8.54 25.10
e 40.6%1.30 25.640.71 5.0+2.83 95.7+1.27
Q0903 23.240.35 22.0%1.41 9.3+3.89 166+1.91
HEAh B Q0904 38.2+8.56 16.0+1.54 7.5+2.36 20.541.55
Q0807 23.0£1.38 21.04£2.12 6.0+1.06 16.6+2.33
Means 31.25 21.15 6.95 57.20
Azd e FAL mRE ngle *Fol AYd FASS HIY Fl1 uEe vwxKl,
Q0904x0925, Q0903x0929, Q0807x0841-& Z}7}t 268g, 57g, 21g, 77gS Ko w=as v 23 &

0.54, Q0903x0929

232 40.6g0 wvlste] 1.79), dFxm]

G718 s v FaAs §
woye ofe) 1y

_65_




% 60. 2gE BEA 5dAe A FAEA

1| & (%) A5 (%) THEEER)

kﬂﬂ% A A Pk -1 &3 1= @) 76]
F1 100 0.0 0.0 0.0 60.0 13.3 0.0 26.7 - -
F2 100 0.0 0.0 0.0 42.8 28.6 14.3 14.3 - -
F3 100 0.0 0.0 0.0 66.7 10.0 7.2 16.1 88.3 11.7
aHAA  72.0 8.0 5.0 15.0 70.5 12,5 8.0 9.0 36.7 63.3
w] = 4F 83.0 0.0 17.0 0.0 45.0 10.0 7.0 38.0 100.0 0.0

ZAPNAIE F1 154, F2 7%, F3 180%, =R w&fQlits} w=4be 2bzh 2008 0.2 35l 34t
FAL P39k w2 Ak 2 60RA o vk akEEelA Fl, F2, F3 % AW,
I 2 FAAS 8912 filth Bl v=ake SRne] 17.0%% Eker, -2l i

AW, i ol 4 8.0%, 5.0%, 15.0%% Bt adEe =g el FatAl 283t
HATH ZAUNA7E AofA] A o] Al s vtou A s ¢ gl lew ¥n

TAEAL AR gER R WA F3= 11.7%9] #E9&S B o BEQ wHite

= HQl Wb BQl Ik 63.3%% vy sekth oleh 2 A= FFFTE T4t
EFgRu vl gdd Aom b s FAAE o] ko] Wl At EAwolHE o

= QI 89l A g Jom Hol & ¢ dEsoF & o A
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acid alcohol (FAA, 50% ethanol, 5% glacial acetic acid, 3.7% formaldehyde)ol] 114 & of&t
L =uxda 8943 3A4HLS AXa, KULZER's Technovit 7100 #| & 14 A|7]3, 3-4 umAlo

WEo| @rl4stoR ATRY BHS FASRGTL olo] weh eke] wan £TAo

o
AS #&Fste] 1-10 GAZ FHE3519 )

o) aE N m=ske] oF 9 st x4
Scanning electron microscopy (SEM) #2418 9Q|&le] mAAZ 25
AZAZ % 5 nm9 FAE Aurum®8 3, Hitachi S3400N SEM<S ©o]-&3}o

o of FxE BRHU.

g
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o
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Stage events Significant phenotvpe of plant Anther length  Flower length ¥ Plant hesght Duys after  Plant develop

{mm) {mm} length (cm) (cm]) sprouting  stage”
| Cell division Leaves ure unfolded with very small 02028 0.7=1.10 0.2-04 410 £..10
inflorescence,
2 Cell division 03000 %0 108 4% [ S| 0508 =12 10=14 i
3 Melosis Leaves wre partially expand 0800 60 1.46-1.79 0-1.%5 08-12 18-20) 14 d
4 Tetrad Five petals are fully isolated, 0.60-0.70 S-20 2-35 18-32 d
5 Young microspores Plent grows fully and leaves are fully expanded  0.70-0.80 452 4070 2533 d
6 Vacuolation 0800 8% 25450 7012 2512 m
7 | st Mitosis Anther color becomes whiter. Flower looks O RE10 53 6090 T.0-12 2832 m
sngwmen shape
8 Ind Mitosis 0841 14 G010 13=20 2832 24158 m
@ Maturing pollen 0.87-1.0 311331 9.0-10 15-20 24-32 ¥4 m
] fatured pollen relesse Flowers starts open and snther starts dehisoe O87T-002 1.20-1 %5 Gi-10 1 5-20 2512 3545 m

* Plant developmental stage is followed by Fig. 1+ ¢ mitahng edure; d, srocedure; i, maturmg procadure

TEF U A4S & IHSE AL Btk o5 TasHH Aoz Astel Wit ¥ 94 A
0] S o
% =
47) AESH F2EAE protoplasma A L2kl AA HBAe, R 7] 284
PRE R g Aa), P)=EAH(b)e) s W T T2 A, EHEE Fl (o)A Ho)
3} grestel 27hH9l AEAH TS WA AFolrh

o

rl




- 70 -




Petal

: Anther
Stigmas

Styles 2
Ovary» 33
Funicle

Commissure

Locules Oviiles
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Stigmas
Styles
Ovary

Funicle

Ovules
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e :

Stigmas

Styles
Ovary\
Funicle \ ;

Locules




EH o7 BAste] A9E #Feqrt <14t o] FxE 249 4mjFE Ho] 9low zpe] wt
gagg AEE e
Stigma
Style
— Ovules
Epygenous Quter integument
ovary

Inner integument

Locules

wh) s QlAk Alsle] v it

Tr
neQel Avel wg AR AE A 27 slske] AW AEGsel,
formalin—acetic acid alcohol (FAA, 50% ethanol, 5% glacial acetic acid, 3.7% formaldehyde)l

IA ZF EEs sEEHE ©53t 348 71X 31, KULZER's Technovit 7100 @ %ol 114 Al7]aL
3-4 umAlel=2® AWE wSo] Hu|Asto = /q]_msm B

9g sasqrt. old o Awe] W
Auje] MAVAE BRee] 7 VAR FEAAYG. B Aole] BLAANAH SolR g F4S
Ash, Zolste] 7] W Wole] ol A5Ed

)

-

e

drEde T F4e Foge Fs oe vy
w49 FHe Bal, AAmeRg] e AT A=rkaE ATy, BY 99 e =
$2 2 F 92 ol Audn
Cas e - F =B - L] =) .
Canpsl
g T T T T I T T T T
.
Qupiosl  Frawioed i j T e gy L
TR At VErogmres cugeas ¥R G - © “rea &
1i i | 1 E_ L-'" — E.r i
. S = Q. Q. Dt S .
ol i e — R N T Tromiiier
frosio ] s THEE s TR s | e o foc
Higesl
LT b
I L]
Elgicd P i ® .
Garpsl LRI i &
Criule Sage pmme  Mems Usmagcne [T TS T T
princite aporocyhe i [ i i = gt
Events Flower - Days Ginseng Ginseng plant
Embryo sac Sporophytic fruit length after anther  developmental
and tissue (mm) sprouting stage® stages®
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endosperm

development development
1. Early phase of ovule development
Primordium
1-I o 0.70-1.10 1~5 1
1nitiation
Primordium
1-1I ) 1.08-1.45 5~10 2
clongation
2. Megasporogenesis
Megaspore
Integuments
2-1 mother cell o 1.49-1.79 10~ 14 3
initiated
enlarges
Outer Integument
surrounds both
the inner
integument and
2-11 Meiosis nucellus, 1.80-1.90 14~24 4
nucellus
enlargement
becomes
prominent
3. Megagametogenesis
Outer Integument
envelops both
Four-nuclear .
3-1 the inner 1.88-2.07 24~31 5
embryo sac .
integument and
nucellus
4. Pre-fertilization
Formation of a
vacuole,
4-1 ) 2.33-3.31 31~40 6~9
antipodals
appear
Antipodals
degenerate,
4-11 central cell, 3.31-3.56 31~40 10
synergids and
egg cell appear
4-111 Micropyle opens 3.31-3.56 31~40 10
5. Fertilization
5-1 Fertilization Pollination occurs 3.56-4.46 40~45
6.  Post-fertilization
Fertilization,
synergids
6-1 dissapear, egg 4.50-4.95 45~50
cells break
down
Endosperm
6-11 o 45~50
initiation
7. Seed  development
7-1 Embryogenesis 5.00-6.25 50~90
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7-1IV

7-V

7-VI1

occurs, zygote
develops,
endosperm
develops
andseed coat

forms

Zygote

elongation

50~90

Embryo at

octant stage

50~90

Embryo at
dermatogen

stage

50~90

Embryo at
triangular

stage

50~90

Embryo at
heart-early
torpedo stage

50~90

ot

*Anther stages of
°Ginseng plant

stage; d, developing stage; m, maturing stage; M, matured

uh)

b

A3t

I~

e

<

]

ginseng are based on a previous description by Kim et al. (2015)
developmental stages were modified from previous description by Kim et al.

stage; S, senescence stage

THRE F1o] Au) o] AlEs2 &4
=4k, FAE F1 A BF A7 2dAde Ax

(2015): 1, initial
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Korean

ginseng

American
ginseng

hybrid

o] Ay R
ol AESpH o Z Rfo]7}

204 cmy
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A4 A% BAnAY &
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L. S\PE o83 BAlnpr el i
7}. A= genomic DNA & % A
1) DNAFZ& "
DNA F=& DNA kitE A3 #H, NaoH-Tris 83} Lassner et al., (1989)2] 2X
CTAB ®H &5 Wsto] AREskAdth. B2 (Root)+= NaOH-Tris method €} 2X CTAB ®H-& W75l
ol (leaf)& Gene All Plant SV Kit(Gene All, Korea)®] 2 EZo| Wz} genomic

2) genomic DNA & HHd
oF 100 mge] A (Root) Al&E mx}/\}‘ﬂoﬂ Wi AFALE AFEst] AR E FHE
np st T, B AR5 500 2] lysis bufferol ¥ il 10 ul proteinase K& H7Fsk &, 37° C &
27l A 1AIZE 9EEAIZL 400 0] CTBA €+Z-8-<N[(50 mM Tris-HCI[pH 8.0], 0.7 M NaCl, 50 ml
EDTA(pH 8.0), 140 mM B -mercaptoethanol)]¢} &3t th3 65° C =7]oA 30 A s3it}. o]
ol dlE 0 SREIEE ¢ olhobddF E9FA(25:24:1)) 600 wE Wl flotdEm wHEsHA &
Aol 14,000 rpm@.& 20° CollA 10&3F Al elste] Aads 600 s Ftal 7] SREXEF ¢

o

oo dhE Z39FM(24:1) 600 et T 300 wE FH7bet] AT Aol=E TEY + =,
14,000 rpm / 20° ColAl 10E%F<t HAAEHSATY. A5 600 wE MNMEE E-tubeo] ¥
isopropanol 600 wWZ H7}F8F t}s 424 invertdF FH 1057F WX 3Fe] 14,000 rpm / 20° ColA 10

B2 AAEE stk Z A DNAS 70% o EFE 500 wE 2~33] MHsta oA Az AR
1Z%E DNAE 20~30 wt H¥d 32k S/l Fo] 47 CollA 1AZHE<E WAk & 10 mg/ml RNaseE
HA7Fskar 370 CE27]0 A 1A 7Hs<F vk A7t} 2% DNAZ 1% agarose gelolAd A7) 4531 &

o138l 3 UV spectrophotometers AF&3ste] 260 nmée} 280 mmoll A FFEE =AHsto] DNA =734 ¢
IS

3) A 2 (leaf) genomic DNA FZ =¥
WA= 528 FrE2 2WS 3ol A5l paper towel s ©]-&3te] TS AT Fo A
shoh. Al gojapde] Wi AAALE Fol s mhagk o 2 50 mgHEE Hargk 1.5

ml Eppendorf tubeol] =T},

aglal 7] Hell FF buffer® Yo genomic DNAS 2] A8t th(Gell All Plant SV Kit,
Korea). 3%3% genomic DNAE 1.0% agarose gelolxl #H719gEstod AglE e & [V/VIS
spectrophotometer (Amersham bioscience, USA)E A}83lo] 206 nme} 208 nmoll A SFFE=E A 5lo]
DNA == 2 AEFS At shefA Alme] 45 DNA A WHE Sl ANsEE BAgH.

. PR =&
D) rDNA 1859 e] PR %Z
PCR 5Z-& AStec PCR 7]7](Astec PCR, Korea)S AF&3}th. H A 3o A AFE3 188

g9 oligonucleotider AE JAlo o sle] dAHH AS AR tH(Genotec, Inc., Korea).
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1859 9 9] universal primer®l 18SF(forward)®} 18SR(reverse) XEz}o]mE o] &3lo] P(R STES =3
s,

Lol v 9| 7L 18SR (5'~CAACCTGGTTGATCCTGCCAGT-3") <}
18SR(5' -CTGATCCTTCTGCAGGTTCACCTAC-3"' )]l 2™, PCR conditione pre-denaturation 96° C, 2 min ;
denaturation 96° C, 30 sec ; annealing 50° C, 30 sec ; extension 72° C, 90 sec ; 36 cycles 9]

Atk S%E PR AHES AASte] A7IALE AFsi

2) 18S region® ExnlA 7iE
Eold oz uetdl 4 Q1% specific primerE 18S regionolAl  @7IME £4S F3te] 3 Fol
B Sold e e 71D ONP)E B4 5T

110 120 130 140 150 160 170 180 190
1. 185 . 718b BT OO N U AN OO IO SN SN oM ST SN N U U WA O O S
. reglon o p Korea TTTGTTTGATGGTATCTGCTACTCGGAT AACCGTAGTAATTCTAGAGC TAAT ACGTGCAACRARACCCCGACTTCTGGARGGGATGCATTTATTAG

PCR A

Templc] Time Cvcle

94 Amin
94 30s
55 40s 35
72 90s
72 omin

[ NTS | rDNA-repeat

: 510 520 530 540 550 560 570 a0 500
18S | 26S | ESPUPC PR, SETON (STPYIOL poreren et SV TV RIS NSISORY PRDNL puwone Ny (e (noeey R Y Y SN e
.-TS Korea TGAGTACAATCTAAATCCCTTAACGAGGAT CCAT TGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTC ATATTTARAG
AT b ot o ) e r e P S ML, L iy A SN i o b TR whnn AR o S T e e AT e B e
\TS .- 223 1 M St L e
FE-DIK o osw me; o beingsss, e i e, o o mmacom ) BRGS0 ) B B e ) 8,y S e
F2 AK
610 620 630 640 650 660 6790 680 690
e Vet s Liweml] wowssal sesend Dl bamasntliossaib sl srspm Vnamol'apes s Tl s szl
T30IAl - GATTC

st7|4 - CAGTG
F1 KA - CATTG
F1 AK - CATTC
F2 AK - CAGTG

29 1. 18S region®l A

3) rDNA ITS9 49| PCR T3
PCR Z=Z-& AStec PCR 7]7](Astec PCR, Korea)E AF&3}Att. . A3 A3 ITS
A9 oligonucleotidex= AE AAo] o Fdt] FAE AS AFE39 T (Genotec, Inc., Korea).
ITS 9 2] universal primer?l ITSPF(forward)®} ITSPR(reverse) X#}o]HE o] &3] PR FE2
Tkt
Zepolml el 714 h2 ITSPF (5'-TAC CGA TTG AAT GGT CCG-3')¢} ITSPR(5'-ATA TGC TTA AAC TCA
GCG GGT-3')o]lem™  PCR conditione pre-denaturation 96° C, 2 min ; denaturation 96° C, 30
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sec ; annealing 50° C, 30 sec ; extension 72° C, 90 sec ; 36 cycles ©]%tt. =Z3% P(R A&2

AAlsel 47199 ARsher.

4) TTS region® Exu}# 7|
EolH o7 Yed 4 = specific primerE ITS regionoll A @A 7]A

of B Folu Holgow et 7 HAN)E B

i1

2. ITS region_795bp 2190 220 230 240 250 2460 270 280 28

v sl awad b senl vssed e e Boswl-ssselanwd brawliwssd vl s e deass el e lassthases
Korea AGGGGTGCGCARGCTCCCCAAGT TGCAAACCCAT GETCGGEEACCACCCT TGGEN GGCTCT CBTCCCARCAACGACCCCCCGGCGCGGAR

PCR &2 g 06 M i MM |, O S e e M

Temprc) Time ST o e el (0 A iy
. 310 320 320 240 350 370 380 38
9 4min swwtad s e bwaws | s e biewe Pmatl assslomen ] vassd wosd bl assadls asstlies el
Korea  ABATCARACTGARCTGCACGCETCCCCCCOGT TTECGGECCOCGEAAGCETCTTTCTARAACACARACGACTCCGECARCRCATATCTC
911 3“3 b7 i o RPN A S P R e R I P S S P BRI IS ] TP TEADE RIS
98 40s 35 2 05 O S NSERR B S I
BB TBICT o coner ot sird g s o S o B B BRI OB e e o B8 148 4 e L SR S e TR TR Iee—
12 90s 410 420 430 440 450 480 470 450 43
= ik I I | I | | I Fropsz Towcmnd bigswga I | | o
72 amin Korea TCGATGAAGARCGTAGCGAAA TGCGATACT TGGTGTEAA TT CCAGAATCCCOTEAACCATCGAGTC TTTEARC GCAACT TECOCCCOARG
B O, B R T e A B A e e e o
F1 Ka
BRI e R T T e A ST T s
[ NS | rDNA-Tepeat | m2lax
T 510 520 530 540 550 560 510 580 58
| szl | I | | | | o e 1 | [ [ | | |
|  Korea  GRGEGECACETCTOCCTGGOCGTCACGCATCGCGTCGCCOCCCCRAACCCATCACTEECTT TGCOGEAGTCOAGCEGAGEEECEEATARTEGC
| Bmerdiom: s e R A S R R A e i IR [l B BT
5.88 [ RS R ————] -
g = | I 3 I e e e e P D e cod wvaveesatms besn s s
| I 185 | LI % 265 I B BIC . ovr i rnnmim oot o R A BB 8 28 N S T [
810 €20 &30 &40 £50 560 £]0 €80 &g
ETS \ / T | B L s Py oy rp |
Korea TCA - COGCGCGETTEGCCCARAT G GAN TCCT TOGCEAT GOACGTCACGACARGT COTGOTTOTARAAR - GCCCTCT TOTCATET -COTG
‘TS BOOTLOR i o e a0 s o0t o o A T o T o g A e e o B T e R i S A e R e P e v
L s oo B 0 A A s S b e i
F1_AK
" BRGSO T B R i M R e e e s
) 10 AF 710 720 730 740 750 780 770 780 78
ni= l—lﬂ G I | \ I \ I I [ ([ - \ I \ I I ! I
§|.7|Al' = - Korea TCGCCAGCARAAGCTC TCATGA - COCTGTTGCGCLETOC TCAACGTGCGC TCNGACC BCGACCC CAGG TC ANGCGGEAC TACCC GO TGAT
= BOETICE o veiaassiiiiisssidsn saasiddsas it assaaiassvaisasssasasississss idddsresiaaiaiaseediaseanss
F1 KA -G W B e B B B L e el s
F1_AK

FLAK  -A Ers
F2AK  -A

13 2. ITS regiondl Al Eol& dA7|Ad

5) rDNA ESTYg ¢l PCR &%

PCR &3 AStec PCR 7]7](Astec PCR, Korea)E AF&3Iodrt. & Ao A A&+ EST
dd9] oligonucleotide= Zi- Aol olFste] ddd AE AFE3FSItH(Genotec, Inc., Korea).
ESTS 9] universal primer?l ETSF(forward)®} ETSR(reverse) Eg}o]HE o]&3}lo] P(R SES <
Fap3it. EZetolr 9 H7IM L= ETSF (5' -CTGTGGCGTCGCATGAGTTG-3 ") <}
ETSR(5' —AGACAAGCATATGACTACTGGCAGG-3' ) el e ™ | PCR conditione pre-denaturation 96° C, 2 min ;
denaturation 96° C, 30 sec ; annealing 50° C, 30 sec ; extension 72° C, 90 sec ; 36 cycles 9]

olth. FEE PR AES At 47149 e AP,

6) EST region®] &x}u}# 72

Eolx o7 vehd 4 9l specific primerE EST regionoll Al 714

12

wAe S8t P Fol
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W BolHo® UEhb: A71HANE Basts,

3. ETS-527bp

10 20 3q 40 50 0 70 80 a0
RTET) VTITOTON) [ORTRTHUNN PUPRPRVRR [P FRpRTSETS RIVITINS ) panereien) ertsl (O (NTEI [AITRIR) Farerers ASNTNTNY PPN [(ReITeL [PUTITORE, ORI (e
PCR 4$—j|_‘I Korea TCGCATGAGT TGGGGT GCATTAGAT GGCGT TGGCATAGT GTACGIATEECGCGTGAGTGGTGTTTGGT TTGTT TGGG TGGGT TGGATCCCTGE
Rmerica .
Templ“c] Time Cycle Fl K&
= F1_BK
94 Amin F2_AK s
94 30s SOV N SN [N L. SO DNV (SO SOOI | ~——.. W LAY (O | | (LM S SV N o
Korea GCGACGACCGCTCT TTCAT TCCT TTTCATTCT TGATC CAAGAGCAGTAAGCC TTGGAAQAT CFCGGTTGCCTGTGTT TTATACCTATGTTGAT!
54 405 35 PRAFEOR s e s e e R e e s e e S e e e s o i wsampusenag s s ey @ e egie e
PLEME: oo A s e e B e e s e s G SRR
72 90s FLIRIE o i e e G i s S S G o s e s et s dmmuiamin i i e w Bt
. PRGN T e R I s e e s B s T
72 5min 210 220 230 240 250 : 270 280 290
| | I [ ! ! I | lereel ! I ! | \ | \ \
Korea GTTTGTCCAATTGCCCCTAATTCAACTTGTGCTT CTCACGCGGTGCGAGATGAACCATGTAGTGTCCTTTGTTGTCCCTTCT TGCCTTGCGET!
BIEETE o e T o B ST H Ty 1o S T 1508 o T T T e e o 0 M S o I B, G B T S T e S G B e
FL-TIE oimie s s e e st o i e e o S e a0 e e R e R e B R e e e e e e
NTS DRSRIETOMMIIN  =oin  ooioi oo e e
| B2EAIE i S S R T S A T B S A R D T AT AR S S
a1e 120 330 240 350 360 170 380 g0
| URSIIRS) PSR, (RSSO | ASUURS SPRREL, USRI OVRSPNS (NVRRINEY (NPRNPSICS SOPRURN LOCPSTS (MNP POSSHEN USRS | RO NSRRI RSN (S PR (e
588 | Korea CGCATGAAATGGCCAATGT TGCGACACTCGAACT CTCGCGATACGGAACCT TAAGCGCGCAAAGGGTCTTTGGCCTCGAT TTGCC TAAACTAAG!
> : |
Llss] [[] 2% |
ETS v ¢/
ITS
31 1 O|AF _
il
37| -A

19 3. EST region®l] YEI}= A7 AL

7) rDNA 45834 9] PCR 5%

PCR =Z & AStec PCR 7]7](Astec PCR, Korea)E A}&3}9ith., E AFoA A}&3F 455
Fd 99 oligonucleotider= it Aol olzste] Fdd AE AHE3FStH(Genotec, Inc., Korea).
5598 9 9] universal primer?l 45sF(forward)$} 45sR(reverse) E#}o]HE o] &3}o] PCR SE& I-3Y

sttt
M glo] 9] AL 45sF (5'-GCGAGAATTCCACTGAACCT-3") ¢}
45sR(5"'-ACGAATTCCCTCCGCTTATTGATATGCTTA-3" ) o)1 2™, PCR conditione pre-denaturation 96° C, 2
min ; denaturation 96° C, 30 sec ; annealing 50° C, 30 sec ; extension 72° C, 90 sec ; 36

cycles o]k, SZ¥ PR AHES AASY A7|ES 2453},

W~

32

8) EST region®] &AmtA 7l
SolH o= Yehd 4= 3l specific primerE EST regionollX  97IM<A 245 Ssto] i Fol
T

 SolH o et AYAASN)E BAast,
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10 20 30 49 50 60 70 BO =13}
4 455 747b ISELSE PP AT et Lot el BPTPE R [Py e Rt (PRI g R (TR, PR e rpi GO W Bl pPRPT AU B e T Ee o
. I p Korea TTTCATGAACCT TATCATT TAGAGGAAGGAGAAGTCG TARC AAGGT TT CCGTAGG TGARCC TGCGGARGGATCAT TG TCGAAACCT GCATAGCAGAAC

PCR 7+

TemplCl Time Cycie

94 4min
g4 30s
56 40s 35
72 90s
72 5min
NTS | rONA-epeat |
5.88 {
(s T ITT 25 |
ETS \ /
s
n2olA - A
27|y -6
F1 KA -G
F1 AK -G
F2 AK - A

UF. S\P primerol] o3k SH5E FAke] HAT0E Rle] s
1) F1 hybrid
U=kt Qi FARE A F1 sbdstust 2AAES ARSske] vt el gkl
= 145 s, aga 4 o 1

Pl
i
o EE P EPEES 2¥, 33} go] MEAMES melela ME sk dehde gaste,

W22 25 DNA 28 7]|E(Plant SV mini, GeneAll, Korea)
2 Abgste] FEE . Sol Zalolwi FAF MLP 71 E3 F2(clone) Q71 EEEE A

ZZ2 PCR 7]7](Corbett Research, Sydney, Australia. Model :CG1-96)¢l 2]sled <=3 L
O BF-SolA SE S Sk whe 212 20 b F9 9 EE PR WA (7 Zepoln 0.5 M, F&
@ DNA 50 ng, ZF dNTP 200 pM, MgCl, 1.5 mM, 10XPCR ™3, 2 DNA Z ™ gto}a] (EnzynomicsTM) 1
Do, 94T 587F v WA oA (denaturation step), 94Co|A 30%, 58CelA 30%, 72Col
A 30%3E AN AL 368 wEEAYE B, vhAEte R 72TeA TR e RAATIE
Aol whet e E
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X 80
181 ATCANT R SGTGTCoATCCT TTAAATAAAAGTATTGTGTTGETTGCTTCTTATTATGGTTAT
321 arcastTd B~ GTCCATCCTTTAAATAAAAGTATTGTSTTGST TGCTTCTTATTATGGTTAT
81 160
181 A T T T G A T A T A G G e e e e e e e e e e e e e e e e e e e e e e e e e e e e
321 TGATTTTGATATACACTAAGCAGATCCOTAAAAT TAAT TAAT TAAGTAAAAACACCAAAAAAMATTGCT TCTTATCTAGA
161 240
] I o e e CCACTSE
321 TTTTTTTCT TAGCGTCACCAGAGATATT GAGACTCATCATCTTCCARAGTAAATAAATTAT SGTCCACCCACACCCACTG
241 320
181 CATGCATGCATGCATGGOTGTTACGTAT -~ - GTACGTAAGGAT TGATCAATAANTAATAC — :

321 CATGCATGCATACATGECTGTTAAGTATAACGTACGTAAGGATTGATCAATAATTAATACTACHYS

321 @TSPIR

181
321

a9 5. mE QA EAe] EgudEe] vt

3) F1 hybrid &S $13F ExvA Ay 2 x4
F1 27032 sample 24712 &0l A3 2732 gz o thes) o] 8018 5= 9
Ak, gelsr] 98 FHEE AE DNA isolation & % 50ng AF&3te] PCRS
PR 272 94ColA 583k vg] WA @7 (denaturation step), 94CelA 30%, 58CelA 30%,
72NN 30%7F ANAA = HAL 353 BFEA7] = wHA|, npA o g 72T 7RI AFS G
Al 7= A wheh AT

o

gt BAPES 91g A o] Tt
1) A& genomic DNA F& % A=

A ol(leaf) &= FH Gene All Plant SV Kit(Gene All, Korea)®] ZZEZX genomic DNA F
=3tk AA 2(eaf) genomic DNA 5 W A 25 282 TWS 7|30 Ao
paper towels ©]&3ato] Fi& AAT Fo ARESTh AlF 5 dojapde] @a AAHALE Fof
AA 3] v gk S B 50 mgP =S Hd 1.5 ml Eppendorf tubeol] ¥+
a8al H7] Addl F% buffers ¥o] genomic DNAE £ AASGHGell All Plant SV Kit,
Korea). %% genomic DNAY 1.0% agarose geldlAd 7|9 %53sle] AelE &9 3, UV/VIS
spectrophotometer(Amersham bioscience, USA)E AF&3}e] 206 nme} 208 nmolA SFFEE =
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516 17 18 19 20 21 22 23 24
Templ=c] Time {
: 94 2min
i aa 30s
—u-ﬂ--—-------- e Es ey - 58 30s
[——— == -------- =-'-=-- 72 90s
. | 72 7min
| = | W 2 = s Fnil e 50ng
1 OE 54 F1| (H x o 8 EFsEH F1 kOl x 1) 16 ZHAl 44 F1L |[(1 x O])
2 A5 FL| (F x O] ) &S FL ko] x 1) 17 | 2™ 49 F1 (0 x 0))
3 JF 543 F1| (8l x O] 10 AF 54 F1 kO] x J1) 18 A 443 F1 (11 x O])
4 TOFE 5 F1| (8 x O] i b 3 O F 5 F1 (O] x 1) 19 | Xl 44 F1 (0 x O))
5 OE 5 F1| (™ x Ol 12 0% 519 F1 (O] x 1) 20 | Zxl 44 F1 (0 x O]
6 OEsE FL| (F x O] 13 | DFE s FL kOl x 1) 21 | X 4E FL (1 x O]
Z OE 5L F1| (& x O] 14 OF S5 F1L (O] x 1) 22 | ZIXl 44 F1 (0 x O))
15 | JF 54 F1 (O] x 1) 23 | A 4E F1 (10 x O])
24 A 44 F1L (0 x Of)

a9 6. AFxv=at, vsrakxarE At 2 i Qakxr = ake] F1 oA A

2) PCR A& 58 97149 1 2 v #4 A= st

3571 ¢] “]E—f— o} 291¢] primer, 87012 A=A 299 primer AEZS ¥33 =

43709 primer 2¥-E1% DNA ¥4 23} (o}g] dlo®), 7719 vEZ=elol fa% #9104 125
o] SNPE 29k, 670e] A=Al fAak F-9lolA 36709 SNPE & 4 SUSich

X 1. 43719 primer DNAEA]

Product
Gene Primer name Primer sequence (5'-3") Ta(°C) Specificity Reference
size (bp)
ccb452_K_5" TGC TTG TGT GGG GGG TGC GC 929 This study
cehd32 51 Specific for F| Pg/Pq and Pg
cch 452 TGAACTGTATCTTCTTTG TG Duminil ez al. 2002
cox2/2-3 coxll_K_5" TCGCCGGCC TTTACT TGATA 830 ) This study
55 Specific for F| Pg’'Pqand Pg
cox2/3 CCACTCTATTGT CCACTT CTA Duminil et al. 2002
TGA ACACTT TCT CCC TCT
nad2/4-5 nad2/4_A 57 - 1268 This study
(A—=C: C—=T)° 57 Specific for F| Pq/Pg and Pq
nad2/5 CTATTTGTTCTTCGCCGCTT Duminil ef al. 2002
MLP MLPmRF ATC AAT CTC GAT ATA TG 181°, ;i Specific for Pg This study
CCA CCT GCA CCA TAA GTG 58 321°, ¢ Common
TSP2R i d L . Sun et al., 2010¢
ACA A 682 Specific for F; hybrids

* Bold underlined nucleotide is the additional mismatch introduced via substitution of A and C for C and T. respectively.

T Fl1e] Aoy 48 9 24 3 9" gheks flste], Alxd A d5A) nER
s ol A ElolHES AMEEt] AFMAES vl FAE] 2 A¥, Korean ginseng (K), Fl
hybrid KXA (KA), F1 hybrid AXK (AK), American ginseng (A)A HEF#X o= RAFHA el
Hol= AL (obd 19, A5 ZAD 1 & AT
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(a)

LEC flargn singss oooy rageon |

P ] BT 5 [5] = E I g
i s o
Gana !a- {é E E ﬁ a =E
Sena sz (o) & & = g ¥ o] i E
x;upﬂn - - - =] £ o ] B
Eana posian #le £ 5 B g FEREREdERR
Fo T ENESEE Y W CCCCTG T TEG
F.FgiFg Ee T CH o ASREE COT 7T A
. FaFg Eoh & R-R BT T T 8
- CA & &K'& O T KT N
(2)
B \\ \\\\ 4\‘:“‘1
m— x HEE a”s 3 HEEHEOEBEEB8EEEE
Cana iqaf_%gﬁgﬂﬁﬂgigszia §§EE§§§;%£3335§
= i A B R A
JHEEEHEHE s HlE IHHEHEHEHHHEERE
I 11 H H E R HE B E R E I E H N EE E NS H E R E L
Wz of peymapnsmsl o o lal o] Qo lBIH %] Jelola] jole IR E b )] Eele
Cane posson
Fa
F.EaFr
F. FoFg
Fo

{b'l} Bane posidan

=
F. 70
F.7niFg

Fo
{bz} Cana posiEan

B3} qiemrer |22-e2guunctecntracsnasiaissse
Fa 8 BT TAT TTECE@TTTLC3 T T L E « « o5 a = Z
FrPgiy. 0 e o SRY Smy FUE BTN T ana LT s 8 T8 c8.C &
FiFoiFp e -7 TYaA T°T T-€C&7T T7 & T T ' B8 T4 a8 5.8
- - T 7T AT T TN E&TTT G T . s &« & & & = iz
13 7. Korean ginseng, F1(KxA), F1(AxK) hybrid, American ginsengolA] ZAF74 =&

3) SNP primerell o3+ F1H3tg Tk H# 70 o] s

aH QT vlxake] Adagtel] 98 F1 KxA(Korean ginseng x American ginseng),
AxKE EAXEZZHE, e Asite -8skal F1o 9oy 48 3 27 #d sid gofs ¢
3 A7)l 22 SNPZHE SNP marker primerE YRS 11, multiplex PCR 7S # A 3ls)od,
gk wlo 92Est & g A 21s gYaisith
DNAYE AAE oy ¥z e 2% DNA #28& 7| E(Plant SV mini, GeneAll, Korea)E& A3}
of FEoUTE. 5ol Zgolm = FAF MLP @714 93 F&(clone) F7IME25H A7 =3
PCR 5% PCR 7]7|(Corbett Research, Sydney, Australia. Model:CG1-96)°l 2J&}o] =] ]
th BY-Sold FES A% wE 212 20 w F-99] ®E PCR WA Zetolw 0.5 M, F
%% DNA 50 ng, 7z dNTP 200 pM, MgCl, 1.5 mM, 10XPCR # ¥, 3 DNA Z#we}olA
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(EnzynomicsTM) 1 U)o &, 94TCo|A 5&%F vg] ¥A WA(denaturation step), 94TolA 30x%

57TolA 30%, 72TolA 9023 AFA 7= A& 353 vHEA7|= A, vpxgte =z 72T A 7

1 AE AN Gl web FaE v Zetol = nad4/59F mip2ZEte]ME F3FFsle] =

= Adetglar, o o] FEE 7 H BEAZRYY FEHE A3 HHEE A 24
4

[o

MLF

4
-1
3
Chunpoong
-2
F1 Q0807 x 0849 - 3
F1 Q0807 x 0849 - 2
F1 Q0807 x 0849 - 1

0909

0909 - 2
Q0907
0f x K-1
0| x K-1
al x K-1

100 bp
Chunpoong

0] x K-1

dentification® K KA KA AK AK AK AK K AK AK AK AK
% 8. g Qlabxv =k, vlsatxared lat F1ohybride] &AHA

4) 45t multiplex ZAWAE 283 F1 #A4
s+

47] B BARAZ Bgajol, v w45 witel o)F FlowtE m3,
2R ARt g o ¥ 2 olgate] ¥, mA U 2E PAL Sl 437
o, % FRaF AN %A AR HA BLH 5 AL AolF ArH,

nf, e BAAE o] &3k RAE
1) A]& genomic DNA F& % A

A Ad(eal) & ZHE Gene All Plant SV Kit(Gene All, Korea)?] ZZEZF
genomic DNA F=3¢th. A ¢ (leaf) genomic DNA F& WY : AA+= 32+ 55
= o]l HolFaL paper towels ©o]&3dte] FiES AAZ Fol AREITh Al F
I NAALS Fo] &A3E] vyt Fo] B 50 mgHES H3k 1.5 ml Eppendorf tubed] ¥+
o} 2la x7] Aol FF buffer® Yol genomic DNAE #2448} tHGell All Plant SV Kit,
Korea). %% genomic DNAT 1.0% agarose gelollA 7|93l HEHlE &< 3 UV/VIS
spectrophotometer(Amersham bioscience, USA)E AF&3}e] 206 nme} 208 nmolAd SIFEE =
Asle] DNA 57244 9 Aeks A x]35+9 )
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2) A 3tE multiplex SNP ExnlAS &&3 F1 #A

skt we sl s wgtel] 9% F1 KxA, F1 AxKE EAAEZRE, 18a szt
of g48stal F1 hybrid ¥ 8 2 =EA #d " Fdobs fjs] 7] S SNPEHFH SNP
marker primerE Y AR5} 3L, multiplex PCR Z7AS FA3}ste], 3 Hol| 73tk = A =4
S sk DNAb A4 3 El=NE A& DNA #88& 7|E(Plant SV mini, GeneAll,
Korea)& AM&ste] FE38IqUth 5o Zgfolw = A MLP 9714493 Z&(clone) A7 E=FH
AAEAY. PCR 5F2 PCR 7]7|(Corbett Research, Sydney, Australia. Model:CG1-96)°l 2|3}
o F=HAY. BHY-5old FZHS % g 212 20 i 99 3EF PCR whHgA(ZF Zefolr
0.5 uM, =% DNA 50 ng, Zr ANTP 200 uM, MgCl, 1.5 mM, 10XPCR ®¥, ¥ DNA &z}
oAl (EnzynomicsTM) 1 U)S. &, 94Co|A 5&7F vl WA wA(denaturation step), 94ColA 30
Z, B7TCoA 30%, 72CoAA 90x7F XA 7= AAHE 353 WHEA7|= GA, vpx|go g 72T
A TR RS FAATIE dAe et ST Zeto]lw = nad4/59F mipZetolwE X3 st

ex 1S AU, e ol FNAFY TE 2 wARRHY THE AW WHIY~
=]

M

AekA A 2108 SHS ATk A7) GHE BAnAE Ggetel, mEaa w45 gl of
3 Flo2 R E Bz BxS AASE=Y, AFEsgh o 3 A8 o]&ste] B3, nz 2 ZAE AHS
S 5 AT

3) HAgle Nad-MLPuFAE o] &gt A Fl~F4M o 2 oJugFe] sfelug|= -3

Nad-MLPH}E o] &3 multiplex PCR o]-&3}ed nj=4t3} e elate] np7E 3kl 3t

vl 14k 1268bpet 682bpoll A mAE Bl e Qlake 321bpollA FHEES B FFel w

ZtA = 181bpoll A% wHAE WERHATE F2~44d =5 2AQD nulsakat BAID weldlat niAE
Kol o] Al stolHg =4S gl

Multiplesr PCR - Mad2/4-A-Binad?/5 + MLPmRF/TSEZR

Hadid-A-Snadds +
MLPmMRFTIFIR

F214& 181

1268 682 321 481

82 32 1]151
)

BHO|H P B0 WE MBE

s ME| T nEE TE™
19 9. Nad-MLPRFAE ©]&3F multiplex PCR

Az 594 44% F1(Q0903x0929, Q0904x0925, QO807x0841, Wl =4kxK-1)3 2+l a3t
6134 FL(QO809xM=4h) B wLA9] #e] EapetrE Selshgiet.
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19 10. 5948 694 F1 2 =A¢]

a9 11. 4394 F1AS 3 F3A152 EApvulA

G
é&)
P

a7 12, 3949 Fl13 outs 9 F2, F39 2AmHA

394 F1, F2, F3 % clag®e 24 vpAg 3

we) 2w}

BC&F2,F3

st

434 F1(0702xQ1010 1341%)3} F3(AK 129] 17A41%)¢] o1& o] &3
F3& F2olA MAE = ATt AEs 3 3oz BF7) sfo]Hg

=
=918 3
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A 13, 294 F2~F4AMd] 9 o uztrgo] ExjnlA

7l HAza 1

2. 27
b E0RAE FL oA e

T-H o
7b. FX
Tt F1 54 A3 ginsenosides 7ol A3t z2tzke) wix| & AdAstaa o

\

G Al AAF 0.5 ¢ FAE 100 ml #iA el A 6 F3F wfFetls W, 7Sl ARgEtal Sl

=
<

1/2 MSwi <] 2} MSulA| 2o} Bowh A& Z3hgh viA|ol| A 1.25v] &= ort. wetg7]o mE FAE9
G A7) flske] 250 ml ¥l&7]E AR&ste] wiekst Ay BS wi A A FedlA b £
FAT LS YESLT.
¥ 2. wix A 2 x4
Medium Dry Weight(mean)
B5 3.41
SH 2.21
1/2MS 1.55
MS 1.87

% 250ml 2HzFE el 100mlsjA| S wHEo] ARE

* 27 AFH 1 0.5¢

* Culture period : 6 weeks

* Hormone : IBA(Indole-3-Butyric Acid kaliuml) 2ppm

¢ MBS 53]

2 HASA ChFE

X747} ginsenosides Agol A3Het zh7te] s EEH AL

shol ehQlsteivh. BoulA o)A

IBA(Indole-3-Butyric Acid

kaliuml) 2ppm, IAA(Indole-3-Acetic Acid) 2ppm, NAA(a-Naphthaleneacetic Acid)2ppm T2 g =
sto] 4 F7F wiokalgl e wf, iR 1AA, IBA, NAAAM @ A] zbzb oF 1.6, 3.59), 3.6W) 34ty

At

25

3. 32 THE UET

Kinds of Hormone

Dry Weight(mean)

FREE

0.71
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IAA 1.17
IBA 2.48
2.57

FREE IBA NAA
* Medium : B5, pH : 5.8
* Culture period : 4 weeks
* Hormone : IBA(Indole-3-Butyric Acid kaliuml) 2ppm
IAA(Indole-3-Acetic Acid) 2ppm
NAA(a-Naphthaleneacetic Acid)2ppm
a9 9. T EEFE Ags
2) Y~ = g9
3E 2T T0% NEFES o] &3to] HaAhHe i e MAES dHE o 7]
ekt 5, MSHi Aol 2,4-D 1 ppm, BA 0.5 ppm H7}g wjAo A A~ F25 QT
w8 el ag Adugsi FAAT, & A deEe AAs.
3 A 2zRE Y BAT f
71

2" Ay A~ZFE B5 (Gambore B5 Medium) Aol
Acid kaliuml) ©2& 3 ppme H7FsE v Aol A Sz sto], FAHTS

o] IBA(Indole-3-Butyric
=& FE3sg)
4) FE F1 3 F2 A1&4 7154
B5 "X A & 2 ppm &
F22 &4 79 MAZRE BATS

TTTotw =
A SN
»‘/

wol A wgre) gyl
FrEstzd 43

& s
sk,

=
T

F1(&3x1=4h)

Z
T

F1(0909xQ0903)
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=
Tt

F1(0304x%]=4h) F1(0915xQ0902) F1(0904xQ0913)

19 11. F1(0304xm1|==2h 9]

mt
ol
o
==
Au)
4
Ho
e
Jr
ol
r

Tt A =z

F2(7] = 2x &) F2(7] =4FxK-1)

a8 12 =abd dF, K-19] F2o B4

. E7F wFE Fl IBAsEEH A4S
7F 2FE F1 A2 AT ginsenosides Ao A3t IBATEE AAHFS AAs)
Az PPMEEE WEAA o el #lEkgivk. B5 (Gambore  B5  Medium)ul A ol A
IBA(Indole-3-Butyric Acid kaliuml)Z 0.5 ppm, 1 ppm, 2 ppm FE¥H T2 XS 3t 4 F7+ o)
FetRAS W, ETEY 2 ppm A2l Al oF 6.6 52 €<leel

=
o
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¥ 4. IBM 558 A=
Concentrat1on of IBA Dry Weight(mean)
FREE 0.35
0.5PPM 1.13
1PPM 2.26
2PPM 2.32
* Medium : B5 (Gambore B5 Medium), pH : 5.8
* Culture period : 4 weeks
* Hormone : IBA(Indole-3-Butyric Acid kaliuml) 2ppm
gh. FAE3e] F1E3E 2184 7))
D vy o seAR i
S (0 v A = i B o |
o217k ol 2 HAS 7heAol mol ARG WiYFAEE D7) f mAEe] A
A=
ALGA © 271l GA
Ao et B A EE Ao FEuAR A4 A, A, gz Ae] 28R 8% AES
t}.
A2GA - A T4 A M SA =B multiple shoot 9] AR AAuA 2 A
FrAEAxA S 5 HESH

AZEA AT we FEAFRe 79o
N DR E RIS R LR R
A4A 7191014 @A
e o4 ¥ ARRA 4euAE A

A5HA

PHdEe 3 e
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=

ul, BAubd e (F0AEO A Hagd o HA ALXU BEAud 3
1) FFA ] 27 23498 Y3 AFEW 7ro] uby sfwk
3 z

(

N7 2~5 AT 15 JHER AFE5te] EAA

I-FEESRE B et SRR 13 AFE & £35S Y
AxHE B8-S High Performance Liquid Chromatograph(HPLC)-8 wEHE 50000 o] 0.45um
millipore syringe filter® o¥3s % 10uE HPLC(Waters)”]ol =
panaxatriol (PT)¥} panaxadiol(PD)E #&]slar A s}Sct.
Detection Waters R401 Refractive index (RI) H&E7I2 #HE A#stel 439 t.  Column;
Lichrosorb-NH2 column (Merck Co., 10mm , 4mm ID X 250mm), Solvent; Acetonitrile / H20 /
n-butanol(80:20:10), Flow rate; 0.5ml/min, Attenuator; 2X = FA 3} T},
AL 813 g9 2 A o] AF8-E ginsenosides ¥ (Rgl, Rf, Re, Rd, Rc, Rb2, Rbl)<
At QA A g A FEES AS AFESIT. AP AE Y ginsenosides AL Waters
R401 Refractive index (Rl) HAE7IE A=, AP, columne Lichrosorb-NH2 column(Merck
Co., 10gm , 4mm ID X 250mm), €v"l:= acetonitrile / H20 / n-butanol(80:20:10), flow ratex=
0.5ml/min= 3} EAISFAT). Chromatogram® Z+ peak™ AFP¥EY E %3} retention timeS H] L3}
o] 543} a, 7t ginsenosides ¥ ¥w I MLt peak height 2 AAFFITH(Fig. 1).

~
= O

3l ginsenosides®

ins
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Rh1

‘."
Uk Ra1 L
b1 Rc PPT PPD
- o L e N S, W, L) ﬁ\\ A Ao " T‘A JJL,L‘J\,\

W

Crude saponins

crude saponin
CRMGS 1iomarg

Ginsenosides

mgasg

Ri>1 Re Ri»2> Red Re33 Rh2> F2 PPID Rz Re- RI Rl Re32 PPT teatasl

CRMGS 2.22 0.62 0.55 0.52 0.249 o.L 0.19 o772 2L 4.69 1.249 5.41 0.32 0.42 12935
New cell lin

G@rolE2|5)

Rgl Re Rf Rb1 Rec Rb2 Rd Total major
I 14.13 1.74 5.7 1.09 o £51 i 2.96 30.43

19 14. New cell line®] ginsenoside peak

by PSS F1 £048A 9] LR 1o AEFe] A
Agrobacterium rhizogenes AMTE o] 83to] F7HEE2] F1 S EX
o]

A owe RATE fEsgt 58 2A2Y shoot-tip WIS

T
&
Ac)
i)
o

i3
it
1-11
o 02_‘,
U
flo
2
20
=
0,
O
f
ol
2
<
o
>,
b}
o
H
=
b
N
K3
=
i
ox
o
X
Cal Y

)
=
=
o
=
£
2 ®oox e o 2

ginsenoside?] /‘g’\}—rgE UH-or =0 73S "t (CRMG 59
vl sl g st o ASAEHE wg FEs A ginsenoside

53], Regl, Re)ol &St}

td
oy
ki

o
i
b
ox
oo
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Criginal cell line(CRMGS5)

|
\

h\\qﬂt__n___ﬂww

Rgl Re Rf Rbl Rc Rb2 Rd Total major
1.74 2.31 0.39 1.47 0.62 0.55 0.5 6.11
New cell line(CRMG7)
Re
\_ ]
Rg Rb2
Re,] Rd
L S
Rgl Re Rf Rb1l Re Rb2 Rd Total major
3.7 14.13 1.74 5.7 1.09 1.11 2.96 30.43
19 15. CRMG7 line? ginsenoside peak
W) B0F Flel A 2 AEF) A
S B9 gisenosideAl o A A E-A o} A AR oA AA e Holx
O} CRMGOI M = ml-$- 2& 89.7 mg/gol S BT
Rt Re Rb? R R B D R Re Rt B R2 BT ol
hybrid main 401 1w 0% 2 ol 0 0 021 i 151 Le o 0 1w R
hybrid fine 57 10 11 2% 1 0 0 1S N P ST S 0 0ot 30
hybid calls 17 06 081 2p 0 0 0 035 3% 161 171 4l 0 04
CRMGY Ext. powder -
Rgl Re Rf Rb1 Re Rb2 Rd Total major
915 451 441 163 2.56 34 83 89.72
19 16. CRMG79] ginsenoside &%
h) F33F F13 F2 2 &3¢ ginsenosides AFEY &
F0RE P19 F2 A8 Axd §9 BA% A9 0o 2o
% 5. n@xg MhE ginsenosidedH(mg/g)
Al i BT sl Rgl Re Rf Rg?2 Rb1l Re Rb2 Rd Total
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HAExv=4t 1 2.66 575 042 295 489 170 0.26 0.72 19.35

HAExm =4t 2 0.83 818 0.20 3.93 200 1.08 0.256 0.86 17.33
HExr =4t 3 0.93 977 0.19 397 168 093 0.28 0.61 18.36
AZxv =4k 4 1.23 523 0.15 258 088 0.33 0.12 0.33 10.86
Al abxary 1 0.67 1438 0.14 947 320 0.62 039 0.27 29.15
F1 n| = hbxare 2 0.54 946 0.09 853 228 0.69 0.32 047 22.39
it n=4bxaly] 3 0.78 1191 0.09 973 233 043 033 0.55 26.13
n = abxare 4 0.52 1144 0.09 9.63 2.83 049 0.38 0.60 25.98

ZFA0904x 7] =54k 1.04 1252 023 6.19 160 1.56 047 0.72 24.35
2 0906x 7] =54t 0.67 6.76 0.15 344 107 097 0.26 0.50 13.83
ZFA0910x 7] =54k 0.78 861 0.16 289 1.06 0.53 022 0.43 14.68
A 0921 x 7] =74k 2.72 1065 0.15 6.63 239 197 0.23 281 27.56

F2 e 0.61 10.56 0.21 0.19 996 2.60 0.36 1.92 26.41
2 A H] = 4bxK-1 1.15 18.30 0.11 0.26 20.37 4.85 0.62 3.63 49.30
0304 xm] =4t 2.32 10.01 021 0O.16 227 130 0.66 0.85 17.78
0908xQ0907 0.83 16.28 0.32 0.27 8.22 217 116 1.49 30.73
F1 0909xQ0903 1.34 17.03 0.15 0.20 7.55 3.79 1.75 2.59 34.40
2 0914xQ0913 2.11 739 0.16 0.26 12.07 3.48 0.74 2.98 29.19
0915xQ0902 071 1397 0.11 0.20 7.25 224 0.60 1.32 26.39
e Gl 0.98 13.61 0.31 0.17 8.02 249 080 2.05 2844

Aol AR Aufetd F1 59483 & sAlelA e 294 F13h F29] A eAte|=
FFe A8 A Ador EAsglen dAeE AHEecit e BEeR s Fl
Hupe woiks RO ReE AlgoA AlwmAtel= ko] HlawA ZQkth F2 Hl=abxkK-19] %
AlmAbol = g2 49.3 mg/ge 7HE wof AbxEd aF ghelo w2 ZFA7F S Ao

L
2 2 AdAew B FloA e vlad 2 7 o

o

rl

2l

B

tlo :{o oot
3 m

U
O

28 AE F1 2| gisenosides EF 2 mg/g)

30.00
25.00
15.00
10.00
08 X QD

907 090D X Q0903 0914 X 0913 0915 X G902 ==

Wb

3 W@
o R o |
s T = TR = |

Ginsenosides content(mg /g)

[ AT}
[ - |
[ = |

muf =g

a9 17, 234 ZAE9 gisenosides
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0304x0| =44 0914x0Q0913

14.00
12.00 12.07
e 1001 1200
E 10.00
= 10.00
(=
£ &0 8.00 7.39
o
z 6.00 6.00
=
G400 4.00
B 232 2T i 211
g . 3
2 200 130 ee 085 200
a3 o021 016 l 016 0.26
0.00 s il . | [ ] 0.00 —_ A
g Re Bt R  Rbl Re Rb2 Rd e == " e e
0908xQ03%07 0915xQ0902
18.00 1613 16.00
—— ™ 13.97
5 16.00 14.00
= 14.00 12.00
=
£ 1200 10.00
§ 10.00 522 8.00 2%
2 B00
.| o 6.00
w
2 a.00
5 400 —
[ kot 115 148 200
F 200 083 032 027 | i 0.11 0.20
oo = - - N o — T
Rl Re Rt AR RMl  Rc  Rw  Rd oo o
ey | Al
0909xQ0903 S &=y
13.00 17.03 oo
Ty T 1361
E‘, 14.00 1200
g 12.00 10.00
£ om0 i 302
e 755 B.00
E: 5
G 600 =0
8 378
5 400 259 00
5 = 175
£ 200 ! otk 030 200 0%8
5 20 = = 0.31 0:17
0.00 — = 0.00 | — —_
Rgl Re Rf Rg2 Rb1 Be R Rd Bt Re Rf Rg2 Rbl

a9 18, A E7HY] ginsenosides | 1L

2L 48 F2 O] ginsenosides &F&2F

60,00

SO.00

A0 00

=]

2000

10.00

Ginsenosides contents(mg/g)

OO

F2{0] = AtxK-1]

a9 19. 234 F29] ginsenosides &H&F

nl':’
[

0.80

Rb2

Apel= e EASE H vSkK-1 @
Z)

i

132

Rd

205

Rd

N
ofN

L.

\
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sntent]me/g

fl
HJ
il
ofHl

H

g 53] Re$t Rbl

45 =
MAZEEH FEad FAHTolA =2 AAwAL

F2{0) = huk-1)

A3 M} K-1
ol Ao 2ol

tlo

oz
oft Hf kI

0 g 3 my
ETIO rgl_g

tio o

1o iz
o o i O

=
FEE RS FHN F, A

e
oo Ho

o
ol I

25.00
20.00
15.00
10.00

5.00

Total ginsenosides (mg/g)

0.00

Total ginsenosides contents

Al KA3 AK2  AK6 A4

A6

.
o
Do
—
N

o\

7P 5 total ginsenosides 3+

7.00

6.00
5.00

— 00—

E 3.00 -
2.00 -

e B
000 +— +

II.I —
AK2 AKB Al AB

Rb2

1.60
1.40
1.20

B 1.00

&g 080 -

§, 060 -
0.40 -
0.20 -
0.00 -

KAZ Ak2 AKB Ad AB

K1 KAL
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Rc Rd

150 050

040 -

o3 -
Y]
E o20 -

010 -

0.40 -

HE

000 T— —
Kl KA

000 +—

1500 ‘

]

"8 1000

&L
N j: 7___
0.00 ‘J—

Rgl

o

e 150 —m —

[:17]

£ 100 g

&
050 — —I— I—I—
000 + T T T T T T |

K1l KAL KA3 AK2 Ad AB

AKE

a9 22, 747 F3hu AT ginsenosides®] & o

2l Zroll A WA weAlol= o] FEFe] Zols B Ay KAL #9le] A5, AAweAlol=
Re, Rgl 59 PPT AlEe HAwAtol=o] ghegFo] thE gRle| Hlgte] H53S &<13813laL, KA3
2hele MAEALe]= Rb1E W& 2helel Hlste] dFatA w22 Ssaint. ZAZE n=s4tel $3F
FE NAZEY 29 AK6 o A$-ole FAwmAto]l= Re, RfZ & 33 %438 s

TS F1 AEA Atxd 3 dE ) frd BT oA fArgE s dle =
om, ol IALEY 3 MAE 271HA Flst= AT o deS AAIST E=g N 214
Alol= gefo] MR eSS Fd, 98t Y AAAlolme] dES Fol: AX#dS Fne

5) 2017 A=ET F3(M=x33) #ele] Abxdst
Aze 534 WwFAE FL, F2, F3At9]

o= Fe EARGITh F1~3A et RYE REAA Ao Q4 mAlol

Mo worh Fo% AT mEd vFdnct: 4 §¥e ngov PR A% K-1 1
e e BEE WA FLF20A UKL S 24T A4 AR Aolh 2gs
wgth ole¥ Avhe AT B EAF VTHES PEOE AEF AR Brh 53 Iy
ML §lE RUL Tre Bglon Add: sag 338 Ryt 78 108 432 2 e
AEo] 2. o] @ AT of WEAEL hybridd S o & A= Axe & 4 vk,
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6. Mg ol FAte ginsenosides &3

| fkl

$ A A& Rgl Re R Rg2 RbI Rc Rb2 F1 Rd C-K Total

Q0904x0925  0.59 12.96 0.51 0.32 9.89 076 1.16 0.42 0.38 0.64 27.61
Q0903x0929  0.44 8.41 0.32 0.39 3.98 0.88 055 056 056 036 16.84

F1 1(MxK-1) 0.64 7.41 Tr 0.20 590 068 0.84 0.33 0.25 0.30 16.54
2(MxK-1) 1.24 10.13 Tr 0.26 8.20 090 150 0.38 049 041 2351
3(MxK-1) 0.41 7.17 Tr 0.22 345 078 094 035 024 017 1373

T o Zxy] 1.43 1.42 0.57 0.26 1.10  0.39 1.03 0.38 0.14 0.58 7.28
HxK-1 0.64 11.96 Tr 0.28 1222 1.06 0.60 0.54 0.78 0.21 28.67

F3 Hx 7 0.72  14.89 0.46 0.40 856 051 1.03 035 039 029 2792

qF 1.16 1.22 0.50 027 088 0.62 066 0.24 011 0.24 5.91

B K-1 2.15 1.36 0.74 0.27 084 061 061 027 0.11 0.26 7.21

u) =4k 0.55 15.20 0.30 2379 093 041 053 098 048 43.15

Q0904x09256  0.79  19.98 Tr 0.65 21.22 3.63 212 139 176 0.75 53.17

Q0903x0929  0.52  15.21 Tr 0.44 782 163 091 0.72 085 0.53 29.76

F1 1(1xK-1) 259  14.17 0.23 0.29 20.16 449 563 088 1.60 0.31 50.82
2(MxK-1) 3.12 14.30 0.24 0.28 1850 5.18 6.78 097 2.22 045 52.82

A= 3(MxK-1) 0.73  22.09 0.26 0.49 20.87 779 875 1.28 2.18 0.51 6561
F2 Hxm] 1.88 6.45 1.07 0.74 592 215 7.89 0.74 055 0.34 27.73

F3 Hx 3l 1.35  25.32 0.53 0.61 1798 222 169 100 1.62 1.18 5549

s 145 1211 1.79 1.45 9.81 6.38 6.43 0.60 092 0.51 41.45

SR K-1 2.18  13.39 2.27 1.53 1029 6.71 746 0.65 4.41 045 49.34

] =4k 0.89  21.47 0.0 0.50 3452 4.07 233 154 326 093 70.30

A 53 WFF F3(M=xAF) H2 S A &

2 F77F e 2 207 AEYLS sto] e AAE B
50 mg ¥FE BTk AE 19E 98.25 me/go® 7MY HE& IS

Fqom, e FHEFE Bl BE IS

53] Rbl& 183 A& Hol
=

e Bt AAeARo

Hi= u F3 20704 RFolAE s Ao Hol F3 E%¥:E hybrid 98 g8 5= gt}

I 7. F3()=xA3E) 2071 A8 ginsenosides &= (mg/g)

Rample  pey Re Rf Rg2  Rbl Re Rb2 F1 Rd F2 C-K  Total
1 0.89 2598 022 052 5347  7.97 455 256 248 045 117 9825
2 127 1914 026 057 2806 627 334 199 207 030 172  65.00
3 161 2013 023 059 2848 516  2.88 172 182 034 224 6521
4 111 1866  0.24 055 3346 555 310 181  1.99 035 196 6878
5 0.84 2226 023 040 29.26 487 294 174 168 031 112 6566
6 0.84 1844 028 058 1899 327 185 120 091 030 131 47.98
7 0.64 1616 035 038 3858 542 304 177 265 047 136 70.81
8 075 1594 031 046 2364 432 235 142 171 042 082 52.14
9 106 1641 026 046 2149 419 235 139 134 032 091 5017

—
o

1.93  12.68 0.38 0.39  23.86 6.49 3.51 2.01 2.28 0.47 1.63  55.65
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11 0.74  16.56 0.28 0.31  27.60 4.49 2.52 1.56 1.75 0.33 0.93  57.07

12 0.95 22.14 0.29 0.40  32.17 6.89 4.01 2.23 1.83 0.45 1.93  73.29
13 1.10  18.67 0.33 0.38  29.14 6.43 3.32 2.05 2.98 0.45 1.95  66.80
14 0.63  16.88 0.26 0.35  34.17 4.30 2.44 1.51 1.61 0.30 1.04  63.49
15 1.16  20.19 0.31 0.74 2501 5.83 3.23 1.92 1.84 0.31 1.77  62.30
16 1.26  16.73 0.22 0.34 3141 5.17 2.76 1.67 1.09 0.32 0.90 61.87
17 1.256 23.14 0.26 0.79  36.16 7.64 4.20 2.42 2.44 0.44 1.87  80.61
18 0.88  20.97 0.26 0.55  23.15 4.45 2.45 1.49 1.02 0.27 1.35  56.82
19 0.76  13.62 0.54 0.40  19.69 4.35 2.45 1.52 3.47 0.49 2.12 4943
20 1.48  21.98 0.39 0.68  26.73 6.05 3.30 1.95 2.78 0.39 1.48  67.21
AE 1.31 4.66 1.15 0.86 3.35 3.50 3.54 0.42 0.52 - 0.38  19.68

v =4t 0.72  18.34 0.00 0.40  29.16 2.50 1.37 1.03 2.12 0.79 0.71  56.91

olgfst B ZANE Aty IFF Aol Xt d Fow By o]E nigo=w &
o

A 245

- Nad—MLPu}ﬂé o]&3 multiplex PCR o]-§3}o] nj=ats} mglite] vpAZE 8helgh np w54t

2 1268bpot 682bpol A mFAES BRI a1 date 321bpollA FHEZE BAa FFo] wepd e
181bp°ﬂ*1+ vAE YER QAT F2~4Ad 25 BAIQL wlaaket FAIR]D a4t viAE B
o] A& dtolr e =9lE sttt

- T3 5dA 441% F1(Q0903x0929, Q0904x0925, Q0807x0841, W]=r4xK-1)3 A% 6
@A F1(Q0809xm=4h), 4@ F1(0702xQ1010 13A1%)3 F3(AK2014-1 ¢ 17A41%), 394 F1,
F2, F3 9 oudE, 2342 F2(0702xQ1010 9 1641%), F3, F4AItie} o uztE 257} sfolu
I‘J/]E‘_O]o §]—O ].Oﬂ];}_

- T uRF F1 B4 B3 ginsenosides Al A3 424 wiA S AAsAL thgEE HY
Ao A AAZF 0.5 g F+ATE 100 ml wiAelA 6 F3F wlFatl s W, 71E] ALEstal i 1/2
MSH] #] o} MSH %] 1.} Boul <] o] A 1,258 = k.

- 7 w#E F1Y F2 A 29 A3 ginsenosides Ao Agsk ztzbe] s =2
Zlo| A IBA 2ppm, IAA 2ppm, NAA 2ppm A2 & 3to] 4 F1F w<gsielS wf, ol Bl [AA, IBA,
NAAA 2] Al Zbzh ofF 1.68], 3.59), 3.6uH &= Act.

- F1 59483 F13 294 Fl13 F29] AAxmAlol= daFs EMoM HFS ZROZ 3= Fluo
T HEahs BE o g AlFolA Mt = gheFo] HlalA Eokth F2 waAbxK-19] A%
Abol = EEF2 49.3 mg/ge 7MY ¥ IS HYow, Adom wAE FloAk HlwA
S S B

- F2 "= abxdF, vlaaixK-1 28890 ghell /i A mAle] =
4 K-18 agbeh ghle A tiie] MM eAbo] = ghegko]
o] ALl 2u] o] EHArt.

- TURE FIAEAZRE f=4

[¢)
O 05 AAREE fEE F

ol ApolE BAd ¥ A} v
gkomn E3] Re9} Rbleol ek

Ao R A xAtol=

ol A A Aol =

FARD g lately ml=akE

ol e
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shafoll 4 KAL #}ele A A x=Alo]= Re, Rgl

£ gl vlske] w9 =ka, KA3 e M=

=t Al =SS At BAVE u=Al FH5E ANA=

HE 458 AK6 9] A9ol= WA wAlo]= Re, RIE &2 o] u]$ =gt}
3_

FUHRE F1 A A9 Abxd 3 A fFrg Fg2oA fARE AR Y-S F1E 4 gl
Ao, ol IAEY i MAE 271HA Flste AHEE F Aa, N A At = R
o] A= thgS ol&ste]l st s IAlwmAtel=e] FFS Folv AEelS Fdrd & s
Ao g ),

5UA wAIES Fl, F2, F3Aldle] HeR9s F+3 Aoz v Mol s
F1~3A e} mPi maEo A Alto] XAlieAte] = ghgFo]l Ftrul #okvh, F3 AlltollA] &

Bl mEAETE AL S HYou FEQ AFH K-1 Bue 2 S Bt 53] 1
Al E gl REZF Tr& Boy Alolds 343 gd3s B3l o83 2
E2 hybridd e & 4 9= Aug 3 & 9
S WS FI0ISAE) Hel 2018 el MRS Aol
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