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SUMMARY

Mosiddeok (half moon shaped rice cake which is made of the mixed dough with ramie
leaves) is one of the Korean traditional dishes that has increased in consumption at
domestic and foreign market. Therefore, it is very important to secure the supply of raw
materials and standardization of quality, and investigation of the functional materials like
antibiotic and antioxidative effects in order to gain consumer’s truth in the age of
well-being.

This studies carried out the selection of elite variety with high yield and good quality, in
vitro and Iin Wwvivo investigation of the functional materials, and its potency test, and

identification of genetic resources using SSR markers. The results were as follows.

1. Selection of elite line and application for plant variety protection right in ramie

Ramie was mainly used as a material of summer clothing not for edible purposes in
most of regions in Korea. However, in some parts of the country including
Yeonggwang—gun, ramie leaves have long been used to make Songpyeon because ramie
leaves contain various and beneficial nutrients for human health.

Ramie is a clonal crop, so the breeding methods applied are similar to sugar cane or
potato. A clone is a group of genetically identical plants that was vegetatively propagated
from a single plant. In this experiment, breeding procedures were grouped into (1)
germplasm collection and maintenance, and (2) clonal selection of natural variants. As with
crops that reproduce sexually, the initial step for the breeding of asexually propagated
species is to establish a germplasm collection and maintenance system. Yeonggwang—-gun
Agricultural Technology Center collected ninety ramie accessions in 2013 through RDA and
local collection of clones. Selection procedures of the elite ramie clone for edible leaf were
consisted of the elite clone selection and the test of specific characters including leaf size,
leaf color, processing quality, and fresh leaf yield. Forty elite accessions were selected from
the primary step, and then ten accessions were finally selected from the last step on the
basis of yield and quality. Ten elite accessions including a control variety, 'Seobang’ (a
variety for fiber developed in 1961) were used for the evaluation of yield potential and
genetic characteristics from 2014 to 2015 at the greenhouse and the field. As a result, we
selected Bn-90-22 and designated as "Yeonggwang 1" in 2015. "Yeonggwang 1” has
various traits such as erect stem, purple flower color, white pubescence, dark green leaf
color, light brown petiole color, and large leaf size. The total fresh leaf yield per year was

1,578 kg/10a, which was higher by 10% than 'Seobang’, a control variety.



The elite accession, "Yeonggwang 1”7 (Bn-90), was named 'Ogdang’ as a new variety
and applied variety protection in 2015. Ogdang, a new mid-late maturing ramie variety for
edible leaf, was derived from a clone of Bn-90, and was promoted through a pure line

selection method.

2. Screening of phytochemicals and biological activities of Boehmeria nivea

Anti-oxidant (DPPH and -OH radical-scavenging activity), anti-bacterial, anti-cancer
(MTT assay), anti-inflammatory activities, and aldose reductase (AR) inhibition were to
evaluate the biological activities of extracts of ramie (Boehmeria nivea, Bn). Bn extracts
from various collecting area (90 kinds) were extracted with methanol. Among them, 34
kinds of Bn extracts are responsible for more than 80% of the observed radical scavenging
activity at a concentration of 100 ug/mL. In particular, Bn-13 and -82 showed a higher
capacity than the other extracts, showing 95.17 and 90.71%, respectively. Also, the result of
‘OH radical scavenging activity demonstrated that all Bn extracts showed over 80%
scavenging activity. The results from radical scavenging systems reveal that Bn extracts
have a significant anti—oxidant effect. The result of anti-bacterial activity against
FE'scherichia coli, a Gram negative bacteria, demonstrated that the following 11 Bn extracts
(Bn-06, -10, —-15, -17, -25, -29, -39, -40, -41, -43, and -60) showed growth inhibition
zones greater than 15 mm. Seven kinds of Bn extracts (Bn-03, -16, -25, -33, —-35, -38, and
-41) produced inhibition zones of Staphylococcus aureus greater than 15 mm. The result
for Helicobacter pylori, which causes gastritis and gastric cancer, includes seven Bn
extracts (Bn-03, -05, -21, -37, -38, -45, and -61) that produced zones of H. pylori
inhibition greater than 12-14 mm. We found that Bn-02 and -23 significantly inhibited the
growth of AGS cells by greater than 85%. Bn-23 had the greatest anti-cancer effect, with
growth being inhibited by 90.79%. NO production from LPS/IFN-y-activated RAW 264.7
cells was inhibited by Bn extracts (Bn-01, -11 and -37), which showed less than 85% of
NO generation at a non-toxic concentration. Bn-37 significantly inhibited the production.
The following 11 Bn extracts (Bn-06, 07, -08, -09, -31, -33, -44, -46, -47, -48, and -52)
exhibited a high degree of inhibition (>50% at 10 ug/mL) on rat lens AR. Also, content
analysis of flavonoids (epicatechin and epicatechin gallate) present in the leaves of B. nivea
(Bn-09, -40, -82, and -90) and their commercial products (ramie tteok, ramie songpyeon,
ramie bory-tteok, and ramie tea) was conducted by HPLC. The content of epicatechin and
epicatechin gallate was highest in the leaves of B. mnivea from Bn-09 and Bn-90,
respectively. With respect to commercial products, the content of epicatechin and

epicatechin gallate was highest in ramie tea.



Furthermore, phytochemical constituents were isolated from Bn. The dried and powdered
Bn-90 (2 kg) were extracted with MeOH (8 L x 10) under reflux at 65-75°C and filtered.
The filtrate was concentrated in vacuo to afford a material of MeOH extract (294.6 g). The
MeOH extract (280.5 g) was suspended in H:O, and then partitioned successively using
n-hexane (106.9 g), CH.Cl: (4.1 g), EtOAc (24 g), and n-BuOH (23.8 g). Their structures
were identified as B-sitosterol, (-)-loliolide, rutin, and pyrimidinedione by MS, 'H-, and
BC-NMR  spectroscopic analysis. Among them, (-)-loliolide was isolated for the first time
from the plant. In addition, content analysis of (-)-loliolide and rutin in Bn collected from
different regions and harvest times were conducted by HPLC. The highest content of
(=)-loliolide and rutin were found in Bn-23 and -76 harvested in September.

Finally, we demonstrated the protective effects of Bn-02 and -90 extracts against
cognitive dysfunction using an AP-injected mice model of Alzheimer disease. We carried
out mouse behavior tests using the T-maze, novel objective recognition, and Morris water
maze tests. Normal rats and AP ss—induced rats administered with rutin showed the high
spatial memory ability under Morris water maze. Moreover, the inhibitory effects on lipid
peroxidation, as well as NO scavenging activity, were also investigated. We screened their
neuroprotective effect to attenuate HzO2 and A s3s—induced oxidative stress in C6 glial
cells. Treatments with Bn extracts led to an increase in cell viability and decrease in ROS

production induced by H:0: and AB25-3s.

3. Development of molecular markers for the identification of ramie cultivars

Ramie (Boehmeria nivea L.) is a hardy perennial herbaceous plant of the Urticaceae
family and has been grown as an important fiber crop for many centuries in Asian
countries including Korea. Ramie leaves also have been traditionally used as a major
ingredient of a type of rice cake called 'Song—pyun’ in the Southwest area of Korea.
Despite its economic importance, the molecular genetics of ramie have not been studied in
detail yet. Genetic resources of ramie were widely collected from domestic local sites by
Yeong-Gwang Agricultural Technology Center. Nuclear ITS sequences amplified from 90
genetic resources showed no variation in size and sequence among the resources and from
the reference samples for B. nivea, indicating that all of the genetic resources 1is
taxonomically classified into B. nivea. For the systematic and efficient management of the
genetic resources, we developed ramie SSR markers using the magnetic bead hybridization
selection method. Finally, we selected 17 SSR markers, possibly showing polymorphism
among the genetic resources and analyzed their genetic diversity. The selected 17 SSR

markers detected a total of 140 alleles, ranging from 3 to 17. The average values of



genetic diversity and PIC were 0.61 and 0.56, ranging from 0.37 to 0.84 and from 0.34 to
0.82, respectively. A genetic cluster analysis based on SSR data revealed that the ramie
genetic collection could be distinctly classified into 4 clusters. The purity test on several
genetic resources using 8 polymorphic SSR markers also revealed that some of the
resources 1s not pure. For the rapid and money-saving genotyping, we also set up a
multiplex genotyping platform using 12 polymorphic SSR markers developed in the study.
Chloroplast (cp) genomes provide rich evolutionary and phylogenetic information.
Evolutionary hot spots showing high levels of insertion-deletions (InDels) with high
incidences of SNPs are concentrated on specific gene, intergenic spacers (IGS) and introns
in the cp genome. Therefore, sequence variation on the evolutionary hot spots is adopted to
develop DNA barcoding markers that are able to discriminate species and cultivars. In
order to develop the barcoding markers for ramie cultivar identification, we determined the
complete cp genome sequence using Illumina Hiseq platform. The complete cp genome is
156,037 bp in length, and has a pair of inverted repeat (IR), a large single copy (LSC), and
a small single copy regions. A total of 118 gene species are contained within the ramie cp
genome, including 83 protein—coding genes, 31 tRNA genes, and 4 rRNA genes. IGS
(atpF -atpH, psbK-psbl and trnl-trnF) and intron (atpF, trnl and trnV) regions were
selected to search sequence variations among 16 ramie accessions. Two IGS (atpF-atpH,
psbK-pshl) and atpF intron showed SNPs and InDels among the accessions. SNPs were
detected among ¢rnl introns of the accessions. However, no sequence variations among the
accessions were detected in #nl-trnF 1GS and #nV intron regions. The sequence
variations detected in IGS and introns will be valuable barcoding markers to discriminate

ramie accessions and cultivars.
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ME =t E s z A7 E gy | R | e
32 |1 10ad dA BAS | 4B8AAY AAS FIE] AA | 4 F | AA kg
(4 +g8+=7) FAE 10ad oz 32t Al g

33 2) 10a3d & A< AHE AAZ} 9 FAE 10ad % ” ” "
o7 3t

34 |3) 10ad Y AT | A AAT ¥ FAE 10ad % " " ”
o=z gk

3B 14) 10ad =71 BAS | AAST TSP 48S A9 ” ” y
&t =71 FA)

b BEA A S5 24}

HEA 252 908 5 S EFS 4ALS AQdsta 762l dis ASEA AL
S A A= ofg] xet 2k Wole H Ao 49 2dd o]FAX L A 728 cm,
AZ 72 mm, 94 136 cm, 9% 11.8 cm, 98 o] 69 cm, G+ 1279, 9 4= 174 ¢
°f EA4E EAFAY. FZFH 2HS AV e ASFEES ¥R, B4 100 cm o)
el z9¥2 Bn-25% B

21 n-90°] 3, 4% 95 mm °]A<d AU Bn-82, Bn-90, Bn-66, Bn-40
soln, 93 16 cm o]|A¢l #AYE Bn-66, Bn-90, Bn-3343, 9Z 15cm ©]Ael AY&
Bn-66, Bn-90 o]ttt Tk £ FFo] 25 g o]l A¥YS Bn-66°] 7MY =k

Bn-40, Bn-41, Bn-33, Bn-90, Bn-82s2. % YEMY

<E 2-10 BA A ASEA 2AME S A 5 309 A >

AL 73 % 78 |4 qF A8 | dHEFA AT a4

TR (cm) (mm) (cm) (cm) (cm) (mm) (“H) (g/-r)
Bn-01 60.1 8.1 14.3 12.0 8.3 3.1 129 15.7
Bn-02 58.9 6.6 12.2 11.1 4.9 2.8 135 176
Bn-08 67.1 75 13.0 12.1 6.7 2.9 14.9 17.0
Bn-09 60.4 6.9 13.7 11.8 6.0 2.9 10.7 12.8
Bn-11 479 4.5 10.2 8.3 4.9 1.8 77 6.1
Bn-12 63.5 7.1 135 11.1 6.9 2.9 12.7 17.7
Bn-13 52.4 59 14.2 109 6.7 2.3 114 13.6
Bn-14 65.6 6.8 12.4 10.4 7.0 2.6 129 14.9
Bn-15 78.0 7.3 12.6 115 85 2.8 11.8 14.0
Bn-16 61.2 6.4 14.8 11.7 6.2 3.0 12.0 195
Bn-17 84.2 79 15.2 13.3 75 2.9 155 20.8
Bn-18 52.6 7.0 15.0 13.7 7.2 3.3 11.6 189
Bn-19 63.6 5.6 12.6 11.7 4.8 24 10.8 9.0
Bn-21 52.6 5.8 135 12.2 6.4 25 9.7 174
Bn-22 65.3 6.0 11.3 9.7 6.8 25 9.3 9.6
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Bn-23
Bn-24
Bn-25
Bn-26
Bn-27
Bn-28
Bn-29
Bn-30
Bn-31
Bn-32
Bn-33
Bn-34
Bn-35
Bn-36
Bn-37
Bn-38
Bn-39
Bn-40
Bn-41
Bn-42
Bn-43
Bn-44
Bn-45
Bn-47
Bn-48
Bn-52
Bn-53
Bn-54
Bn-55
Bn-56
Bn-57
Bn-58
Bn-59
Bn-60
Bn-61
Bn-62
Bn-63
Bn-64
Bn-65
Bn-66
Bn-67
Bn-68
Bn-69
Bn-70
Bn-71
Bn-72
Bn-73
Bn-74
Bn-75
Bn-76
Bn-77

52.2
78.5
102.0
58.3
824
773
76.5
87.3
89.7
78.5
96.0
80.8
71.1
87.5
78.3
83.1
73.5
80.5
81.3
69.8
7.8
71.1
64.2
66.2
58.2
o4.7
80.5
69.3
69.7
772
63.7
48.2
80.7
74.6
95.4
61.8
70.0
85.6
86.1
92.3
71.7
62.5
60.2
73.6
66.6
69.4
70.5
72.6
79.5
7.8
69.9

5.4
6.8
8.6
5.8
7.7
6.0
6.9
8.0
7.6
6.8
8.5
8.4
6.8
7.8
7.0
7.3
6.8
9.5
9.3
6.7
7.6
79
6.5
6.4
5.6
5.8
5.9
5.5
6.2
77
6.8
6.3
9.1
7.6
9.0
8.0
7.9
7.0
8.4
9.7
8.6
6.8
6.3
8.5
6.9
7.1
8.0
7.9
8.3
6.3
6.9

10.5
135
159
12.0
134
12.3
14.0
124
14.2
13.5
16.0
135
134
13.5
139
14.0
13.5
156
14.8
155
14.8
129
147
14.6
125
11.8
115
114
127
15.2
13.1
13.7
14.6
13.2
156
149
13.1
124
14.5
16.9
15.0
12,6
13.0
16.1
114
129
13.3
121
13.3
125
131

9.1
10.9
13.5

9.8
12.7
11.2
124
11.2
12.0
10.9
13.1
12.2
11.9
12.3
11.4
12.3
11.2
13.7
13.7
12.3
13.7
11.8
10.3
11.7

9.2

9.7
10.4

8.7
10.2
138
12.0
11.2
13.5
11.5
14.5
13.2
12.2
10.0
136
153
12.3
11.5
10.9
13.7
11.7
12.1
13.1
11.2
138
11.7
10.8
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5.9
7.6
9.0
8.0
8.1
6.9
8.2
8.8
75
7.6
10.0
7.3
7.8
74
7.3
7.8
5.4
7.0
6.4
7.1
77
4.7
7.6
7.6
4.8
6.7
6.6
5.8
4.9
8.9
7.2
6.7
9.2
8.5
77
6.9
4.9
5.2
8.2
10.8
6.6
6.7
5.4
8.2
6.9
6.4
5.2
7.0
8.8
8.3
6.1

2.2
2.5
3.2
2.5
3.4
24
3.0
2.9
2.9
2.5
3.1
2.4
2.8
3.2
24
2.6
2.6
3.5
3.4
2.2
3.2
2.6
2.7
2.2
2.5
2.2
2.0
24
2.7
3.3
2.8
2.8
3.4
29
3.7
3.2
2.8
2.2
3.1
3.9
3.4
29
3.0
4.0
2.9
2.7
2.9
2.6
3.8
2.3
2.1

9.0

131
14.0
12.0
129
11.0
129
13.8
145
13.1
154
164
11.8
12.2
134
12.5
124
14.3
14.6
14.0
129
12,6
142
12.5
13.7
129
125
12.8
13.8
145
11.8
116
12.5
12.1
135
135
12.6
14.8
10.9
13.3
13.1
13.3
9.6

121
121
13.3
12.1
13.0
111
12.6
14.8

8.5
16.9
17.8

9.0
15.7

9.5
17.1
16.7
18.3
134
276
21.0
15.1
15.2
19.6
17.1
16.1
284
28.1
20.0
20.5
16.5
172
159
16.1
138

9.4
12.7
14.4
224
13.3
154
234
14.3
22.2
18.4
18.6
158
189
30.2
18.5
18.1
115
25.3
174
20.7
18.4
17.3
204
159
16.9



Bn-78 76.6 7.4 13.8 11.3 6.2 2.8 13.7 18.3
Bn-79 75.3 7.0 136 11.3 0.7 2.6 12.2 16.5
Bn-80 82.8 75 14.5 124 7.0 3.2 12.3 18.6
Bn-81 86.3 8.6 14.7 14.3 5.8 3.1 139 271
Bn-82 86.7 9.8 15.0 14.8 4.8 4.0 129 259
Bn-83 71.5 6.8 14.5 12.8 6.6 3.4 131 23.8
Bn-87 779 79 13.8 12.1 6.3 3.0 11.7 174
Bn-88 69.9 6.0 11.9 8.6 4.9 2.2 13.0 10.2
Bn-89 67.5 6.1 10.7 8.2 3.6 1.8 13.2 104
Bn-90 100.3 9.7 16.4 15.0 8.4 3.5 12.5 26.8

3t 72.8 7.2 136 11.8 6.9 2.8 12.7 174

D 9N FAA FAH, AH Y2
% 2-204 HiE nwpe} o] wWolr]= Bn-23¢] 3¥€ 30¥E thE Y vkl 7+

wgkom, Bn-13€ 49 392 7H4 e 4%e mA 7 9 A9 Yol 49 1~29 of

=
ATk AGFAANAE A A BF Ao i Qe HA A s Btk g
< Bn-13, 41, -90°] @&A ol ew 1 9 FHAAES 545 YEd, SV BT 5
Aot EALE BE AW FHANA =SS el sistr]e] 2lejA= Bn-09,
-23, —41°] AjH oz wels ZAAFCRE HAow Bn-2 -13, -65 67, -82, -90 /H3}
7F o =& o fE vAA TR ATEdh A EAEFA A5l BEAYS & o83
7] Wizel o FF FUE A= S =854 E FEEita dEy AR, 94, 9%
S XHS GAHAEL S FAV 2S5 7 FuU 80T o Ay

<E 2-2. A% 9x910] dubd 4>

AT Wely] ASFA dgwA 714 24 Msk7l A em) 7 (nm) E-§2o] v
Bn-02 04-02 2 = A = dA = 58.9 6.6 24
Bn-09 04-01 A =4 e = T == 60.4 6.9 3t
Bn-13 04-03 2y AghAdd  ZaA n-gay = 52.4 59 %
Bn-23 03-30 2 =4 =4 = wat 52.2 5.4 2
Bn-41 04-02 g Ak s A wat) 81.3 9.3 w
Bn-65 04-02 = = A ek =t} 86.1 8.4 s
Bn-67 04-01 2 = A k) =0 71.7 8.6 At}
Bn-82 04-02 2 = = gk =t} 86.7 9.8 24
Bn-90 04-02 Ay dAsAA A A =t} 100.3 9.7 =
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E2-32 A FAAEY 99 d-kd SA4S UEd Aow A 7ZE-2- Bn-02, Bn-09,
Bn-13, Bn-65, Bn-90°] &2 Aol 1 9= =& wlth <19 7F2 yH|= Bn-23,
Bn-13°] Z}7Z} 91 cm, 109 cm® A9 Fo]% 3, Bn-90, Bn-82+ Z+2Z} 150 cm, 14,8 cm® W
FFolA= olst 22 <o A= E w A9FS v Af ESAY, di9ES 99
TollAd Fefle AR BT oo & FAbAME dE R W oA E uf Bn-4l,
Bn-82, Bn-90°] 71} $& =1& 7k Ao 2 HehE Qi

HS

<E 2-3. 4% 97de] § 54>
24 o1 a1 B27em)  qs  AYE 4oy o wer DU WA
T 5 Qg az  F @) HET WSS (em) (em)
Bn-02 X3 54 12.2 11.1 135 176 =3t a4 49 2.8
Bn-09 X3 54 13.7 11.8 10.7 12.8 Adaac o4 6.0 2.9
Bn-13 3 =4 14.2 10.9 114 136 2ol Mg Bl E 6.7 2.3
Bn-23 = A 10.5 9.1 9.0 85 s a9 5.9 2.2
Bn-41 = A 14.8 13.7 14.6 28.1 s 4 6.4 34
Bn-65 3 54 14.5 13.6 10.9 189 Adaag o4 8.2 3.1
Bn-67 = A 15.0 12.3 13.1 185 =3t B9 ¥ 6.6 3.4
Bn-82 = A 15.0 14.8 12.9 25.9 Za AAYE 9 4.8 4.0
Bn-90 W& 34 16.4 15.0 12.5 26.8 ARdnat 9 8.4 35
@ 7Feres 2 NEEN
<3 24 A ozl e A >
FA(g) A 2 o)
< 29 ° 210 & PSR-l
o ana | gew | 0 L %;Z% b L T b IS%Z)
M2 | (B3 | @45) | (35) | (3A%) | (39%)
Bn-02 | 210 168 80 33.7 - 157 235 24.1 - 98 135 47
Bn-09 | 299 208 70 335 - 153 22.3 24.7 - 92 135 5.9
Bn-13 | 185 155 84 365 - 151 22.0 24.8 - 109 15.3 47
Bn-23 | 173 160 92 34.2 - 150 22.9 25.0 - 86 11.9 4.1
Bn-41 | 204 180 88 35.4 - 157 24.9 25.7 - 96 15.3 6.1
Bn-65 | 359 321 89 326 - 150 20.2 24.3 - 99 13.7 5.3
Bn-67 | 239 183 77 359 - 159 259 25.8 - 88 146 5.8
Bn-82 | 22 195 86 32.0 - 128 17.1 24.3 - 15 12.1 5.6
Bn-90 | 217 175 81 32.8 - 123 16.1 22.8 - 114 145 56
BAS a7 A e 3 FAE AT Ay E 2-49 2 Bn-23°] 7 7F
TTFEol Edov, ©es JhEyaso]l =rhal A BAS FHEoR Adsta dAystre
oAH ¢ & o HEs AdER V&S AT a7 ok A 42 o] MEE we
Aelel SAXel vls] 42 <1 M gho]l &3] "WolA = AE B ¢ AUk ouk g E &

_23_



o

%+ Bn-902 5.6

ZASA

f

S

7] Aol m

Ak
2

_24_

] o]

[e)

=

%

T TH A

AL
Bn-41°] 7}

1

o

Bn-902
o]

gl

9]

Al
&l

of 1]

At
e AT

[

X M T % ®our
— ol T @ No o 70 .
° T R Ho |fo ro
Zo ooy T .
o 40 @ W E
2 Moo T TN o
< @ 2 A < |& ok
| I c o op oy W o Mo &
R o X
: . 2 %2 S PO w
~ _,io
o2 A o
m A o o =L
£S O g K P
R - L= _ | R
A n ‘lﬁ ~ __ Lo 0
= > Hoe T T W
o ol i T e M_.«FL m ) MX_.ro N | e
ol of = % g B~ F B ISR
,mﬁ - < ~ n
<& —_ X = o O ~ No [0 % .w_.uﬂ_.
X T o B ™ Bo X =0
N %o RO o H- TR o)
OT ‘H__ X E_l -~ n.Mo
ﬂ "y EE T ﬂVI Ot La =
o —_ O X mo A <%
= ® oA g BT T coll I A
D_ b __u =0 0 ‘_QE ,._mo HT Hl B HT_ B ‘WU
i | jun] . X ,Dl = OE Eo
= c ur TH o T o
@ ﬂ” ‘_lx_wo OT AT._ X W;.U ,Ol el
- P SRR e = K
| {F o R %0 % Njo WM Nf <
G- o oF wr o O‘W el K,u X
o W o~ o R %0 S A o)) o
R B M (o i fRe =
TG I B 7 o e o
S T do =
oH LA o o T o) M./r nl w
o L & - 2 o o N w | m
<R X o > W o ol Mﬂ Y ooy X |z NN
i d 5 ORI RSm ke ¥ o0
£ c c nmnw = M”m - T oW = T T He _\w.;/
= o @ S Cis F BOW o= TN x| MY
. . S J B W ok b 5| T o
T T A P T W o E | oy |
i [aN} OT — ﬂ =) O# ~o o R N
S R - B o
w ® — o T o
M o Mo X N Bl or
V. T W oF T ok T




=
BO|E A
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T o W
m ™ Ko
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m|*s Neo
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9.4
74

8.30
9.01

1.165.t} ©

tiH] 12.3 SPAD7} =2

[}

=
=

[€)

4.07
4.02

Gl
18.26
17.84

9.51
9.03

] i
|82

0.95
0.77

Ba

7.8
8.04

11082 A"k

12.6

115
465 SPAD® A%
Hl=

3

=

AT
R

39
35

L
KO =
wE

BA S (g/E71)

140
134

- A 140 vz ABERT 6 an B Ao, FAESE 302 ANE 3w
o dvbd 7t B

- 447 126 mZ 1.1 mm FAL,
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o
=K

Mo
Hn

Gl
88.05
91.32

49.98
53.49

9.33
7.44

28.74
30.39
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[eXe]
Ex 9 A5y A0 wgoly ARA AT AR
S FB}13) = o
K z ot

= 723%%2 WREFEQ] AT vssislon dmEe 661%2 MUS
5.92%-¢l ®lal 0.69% =& W XA 0.86% % AWE 1.16% Htt 0.3%HE

FEol A=
- Aol gEES AT vmEloy ZeEe 987 mge® AWE 1,250 mgell W&

Zx w g Ed T | @md | AE | HoldH 3% Eiaty Eh
(%) (%) (%) (%) (%) (mg) (mg)

S (I 21E) 72.3 6.61 0.86 11.42 411 987 5.27
A 724 5.92 1.16 11.97 5.18 1,250 4.30

* TA 7 AEAEAE AL 16, 99)

A (ke/10a)

- b Al & A 2479 kg/l0a® AWE o
S A Zro] Aol what AubEel] HlE AUiH o AgFHe] FrhE e
wA Aol A E 1578 kg/l0ao2 AMEel Hls) 10% Z5stden 53 A2 & A3t

of Zuhitel ubeh APl HH R Be Aol e

A 5 3 M
A 12k | 22 | 3&% | 47 %l Al

a2 410 | 475 | 775 | 819 | 2479 98 443 | 546 | 822 | 721 | 2,523
= A 160 | 416 | 466 | 536 | 1,578 | 110 174 | 445 | 372 | 438 | 1,429

N
b
—_
>
[\
N
w
b
A
S0

Hl S A FE5E 5T [EG L APHED )




SAATE
HE 2011 201334 | 2014 &7 | 201434 | 201557 20153}4 201654
A A} 1 2+ Clone Clone Clone Clone Clone Clone
] Aok 1d 2 29 3d 3 4
1
2
YG90 22 YG90-22  FAwWA AEAE | SHIELE) |
149
=73 e Clone . =2 2
Ae | TH an | VAR S A A
D FAA B =
YG90 YG90-22 =3
(A g (7] A 24 ) (94¥13)
A A 34 4537}
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Aol W= 10a¥ 1,000 kg AEeta, 2

2 10a B 80 kg 71F o2 AH|agt. BAIE #@ME ﬂﬂ?—i 304, 409 ¥ 50 7HAe
3= ZMFL Gy 3utE o7 wjx o, RE Ao tele] 59 139 EAES o
Al o FH3ste] H 71 & 10ad 24 40 kg(2¥)S AH|SFA T o] & 1) =& A|nit) T &
°of a4g AMEEh AA Aol dEte] 69 149 R FEE 1Fer 30d F, 098 F
2502 Fol A% 29 4% % FFE 2SI AHH 02 309, 409 % 509 24l
Sy FolM 47 Ak & 53], 43 2 33 4@8}04 A5 S-S 2AEAT 2AME A
rE 2 o Aok 1070412 A2 HAstel A, AE 4% 49 AEAF(FHS =
s
(2) A3 2 317
A 55 olF g A 307509 WA ASARAFIL dolA5E AL, 4%
9 AE oAl gasAthE 1), 447 A5 A5ERdS weol fol7 2ol
b ARHA Lgron, A 2% FhER FAE gradts Aol Az FEe ¥
sho] 309, 409 2 50 HAo® S8 A9 A7 U3l 244 53], 43 H 33 A
o A T A 7 AAFFS 53] FEE0Y HA)=43](40Y 7+AH)>33] (509 7HE)
o2 FosA FUFATHGE 1-2). =, 20149 69 249 HzF3ahaL, o] F 4047 508 1+
o FF A F AN FHAFEFS 30U HFow A FASFOL5 g oM 7zt
81.4% (745 g)9F 53.8%(49.2 g)oll 1H T}
<E 1-1. 8 5 A3 A5 g Fo A% 54 vu>
8 ¥ i =
AR A% BE 94 9% A%
(cm) (mm) (cm) (cm) (g/7°)

30 99.8° 8.0 18.2% 13.2% 26.5+2.2°

40 100.0° 7.6 18.1% 13.3° 24.1+4.4°

50 103.4 7.3° 15.6° 11.8° 17.3+3.3°
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of frejgh ztoli= wAHA vt 1y WA Y 8 MAF(EF)S FHS TR
o A FelA Frhske Aol 53] A7 FHFEES A oA §93 S7HE YER
o] NEMH 37t AAHHAHE 2-2). 1y HeH =

erokth AHe 2dx A FrhskeE At 2
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By 24, olee Adhs gal el A5 R FEpast FEAAD, A 234 o F =
KR
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ATHE B, 1993). ¥ ATl gz BT AE sl ASPEADL /% Fho
Bx geletd ghou, Holw syl PEoR wed Ase B4, Wed e ANE
B Aldg 5 dgen® oud Ayl 24 4 AN} BIHHUA 2474 o
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<HE 2-1. AEI Ao e 1032 EA| A6 EFe] 2@ AS 2 AFsH v, 14>
2= 519) ] =] % L AdsH
(T%J;%) e A7 (em) 7% (mm) A& (em)  F=(mm) W S/m g(j};)
% o= 731 63 134 105 2 316.7°
1= 94 771 63 137 106 36 496.7°
0527 oz 54 730 56 131 102 35 513.3°
- R 59.0 10 124 87 2 186.5°
12 54 584 A6 134 9.6 60 293,07
70D oz 54 505 43 135 9.3 67 329.7°
- R 9R9 6.0 156 107 D 604
15 94 1043 6.4 156 117 A3 502.7°
0801 oz 54 %55 5.9 166 114 46 470.2°
A3} A 87.3 5.9 153 105 35 305.0°
15 94 967 6.4 158 10.7 A1 A32.9°
090D oz 54 93.6 6.1 17.0 106 33 3892
- R 573 53 151 104 a1 1948°
12 92 547 55 147 9.7 A1 245.9°
10/02) 9z w1 560 5.9 156 10.1 A0 248.6°

Wk £ 2223 (n= 3 ¥9H). 5% FFdA Fo4 HA (FAHA)

<E 2-2. AR Aol whE 1093 AN Bk 2da dudd 28 A=At
A==k vlal, 20149 >

A28 U= A AP g/m)
72 32.4 1,365+119"
13} 5444 45.2 2,021+119"
223} 4 45.2 1,951+297°

)

o

Ft BEOA (n=3 W) 96% FrolA o4 AF (ADAA)

=]

3000 r

y=8.23x +83.1
2500 | p2=0.9647 (P <0.001)

Cumulative fresh leaf yield
(g m2year?)
N
8
&

O I I | |
0 100 200 300 400

Cumulative stem number, m™? year!

<9 2-4. A= Al whE 1083k AN Eofe] 2dxF Adaedat e daAa>
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Aol AR FA AEs GRT wEHed X% A 4dx " mAAE s
ol A 2014 49 179 Bt A% 25 ne] AHFT EARFE AFASGAT AR AFH T
| A= FAE AEst] 4 em Zol2 At & A4S 12714 mn, 8710 mm, 57 m=Z 2H2
Fotol (g 3-1) Al del g ARt ER SHE 328 Ed ol AAsA. FAIGES
W% 0.3 Mg/m' w¥to]lal, pHE 5-7, ECE 1.2 ds/m ©]3}e 24 HE2S (=D
01-7}-11102% )& A&t 323 Edolo&= 712 87, A2 4712 Aol uj x|
M) A A7|= 72 52 em, Al 52 cm, =] 6.0 cme] ATt Ed o] x| = HI
shal b2 oA 5047 S5 o A & ouid 18] #gska 309
10d HAo =2 A 9, 94, 9% 5 33 dg AR AA 0ds Vo R
d2ES AHEST TR As 543 EFHE HolE Y FA4

W9l AA W (Duncan’s multiple range test, DMRT)
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A 24, BEAAY in vitro ¥ in vivo S84 W JS5AHEZ 7Y

1. BAEFC in vitro 84 2 okgldd &4

it

AR % o

1) @2tst 2

o,

EF AY
=

it

o 1,1-Diphenyl-2-picrylhydrazyl (DPPH) 27 =4: 50 ug/mLe &% % ethanolol]
ol A& 100 pL<} 60 uM DPPH €9 100 uLE 96-well plateo]] &33afo] 3083+ A 2o W

AR F, 510 nmel A FAEE AU AnE AASA 2o gxw mmstel free

radical 2A &S WMEE(%) =2 YEFHRAT

CHy
HaC——CHs
T CH3 ol
I® "aC” : OZN.’ : DM .
- N®' ' @ 4 —NO;
i p OZN: OZN:

HaC I

7 CHS 1
< DPPH radica > < Reduced DPPH >

o Hydroxy radical (‘OH) £74% =% : Fenton W&ol wa 10 mM FeSO, -
H-O-EDTA®] 10 mM¢] 2-deoxyribose solution®} 100 pg/mL &=9] WE2E Alge =33k
e, 10 mMeo H0.5 H7bste] 37TColA 4AZF &b vty o] E9kefe 2.8%
trichloroacetic acid ¢+ 1.0% thiobarbituric acid solutione z}Z} % 7}sle] 20&3F b

cooling &t¢] 490 nmolA FF=E 43

oiling g+ %

2)

ot

T By 9

A

o At TS AFs 9 s AdEES fFEste gxdd A5TEs g4Ed Hdddd
O FA I Staphylococcus aureus= A G T FAA o ] Aol wlf- =2 o=
dH A vy w3 2" S AT Escherichia colie= =& Q& fA el 2 4 AA W A

FAA ] W WA or Qleto] F=o EHolA Wol Tio] Hnt

o dwt A wiF : 2 AT Staphviococcus aureus= nutrient A (30 g beef
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extract, 50 g peptone, &= 1L), 19 S Escherichia colix luria-bertani #]#| (LB 4
=z = >~

Z], 10 g bacto tryptone, 5 g yeast extract, 50 g NaCl, =F 1L)E ZA|sto] AF&3Fa, 3
7C incubatoro] A ¥l &gt}

-4
Q\“\ af ("\ 7™

Acc.V gpoi Magn Det WD |—1 2 pm‘) ;(\"'

30.0kV 1.0 10000x SE 8.3 staph 97-11-49 )

o Y23 g4 (disc diffusion assay) : U] & st dAEHe] AVF % &= o
FS A% wHoEA, HAES o83 AETH HAW(bicassay)?! F4FH (anitibiotic
diffusion assay)e] @2 o]&%H i Ut v FAH S FAEDo] Gkl A= T4
A A g (growth inhibition zone)®] A7|& Hlug o zH 75 AAtst= WHolth e #
Hol| HEo2 Aws EEs A fo 44 sx9 JAE 28 t2as JFAA
kst ofAl= v WE YA SR GAkste] faa Foo) s AA g P4
A AV]E fAls s, ol A Aol wlHEstA dAvh Zb el HAuA| plate] A
A 100 pLE BF3he] HEitr fElEoes =Hd e, "Wird disc paper (A5 8mm)E &gl
045 gm membrane filter® A3t Z} F%ES vacuum evaporator® 53 & HT S 2 I
Aslo] thekdl Fxo 7z %5 100 pLe disc paperdl FFA71a, RGIEE HAAFE &

Inhabation

Girowwth of
Eesistant Microbes

@
o
1o
m 0
o,
)
=
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0 Cell line : AGS human gastric adenocalcinoma cell

o AlEZ wiF : 10% FBS$F 1% PS7F 3h+¥l RPMI 1640 Ab&3ste]l 37C, 5% CO:.
incubatorol| A1 wj gk}

o Mx AE A& FH 0 B9 ALHE AE dAES AHET] 918 MTT assay
= Agsit) wdE AEES 24 well plateo] FF3 AE B2 A7 F AR5 A ste] 48
A1 vl % 5 mg/mLe] MTT &4 ZF welld #H71ste] 4A17F & A E formazanZd 4=
DMSOe°l =J4 540 nmollA FF =S ZH 3o

o FSREEE FHdo] =zt Aol ofd AstA 2E 2z o] fiE oA, 53
NO7} 5wl T8 93-S st Ao defA vk d5uhsol dofsts Axe= tAAl
k|

Z, Ao, O, MTAE, Fagh AFelAE Fol gon, o AXJE LPS, SNPEel o

A=s WA HHW IS4 cytokinesd] WS FESA Hol NOO AAHES o7y AFHEEE
2N = Aoz GHA r}

o RAW 264.7 mouse THAAIEZ S| vl @ RAW 264.72 10% fetal bovine serum (FBS)E
713 Dulbecco’s modified eagle medium (DMEM)Z ©]83}e] 37T, 5% CO, F=olA vj
it v e Al EE dFUol| 2733 refeedingdlal 374U who] H-2E AX S w o] Ao
o] &3t} Macrophage cell A Wl 2= Ao S5 ZxHo] glon AHAdHEAS 99

= o
Sk WA ot

o NO A4 oA =54 1 RAW 2647 tAAEE Azt oJ§h 59| nl5o]4 Hrkgo
< 3l MAEZA SNP (sodium nitroprusside), LPS (lipopolysaccharide)$} #2 A=&
H A E4o] FEHE 715S 28 vk SNP= NO A4 $13==4 neuroprotective
agent® 23l SNP7} 8H3F= nitrosonium iono. & <13 SNP &o] 7}A|F o] w=Z42 uj

exotoxin® NO7Z} At 23849 endotoxing! LPSE 4%, i HAiHozw &
=
o

o] A7l ¥eued wdlo A IL-1, tumor necrosis factor-a (TNF-a), IL-6% <

)
ol
il

2

e le)
= I

_42_



8l cytokine®] #HloF ¥ Tl Wt To] NOO| #BAS T7/HA7I= Aox Wiy

Atk LPS % IFN-y= A= EHE R8s 7L WA d5rbeS 58 2oz Azt o]
27 AAdE NOZ griess reagents ©]-83to] =43 \'Jr NO synthase®l] ¢Jslo] A== NO= w2
L5 2 nitrate (NO3 )¢t nitrite (NOp )= ®8H HE=E F NO3/NO: & FAAE A NO A9
marker2 ©|-8 753tk nitrate reductaseE ©]-83le] NOs & NO, & A7l 3 griess reagent@®
NO, 9] %S =H8 4 gt} 24-well plated] welld 2x10° cells/mLE cellS seeding 3] 24]
ZE st & NO A FadE2<Q 1 pg/mL LPS9 1 ng/mL INF-y X+ 500 pM SNPE 24
A Y3 T AR WA A 244 7HES 37Tl A AFE A ZIt o] @% NS Kol 96-well
plateoll ¥ il griess reagent®} 1112 WHSA]A Ao A 1587F wjdst & 540 nmolA ¥ =

sS4

Ol

o AE AEE ZHMTT assay) : MTT assays @55 40280 odte] w=abA 9
|4 7149 MTT  tetrazoliums AAHA S  H=  HF84e MTT formazan
-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl-tetrazolium bromide) 2.2 YA 7] &= v EZ=glo}
S o] &3l HAAME oIt MTT formazan® &3 %=+ 540 nme] 3ol A7 =,
A AE FFEv Aolda Uiyt S AxY FEE wrdgitt. RAW 2647

w b

Lo
olr

2
o}

o

%

]
Al S slo] oxidative stress& = & @F50] A A= AE] exotoxin
2 ME AE Srol XAl o} vk LPSe} INF-yE A3k 4 -$-oli= Al¥ol endogenous
&7 oxidative stress7} fFE o] AE AELolE JFS v XA FA Drh 96-well plateo]
1x10° cells/well2 cellS seeding 3}¢] 2A17F wjFsle] AXE BAAZ T ABE A7 std]
24A17F w ket 5 5 mg/mLe] MTT solutiong 7} wellell F¢38ke] 37CollA] Aujgst 5 A
d¥ formazan A4S DMSO®] o] 540 nmell A F3 =& 43t

=

A o

1
0]

5 ¥

[e}

mﬂ

24 g

o Aldose Reductase AAZA =A: AsAAggAoRE &A% WZS 7247 AFxZF% 30
gol 300 ml MeOHS o] &3l SAFHHOoE HEES 5390 53 =5 1 megs
I ml ¢ DMSOz 34&te] AFe JAett. Aldose reductase BTAAZES 918



Sprague-Dawley rat(F+#l 250-280 g)o. 2 5H w5 =3}l deep freezerol| sl o] R
T FAAT Eysted AAEE(10,000 rpm, 4°C, 208)E FI EAE Fyste] AMEsHSith
Abg3sE AleFe 01 M potassium  phosphate buffer (pH 7.0), 01 M sodium
phosphate buffer (pH 6.2), 1.6 mM NADPH<®} 0.025 M dl-glyceraldehyde= AF-83}%3 ]

g2 025 querceting FUFEZE A ICyh & Hustdt. a8 FAYH-2
Hitachi U-3210 spectrophotometer& °]-8-3sto] FA3FA o™, 340 nmol A 423t FAsle] d)

SEERCE LA

Rat lenses
/_Sprague-Dawley rats (weighing 250 - 280 g)

, o , >
g Centrifuge N Supernatant ‘ Solvents

10,000 rpm i 1.6 mM NADPH
i 20min 0.1 M K,HPO, + NaOH . In Quartz cell
4°C 0.1 M Na,HPO, 12H,0 (340 nm, 4 min)

B . 0.025M pL-glyceraldehyde

A =] o B\
6) 7154 24 #8 54 2@ &4

o ELEH}E:LEHYL]: ZF AlgE 573 & methanols ©] &3] A84 F55 AASH 33

ethanol extract¥S &HSITE A5 e

f
1o
=
@
=
)
o)
<N
o
ot
=
o
Q
rir
Ju
oX
%
Ho
N

Extract(s) ractionation Fraction(s)
[Bioassay] [Bioassay]

Medicinal plants “oxiraction

chromatograph

: Pure
Toxicology .
7 constituent(s)
g\ [Bioassay]

o MAHE ¥IEZFTLS chromatographyE 53l EZS w2 AASIe] o AL EHS
&l

e g

B B Y
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B. nivea®] @tst €4S DPPHSE - OH 2ASE &3dto] &oli it DPPH &~A &4
TEE BW F 0" FEFE FolA 34%e] 80% ol 2AEE dEdden, o F
Bn-13, Bn-82% z+7z} 95.17%, 90.71% = 7} =& 27%59S Bt -OHSsS A3 23}
Bn-3& A193 BE FEEA 80% o4 -OHAA ZaE wow, 8180 90% o4
e AL o] F 78 (Bn-37, -42, -65, -71, -73, -78, and -80)°] 99% o]4o.& -OHel 3 =
A AA 27 wW§ 5S 1Y webA, B niveai= in vitrool A free radical A~A ol 2

gt kst EaUb Hold o2 Alm E o] fit

Table 1. Antioxidant activity of ramie

Sample Scavenging activity (%)

(100 pg/mL) DPPH *OH
Bn-01 84.91 = 0.06 97.87 = 0.07
Bn-02 86.36 = 0.11 93.71 £ 0.12
Bn-03 59.71 £ 1.81 75.69 £ 0.04
Bn-04 84.35 = 0.49 94.56 £ 0.11
Bn-05 81.49 £+ 0.36 9459 £ 0.34
Bn-06 76.28 = 0.35 96.93 = 0.02
Bn-07 80.69 = 0.16 98.03 = 0.16
Bn-08 78.30 £ 0.42 90.15 £ 0.19
Bn-09 75.66 = 0.08 98.32 £ 0.49
Bn-10 81.40 =+ 0.10 97.00 £ 0.02
Bn-11 76.45 £ 0.25 98.81 + 0.37
Bn-12 82.68 = 0.18 97.53 £ 0.16
Bn-13 95.17 £ 0.04 91.32 £ 0.28
Bn-14 83.57 £ 0.11 93.87 £ 0.15
Bn-15 71.64 £ 1.08 93.94 + 0.02
Bn-16 74.07 £ 0.06 93.49 £ 0.08
Bn-17 80.13 = 0.40 89.77 £ 0.20
Bn-18 84.10 = 0.09 93.37 £ 0.20
Bn-19 79.19 £ 0.04 91.69 + 0.46
Bn-20 86.52 £ 0.27 94.58 £ 0.97
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Bn-21
Bn-22
Bn-23
Bn-24
Bn-25
Bn-26
Bn-27
Bn-28
Bn-29
Bn-30
Bn-31
Bn-32
Bn-33
Bn-34
Bn-35
Bn-36
Bn-37
Bn-38
Bn-39
Bn-40
Bn-41
Bn-42
Bn-43
Bn-44
Bn-45
Bn-46
Bn-47
Bn-48
Bn-49
Bn-50
Bn-51
Bn-52
Bn-53
Bn-54
Bn-55
Bn-56
Bn-57
Bn-58
Bn-59
Bn-60
Bn-61
Bn-62
Bn-63
Bn-64
Bn-65
Bn-66
Bn-67
Bn-68
Bn-69
Bn-70
Bn-71
Bn-72
Bn-73

87.40
85.45
89.24
65.98
73.67
83.37
88.78
70.98
84.31
54.68
78.21
82.76
68.55
81.23
51.90
83.02
81.29
81.69
85.33
88.25
73.89
50.67
54.25
45.53
76.99
43.86
37.65
77.30
82.30
86.50
64.47
55.78
21.01
78.43
77.72
66.53
96.63
36.33
71.38
76.09
79.66
53.74
80.21
52.65
67.28
67.63
55.76
60.43
78.66
86.62
75.06
81.43
77.51

+++++H+H+H++—+++++++=+=+=+=+=H+=—+-+++=+++=+=H+HH+FH+F++F+FH+FHFHFHFHFEHFEAHFSFFFRFF-FFREFRAFRAFRFRRRRBR R

0.82
0.03
0.18
0.10
0.03
0.12
0.34
0.00
0.03
1.26
0.50
0.20
0.04
0.93
0.34
0.25
0.45
0.11
0.68
1.02
0.72
0.54
0.12
1.13
0.13
0.33
0.95
0.74
0.40
0.04
0.61
0.18
0.31
0.48
0.27
0.52
0.24
0.10
0.32
1.00
0.36
0.16
0.18
0.48
0.34
0.35
0.11
0.16
0.23
0.29
0.02
0.28
0.32

47 -

92.98
93.73
94.36
95.05
93.87
89.20
98.17
98.96
95.31
96.30
90.22
93.62
93.08
91.02
91.06
91.93
99.39
97.13
92.20
94.74
98.64
99.04
93.40
93.37
98.87
98.09
89.65
89.87
91.03
97.56
91.54
91.04
91.11
92.31
96.01
97.18
88.61
89.74
92.47
90.59
98.78
94.34
91.91
95.80
99.54
87.83
98.09
94.58
96.46
94.54
99.20
93.35
99.08

+++++H=+++++++++=+=+=+=+=++H+-H++++++=+=H+FH+FH+FH+FH+F+FHFHFFFFEAHFRAH+FSFSFFRFFRFFAFEFREF+RAH+ R R R R

0.21
0.03
0.01
0.55
0.21
0.02
0.06
0.45
0.06
0.31
0.13
0.01
0.06
0.03
0.06
0.08
0.47
0.40
0.13
0.08
0.85
0.07
0.04
0.01
0.01
0.60
0.16
0.16
0.52
0.40
0.21
0.66
0.42
0.65
0.57
1.03
0.24
0.66
0.13
0.01
0.12
0.08
0.13
0.26
0.14
0.11
0.23
0.13
0.04
0.70
0.09
0.42
0.28



Bn-74 81.22 £ 0.01 95.92 £ 0.28
Bn-75 64.76 £ 0.26 92.30 £ 0.07
Bn-76 88.30 £ 0.28 95.10 £ 0.01
Bn-77 79.33 £ 0.35 92.57 £ 0.14
Bn-78 77.37 £ 0.14 99.08 + 0.21
Bn-79 76.08 = 0.10 97.83 £ 1.46
Bn-80 82.63 £ 0.28 99.08 £ 1.24
Bn-81 78.94 = 0.01 98.77 £ 0.44
Bn-82 90.71 = 0.07 96.57 £ 1.10
Bn-83 78.50 = 0.16 94.22 + 1.33
Bn-84 44.36 £ 0.24 97.84 £ 0.13
Bn-85 62.36 £ 0.42 98.71 £ 1.44
Bn-86 33.90 £ 0.04 90.76 £ 0.28
Bn-87 37.50 £ 0.62 90.89 £ 1.22
Bn-88 55.49 + 0.25 94.40 £ 0.13
Bn-89 53.66 = 0.17 90.67 = 0.28
Bn-90 65.43 = 0.23 85.82 £ 0.87
Vitamin C”
2.17 £ 0.11 0.04 £ 0.00

(ICs0, ng/mlL)

(

2) gt 2

figh

3

O

7hH 2% AT FIhUel E colidl W3 B nivea®l S JASS AHE A} 1170
(Bn-6, -10, -15, -17, -25, -29, -39, -40, -41, -43, and -60)¢] F=%&°] 15 mm ©°|’& YEl
ol 371 = Ao 2 eyt 53 Bn-402 positive control?] penicillin (17 mm) H.t}
H 2 18 mmE YEl= Aow Hol E colid]l W3t w2 dddAo] 9= 2SS & 5
Ak,

v wbA A oy T S auwreusel WHE FHdAPES A A3, 70 (Bn-3,
-16, -25, -33, -35, -38, and -41)2] FZ&Eo°] 15 mm o] YEro] S aureusel W3k &t
2IE BAom, 7 F Bn-332 19 mms YERHo] ALY & FHEAN EAY TS H|
Wk o2l penicillin (18 mm)Eth & 345 YERHITh Bn-259 Bn-412 E. coli®t
S. aureus ROl A 15 mm oS UEtlo] gk &t A4S ZEA AL dvhal AbR o I Th

ofN

o) H. pyloriol tgh &g Al
A9 H 9o B Ao w & AdHlX H pylori®] FHEEAES ST A, 907 9
RAl FE5E2 156 pg/ 30wl sxAA 7719 %% (Bn-3, -5, -21, -37, -38, -45, and -61)
o] 12-14 mm A5 JAZE Hetfol g d Srol=A S0
Bn-57F 14 mm¢ A% AAgS yYetlo] H pyloridl W3 o] HoldS geld

AN
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Table 2. Antimicrobial activity of ramie

Sample Clear zone (mm)

(15 ug/30 pL) E. coli S. aureus H. pyroli
Bn-01 14.0 £ 0.7 14.0 £ 2.1 11.0 = 0.7
Bn-02 13.0 + 14 14.0 £ 2.8 11.0 £ 2.1
Bn-03 13.0 £ 0.0 15.0 £ 0.7 12.0 + 0.7
Bn-04 12.0 £ 1.4 12.0 £ 0.0 8.0 £ 0.0
Bn-05 14.0 £ 1.4 14.0 £ 0.7 14.0 = 3.5
Bn-06 17.0 £ 0.7 11.0 £ 14 11.0 £ 0.7
Bn-07 14.0 £ 0.7 11.0 £ 14 8.0 =+ 0.0
Bn-08 12.0 £ 0.0 11.0 £ 2.1 8.0 £ 0.0
Bn-09 10.0 £ 0.0 14.0 £ 2.8 8.0 £ 0.0
Bn-10 15.0 £ 0.7 11.0 £ 0.7 10.0 £ 0.0
Bn-11 11.0 £ 0.7 10.0 £ 14 8.0 £ 0.0
Bn-12 14.0 = 2.1 11.0 £ 2.1 8.0 = 0.0
Bn-13 10.0 £ 0.7 9.0 £ 0.0 8.0 =+ 0.0
Bn-14 13.0 £ 5.0 13.0 £ 0.7 8.0 £ 0.0
Bn-15 16.0 £ 3.5 13.0 £ 14 8.0 £ 0.0
Bn-16 11.0 £ 0.0 16.0 £ 0.7 8.0 = 0.0
Bn-17 15.0 £ 0.7 13.0 £ 0.7 11.0 £ 0.7
Bn-18 13.0 £ 0.0 11.0 £ 0.0 9.0 £ 0.0
Bn-19 12.0 + 0.0 10.0 £ 0.0 8.0 =+ 0.0
Bn-20 10.0 £ 1.4 10.0 £ 0.7 8.0 £ 0.0
Bn-21 12.0 + 2.1 12.0 £ 0.7 12.0 £ 0.7
Bn-22 13.0 £ 0.7 10.0 £ 0.0 11.0 = 0.0
Bn-23 14.0 £ 0.7 12.0 £ 0.7 10.0 £ 14
Bn-24 12.0 £ 0.0 13.0 £ 14 10.0 = 0.0
Bn-25 16.0 £ 0.0 15.0 £ 0.0 8.0 £ 0.0
Bn-26 14.0 £ 0.7 14.0 £ 0.7 8.0 = 0.0
Bn-27 14.0 £ 0.7 11.0 £ 0.0 9.0 £ 0.7
Bn-28 12.0 £ 0.7 11.0 £ 2.1 8.0 =+ 0.0
Bn-29 16.0 £ 0.7 13.0 £ 0.0 10.0 £ 14
Bn-30 14.0 + 2.8 120 £ 14 10.0 = 0.7
Bn-31 13.0 £ 0.7 11.0 £ 14 8.0 =+ 0.0
Bn-32 13.0 £ 0.0 12.0 £ 3.5 8.0 = 0.0
Bn-33 12.0 £ 0.0 19.0 £ 0.0 8.0 = 0.0
Bn-34 12.0 £ 0.0 12.0 £ 0.0 8.0 £ 0.0
Bn-35 13.0 £ 14 170 £ 14 8.0 =+ 0.0
Bn-36 11.0 £ 0.0 13.0 £ 0.0 8.0 =+ 0.0
Bn-37 14.0 £ 6.4 14.0 £ 14 13.0 £ 2.8
Bn-38 13.0 £ 5.0 170 £ 14 12.0 + 0.7
Bn-39 15.0 £ 0.7 13.0 £ 0.0 8.0 =+ 0.0
Bn-40 18.0 £ 2.8 12.0 £ 0.0 10.0 £ 0.7
Bn-41 15.0 £ 0.0 15.0 £ 0.0 10.0 = 0.7
Bn-42 12.0 £ 0.7 13.0 £ 0.7 10.0 £ 0.7
Bn-43 15.0 £ 0.7 12.0 £ 0.7 8.0 = 0.0
Bn-44 14.0 + 2.1 14.0 £ 0.7 8.0 =+ 0.0
Bn-45 11.0 + 2.1 13.0 £ 0.7 12.0 £ 1.4
Bn-46 12.0 £ 3.5 11.0 £ 14 11.0 £ 0.7
Bn-47 11.0 £ 2.1 12.0 £ 0.0 10.0 = 0.7
Bn-48 10.0 £ 1.4 12.0 £ 0.0 10.0 £ 0.7
Bn-49 10.0 £ 1.4 8.0 = 0.0 9.0 £ 0.0
Bn-50 11.0 £ 0.7 13.0 £ 2.8 8.0 £ 0.0
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Bn-51 8.0 £ 0.0 8.0 £ 0.0 9.0 £ 0.7
Bn-52 90 £ 14 11.0 £ 2.1 8.0 £ 0.0
Bn-53 100 + 1.4 12.0 £ 3.5 8.0 £ 0.0
Bn-54 13.0 £ 1.4 14.0 £ 0.0 8.0 = 0.0
Bn-55 14.0 £ 0.7 13.0 £ 0.7 8.0 £ 0.0
Bn-56 11.0 £ 2.1 10.0 + 0.0 10.0 £ 0.7
Bn-57 8.0 £ 0.0 9.0 £ 0.0 10.0 £ 0.7
Bn-58 8.0 £ 0.0 12.0 £ 0.0 9.0 £ 0.0
Bn-59 12.0 £ 0.7 14.0 £ 0.7 100 + 1.4
Bn-60 17.0 £ 6.4 12.0 £ 3.5 11.0 £ 0.7
Bn-61 8.0 £ 0.0 13.0 £ 0.7 13.0 £ 3.5
Bn-62 10.0 £ 0.0 12.0 £ 0.0 8.0 £ 0.0
Bn-63 14.0 £ 6.4 11.0 £ 0.0 8.0 = 0.0
Bn-64 10.0 = 0.0 11.0 £ 1.4 8.0 £ 0.0
Bn-65 100 £ 1.4 14.0 £ 0.0 10.0 = 0.0
Bn-66 10.0 + 0.0 12.0 £ 0.0 10.0 £ 0.0
Bn-67 13.0 £ 2.1 13.0 £ 0.7 8.0 £ 0.0
Bn-68 12.0 £ 0.7 11.0 £ 0.0 10.0 £ 0.0
Bn-69 12.0 + 0.7 13.0 £ 1.4 11.0 £ 1.4
Bn-70 8.0 £ 0.0 13.0 £ 0.7 11.0 £ 0.7
Bn-71 8.0 £ 0.0 12.0 £ 0.0 11.0 £ 0.7
Bn-72 10.0 £ 0.7 8.0 £ 0.0 10.0 £ 0.7
Bn-73 8.0 £ 0.0 8.0 £ 0.0 10.0 £ 0.7
Bn-74 8.0 £ 0.0 8.0 £ 0.0 10.0 £ 0.7
Bn-75 11.0 £ 2.1 12.0 £ 0.7 100 + 1.4
Bn-76 10.0 £ 0.7 11.0 £ 0.7 100 + 1.4
Bn-77 8.0 £ 0.0 12.0 + 1.4 8.0 = 0.0
Bn-78 8.0 £ 0.0 10.0 £ 0.7 10.0 £ 0.0
Bn-79 10.0 + 0.7 14.0 + 2.1 10.0 £ 0.7
Bn-80 8.0 £ 0.0 13.0 £ 2.1 8.0 = 0.0
Bn-81 11.0 £ 0.0 12.0 + 0.0 10.0 £ 0.0
Bn-82 11.0 £ 0.0 11.0 £ 14 10.0 £ 0.0
Bn-83 8.0 £ 0.0 13.0 + 0.0 10.0 £ 0.0
Bn-84 8.0 £ 0.0 12.0 £ 0.0 10.0 £ 0.7
Bn-85 11.0 + 0.7 12.0 £ 0.0 9.0 + 0.0
Bn-86 8.0 £ 0.0 13.0 £ 2.1 9.0 = 0.0
Bn-87 8.0 £ 0.0 8.0 £ 0.0 8.0 £ 0.0
Bn-88 8.0 £ 0.0 11.0 £ 0.0 8.0 = 0.0
Bn-89 8.0 £ 0.0 8.0 £ 0.0 8.0 £ 0.0
Bn-90 8.0 £ 0.0 8.0 £ 0.0 8.0 = 0.0

Penicillin 17.2 + 0.7 17.1 £ 0.7 17.0 £ 0.7
et g4
AGS oA QA Fo] e ZA FEE Alx Y oA H B gth 90F 9] EA

FEES 100 ng/mL w52 AsdS u, 589 FEHE(Bn-2, -7, -10, -23, and -28)°l A]

50% olde] f1 AME A dAE&S YelWth 53] ol TdA% Bn-2 ¢ Bn-232 85%

o] Aol o ok AE AF AAES B, Bn23S 90.79%= M E el AL s A



Table 3. Anticancer activity of ramie

Sample AGS cell growth inhibition rate (%)
Bn-01 46.10 £ 0.35
Bn-02 87.99 £ 0.14
Bn-03 26.92 + 0.69
Bn-04 43.08 = 0.30
Bn-05 28.91 £ 0.21
Bn-06 41.51 = 0.55
Bn-07 50.56 £ 0.94
Bn-08 41.30 = 0.25
Bn-09 29.62 + 0.48
Bn-10 52.21 + 0.43
Bn-11 32.51 + 0.56
Bn-12 35.72 £ 0.54
Bn-13 28.27 £ 0.55
Bn-14 27.79 = 0.10
Bn-15 35.24 £ 0.25
Bn-16 32.51 £ 0.24
Bn-17 41.09 + 0.52
Bn-18 38.85 = 0.51
Bn-19 35.78 + 1.58
Bn-20 23.50 £ 0.11
Bn-21 4497 £ 0.41
Bn-22 32.94 £ 0.50
Bn-23 90.79 = 0.20
Bn-24 32.98 + 0.37
Bn-25 25.63 £ 4.71
Bn-26 39.73 = 0.55
Bn-27 32.27 £ 0.22
Bn-28 66.13 £ 6.14
Bn-29 33.72 + 1.31
Bn-30 38.94 £ 0.66
Bn-31 36.87 = 0.62
Bn-32 32.66 = 0.21
Bn-33 27.50 £ 0.18
Bn-34 26.33 = 0.17
Bn-35 24.06 £ 0.57
Bn-36 39.80 = 0.37
Bn-37 28.14 £ 0.34
Bn-38 46.09 £ 0.07
Bn-39 34.09 £ 0.41
Bn-40 37.98 £ 1.18
Bn-41 33.15 + 0.48
Bn-42 26.00 = 3.40
Bn-43 35.86 = 0.83
Bn-44 35.89 = 0.39
Bn-45 35.28 + 0.26
Bn-46 36.36 = 0.41
Bn-47 44.96 £ 0.58
Bn-48 46.06 = 0.20
Bn-49 38.84 = 0.20
Bn-50 33.74 £ 0.14
Bn-51 31.77 = 0.61
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Bn-52 29.75 = 0.20
Bn-53 40.81 £ 0.31
Bn-54 28.06 = 0.58
Bn-55 35.49 + 0.87
Bn-56 4493 £ 0.75
Bn-57 37.31 £ 0.15
Bn-58 30.58 + 0.55
Bn-59 28.02 = 1.21
Bn-60 34.81 £ 0.70
Bn-61 26.47 £ 0.48
Bn-62 34.33 = 0.16
Bn-63 20.60 = 0.62
Bn-64 23.10 £ 0.40
Bn-65 21.17 = 0.11
Bn-66 27.53 = 0.50
Bn-67 28.89 + 0.27
Bn-68 24.52 = 0.80
Bn-69 21.01 = 0.48
Bn-70 40.26 £ 2.31
Bn-71 22.78 + 3.83
Bn-72 38.13 = 0.30
Bn-73 37.28 = 1.10
Bn-74 18.83 £ 0.31
Bn-75 37.73 £ 0.67
Bn-76 43.82 £ 0.15
Bn-77 45.64 £ 0.10
Bn-78 40.13 £ 0.45
Bn-79 40.71 £ 0.16
Bn-80 31.28 = 0.17
Bn-81 36.97 = 0.52
Bn-82 30.79 £ 0.25
Bn-83 25.54 = 0.18
Bn-84 36.41 = 0.14
Bn-85 37.09 = 2.17
Bn-86 48.77 £ 0.26
Bn-87 40.87 £ 1.95
Bn-88 36.11 = 0.79
Bn-89 19.80 = 0.25
Bn-90 27.82 £ 0.15

4) dd=5 A

* Cell viability 50% ©]3sl= AIXE S0 A= Zoz AlgEHo] NO A AA7F A= o] F
o)A A Ys Ao R ALEH(Bn-10, -23). Cell viability7} 70% ©]4+¢l A F NO A E o)
60% v RSl A5 (Bn-9 and - 65).

x 9ol Ad A= Raw 264.7 cellol Al Lipopolysacharide (LPS) ¢} Interferon-gamma (INF-
veoll o3 NO A 2 Cell viabilitys A3 Aaolth, & APdA+= 0Fe == 100
Al

ug/mLe F%E & Raw 264.7 cell o ¢ LPSe} INF-y7} S5 A2 2H83Fo]Cell viability
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o]+ Normal w*# Control w¢] ZFo]7} =4 ¢%th NO A ES B¥ Normal o2 44.18%
Control °] 100%¢ NO AAPES B, T /e F55 T 83F°] 80% ©late] NO A
AES UHEUY. 1 F 60% oldte] #AES JElE FEE2S Bn-08, -09, -10, -23,
-48, -65, and -76°]t}. 18y Bn-107 -232 Cell viability7} 50% ©]3}o|2 2 o= AXE =
dol e ALeRE AMEEo] NO AAeol A= #HA Fdkss & F Atk wekA Cell
viability 7} 70% ©]/d<Ql A & NO A Eo°] 60% PRI A8+ Bn-09, 6502 35 &7
7F e Aew AR oIt

Table 4. Antiinflammatory activity of ramie

Sample NO generation (%) Cell viability (%)
Bn-01 78.79 £ 1.09 66.99 £ 1.20
Bn-02 67.57 £ 1.09 77.65 £ 0.55
Bn-03 91.48 £ 1.16 81.13 £ 2.52
Bn-04 77.55 £ 0.51 71.29 £ 1.77
Bn-05 71.62 £ 0.47 80.75 £ 4.69
Bn-06 77.96 £ 0.79 67.71 £ 1.39
Bn-07 66.84 £ 1.14 71.95 £ 1.50
Bn-08 53.01 £ 0.68 61.29 £ 0.21
Bn-09 55.09 £ 0.64 71.99 £ 0.93
Bn-10 54.47 £ 0.85 28.36 £ 0.18
Bn-11 62.27 £ 2.03 80.60 £ 1.89
Bn-12 72.97 £ 0.68 72.21 £ 1.08
Bn-13 72.56 £ 0.94 80.74 £ 1.47
Bn-14 77.75 £ 0.94 60.12 £ 3.72
Bn-15 77.03 £ 2.49 72.09 £ 0.44
Bn-16 88.15 £ 1.56 72.11 £ 0.84
Bn-17 74.43 £ 2.22 69.90 £ 0.23
Bn-18 61.64 £ 1.83 57.37 £ 1.38
Bn-19 67.88 £ 2.41 63.01 £ 0.23
Bn-20 71.41 £ 1.61 91.55 £ 0.38
Bn-21 74.64 £ 2.61 62.88 £ 0.99
Bn-22 77.44 £ 1.65 66.09 £ 1.50
Bn-23 55.09 £ 0.64 42.37 £ 1.15
Bn-24 60.91 £ 2.36 77.86 £ 1.87
Bn-25 72.56 £ 0.76 65.49 £ 0.37
Bn-26 69.96 £ 1.83 64.86 £ 0.26
Bn-27 70.79 £ 1.75 63.92 £ 1.43
Bn-28 68.71 £ 1.21 74.00 £ 1.55
Bn-29 72.04 £ 0.86 61.10 £ 0.66
Bn-30 61.85 £ 1.21 74.23 £ 0.52
Bn-31 60.71 £ 1.09 59.35 = 0.30
Bn-32 69.96 £ 1.14 85.16 £ 0.16
=+ +

Bn-33 70.58 0.47 85.17 0.49
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Bn-34
Bn-35
Bn-36
Bn-37
Bn-38
Bn-39
Bn-40
Bn-41
Bn-42
Bn-43
Bn-44
Bn-45
Bn-46
Bn-47
Bn-48
Bn-49
Bn-50
Bn-51
Bn-52
Bn-53
Bn-54
Bn-55
Bn-56
Bn-57
Bn-58
Bn-59
Bn-60
Bn-61
Bn-62
Bn-63
Bn-64
Bn-65
Bn-66
Bn-67
Bn-68
Bn-69
Bn-70
Bn-71
Bn-72
Bn-73
Bn-74
Bn-75
Bn-76
Bn-77
Bn-78
Bn-79
Bn-80
Bn-81
Bn-82
Bn-83
Bn-84
Bn-85
Bn-86

67.36
67.98
67.05
62.89
66.63
71.00
70.89
69.44
63.50
61.54
71.21
61.54
61.43
67.36
57.59
67.15
74.32
69.75
71.83
72.56
73.80
70.89
62.16
65.38
66.94
64.66
65.38
61.10
61.85
62.58
63.20
59.46
68.30
67.46
76.72
72.66
62.68
74.32
60.81
64.76
69.85
66.74
59.67
75.99
60.71
73.70
66.22
70.37
68.40
73.70
62.79
67.46
72.14

++++++++=++++++++=+=+=++H++H+H+H++++F+FHFFHFHFAHFAHFAHFAHFSFFRFRFRFRFFRFFAFFARSFFRFFRFFR>FBFHREAFRAFRRRRFRFE A

1.31
0.88
0.65
1.07
0.61
0.73
0.64
0.94
0.47
0.76
0.61
1.16
0.76
0.56
1.35
1.40
0.92
0.83
1.33
1.16
1.23
0.64
1.23
1.00
1.16
0.85
1.21
0.61
0.61
0.76
0.51
0.51
0.86
1.39
1.48
1.17
1.29
0.83
1.23
1.00
0.68
0.56
0.51
0.73
0.64
1.95
0.73
1.00
0.32
0.47
1.23
1.33
0.76
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73.51
55.66
60.02
68.31
58.62
57.65
52.09
78.99
58.90
49.89
58.86
55.61
39.62
49.65
54.75
54.23
57.74
53.28
70.60
66.97
80.23
75.03
70.71
51.97
62.74
69.93
70.71
79.46
70.25
56.13
74.86
76.99
69.88
55.92
64.47
68.38
58.90
85.40
67.94
72.71
74.22
73.41
60.96
83.90
60.12
64.35
71.36
65.25
65.09
84.55
49.41
77.47
56.03

+++++++=+=+++++++=+=+=+=+=++H+-H++++++FHFFHFHFHFAHFAH+FAFFFRFRFRFRFFRFFAFAFARSFFRFRFRFFEFREFRF+ R R A

0.10
0.40
0.33
0.61
0.28
0.71
0.27
0.43
0.51
1.26
0.18
0.77
0.38
0.25
0.36
0.47
0.63
0.29
0.68
0.26
0.69
0.90
0.24
0.66
0.52
0.22
0.82
0.77
0.94
0.31
1.92
1.05
1.36
1.19
1.00
0.43
0.50
0.87
0.63
0.27
0.75
0.95
0.63
0.22
0.29
0.17
0.20
0.37
0.94
0.78
0.36
0.53
1.06



Bn-87 70.79 £ 0.52 86.23 £ 1.06

Bn-88 71.73 £ 0.68 76.09 £ 0.26

Bn-89 61.85 £ 0.92 53.20 £ 0.38

Bn-90 71.83 £ 1.39 68.12 £ 0.53

Control 100.00 = 0.04 69.74 £ 3.49

Normal 44,18 £ 1.39 100.00 £ 0.37

5 dd= &4

9049 EAFEE9 7 Aldose reductase A A 3 Ay F 1179 FEE
(Bn-06, -07, -08, -09, -31, -33, -44, -46, -47, -48, and -52) oA 50% ©]’d2] JA A&

LEbaL,

% Bn-08, Bn-33, Bn-482
4 e ol A@e ep

Table 5. Aldose reductase inhibitory activity of ramie

Z+ 7}y 64.9364, 60.6272, 63.5783% % 60%

©
0%
Lo
)
l

Sample Inhibition Sample Inhibition (%) Sample Inhibition
(%) (%)
Bn—01 18.1849 Bn—31 57.4913 Bn—61 14.7368
Bn—02 32.2791 Bn—32 0.0000 Bn—62 30.8772
Bn—03 40.5294 Bn—33 60.6272 Bn—63 21.7544
Bn—04 10.9660 Bn—34 0.0000 Bn—64 22.1053
Bn—05 28.4978 Bn—35 0.0000 Bn—65 9.4737
Bn—06 57.7174 Bn—36 5.5749 Bn—66 0.0000
Bn—07 53.2485 Bn—37 7.6655 Bn—67 17.8947
Bn—08 64.9364 Bn—38 0.0000 Bn—68 15.4386
Bn—09 55.9986 Bn—39 16.0279 Bn—69 17.8947
Bn—10 26.1668 Bn—40 37.9791 Bn—70 20.3509
Bn—11 20.0459 Bn—41 28.7540 Bn—71 26.9103
Bn—12 24.2540 Bn—42 0.0000 Bn—72 10.6312
Bn—13 26.5493 Bn—43 0.0000 Bn—73 31.2292
Bn—14 12.7774 Bn—44 52.3962 Bn—74 17.9402
Bn—15 17.7506 Bn—45 21.0863 Bn—75 18.9369
Bn—16 26.5493 Bn—46 54.3131 Bn—76 13.9535
Bn—17 17.3680 Bn—47 57.5080 Bn—77 21.2625
Bn—18 17.7506 Bn—48 63.5783 Bn—78 15.9468
Bn—19 20.0459 Bn—49 20.1278 Bn—79 18.6047
Bn—20 27.3307 Bn—50 25.2396 Bn—80 18.9369
Bn—-21 18.1141 Bn—51 27.7439 Bn—381 25.0951
Bn—22 15.2783 Bn—52 50.0000 Bn—82 26.2357
Bn—23 19.8866 Bn—53 32.3171 Bn—83 15.2091
Bn—24 25.2038 Bn—54 23.4756 Bn—84 26.9962
Bn—25 14.9238 Bn—55 18.9024 Bn—85 33.8403
Bn—26 27.6852 Bn—56 40.5488 Bn—86 34.9810
Bn—27 8.1886 Bn—57 41.7683 Bn—87 25.8555
Bn—28 26.9762 Bn—58 48.1707 Bn—88 25.4753
Bn—29 3.5803 Bn—59 47.5610 Bn—89 30.7985
Bn—30 7.1251 Bn—60 40.8537 Bn—90 33.4601
TMG 89.3536
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=]
2 4 =4

M
5

6) 7154 =4
Bn-09% Epicatechin® o] 4% FolA] 7}4 =9k o1} Epicatechin gallated] &S 7}
2 A3 Bn-902 714 =2 Epicatechin gallate $H#S Xtk w3k 4% 2% Epicatechin

Rt} Epicatechin gallateg T ®e°] $H#stil AS5S AT 5 AAHTable 6).

Table 6. Content of epicatechin and epicatechin gallate in ramie

Content (mg/g)

SEae Epicatechin Epicatechin gallate
Bn-09 0.138 £ 0.047 0.233 + 0.011
Bn-40 0.025 £ 0.024 1.227 = 0.010
Bn-82 0.022 £ 0.020 1.230 = 0.082
Bn-90 0.025 £ 0.018 1.654 + 0.181

oX,
M
1o,
%
ol
s
i
o |
W~
o\
of\

WAAE 4F U HRFES BAH A% ZALLAR) ) T
N 7HE =2 AoE FAHATh(Table 7)

1LEAZH g RE

Table 7. Content of epicatechin and epicatechin gallate in ramie product

Content (ug/g)

sl Epicatechin Epicatechin gallate
#1 0.655 * 0.082 0.842 + 0.004
#2 0.055 £ 0.001 0.039 + 0.001
#3 0.010 £ 0.001 0.042 £ 0.002
#4 1.879 + 0.255 1.090 = 0.017
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1}, Hexane #8%

Hexane fr. & MPLC 7|AlE o] &3t #e8|& st} &vle nhexane, ethyl acetate®} methanol&
Abgstg o gu]e] FAS n-hexane 100%°] A ethyl acetate 100%7}+4] ethyl acetate 100%
¥ ethyl acetate : methanol 5 : 57F4] =S4 W3tE FWA] chromatography s Al 3k th
(Fig. 2).

Chromatography S 3lo] Hald Z2E9 TLCE A/sle] Rfgke FsdA Aaaeda Rf
# TLCY #-"o] & 5478 groupingS At GroupingS 3 & 1(1-6), 2(3-7), 3(8),
4(9-10), 5(12-20), 6(21-26), 7(27-30), 8(31-37), 9(38-44), 10(45-48), 11(49-61)°.2 HEE &
o] = 11709 fraction= < A H(Fig. 3).

Figure 2. Hexane fr.ollA] &&]¥ E&2] TLC A

Figure 3. Grouping &t

ol
o

TLC A4
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X,

e o

Hexane fr.olA #2ld 24 F 49 fr.o] 549 TLCE ¢lat At ¢ E20lS 3Helsle] NMR#}
MSE Hojx B4 F2E& F4s9tHFig. 4). MS datas

el
datas #R1st3S ) peak”’} 1-2 ppm G ol Bol &9

o\ fo
rir
=
3
o
"
=
0Q
=
8
(o]
A=
a1
w
(=]

ko]
3
=2

TF¥H o2 B-sitosterol= TF F 43 tHFig. 6).

R LI

Figure 4. X A] hexane 5 4% fr.&] TLC AR

..........
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ey

Figure 6. B-sitosterol®] %
Hexane frold 22l¥ 22 5 69 fr.o 249 TLCE 13 A3} o] Edo] 49 gg&S 39
o 6 fr.& MPLC 7|1AE o]&3te] oA F8& st thFig. 7). nm-hexane?} ethyl acetated A}
Fom guje] XS n-hexane 100%° 4] ethyl acetate 100%7}4] ethyl acetate 100%4-E

].

LY
&3

ol

ethyl acetate : methanol 5 : 57}A] SA W3S FH A chromatographyS A st 1 5 8
Wofre] TLCE Seldh 23, 9 549¢ E9ste] H-NMR3 MSE Holx B4 x&

(-)-loliolide® &3 thFig. 8 9).

Figure 7. 24| hexane 5 6% fr.o] AZ4d A & TLCAR
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k. MC

S

A

CHoCL; fr. & Open Column Chromatography= ©|-83te] &2l& 3ty vl n-hexane, ethyl
acetate®} methanolE AM&3t9 o™ &9 XS np-hexane 100%°] 4] ethyl acetate 100%7}F
A ethyl acetate 100%FE ethyl acetate : methanol 5 : 57FA SAAWI}E FHA
chromatography & Al8gt & TLCE #o| Zt7}¢] fractiongS glst th(Fig. 10). 7L % 53

W ofro] E4S AZA Foll TLCE Aol dd =4S gelstarh

Figure 10. CHxCL; fr.olA #2]® £4< TLCAH

Z}. EtOAc 23 =

EtOAc fr. & Open Column Chromatography< ©|&3le] H2]& 39tk 4wl methanol®} water
Abgstg o grjo] ZAS methanol 70%, water 30% H]& Zchromatography S A] 3l &t
TLCE Ao} 7}7t9] fractionES <8t th(Fig. 11). TLCE &< F Rf 32 TLCL

o] & =278 groupingS 3T

il

(ol
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Figure 11. EtOAc fr.olA #2]€ E3¢ TLCAR

-
=
.

|
| ey
"y 12 m ow % 8 7 E 5 a4 3
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o

OH O

Figure 13. Rutin®] %
EtOAc fr.olA #2ld

T TH fr.o] 249 TLCE g9l 2y dd 2495 g2Isted NMRY} MS
2 Aolx] BEA9o 2= FA3rt. 'H-NMR datad] 6.17, 6.36 ppmdl 6, 83 carbon®l proton
o] stubH &S dgkom 6.83, 752, 754 ppm?] peake ZEFF o= Bringe] ABX Type?
TxE stttk 4.38 ppm3} 5.33 ppmoll Y9 anomeric protong &¢1&ar, 0.99 ppme
CH; peakEs 213} glucose®t rhamnose’} & w2 <Uth(Fig. 12). ¢ datasS 23k
o Rutin®. & % %439 H(Fig. 13).
v}, BuOH #3 &
BuOH fr. &
o] A&

MPLC 7|AE o]gsle] EglE 39t €= CHCIz¥ methanolE AFE3tgom &
CHCl3 100%° 4] CHCl3 50% : methanol 50%7}4 chromatographyS A] 33k &
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BuOH frold &8 24 F 23 fro] 249 TLCES &9 2y dd E4US gelste] NMRI MS
2 HAolx BAY TxE F43Att 'H-NMR datacl Al 543, 7.35 ppmo| ©]F A%< Uehfs
peak9) S el glar, 10.93, 10.94 ppme] NH719] protons eSS <kth BC-NMR datas
E3) 1001, 142.1 ppmo] ©]FAFS eI, 1514, 1642 ppmo] ketone’] S EFHS 7]&
T3S Sl LolWlth(Fig. 17, 18). ¢l datasS FTH3te] ©] 313t&E<2 Pyrimidinedione o =
T% B8 vH(Fig. 19).
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Figure 18. 79 fr.¢] C-NMR spectrum
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Figure 19. Pyrimidinedione®] T3
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R
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1) Loliolide?]

oo}t

Kol
=

3to] FEE A loliolided] 3wk
BAlO A 7FE =& rES HAuh 1 Foll A 23 BA

Aoz ygkt} (Table 1).
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Figure 1. Loliolide, Bn-23, and Bn-902] HPLC chromatograms
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Table 1. ®A|FZE0]A loliolide?] 3=

Hfi[;’]?t Bn-02 Bn-07 Bn-10 Bn-23 Bn-38 Bn-4l1 Bn-67 Bn-76 Bn-90

June 5.02 6.35 6.93 5.89 431 4.24 491 512 5.46
July 4.32 6.42 7.72 797 4.05 4.32 5.65 6.67 5.39
August 3.52 517 3.90 4.27 3.26 472 3.82 3.30 331

September 7.04 7.25 743 7.86 6.76 6.38 7.60 6.79 4.77

Data is represented as the mean + SD (n = 3) in mg/g.

2) Rutin®] $t&F vl Ay}
Z 9H9 BEA Zt 6, 7, 8, 9¥€EZ A Hs FEEONA ruting THFE 2
Rutin®] g 9¥€o] A3 ZANA 7HE =& S Bk 1 FTolA 769

& dEe] B2 Aoz ysky (Table 2).
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Figure 2. Rutin, Bn-23, and Bn-90¢] HPLC chromatograms
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Table 2. 2A|FEE9A rutin® &%

Harvest . 0> Bn-07  Bn-10

Time Bn-23 Bn-38 Bn-41 Bn-67 Bn-76 Bn-90
June 279 3.37 3.36 3.64 278 2.02 3.05 4.06 4.29
July 4.47 4.24 5.69 8.89 2.84 1.93 7.60 6.51 7.22
August 1.87 8.04 5.96 534 3.56 6.52 233 2.58 3.15
September 1.63 8.28 14.78 14.77 16.68 19.49 2.86 27.03 471

Data is represented as the mean = SD (n = 3) in mg/g.
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3. BZAS 14 78 EAY in vivo EAES % ofg AT

7V, In vivoell A o] E A9 QA&

M
o
o
fols
H

G7tA] Ase WS SAsY thH(Fig. 1). Normal -9

g 137l 8l ABs s TYE control wollAE 6.03 g, ABxs e

Aot YA BAIE  UFoIg Bn-02 o2 6.75 g, Bn-90 ¥ 763 g9 AT TIIHS

Bolvh mebd A7 <k A AL A AT Fo]H WstE HolA fdv. Y

717kl = AFol oAl WstE Yl A &tk Fig. 2+ sl Al A7IFAE dEbd Ay
ojty. 2F, A He FAE ZF o 3He oA Aele HolA ¥ Fow AR HT

40 12 -
35
" - 10 -
30 - 5
— - - a
bonr L3 2.
) ==fp=MNormal £ a a
g 20 - &
E ——Conftrol fp 5 -
o154 i
2 i B-D2 g
2 =
ELL = B-00 T 4 -
2
5 -
0 ; ; ; : | 27
4 7 14 21 2B
Duration (days) 00— T T T —n

Normal Control Bn-02 8n-30

(A) (B)

Figure 1. Effect of Boehmeria nivea (L.) Gaud. methanol extract on body weight (A) and
body weight gain (B) against ABss 35 injection to ICR mouse

Values are means+SD.

“PMeans with the different letters are significantly different (2<0.05) by Duncan’s multiple
range test.

Normal : 0.9% NaCl injection + oral administration of 0.5% CMC

Control : APBos-35 injection + oral administration of 0.5% CMC

Bn-02 : ABss3 injection + oral administration of Bn-02 methanol fraction (200
mg/kg/day)
Bn-90 : ARy injection + oral administration of Bn-90 methanol fraction (200
mg/kg/day)
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(A)

a a
b ab
05
Bng
-
=
)
SCI.S-
02 A
0.1 A
[ T T T

Mormal Control

Bn-02 Bn-90

Figure 2. Effect of Boehmeria nivea (L.) Gaud. methanol extract on brain (A), kidney (B), liver (C) weight against ABss-35 injection to

ICR mouse

Values are meanstSD.

weight (g)

a
ab I b

(B)

Normal Control Bn-02

ab

Bn-80

(C)

Normal

Cantrol

Bn-02

111

Bn-90

“PMeans with the different letters are significantly different (<0.05) by Duncan’s multiple range test.
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B

—_
o

vzl
;ﬁﬁ
il

I+ mouse®] A A<l

S

78 B

T-maze testE 3+
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S
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=
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N
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o

sl7F 57
e sHo] st 50.23%= vERgth WA Bn-027 ¥ Bn-90 S Z}7b 55.95%¢F 56.72%

= normal¥ #H] <=3k

AH(Fig. 3).

B

®0Old route

‘ B New route
a a
b

*

*

80

70

=] (=] =] =]
=] n = 5]

(%) Aupge aandaosadoeds

=]
=

Q
(=]

=]

Bn-2Q

Bn-02

Control

Norrmal

Figure 3. Spatial alternation test in the T-maze

Values are means=SD.

Means with the different letters are significantly different (£<0.05) by Duncan’s multiple

a’b

range test.

*Mean the space perceptive ability of old route and new route are significantly different as

determined by one-way ANOVA, followed by Duncan’s post hoc test (2<0.05).

JJo
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EA4 A H2EE Ado=z =2 FHd =F% moused| A, §75HES 7Rto=
sto] M2 & F e SAE A 89S HUlste AP S E mouses 7|EY EARE
b M2 EA digt &7)4de] €53 Bk wEkA FH dee AR 2 B EAE
Fol gAeHA e W EAsks Sgrh vty 2403 F V1] 24 F tUE
EAE AHAS W mouset MEE EAC dHE S74S O @ol Hol ®A = gL F
7}etA ®tk Normal 9 3¢ MZE = L
Fgoz ol ¥ &Ao] FuHE control & 50.03%E A 2 A HFF QA E xfolE B
o] A &tk TS Bn-02% Bn-90 & 77 61.14%, 61.00%= M Zg B e 57140
2 "Aes Sl SUhE AoR Hol WAl FEwe Fols EA4 A TEHel & H
719, gt Tl E BEEHI} e Aoz Als "doH(Fig. 4).
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Marmal Control Bn-02 Bn-90

Figure 4. Percentage change of objective cognitive test scores

Values are means+SD.

“PMeans with the different letters are significantly different (2<0.05) by Duncan’s multiple
range test.

*Mean the space perceptive ability of old route and new route are significantly different as

determined by one-way ANOVA, followed by Duncan’s post hoc test (P<0.05).
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S 32l 8 4 AT ¥HE Bn-02 ¥ Bn-90 72 normal ¥ H|SE=SHA =3 UE Zolr}
= 58 g¥x

Aol @5 # AL & & 4 Aok wpA 9 o] mhg-2o] F3AA] 7]
& A52 =907 JE AR vk TF B ARS S

A3t (Fig. 6). Control o] =37} AW AFEHo| W&

normal ¢ W& AlFFo] 4059%°]™ Bn-02 w3 Bn-90 w2 77t 41.83%9F 40.59% =

normal ¥ AN FEoE =izl QW AREREC] W= AFe] FUHE Ao ' Hol B

Al T AHEH O]l W A E st sEo] FE AS FAF 7 AT wHA

o] £AZ Z=3to] A-$ Bn-02¥ Bn-90 & =39S ZFolrt= Al7Fo] normal 3 -

]
719959l 9 AdS FAD = AT (Fig. 7). kA EAI= T-mazest 2AUA test=
A

1 =2
B9 9 7195 gRY oy 3r) A5 ds 1o mE FAAASHY FPAE 59
298 dehiEe A B9 5 A

60

40

e Marmal

== Control i " . -
20
i Bn-02 _

i B1-90

Latency to reach platform (seconds)

1
Primary ;5econdar\.r| Tertiary Primary Setondar\.r| Tertiary Primary |Secandarv| Tertiary Primary

1day 2 day 3day 4 day

Figure 5. Effect of Boehmeria nivea (L.) Gaud. on spatial learning and memory impairment
in mice by injection of A3 in Morris water maze test

Values are means=SD.
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40 |-
b
30
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g — L i L |

Normal Control Bn-02 Bn-20

Oeccupancy intarget quadrant (%)

Figure 6. Effect of Boehmeria nivea (L.) Gaud. on memory impairment induced by injection
of ABs 35 in Morris water maze test

Values are means+SD.

“PMeans with the different letters are significantly different (P<0.05) by Duncan’s multiple
range test.

70 60 -
W Hidden platform M Exposed platform
60 - 50

50 -

a
b 40 -

10 - 5 b s
a0 -

20
20 |

10
10 A
0 . i i . o A :

Mormal Control Bn-02 Bn-o0 MNormal Control Bn-02 Bn-90

Latency to reach plform econds)
Latency to reach plform (seconds)

Figure 7. The latency on reach hidden and exposed platform in Morris water maze test
Values are means+SD.
“PMeans with the different letters are significantly different (£<0.05) by Duncan’s multiple

range test.
th 2ol A el qbstA ~Ed A ] 5
1) 2o Aaaks A oA wa

yol XAy ArE AHEH MDA X7} normal < 35.37 nmol/mg protein®] 3L

control & 57.10 nmol/mg protein®. 2 A AH}A37F f Zo] AAHEJ oY Bn-02 3}

Bn-90 < Z+7F 45.14 nmol/mg, 40.58 nmol/mg protein® = control® .t} W& F=FS UERY
Atk oY AHE B o A FEES HAAY AHitstd g R g7 deS §
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A = AAT (Fig. 8). AlFelA el AA#As A4 &3E A¥EWA normal & 51.32

nmol/mg protein®] 13 control < 70.58 nmol/mg protein &= Al A&o A el Ak r &

7Fek AL & 4 9tk whdHe] Bn-02 ¥ Bn-90 ¥ 77t 5841 nmol/mg, 54.66 nmol/mg

protein®] 1 3L normal¥} H|S23F FF o2 YEhlo] BA] 322 Al oA e A d kst oA

7 Hold AS & & ATt (Fig. 8). 1 FolAe] XAzitst 9A a35 A3 RH MDA
o

[e)

o 2 29.10 nmol/mg protein 2.

%7} normal < 14.15 nmol/mg protein®! HFH o control
2 ABxp ol o8 TAaAME AFAHLs T oSS g & A TH(Fig. 8). ¥ Bn-02
73 Bn-90 ¥ Z}7} 25.01 nmol/mg protein, 21.86 nmol/mg protein® & A7} X & 1} A5}

g olAsts Ao Amsold,
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Figure 8. Effect of administration of Boehmeria nivea (L.) Gaud. methanol extract from lipid peroxidation in mouse brain (A), kidney (B),

liver (C)

Values are meanstSD.

“d\leans with the different letters are significantly different (<0.05) by Duncan’s multiple range test.
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2) ZHo| el NO 27 x

H ZAHqA NO A HE =4 2735 AHHEH, normal oA+ 13.06 ymol/L/mg protein ©]
3L control <& 18.44 pmol/L/mg protein®. & ABs TR o® & NO7F E7tsh= 2SS &
T AT WhHe Bn-02 + 3 Bn-90 2 Zt7} 16.13 pmol/L/mg protein, 13.86 umol/L/mg
protein®. & normal¥ FAFSE WA S BHo]l FAY -3 NO A d94 a3= golgd 4=
AATH(Fig. 9). 2ol A el NO A= tgh A FE559 Rsayds A49iE A3 (Fig 9),
normal < 891 pmol/L/mg protein®] 3L control - 10.34 umol/L/mg protein® %= NO7}
7ol AL & F A} ¥bEe] Bn-02 ¥ Bn-90 2 717} 874 umol/L/mg protein,
842 pmol/L/mg protein® 2 normal¥} FAFSE A FES B 43 NO A4 9# a9&
BRI FFel o] NO A= =4 ZA3E A3 EW, normal oA+ 1076 umol/L/mg
protein®] 1 1L control & 19.67 pmol/L/mg protein®] A ¥ wWhHo| Bn-0273 Bn-90 2
Z+7} 1859 umol/L/mg protein, 14.10 ymol/L/mg protein® % NO dA A &3E EFRS]
t} (Fig. 9).
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Figure 9. Effect of administration of Boehmeria nivea (L.) Gaud. methanol extract on AP -ss—induced NO formation in mouse brain (A),

kidney (B), liver (C)

Values are meanstSD.

T\ leans with the different letters are significantly different (/<0.05) by Duncan’s multiple range test.
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Figure 10. Activity of ALT

Values are mean=SD.

30

30 A

20 -

e doHEAE Yoty f13] ALT9 AST
22 As A F AATH(Fig. 10).
b ab C
C
T

Mormal Contraol Bn-02 Bn-20

a 3 ab .

Mormal Control Bn-02 Bn-00

(A) and AST (B) in the serum of mouse

Ll

AL

o

I

“\eans with the different letters are significantly different (2<0.05) by Duncan’s multiple

range test.
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Y& nvivo 3% 2 g vIlHE 74

ML

ot 24 E4

il

1) Cellular systemol A 2] AAAE Bs gy}l 7|54 2

ofo
2
N
T
|
2
Y

O SNP A2 fFx% 2314 ~Egx /A &3 @0 B A3 AAMESL] 53 o
St e guatsE dolrH ] 9] C6 glial celld]l SNPE A 23] NOE /LA #H T SNPE A g
3 -9 NO AA =S 1359 uME normaloll Bl&] 28] oA 718t ruting A sk 23}

=5
AEE UEtdo] NO A4 Al Heold a37F de= AS a9 5+ AdJdvk(Fig. 1). =7
SNPRF A2 gk controli-oll oAA= MEAAEEC] 2281%%E YERL A4St ~Eg 2o g
e g9 5 AN, ruting A2d Ay AEEEE] Aot A5 Wi Rag I
7F 9= Aoz A" vH(Fig. 2). Fig. 3 olAE olf AXx A8 dx &S normaldtel H] 3|
SNPE 5 AHEls AT AE FI4 Ae FFAEY F7HE Hole A4S A = 9l
Atk 60% B A A SNPE A wolA= AlZto] Aol uwet ibsls ~Ed v}

o normal* 78.2% 9]

= =2
ROS AAES BAI ruting A3 S controlirH.th ROS A Eo] dolx LS &4 4+ ¢

Tn

R
= £
—

o
[=]

Nitrie oxide (p)

(=T = - )

7 ] I b

Nonmal Control 3 10 30

Figure 1. Effect of rutin from B. mivea on NO scavenging activity of C6 glial cells treated
with SNP

Values are mean+SD.

“PMeans with the different letters are significantly different (<0.05) by Duncan’s multiple

range test.
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Figure 2. Effect of rutin from B. nivea on viability of C6 glial cells treated with SNP
Values are mean+SD.

T\ leans with the different letters are significantly different (P<0.05) by Duncan’s multiple

range test.
&000 170
o
= & a
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2 7000 | 2 80
6] SV w=gp==Nommal g
e o § 2
2 6300 o == Control g 60
s - g
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Figure 3. Effect of rutin from B. nivea on level of reactive oxygen species
in C6 glial cell treated with SNP
Values are mean+SD.
““Means with the different letters are significantly different (7<0.05) by Duncan’s multiple

range test.

O H:0, A2 FE¥ sty ~Ed 2 /1 &3 @ Rutin®] C6 glial cellol Al Hx0z0l <] 3]
g AskA 2E 2z did Rigds 54 Ayolth(Fig. 4). AEAEES normal
100% WiH] Hx0:5 A8 controldol A= 44.9% AE&S YeElUo] AAMNET &8
el AATE Ruting #2138 23} controld Bt} FolHoz =& AZXYELES B

Ae IAd - X

gom Fhol oEHor AFAELE] wobA= AR AEFE = AT ol wEt BAIE9]
A3 =4 rutine AA el A s gt AGS AASAY, 4 E AA
Fomn AANEE Hoste Ao=Z AZET Rutin® Alx W S44AF A adE dof

_82_



17] 918 C6 glial cell2 ©o]&3le] DCFDA assayE 3t th Fig. 5 ol A controli A]7to]

Akzrel whet normalwtell HlEl ROS A el F7lstdar ol & Faf Atsha ZEg =7t f3

HAES & 5 AdALh 607 7= 2 controliS 100% %2 39S W ruting FEREE A2

A%, FE fFolFom ROS AdFe] Haste s AT & AL 53] 50 pg/mLelA

normals™# H|z8lAl ROS A #el Had 3e & F AUk o] A= AAAE] A EAL

4 B35 9 AEd ROS &A% AadAAE 7HA o, o]ys &deo] ROSH 93l of
[e)

AW A Abdel U# BE g 4ue @ A

o

120

100 [

80

60

40

Cell Viability (%)

Nommal Contral 3 10 30
Concentration (pg'ml)

Figure 4. Effect of rutin from B. nivea on viability of C6 glial cells treated with H.O»

Values are mean+SD.

“Means with the different letters are significantly different (2<0.05) by Duncan’s multiple
range test.
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100 I, — a &
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60 |
40 |
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DCFH fluorescence intensity (%)
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Figure 5. Effect of rutin from B. nivea on level of reactive oxygen species
in C6 glial cell treated with H2O»
Values are mean+SD.
T\eans with the different letters are significantly different (£<0.05) by Duncan’s multiple

range test.

_83_



ABos-gsoll 9|3k AbstA 2Ed 2 JiA &3 0 C6 glial cell Aol ABysass A # ko] AkshA
£AS oz AAMNFEAIES do7l controlite] normalitel]l Ml A EAYEE 0]

ting FEEZ AP AW, ¥E FoH0E AE

Cell wiablity (™)

Mormal Comntral 5 10 50

Concentration (pg'mlL)

Figure 6. Effect of rutin from B. nivea on viability of C6 glioma cells
treated with AB2 35

Values are meantSD.

“"PMeans with the different letters are significantly different (2<0.05) by Duncan’s multiple

range test.
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Al 34d. BA] 7R 24 R 7R AE 98 B3 ' AT

L 2A A 24 2 55 BS993 SSR 22k vz Z1E107) vk o]

7h A g

4E A8 2 A DNA 32

oo o] AFEH 907 o] RA|E(Boehmeria nivea) +AALE FE AFHo]| o8 T xd
oA =& AAE A Lee et al., 2014). EA|Z(B. nivea;, DNA No. 2005-1461)3 dRBAl =
(B. nivea var. tenacissima; DNA No. 2012-1453)9 tjgt DNA Als& aedigia 7175 o
F7F =93k =9 AE DNA 23 (http://pdbk korea.ackr)ol Al & vkt ZF
g 20 FHAR AsAERY o 2A4s AMFHASIAT AHAT JS AA AL dd
¥ DNA F&& 98 80%=d R#sdtt s DNAY Ui & $fste] o 23S
Aaw vfg $ Doyle (1991)¢] ol wel Al DNAE sttt PCR¥I Al=Elo] &
9l8t Al DNA®9 A% Hg]l:= Biomedic® Genomic DNA Extraction Kit (Biomedic, Bucheon,
Korea)& AR&3ste] ettt E2ld Aw DNAY 43 22 247 DeNovix DS-11+
Spectrophotometer (DeNovix, Wilmington, DE, USA)$} ol7t2 2~ A A7) 958 F3) Z2As)
pras

B YRLTITS 999 F £ Ass &4

ITS P ITS1 (5'-TCCGTAGGTGAACCTGCGG-3") = ITS4
(5-TCCTCCGCTTATTGATATGC-3) Zztolm & HS™ Taq DNA polymerase (Dongsheng
Biotech, Guangzhou, China)E& Al&3ste] SHAIHT. PCR %S 9% 27102 o3 Zok
271 4¥A4(13])-96% 5, DNA SH(F 303 WwHE)-94% 30%, 556% 30%, 72% 18, HF
A% whe(13)-72% 5%, PCR 2122 Biomedic® Gel & PCR DNA Purification Kit
(Biomedic)E AF&3}e] A A3 ¥ BigDye Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems, Foster City, CA, USA)®} ABI 3730 DNA Analyzer (Applied Biosystems)E ©]
skl ITS13 ITS4 Zefolm 2 AAY S FAsArh I/ b= A RAIE & (Boehmeria)
Zy WF ITS AP o] =%(Liang, 2009)S Fasldct. AES £4S Molecular
Evolutionary Genetics Analysis (MEGA) A2 E ¢ o (version 5.0.; Tamura et al, 2011)& <
gstAR o, A5 neighbor-joining tree WHel| we} 2AstAT HE AleTE 1,0003]

WES EYE ¢ PEXEQ EAOoE Agstgh

SSR "A Y A

n AR A [rlo] A2 Efo]E EE SSR (simple sequence repeat)] ¥ glolH e glE
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3
2 3AE vaEFA g1y A48 E T3 T8 w5 WA AFEsTh v
o] 53+ DNA AHA-2 pGEM-T 9 ¥ (Promega, Madison, WI, USA) ¢} <
ANkg 2SS e DHba w59 A AMEstat dAE F2UEREH
o

stgon, o
A2 FES BN skel MI3 AWF L UG Zeoln] HMES o §te] Bz
o

PCRS FdstAth $%AHES FASte] ABI3730 DNA A4 #4715 o] &3 A7Ad &4

e ol H7 IS AAT F Lasergene SeqMan AZE ol (ver. 7.0.0;
DNASTAR, Madison, WI, USA)E °]&3to] A7IMES /st T50] AA" 215 &
B3tAh 270l A 67) FEEl S E = tisiAE HA 33 vk 53 e gisiAE 100 )
A7178 oju ] A& 7 3 ToR  MISA  &XES9]
(http://www.pgrc.ipk-gatersleben.de/misa) & AF-&3Fo g4 SSR whAES FRIAT
PCR 2zetolm vzl 93 % =A7]= 857350 9714, Zetelw A3 2%e 57-60%=%
7|EoZ stk A AEH Zelolm e (F)uto]l MYl A FAdste] AlFEA T}
ojm o] EolA o= Alx DNAE FHOo=Z AME3 B4R

At A viAel AR Awe 10710 RAE FARANA FES A DNAS 5% £%
=z

i

_—

= 7

O

553

Gene Ontology (GO) F4&7]

SSR 99& fete FHAAES AeE EvalueE < leVe® 3ol NCBI
(http://www.nchi.nlm.nih.gov)2} Phytozome (http://www.phytozome.net) Gl o]EHo]2~E 7 A
st Md FAIEZ A3t GO 49 7]& Blast2GO 22 E9 o] (Conesa et al, 2005)=
A A SAS et e g Fastth A AHES 37FA GO §-ofel whet wiA st

Atk A=t G BP), A4 715 (MF), A2 74 24(CO).

PCR %% ¥ genotyping
As DNAYE Ax7beRe] a2 47 AAD d9 555 (Biomedic)dl 25 ng/ulo] H =2 34
&tk PCR W2 50 ng Al DNA, 1 x HS™ Taq DNA $&a4s 9459 15 mM
MgClo,Z+2F 02 mM dNTP, ztz 0.2 pMe] Zgtold, 1.25 unit HS™ Taq DNA S3E4E
Hk-g-F-3]o ABI 2720 thermal cycler (Applied Biosystems)& AR&3lo] <=

sttt PCR %S 93 =12 ta3 2ok 27] 9494 (13]))-95% 5, DNA T3 (%
343] WHE)-94% 30%, 57-60% 30%, 72% 1%, HF A Wh$(13])-72% 30#. PCR Z%4

22 THNE sty Aste] 15% obrtzs AN Hrigsetdrt & A AHER

>
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PCR =etolm AE= Table 20 Attt AWE Zoolwe 57 due JFFdsd
6-FAM (Applied Biosystems)2Z ¥ A3}tk PCR 5% %, 02 w9 PCR TZAHES 98
102 Hi-Di formamide, 0.2 109] GeneScan™ 500 LIZ® Ale]= 2~®lt}=(Applied Biosystems)
of sttt EFES BEoNA SEF BMAAAZ & Ao WA TEE DNA dH L
50 cm EAIo] F2E ABI3730 DNA Analyzer (Applied Biosystems) 2ol A EAl3 A 7]
< &3] DNA dHES Fgadth ddFd2¢ 27]+= GeneMapper 43 E 9| o] (ver. 4.0;
Applied Biosystems)E& AM8-3to] #2435}t

T8 gE@F+Aa2 AIEMAF), dEFd2 F(INA), 4 9GF3(GD), B34 HE TF=F
(PIC)S =33t 544 wj/l¥4E PowerMarker AZE ¢ o] (version 3.25; Liu and Muse,

£ ol&dte] st HEFAA NEE Ao wn SAHGAT. olFJFE 7|tHA
(HE)¢} ##XA(HO)= POPGENE (version 1.31; Yeh et al, 1999)& o]&3ste] 23St}
UPGMA A&+ MEGA A~XZES]o(version 50; Tamura et al, 2011)& A}8-3he] 24819

AN BAIE FAAEY = HAS fste]l 74 fAAAT 1720709 A=A=5E Al
DNAZ Biomedic® Genomic DNA Extraction Kit (Biomedic, Bucheon, Korea)E ©]-&3to] #
2latgth. PCR %3} Al=elo]F 8709 SSR whAE Abgslel #3691, UPGMA A%
= MEGA AZE9|o](version 5.0; Tamura et al.,, 2011)Z AF-&3sle] 2A 814

SSR "}# 9] mutiplex genotyping

SSR 71 E& €83 multiplex genotyping= 93kl 1270 mk7 el disl] 470 »7AE shto
Zdow st 3 2FE AT 7 24T A Alol= dH 27, & Atel= HH 270
2 AR e, 4719 Zetolw x| s AW Zeolm = Z47 FAM, NED, VIC,
PET &% dye® EA8tth. PCR & 47§ Zefolm %3e AH3 nj&2 x4t F9
DNASH &3 F, HS'™ Tag DNA %3¢ &4 (Dongsheng Biotech)E ]3] PCR W&
FastAh oprtE A A A9 E S 3 PCR ©% oFE st & d&sh Wy et
ABI3730 DNA Analyzer (Applied Biosystems)S ©]-83}o] fragment analysisES 3 3}t

=

LR e = A

A

L

B YGRAT ITS AEdS o8 BEAZ FAAYY Ass &4

d
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gk o]l 2 Fo] AAst= Aor deA v (Kim, 2007;
Liang, 2009). BA1E FHAYY BE 8 AU EC] BAIEB. nivea) = 7 EA Y AF&
ghotslr] 9ete] 9048 FHAYPOZRE ITS 998 THat A71-LES 2t =3
skl 215 DNA 23 (http://pdbk.korea.ac.kr) & 258 W A]EZ3 H X2 A% DNA
ITS HE& SFste] A7ILE A8t BAE Foll e 78, 283
de ojde] =g Fastdith(Liang, 2009). 9089 HAIE FHAdAA R TSI, 58S,
ITS2 @99 =7+ 242 214, 164, 229 @718 olAth ITS1 <9 11684 $1 x4 A—C
@7IRolE Kol Bn-55 A3 BNI2 (RAIZ; Liang, 2009)E Alelgh YA ZAE 42
B EAZC e 71%%—(Liang, 2009; PDBK No. 2005-1461) 3ol ITS << =7]¢}
A Wolt: IAThFig. 1. ITS ME& Ed= 9049 EAE FAA497 Ul A4 2AFE
A= 7F 28T AT FAuAE F7HE £487] A8kl neighbor-joining tree '
2 AEFE AU 7 Ee &= BEAEEo|(Pilea mongolica)®] 1TS A4S 9
(outgroup) &&= AHESEATE AlET 24 A, 8949 A€& PDBK 2005-1462 (B. nivea)
% BNI (B. nivea, BNII, 3, 4; Liang, 2009)¢} 22 Zas FAAcH, o= A9 e &
AE Aol BAE(B nivea)® 72 4 &S ek whE, Bn-55 Al PDBK
2012-1453(B. nivea var. tenacissima), BNI2, BNT(B. nivea var. tenacissima, BNTI1, 3;
Liang, 2009)¢} MEI15S A3 tH(Fig. 29 3). Bn-55 Aol HEAIEZE 72 T U+e
Ao ARE M‘Jr“@}ﬂ M= FEA vmd vAY SCAR, SNP9F 22 o2 F39 &4
npAE o] 83k FrHEA o] & Q& tHShaw et al, 2007; Li et al., 2010; Costion et al., 2011).

HAE Sl 3k 4B TF

rr

>

1 10 o0 B 4 50 B Ly iy L i Lia 13w 130

I
Be IR COTRMCTGODR TGE NGRS RO CCGCAARCATET TTRT TRRTCIC Y TRECGERT TTRTGGOCT T TCRGGRESENCHNAC TCRCCTTETG T TREGRECTDDOGRT TTTARRRCARNAT CRERIRIRETITE

Fig. 1. Multiple sequence alignment of a part of ITS1 region. Two individual plants
for Bn-1 accession were used as representatives of 90 ramie resources except for the
accession Bn-55. BNIs and BNTs are accessions for B. mivea and B. nivea var.
tenacissima, respectively, which were inferred from a literature (Liang, 2009).
PDBK_2005-1461 and PDBK_2012-1453 are also accessions for B. nmivea and B. nivea var.
tenacissima, respectively, which were obtained from Plant DNA Bank in Korea (PDBK,
http://pdbk.korea.ac.kr). The nucleotide sequences that were completely conserved among

accessions are denoted by red dots.
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Ramie Genetic Resources

PDBK 2012-1453

’BNE
BNTA

BNT3
Bn 55A
L BMT2

PIL1

003

Fig. 3. A simplified Neighbor-Joining tree of ramie genetic resources using ITS
sequences. Except for Bn55A that was clustered with PDBK 2012-1453 (a specimen for B.
nivea var. tenacissima of PDBK) and BNT accession (Liang, 2009), all of the ramie genetic
resources were clustered with PDBK 2005-1461 (a specimen for B. nivea of PDBK) and
BNI accession (Liang, 2009).

SSR wtA Y e 4 54 &4
AR FA (o] AR A Sl E) w5 AES X3 Y AEAZTE 28402
SSR wlAE WzEslr] flete] FRfstAl AFg5o] $hth(Glenn and Schable, 2005; Zhao et
, 2012). 2-, 3, 4-wEHLEHE F39 SSR EHZVI g8402 Fxyd golEyygE B
£ A% DNAE Ag3ste] ZAgdstdnh. Al 376712 Az S22 dis] Wy Zeiow s
ol &sto] T AVIMES AAsAT. AFTAH R FHIL o5 AL Faf 25570¢] H

H
o

ZFH A2 LS drYh o5 FoA 247/ ¥ 17 SSRE -Gt on, AE 1 g
o] Aol 168478 A714o] U tHTable 1). MISA AZE oS AMgdte] A48 Ax A
1,220719] SSR #9171 el AL 2HE Q) oo A v aFFA(vfo] L ZAY

3|

SOl E) 5ol ol ®ay vhel Zo](Zane et al, 2002) SSRE EE3t7] g &
I WSS AAEY 2-wE U QB = RbRo] M T e 9™ (808, 66.2%), 3-T = &
HEE(205, 16.8%), 4-7wEd LEH = HHE(123, 10.1%), 6-7wFd L EH = HHE(23, 1.9%), 5-7 &
SEHE WHE(22 1.8%) ¥ B3 F3S xS 7]EH39, 3.2%) ol tH(Table 13 2). 2-, 3-,

o
=
=
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4-7EH LEHE HbE FolA TC(139), CGG(12), CTT12), TCT12), TTG(10) REiZ7} $-A
StSAtH(Fig. 3¢ Table 2). 3-r2 el LE| = whEo] Agox 7} S5 Aom deA v
(Varshney et al., 2005; Kalia et al., 2011). ZZ&{u, A& AlFoA 2- £= 3-wZFHU g = db
o Hes w2 AE Fo me vg=2v. dE &9, AW e Gerbera hybrida H.)2l A<l
2-mEU e = wkRo] M} FHEM(62.3%), 3-TE EJ]OE]E WHE(36.8%)0] 1tk o] tH(Seo
et al, 2012). A& EST-SSR &4l gstd, 2- w2 d LHE vbE9 NIx7l 3-FEHHE
HHE 31 of - FAFSFAtHLiu et al, 2013a). Yu 5(2004)¢] Haro] o3, - e = vt
B2 HE s Fojo] Ha Lol B HIWstA EA = AT Metzgar 5(2000)2 3l =5

YoM 3-FEHLEHE=E(EE 6-7FUE =) F5EA EA5E AL 35 DNA & 9ol A
o] SSR &S Agtslr] 9ste] EWE EdWolo 53 So]F AEle] 7|olstE AHAow
QEE HEEO =2 W= $-7]9] SSR v+ Alls DNA

HF5 g1 /\1?3_% o]-&3}o] Phytosome Hlo]EWo]2o st BlastX 74 A3}, 12971
o A¥ 7t AAtxAIA AR A oo B XS udd s dWEds Ad fFAEE
B A (Table 3). o]E FlAl, BnR2087%} BnR3039 ¥l 17} WALLS ARE THINI1 (WATI)
3} pectin methyltransferase 342} =& M9 FAIRES BAv. WALLS ARE THINI
(WATDS 22 Alxd HAox Fa3d A3S 33 (Ranocha et al, 2010), pectin
methyltransferase= A|XZ® 4 A &<l F e demthylesterifications &3 AJ3EX9
#Hoshs slow A ArHKim et al, 2015).015 F FHAE AHF A3 A EA9
Ao Ak Qg FH FHAAT 2 5 US Aotk SSRE Ffréte HTE AE LY EAS
UeRg 7] fste] GO FAE7IE Fdsdt. 1 Ay, 7070 ¥ 27t 379 GO 7hdlaE] =
AA  stuE wWAEHIJT A=A #AAHBP), FAH 7l MF), AExzd S 84
(CC)(Supplementary Table 3 and Supplementary Fig. 3). BP Z}e| 28] A= AX EZ A}
A 2 771 A Aol 7H A en, 12 A #H o] 1 HE o]t MF 7HH 1g
A= F7] arg sE A% ddHzae sigtE Aol 7HE fAs T CC ZheEl arel 9
M= AXEY FEVE 8 159 A (Fig. 4).

Table 1. Summary of searches for genomic SSRs of ramie.

Search item Numbers
Total number of non-redundant contigs examined 255
Total number of non-redundant contigs containing SSRs 247
Total size of contigs containing SSRs (bp) 168,478
Total number of SSRs identified 1,220
2-nucleotide type 808
3—-nucleotide type 205
4-nucleotide type 123
5-nucleotide type 22
6-nucleotide type 23
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7-nucleotide type 1
9-nucleotide type 1
Composite type 37

Table 2. Motif types and counts of simple SSRs from the non-redundant contigs.
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Repeat Motif Counts Repeat| Motif | | Repeat| Motif Counts | Repeat | Motif Counts | Repeat | Motif Counts|  RePeat Motif Counts | RePot | ppove oo Counts
type type type | type type | type type type type type type type oS | type
AA AAA AAA ACATA AGAGAG AGGAAGAG
2- ) 8 3 6 - 7 5— 7— 9-1
2-nt AC 4 3—nt ¢ 6 A-nt ¢ 7 AC 1 6-nt b 1 nt A 1 —nt G 1
AA AAA AAA AGAGG
5 23 9
¢ ! G G AG ! C !
AT 72 AA AAA 1 AAG 1 AGGCGG 1
T T AG
AC R AAC R AAT CAAAA
29
cA 9 A 5 N 5 A 1 c 1
cG 14 ACC 2 At(’ 4 1 CAACTC 1
AG CAATT
28 7 2 .
CT 128 A 1 p 1
GA 91 *(( 2 1 1 CAC 3
GC 22 A,l(’ 1 1 1 CCAAAC 1
GT 37 \] 2 1 1 CCCAGA 1
TA 60 *L.T 7 1 1 CTCACT 1
TC 139 t.] 1 2 1 CTCTGC 1
TG 45 AT 3 1 1 GaA 1
T A
ca R GAGGT
2
" 5 2 1 p 1
GATGG
e ,
cAC 4 2 1 p 1
CAG 1 1 1 1
L,’F 5 1 1 1
CCA 4 1 1 1
cce 8 1 1 1
cer 3 3 1 1
CGA 2 1 1 1
cGe 4 2 1 1
CGG 12 1 1
cT
N .
A 2 CAAC 1
CTC 2 (j,\\ 2
T
cT
2 2
T 12 2
GA B CAG .
7 2
A A
s cA
5AC 2
GAC N 1
G 1
GCC 3 CTCA
GCG 2 CTCG 1
. CTG
g 2
GCT 2 T 1
(’j’ 5 CTTC 1
GGC 3 ('_Ll_l 5
GG GAA
2
T 2 A 1
GAA
2
2 G 1
GT GAA
G 1 T 1
TA . GAG
A 3 T 1
TA . GTA N
c i T i
TA ) GTG
G 3 A
TA GTT
T 1 A 1
TC GTT
2 1
A T
- R TAT
TCC 5 c
TCG 6 TA.T 5
G
[,f 12 TCAC 2
TG TCA
A ! G !
e TCT
TGC 1 e 1
TG B TCT 5
G T
TG TGA )
T A
T TG.
A G !
T B TG
¢ 7 0 1
TGT .
N 3
2
1
2
T 4
T ,
A
4
10
Total 808 205 123 22 23 1 1
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Fig. 3. Frequency distribution of SSRs based on motif sequence types.
Table 3. BlastX search results against the Phytozome database using the non-redundant

contigs containing SSRs as queries. Threshold for E-value was 1le-10.

Contigs ID Ctmtl(ghvlgm gth E—value Id?algty Species TAIl}Dgene TAIR description
BnR2002 623
BnR2003 1,184
BnR2004 550 3.00E-1 60.76 Malus_domestica ATSG23060. | calcium sensing  receptor
BnR2006 175
BnR2007 429
BnR2008 289 1‘002E71 40.43 Fragaria_vesca ATlG?174O' Sulfite exporter TauE/SafE family protein
BnR2011 366 2‘00:;:71 63.46 Prunus_persica AT4G%1270' Transducin/WD40 repeat—like superfamily protein
BnR2013 733
BnR2014 387
BnR2015 595 1‘00§71 55.34 Malus_domestica ATSG?155O' lectin receptor kinase a4.1
BnR2016 553
BnR2017 594
BnR2019 477
BnR2020 515 20082 88.46 Fragaria_vesca AT2GO7360. | SH3 domain—containing protein
BnR2021 613
BnR2022 1,196 2‘007E_1 57.78 Aquilegia_coerulea AT1G§J8410. P—loop containing nucleoside triphosphate hydrolases superfamily protein
BnR2023 1,045 3‘005;271 42.34 Manihot_esculenta ATSG?WSO' mitogen—activated protein kinase kinase kinase 19
BnR2024 459
BnR2026 1,146
BnR2027 575
BnR2028 717 4‘0061576 63.74 Populus_trichocarpa ATlG?OSGO' SWIM zinc finger family protein
BnR2029 653 6'00(;.373 100 Phaseolus_vulgaris ATCG?OOFﬁ' ribosomal protein S12A
BnR2030 564
BnR2033 306
1.00E-3 . AT1G51940. protein kinase family protein / peptidoglycan—binding LysM
BnR2035 679 2 42.38 Carica_papaya 1 domain—containing protein
BnR2036 434
BnR2037 901
BnR2038 1,141 4‘00(;:76 73.29 Cucumis_sativus AT4G%8760' receptor like protein 51
BnR2039 435 1.00E-2 80 Theobroma_cacao AT2629050. | RHOMBOID-like 1
BnR2040 582
BnR2041 865
BnR2042 797 7‘0011571 87.18 Prunus_persica ATlGZQOSO' recA DNA recombination family protein
BnR2044 791 8'001}374 61.11 Prunus_persica ATSG%SOZO' Pentatricopeptide repeat (PPR) superfamily protein
BnR2045 614
BnR2047 386 7‘001}371 81.82 Aquilegia_coerulea ATZG}Q‘:)ZO' Transducin family protein / WD—40 repeat family protein
BnR2048 1,028
BnR2049 310 5-00E—2 88.06 Citrus_clementina ATSGHOTTO- 1 pronibitin 3
BnR2051 872 7‘00;:_1 61.11 Mimulus_guttatus_v1.1 AT2G§‘3710' Plant stearoyl—acyl—carrier—protein desaturase family protein
BnR2052 524
BnR2053 782
BnR2054 738
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P 2.00E-2 = . : - AT3G51950. Zinc finger (CCCH—type) family protein / RNA recognition motif
BnR2055 680 7 80.95 Gossypium_raimondii 1 (RRM)~containing protein
BnR2057 879
BnR2058 566
BnR2060 1314 2.008-2 18.31 Prunus_persica ATLGH8L20.
BnR2061 683 4‘00(;:72 55.1 Gossypium_raimondii ATZG?ZZSO' phloem protein 2—B1
BnR2062 681
BnR2063 652 6'005276 56.28 Theobroma_cacao ATSGfMOO' Mitochondrial transcription termination factor family protein
BnR2064 790
BnR2065 1,002 100E=5 78.67 Manihot_esculenta AT2G30LL0. | piquitin—activating enzyme 1
BnR2066 908
BnR2069 874 4‘007E_1 55.83 Solanum_tuberosum ATA‘G%OMO' Tetratricopeptide repeat (TPR)—like superfamily protein
BnR2070 1,373
BnR2071 616
BnR2073 987
BnR2076 1,060 2.008-6 86.84 Medicago_truncatula
BnR2078 471
BnR2079 601
BnR2080 549
BnR2081 795 50081 54.76 Theobroma_cacao
BnR2084 635 2‘008}371 37.55 Ricinus_communis ATlG?4690, branchless trichome
BnR2086 552 4‘002]:‘76 79.35 Eucalyptus_grandis ATSG%WSO, Phosphoglycerate mutase family protein
BnR2087 1,162 40058 65.7 Carica_papaya ATSGI4310. | pectin methylesterase 3
BnR2088 484
BnR2089 741 5‘005_1 42.15 Citrus_clementina ATSG%QHO' Eukaryotic aspartyl protease family protein
BnR2090 353
BnR2093 584
BnR2094 410
BnR2095 384
BnR2097 519
BnR2098 670
BnR2099 828
BnR2100 542
BnR2101 580
BnR2103 546
BnR2105 636 1.00E=1 62.69 Malus_domestica ATSGE5260. | Zine finger C—x8—C—x5—C—x3—H type family protein
BnR2106 840
BnR2107 728
BnR2108 552 L.O0E=2 51.28 Malus_domestica
BnR2109 606 8.008-3 94.92 Manihot_esculenta ATAGITOM0. | AGAMOUS-like 21
BnR2111 890
BnR2113 610
BnR2116 621
BnR2117 719
BnR2119 776 5-00E=2 82.46 Citrus_clementina AT5GE2000. 1 GRMDL family protein
BnR2121 588 9‘00577 83.97 Prunus_persica ATlG?9930, oligopeptide transporter 2
BnR2122 259
BnR2123 405 6‘001]372 68.97 Glycine_max_Wm82.a2.v1 AT4G56080' Protein phosphatase 2C family protein
BnR2124 394 3‘005:_3 78.57 Gossypium_raimondii AT5G%2360' vesicle—associated membrane protein 714
BnR2125 692 9-00E-2 62.75 Fragaria_vesca ATSGHTS90. | AINTEGUMENTA-like 5
BnR2126 676
BnR2127 679
BnR2128 401 2‘00572 88.89 Prunus_persica AT4G?7410' Transducin family protein / WD—40 repeat family protein
BnR2131 918 1.001E—1 75 Theobroma_cacao AT4G92425'
BnR2132 630 2‘0011:‘71 56.52 Fragaria_vesca AT4G§4030' 3—methylcrotonyl—CoA carboxylase
BnR2133 821
BnR2134 796
BnR2136 550
BnR2137 462 1‘002]373 80.56 Solanum_tuberosum ATSG?BGSO' C2  calcium/lipid—binding plant phosphoribosyltransferase family protein
BnR2138 779
BnR2139 439
BnR2140 302
BnR2141 1,017 3‘002]“:72 94.12 Malus_domestica AT3G§7670' C2H2—type zinc finger family protein
BnR2142 637 2'001}371 50 Linum_usitatissimum AT4G%9000' Tesmin/TSO1~like CXC domain—-containing protein
BnR2143 907
BnR2144 738 00E-1 82.98 Glycine_max_Wm82.a2.v1 ATCGO0B70. | pjagtid—cncoded CLP P
BnR2147 679
BnR2148 464
BnR2149 709 4‘00;:_1 61.04 Populus_trichocarpa ATBG%OMU' Dynein light chain type 1 family protein
BnR2150 673
BnR3001 895 4‘005_1 47.3 Prunus_persica ATIG?1190. myo—inositol monophosphatase like 1
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BnR3002 804
BnR3003 372 20081 46.58 Linum_usitatissimum ATIG24430. | HXXXD-type acyl—transferase family protein
BnR3010 512
BrR3011 746 50087 66.86 Theobroma_cacao
BnR3012 541 1‘0081574 59.38 Citrus_clementina ATlGSS%O' phosphoenolpyruvate carboxylase kinase 1
BnR3014 777
BnR3016 1,037 2'0071575 91 Malus_domestica ATlG}ZQIO' Transducin/WD40 repeat—like superfamily protein
BnR3017 497
BnR3019 827 20082 70 Linum_usitatissimum AT5GO8300. | ransmembrane CLPTMI family protein
BnR3020 762
BnR3022 288 3.00E-1 88.57 Malus_domestica AT2G39570. | ACT domain—containing protein
BnR3025 851
BnR3026 578
BnR3031 534
BnR3032 789
BnR3034 597
BnR3036 1,135 S-0CE—4 91.18 Glycine_max
BnR3039 631 1.00E~4 60.74 Eucalyptus_grandis ATIGTS500. | Walls Are Thin 1
BnR3042 919
BnR3043 540
BnR3047 927 30081 61.59 Theobroma_cacao ATIG32360. | ypP—glucosyl transferase 8572
BnR3049 992 4‘001]4:76 78.12 Theobroma_cacao ATZG%437O' Protein kinase protein with adenine nucleotide alpha hydrolases—like domain
BnR3051 526
BnR3054 606 20083 65.85 Malus_domestica ATSGS8H60. | ArLGe, ALGS  glycosyltransferase family
BnR3055 796
BnR3057 741 5-00E~1 95.24 Malus_domestica AT2623930. | probable small nuclear ribonucleoprotein G
BnR3058 864
BnR3063 670 3‘0061572 86.21 Populus_trichocarpa ATSG%S(MO' mitogen—activated protein kinase 3
BnR3064 405
BnR3065 639
= 1.00E—-1 . . e AT5G11980. conserved oligomeric Golgi complex component—related / COG complex
BnR3068 578 5 88.68 Mimulus_guttatus_v2.0 1 component —related
BnR3070 641
BnR3071 445
BnR3099 422
BnR3200 408 1‘001]371 67.92 Gossypium_raimondii ATlG?4510, Translationelongation factor EF1B/ribosomal  protein S6 family protein
BnR3215 631
BnR3217 764
BnR3220 690
BnR3221 1,326 4‘00:;:75 58.6 Prunus_persica ATZG}SMO' Tetratricopeptide repeat (TPR)—like superfamily protein
BnR3223 747 1.00E=3 91.03 Carica_papaya
BnR3224 420
BnR3225 402
BnR3226 457
BnR3228 592
BnR3230 667 2.008-2 55.56 Glycine_max_Wm82.a2.v1 ATSGL6660.
BnR3231 518
BnR3236 654 2,006}274 70.27 Manihot_esculenta ATngOSSO' Protein of unknown function (DUF1162)
BnR3239 647 1A001E—3 84.27 Solanum_lycopersicum ATSG%2870.
BnR3241 321
BnR3242 737
BnR3243 936 4‘00571 39.87 Ricinus_communis ATSG%SSOO' Transducin/WD40 repeat—like superfamily protein
BnR3246 816 5'00571 59.68 Linum_usitatissimum AT‘%G?NSO' saposin B domain—containing protein
BnR3249 481 8‘001}371 66.67 Fragaria_vesca ATSGT(MOO' purple acid phosphatase 27
BnR3250 250
BnR3253 623 2‘002]4:75 89.39 Carica_papaya ATZG%‘HOO' guanosine nucleotide diphosphate dissociation inhibitor 1
BnR3256 780
BnR3260 640 2‘002]4:71 87.88 Carica_papaya ATlG%MOO' ubiquitin carrier protein 1
BnR3262 809 2.008-6 84.25 Prunus_persica ATAGOOIS0. | GRAS family  transcription factor
BnR3263 278
BnR3264 425 1.00E—4 59.78 Ricinus_communis ATAGOTS50.
BnR3266 604 8'00574 96.08 Zea_mays AT3G§3730' Histone superfamily protein
BnR3267 918 2‘005274 52.29 Malus_domestica AT3G§9380' farnesyltransferase A
BnR3268 906
BnR3269 1,107 0 75.82 Fragaria_vesca AT1G§0010' Intron maturase, type II family protein
BnR3270 578
BnR3271 607 2‘00:-:372 76.47 Citrus_sinensis ATBGg&—’lO' phospholipase C 2
BnR3272 599 3‘007]3_5 93.65 Malus_domestica ATZG{’B]U' ribonuclease I family protein
BnR3273 476 5-00E~1 875 Cucumis_sativus ATSGS2450- | MATE efflux family  protein
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BnR3276 666 2‘001]373 57.93 Manihot_esculenta ATlG?SZSO' arogenate dehydratase 6

BnR3280 903 7.00B-1 84.33 Solanum_lycopersicum ATCGO0830. | riposomal protein L2

BnR3283 624 3‘0071574 70.83 Medicago_truncatula ATSG}GS%' Exostosin family protein

BnR4002 456

BnR4005 419

BnR4007 454

BnR4011 457

BnR4014 911 1‘00‘(}377 72.6 Theobroma_cacao ATSG?NIO' methyltransferases

BnR4015 680 30085 90 Glycine_max_Wm82.a2.v1 ATAGI480 | Coatomer, beta  subunit

BnR4029 677

BnR4039 1,106 1.00E-1 38.76 Prunus_persica

BnR4040 535

BnR4055 509 8.008-3 63.64 Fragaria_vesca ATSGO35T0. | progein of unknown function (DUF3550/UPF0G82)
BnR4180 645 2‘00:;:71 74.47 Vitis_vinifera ATngOOSO' target of rapamycin

BnR4181 630 3‘00:;3_3 49.28 Malus_domestica ATSGS)7040. NB—ARC domain—containing disease resistance protein
BnR4184 485

BnR4185 1,267

BnR4186 176

BnR4187 580

BnR4191 562

BnR4192 524 6-00E~1 61.25 Populus_trichocarpa

BnR4193 1,378

BnR4195 1,091

BnR4198 781 1,00;376 86.36 Ricinus_communis ATSGfGZGO' Ribonuclease E inhibitor RraA/Dimethylmenaquinone methyltransferase
BnR4199 754 9‘0011576 41.8 Cucumis_sativus ATMGIOOSGO’ DNA/RNA polymerases superfamily protein

BnR4201 633 I‘OOZE_Z 83.93 Mimulus_guttatus_v2.0 AT5G119890' Peroxidase superfamily protein

BnR4202 761

BnR4205 559 1‘000}372 49.47 Capsella_rubella ATSGfASGO' magnesium transporter 9

BnR4206 402

BnR4207 675

BnR4208 547 1.008=1 84.09 Prunus_persica AT2GHT260. | WRKY DNA-binding protein 23

BnR4209 882 1‘003]4:71 62.9 Prunus_persica ATngISBO' SAC domain—containing protein 8

BnR4211 598 20084 85.88 Malus_domestica ATIGE0500. | pynamin related protein 4C

BnR4212 453

BnR4213 549

BnR4217 985

BnR4220 548 S‘OOZE_Z 61.9 Prunus_persica ATZG%OZOO' basic helix—loop—helix (bHLH) DNA-binding superfamily protein
BnR4221 1,041 3‘001576 46.96 Malus_domestica ATlGSGMS' Leucine—rich repeat transmembrane protein kinase
BnR4222 657

BnR4225 847 8‘005E_2 57.29 Gossypium_raimondii ATZG%NOO' ATP—binding cassette Al

BnR4226 435

BnR4227 929 9-00E-1 68.66 Malus_domestica ATIGI9230. | Ripoflavin ~synthase—like superfamily protein

BnR4228 763

BnR4231 583 700kt 57.14 Phaseolus_vulgaris ATAGZIA10. | cyieine—rich RLK  (RECEPTOR-like protein kinase) 20
BnR4233 1,485 1‘03571 85.83 Citrus_clementina ATSG?G%O' C2  calcium/lipid—binding plant phosphoribosyltransferase family protein
BnR4235 869

BnR4236 794

BnR4239 971 2‘00:5_4 65.56 Prunus_persica ATSG%3060. evolutionarily conserved C—terminal region 5

BnR4240 501

BnR4244 595

BnR4246 344

BnR4248 1,279 4.008-2 48.45 Prunus_persica AT2GL7900. 1 SET domain group 37

BnR4250 511 20087 73.96 Medicago_truncatula ATMGDO580. | NADH dehydrogenase ~ subunit 4

BnR4255 798

BnR4257 826

BnR4258 836

BnR4259 565 2‘002E71 46.81 Prunus_persica ATlG}WOO' ATP binding;nucleic acid binding;helicases

BnR4260 534 7‘085_1 98.31 Theobroma_cacao ATCG?O%O' photosystem II reaction center protein B

BnR4263 733

BnR4264 667

BnR4265 703

BnR4268 936 3‘00??71 47.32 Prunus_persica AT4G?6280' Histidine kinase—, DNA gyrase B—, and HSP90—like ATPase family protein
BnR4269 669 1.00E=1 37.76 Fragaria_vesca ATIGH0390. | pNAse I-like superfamily protein

BiR4270 820 100E-8 58.65 Brassica_rapa_Chiifu 401vL. | = AT4GZ160. | ysieine—rich RLK (RECEPTOR~like protein kinase) 8
BnR4272 793

BnR4273 686

BnR4282 1,015 4‘00213_3 36.55 Cucumis_sativus ATMGIOOMO‘ DNA/RNA polymerases superfamily protein

BnR4285 1,046
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Biological Process Molecular Function
Cellular Component

Fig. 4. Pie charts of the second level GO terms. 247 of non-redundant contigs
containing SSRs were used for GO annotation. Among them, 70 contigs were classified

into three GO categories: biological process, molecular function, and cellular component.

S84 SSR whAe M 2 FHH G4

SSR EE I npg Fiox Zefolm AEES YAl on, vdd Zetoln AES] o
2 ks el AREE AT HARlE Zetoln AEE o] &3 SSR #FHH O HWIEA HEES
Aeto]l 1070 A HFelA =T AdezRH Ax DNAS F=3 F, PCR W&ol ArgstAth
Bn-02, Bn-04, Bn-10, Bn-15, Bn-22, Bn-46, Bn-54, Bn-55, Bn-56, Bn-90 (Lee et al., 2014;
Fig. 5). tt@d4 SSR #lA 9] 12k A2 PCR Ab&Eel s o722~ A [7]|ds FFozy
g st 20709 o3& SSR mA7F FAM-34] AWak zefolm e} ok Aukek Zejol

M AER FHE PCR AHES] A9 BAozRE Awslc Ade 207] thd4 SSR v
2 9049 RAE AL AgsA HEH O 17719 SSR wAES AMutalgdrt AuE 17
Mol wiAE AT 20 olste] dHFHAE HA e, ML PCR 3% B gy
Tz a3 EE BATH(Table 4). td4d wi# A% #4oA 5709 {24 (Bn-9,
Bn-19, Bn-81, Bn-82 and Bn-89)°l dldlx= A wpAEd dis] 37] o9 dH@FHAE
A skl o] F o] 7l BA o= AT A gk
HEHo & Ay SSR vhAC didl] 7 fFRARAA ] Blelds AAs] flste] 7

AT 270 AEA dal 177] SSR #FAE AbEste] f 3 A4S Fskth Table 5+

175 AARAA x 8570 R AL thi DNA 23 24 Axs =2 177 SSR vh#1 9 &
S 29 BoEh A% 371(BnR2008)°1I A BAlE 1771(BnR2003)el o] 27]7k4] A
Mo 14070 dig A7 #EEdon, SSR 99 F NEFHAAFE 8247/ T2
HE Fd2 NIEMAF)E 024 (BnR3019b)ell Al 0.78 (R4221)¢ll ol =717hA] thdstddnh. 4
U4 (GD)S 0.37 (BnR4221D)9l A4 0.84 (BnR3019b)¢] WIS B, i ge 0610 A0t o
F4 AR FHFPIC)S 034 (BnR4221)°14 0.82 (BnR3019b)e] WS HAx, Hitghe
05601tk old A= 7| (HE)= 0.37 (BnR4221)°1A 0.85 (BnR3019b)¢] W eow, 3
T3 061014tk olFHFE A (HO)= 0.09 (BnR3012)o14 0.76 (BnR3019b)e] W
ow P 0.5%

_98_



EAZ] tigk Al SSR w718 o] ojdel By wup l=dl, 1370 fAd @l tigk
SSR "AR 197] BAlE F5S 718 & A+ (Zhou et al, 2005). 121}, 7]+ SSR vhA
o] Hat PIC #2 04412 E A9 Hgk0.56)0 3] dA 3] wEdth(Table 5). wekA, 7]
Lo BRud SSR A+ & AFoA ARRE A ZE datE FAAYES EA e S
FalA &S = Arh FH, Liu 5(2013a)2 EA]E ok iR expressed sequence tags
(EST)25E HdAtzddzte dEre s YA Ta ol fAss 81709 vdAd SSR vt
AE d=s g vk Aok A 471449 A 7lES ol8d EST #4192 SSR "
= "HﬁLEi 1 5}7] %a 3%791?_ WHY At dE A< Al SSRell HlE, EST-SSR

= 7

4
A 3} e &7z gol WA FABA

¢

k|
7F W ER el 480 7}%'&; Aoz <dex UrhElis and Burke, 2007). EST-SSR&
As W s = dodore HolE HAEgdozm FAAR FAAE TAT = A7) W
of Al SSRol Hl&] FHHS 7FA a1 JAtH(Ellis and Burke, 2007; Kalia et al., 2011). z&4}
EST-SSR2 ~HHY WM=(52 92)9 &, Fa(nul) HEFAx, AER, 47 7159 &
A= Q1% o] F(heterologous) % & E3ete] FAAQD FHES 7HA L Qo) g e o
Fgow Qlal EST-SSR2 ¥HsH ddd fFdxddez offofx fAxds FEst=
A= Al SSRET g iAoz ¢S ) TH(Varshney et al., 2005; Wang et al., 2009;
Kaila et al, 2011). ¥ AF-ollA 7idE Al SSRE vl 4 E& PIC g5 7HAH, 7]Eel B

ALE SSR¥I TEEHA &

—E e

>4O

North Korea

Fig. 5. Collection areas of 10 genetic resources for polymorphism test of the
isolated SSR loci. The collection areas were marked with serial numbers; 1, Seocheon
(genetic resource code No. Bn-02); 2, Gwangju (Bn-04); 3, Muan (Bn-10); 4, Namhae
(Bn-15); 5, Wando (Bn-22); 6, Cheongdo (Bn-46); 7, Geoje (Bn-54); 8, Jeju (Bn-55); 9,
Gwangyang (Bn-56); 10, Yeonggwang (Bn-90).
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Table 4. Seventeen novel and polymorphic SSR markers that were finally selected from

the polymorphism test.

Marker Primer sequence (5— 3’) Repeat motif Ta (C) Size range (bp)

2003 FAM—CCTCCCTTATCCCAACCCTA (TC)19.. (CAC)A 55 271-342
GTTTAGGAACGTGGCAGTGCTATT

BaR2008 FAM—-GGGTGAGAAAAGGGTGTGAA (ATC)6(GTC)3 55 239—242
GTTTCTCCATAGCGATTGCCTCT

BaR2013a FAM—-GAGGTTACAAGTCGGCGAAG (GAGGTC)4--(TAGGGT)4 55 260—273
GTTTCCTCTTCACGTTGGTGAATC

sgsorsy  FAM—GTTTACCTGGCGGAGAATGA (TTC)7..(GA)11 55 258—268
GTTTCCTCTTCACGTTGGTGAATC

BAR3001b FAM—-CACCACTCTGGGGTATTGCT (TCAC)6 55 316—324
GTTTCGCCAAGCTTATCATATTTTTGT

BAR3012 FAM—-CATGGATGCCCTGATTTTTC (AACA)5S 55 275—284
GTTTCAGGTTCCCGACTAGGGTTT

snpsores  FAM-GTCCGAGCCCTTGGTATGTA (TGAT)3... (AACA)5 55 254264
GTTTGGGAAAGGGGTATTTGAGGA

Brioes  FAM-TTCATTGATACCAATTGAGACGA (TGTA)6 55 209-221
GTTTGTGGCTGACTAGAGGCTTG

gsory  FAM=TCGAAGAATACCAAACCTTGC (TA)3(TCTA)5 55 299-324
GTTTGGCCTTTTCGGACATAGCTT

5nines  FAM-GTCCCTCTCAACATCCCGTA (AATC)4 55 344-353
GTTTGCGTGTGATTTTGCTTTTGA

FAM—CCCCCTAAAAAGGAACACTG (AT)5(TG)AG(TGTA)3(TA 55 249—9255

BnR4207 )3
GTTTGCTAGTTGGAAACCATGC

BaR4208b FAM—-CATCCAATTCCCTCCTCAGA (ATC)8 55 250—256
GTTTCCTCCTCTCATTCACACCAAA

BaR4209a FAM—-TCCGTTTTGAGAAGGTTTTGA (AG)18 55 203—224
GTTTGAAACTCGAGTCCCACGAAA

braolls  FAM=TCTGGAGCCTCATGACGAGT (CGA)4 55 329-337
GTTTGTCCTACAACGAGCGAGTCC

bgizyy  FAM=GACGATCATCCCTGTCCTGT (GTAT)4 55 297-928
GTTTAACCTGCTGCATTCCAAAAC

FAM~TCACAAACTCATGCAAGGCTA (CTTT)3...(TCTT)4..(TCT 55 205-227

BnR4257 T)3
GTTTCTGCAGAAGGGGGATTAGA

sopisss  FAM—TTTTGCACATTAGTTGCCATT (ATAC)9 55 348364
GTTTGCCCTTCAAATCTTCATCCA

Table 5. Characteristics of 17 polymorphic SSR loci from ramie.

Locus SS NOBS A"al;abﬂ‘t MAF NA GD HE HO PIC
BnR2003 170 170.00 1.00 0.34 17.00 0.82 0.82 0.56 0.80
BnR2008 170 170.00 1.00 0.62 3.00 0.48 0.48 0.66 0.37
BnRiOlS 170 170.00 1.00 0.45 8.00 0.62 0.62 0.14 0.54
B“Rgow 170 170.00 1.00 0.62 11.00 0.58 0.58 0.52 0.56
B“RSOOI 170 170.00 1.00 0.56 4.00 0.54 0.55 0.62 0.45
BnR3012 170 170.00 1.00 0.56 7.00 0.54 0.54 0.09 0.45
BHRS’OW 170 170.00 1.00 0.24 11.00 0.84 0.85 0.76 0.82
BnR4002 170 170.00 1.00 0.59 8.00 0.61 0.62 0.54 0.58
BnR4011 170 170.00 1.00 0.56 8.00 0.62 0.62 0.66 0.57
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BnR4205 170 170.00 1.00 0.48 5.00 0.58 0.58 0.45 0.49

BnR4207 170 170.00 1.00 0.48 11.00 0.71 0.71 0.64 0.68
B“Rg‘ZOS 170 170.00 1.00 0.48 8.00 0.59 0.59 0.58 0.50
B“R;‘ZOQ) 170 170.00 1.00 0.27 12.00 0.81 0.81 0.71 0.79
BHR§2H 170 170.00 1.00 0.77 7.00 0.39 0.39 0.36 0.37
BnR4221 170 170.00 1.00 0.78 7.00 0.37 0.37 0.41 0.34
BnR4257 170 170.00 1.00 0.46 6.00 0.59 0.59 0.60 0.50
BnR4285 170 170.00 1.00 0.49 7.00 0.69 0.69 0.22 0.65

Mean 170 170.00 1.00 051 8.24 0.61 0.61 0.50 0.56

SS, sample size; NOBS, number of observations, Mar, major allele frequency; Na, number
of alleles; GD, genetic diversity; Hg, expected heterozygosity; Ho,observed heterozygosity;

PIC, polymorphism information content.
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Fig. 6. A UPGMA tree based on genetic distances among 170 individuals (2
individuals per genetic resource) from 85 of ramie genetic resources using 17
polymorphic SSR markers. Genomic DNA was extracted from 2 individual plants per
each genetic resource and was subjected to genotype analysis.

Table 6. Allele size data of 170 individuals from 85 genetic resources (2 individual plants

per each genetic resource) using 17 polymorphic SSR markers.

s Markers
) H"‘f"” H"RXZ("] BnR2013a | BuR2013b | BaR3001b BuR3012 | BuR3019b H"[iw“ H"lel H"R:ZO H"R;m BuR4208b | BuR4200a BnR4211b BuR4221 BR4257 BuR4285
Bo1A 5031303 2750273 259262 320/324 256/259 210220 | 2007324 | 349/349 | 249255 256/256 204/210 3291333 205/205 348/352 394/304
Bn01B 303/303 2 3 2 2 210/220 299/324 349/349 250/255 204/210 333 348 2 394/394
Bn02A 303/303 275 3 213/220 299/: 349/349 250/256 329/329 205/209 390/390
Bn02B 503/303 316/320 275/282 2130220 | 290/322_ | 349/319 320/320 205/200 318/351 390/390
Bn03A 303/318 320/324 283/283 210/220 322/324 349/351 329/329 205/205 348/352 390/394
Bn03B 303/318 320/324 283/283 210/220 322/324 349/351 329/329 205/205 348/352 390/394
oA 3031303 320/324 282/282 2101220 319/319 2047210 320/333 205/205 548/352 394/394
Bn04B 303/303 320/324 299/324 349/349 204/210 329/333 205/205 348/352 394/394
Bn05A 303/303 316/320 275/283 299/322 349/349 250/256 210/224 329/329 205/209 348/351 390/390
Bn05B 303/303 316/320 275/282 213/220 349/349 250/256 210/224 329/329 205/209 348/351 390/390
Ba0GA 303/303 316/320 275/282 2130220 | 299/322 | 349/319 501256 210/ 329/329 2051209 348/351 390/390
0GB 503/303 273/273 316/320 275/282 2130220 | 299/322_ | 349/319 250/256 210/224 329/320 205/209 318/351 390/390
Bn07A 303/313 236/242 273/279 320/320 283/283 209/209 299/299 349/349 249/249 253/256 204/212 329/333 205/205 348/352 394/394
075 303/313_ | 236/242 2731279 320/320 2821282 200200 | 2007200 | 349/349 | 2501250 253/256 204/212 320/333 205/205 3481352 394/304
Bu0sA 312/320 | z4z/2a2 273/273 324/324 220220 | s22/327 | 349/349 | 2500254 253/256 1097203 333/333 205/205 3480352 395/395
Bn08B 303/342 2 272/272 320/324 9/259 344/349 249/249 256/256 202/204 206/213 348/372
BuloA 303/303_ | 239/242 272/272 320/324 256/259 210201 | s22/320 | 319/353 | 2497219 253/256 210/222 205205 3520352 394/391
BnloB 303/303_ | 230/242 212272 320/324 256/259 21021 | 322/324 | 349/ 240/249 205/205 352/352 394/304
BnllA 3 3 2 2 2 210/214 349/ 249/249 /205 394/394
Bnllb 503/303 212212 320/324 252/282 256/250 210201 | 3227324 | 319/353 | 249/219 210/222 320/320 205/205 352/352 394/304
bniza 5031303 212212 2627262 3200324 2821282 256/259 210201 | 3227320 | 319/353 | 249/249 253/256 210/222 320/329 205/205 352/352 394/301
Bnl2B 303/303 2 272/272 262/21 320/324 282/282 210/214 322/324 349/353 250/250 253/256 210/222 329/329 205/205 352/352 394/394
Bnl3A 312/342 272/272 262/262 320/324 282/282 220/220 299/322 344/344 249/253 224/224 329/329 205/205 348/352 394/394
Bnl3B 312/342 272/272 262/262 320/324 282/282 220/220 344/344 249/254 224/224 329/329 205/205 348/352 394/394
Bnl4A 312/320 273/273 2 324/324 21 2 322/326 349/349 249/253 199/203 333/337 205/205 348/352 395/395
Bnl4B 311/320 273/273 262/262 324/324 282/282 220/220 322/327 349/349 249/254 199/203 333/337 205/205 348/352 396/396
Bnl5A 262/2/ 324/324 275/283 214/214 344/344 254/256 224/224 330/330 206/210
BnlsB 303/303 262 324/324 275/283 La2ls | 200/324 | saafda | 2541256 329329 205/209 318/352
Bnl6A 342/342 239/239 273/273 264/264 320/324 273/283 214/220 322/322 344/344 249/253 329/329 205/205 348/348
Bnl6B 342/342 239/239 273/273 264/264 320/324 273/283 214/220 322/322 344/344 250/254 205/205 348/348
Bal7A 312/342_ | 239/242 2727272 262/264 320/324 283/283 214220 | 2007200 | saafada | 2497249 205/205 348/352
Bnl7B 311/3: 262/264 214/220 344/344 249/249 205/205
Bnl8A 262/262 4/259 220/220 344/349 249/255 203/205
BulsB 262/262 255/259 220220 | 2007324 | s4a/319 | 249255 256/256 2107222 320/320 2037205 348/352
Bn20A 24 6 264/264 210/214 299/299 344/ 249/254 201/203 333 /209 348/348
Bn20B 303/342 210/214 299/299 344/ 249/254 201/203 333 5/209
Bzia 320320 | 2367242 2750213 250/259 220220 | 322732 | 349/349 | 249/249 1097210 320/320 205/205 352/352 390/304
Bn21B 320/320 236/: 273/273 324/32 282 2 259/259 220/220 322/324 349/349 199/210 329/329 205/205 352/352 390/394
Bn22A 303/303 239/242 272/272 320/324 256/259 210/214 322/324 349/353 249/249 210/222 329/329 205/205 352/352 394/394
Bn22B 239/242 272/272 320/324 282/282 256/259 210/214 322/324 249/249 210/222 329/329 205/205 352/352 394/394
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Bn23A 303/303 320/324 283/283 256/259 210/214 322/324 349/: 250/250 210/222 205/205 394/394
Bn23B 303/303 272/272 320/324 282/282 256/259 210/214 349/: 250/250 210/22 329/329 205/205 394/394
Bn24A 303/303 272/272 320/324 282/282 256/259 210/214 349/353 249/249 210/222 320/329 205/205 352/352 394/394
Bn24B 3 3 320/324 282/282 210/214 319/353 249/249 210/22 329/329 205/205 2 394/394
Bn25A 303/312 320/324 282/282 254/: 299/299 344/349 249/254 320/337 205/205 348/352 394/394
Bn25B 303/311 262/262 320/324 282/282 299/299 344/349 249/254 202/222 329/337 205/205 348/352 394/394
Bn26A 303/303 262, 322/324 319/349 250/254 210/: 320/333 205/205 395/395
Bn26B 303/303 262/2 324/324 322/324 319/349 250/254 210/222 320/333 205/205 395/395
Bn27A 303/311 239/242 272/272 262/264 320/324 220/220 299/299 344/344 249/249 253/256 210/227 329/329 205/205 348/352 394/394
Bn27B 303/312 239/242 272/272 262/264 320/324 220/220 299/299 344/344 249/249 253/256 210/227 320/329 205/205 348/352 394/394
Bn28A 311/320 239/239 273/273 258/261 320/324 210/220 299/335 344/349 249/253 253/256 210/224 333/337 205/213 390/394
Bn28B 312/320 239/239 273/273 258/261 320/324 264/264 210/220 299/335 344/349 249/256 253/256 210/224 333/337 205/213 352/372 390/394
Bn29A 303/311 242/242 324/324 254/264 220/220 299/299 344/344 249/254 253/253 202/222 320/337 205/205 348/348 394/394
Bn29B 303/311 242/242 272/272 324/324 254/264 220/220 299/299 344/344 249/254 320/337 205/205 348/348 394/394
Bn30A 311/311 2. 2 2 2 320/320 282/282 220/220 299/299 344/344 249/256 205/205 394/394
Bn30B 303/311 239/242 272/272 260/260 324/324 283/283 254/258 220/220 299/299 344/344 249/249 320/337 205/209 348/352 396/396
Bn3lA 303/303 239/242 272/272 262/262 324/324 283/283 254/258 220/220 299/299 344/344 249/249 329/337 205/209 348/352 395/395
Bn31B 303/303 239/242 272/272 262/262 324/324 283/283 254/258 220/220 299/299 344/344 249/249 320/337 205/209 348/352 396/396
Bn32A 303/303 239/242 272/272 262/262 324/324 283/283 254/258 220/220 299/299 344/344 249/249 329/337 205/209 348/352 396/396
Bn32B 303/303 272/272 262/262 324/324 283/283 254/258 220/220 299/299 344/344 249/249 329/337 205/209 348/352 396/396
Bn33A 318/342 273/273 324/324 24 3 254/259 210/220 299/335 314/349 251/255 329/337 205/205 348/348 395/395
Bn33B 271/342 272/272 262/262 324/324 282/282 254/258 220/220 299/322 344/344 249/254 223/223 320/337 205/205 348/352 394/394
Bn34A 303/320 273/273 262/262 324/324 282/282 264/264 220/220 349/349 249/254 199/203 329/329 205/207 352/352 396/396
Bn34B 303/320 264/: 322/335 319/349 249/254 199/203 329/329 205/207 396/396
B35A 322/342 260/272 262/266 312/324 283/283 259/264 209/214 299/322 344/349 249/254 253/259 199/222 329/329 205/209 348/352 387/395
Bn35B 303/312 273/273 258/262 324/324 282/282 220/220 299/322 319/349 249/249 253/256 202/222 329/329 205/205 348/348 390/390
B36A 312/342 272/272 320/324 282/282 220/220 299/299 344/344 249/249 253/253 224/224 320/329 205/205 348/352 394/394
Bn36B 303/311 273/273 320/324 282/282 220/220 299/324 344/349 249/255 256/256 224/224 329/329 205/205 348/348 394/394
Bn37A 311/342 239/242 272/272 320/324 282/282 220/220 9/299 344/344 249/249 253/253 224/224 329/329 205/205 348/352 394/394
Bn37B 311/342 239/242 272/272 262/262 320/324 282/282 220/220 299/299 344/344 249/249 253/253 224/224 329/329 205/205 348/352 394/394
Bn3sA 312/342 239/242 272/272 262/262 320/324 282/282 220/220 299/299 344/344 249/249 224/224 205/205 348/352 394/394
Bn3sB 312/342 272/272 262/262 320/324 282/282 220/220 299/299 344/344 249/249 224/224 205/205 348/352 394/394
Bn39A 271/342 269/269 2/262 324/324 283/283 220/220 299/322 344/344 224/224 348/352 394/394
Bn39B 271/342 242/242 262/262 324/324 220/220 344/344 253/256 224/2: 348/352 394/394
Bnd0A 318/318 239/242 267/273 262/266 320/324 256/258 216/220 349/349 256/256 204/210 205/213 348/372 390/394
Bnd0B 318/318 267/273 320/324 256/258 216/220 349/349 256/256 204/210 205/213 348/372 390/394
BndlA 318/318 320/324 6/258 349/349 249/2 204/210 205/213 390/394
Bnd1B 318/318 320/324 319/349 250/256 204/210 205/213 348/372 390/394
Bnd2A 303/312 320/324 344/349 249/249 223/223 329/329 205/205 348/352 395/395
Bnd2B 303/312 320/324 344/349 249/249 320/329 348/352 395/395
Bnd3A 271/311 320/324 299/322 344/349 249/249 320/337 205/205 348/352 387/387
Bnd3B 271/311 239/242 320/324 282/282 220/220 299/322 344/349 249/249 253/256 202/224 329/337 205/205 348/352 387/387
BnidA 303/303 239/242 316/320 275/282 213/220 299/322 319/349 250/255 250/256 210/224 329/329 205/209 348/351 390/390
Bnd4B 303/303 239/242 316/320 275/282 299/322 349/349 250/255 248/253 210/224 329/329 205/209 348/351 390/390
Bnd5A 299/342 239/242 262/266 324/324 283/283 214/217 299/324 344/348 249/249 199/222 329/329 207/209 336/352 395/395
Bnd5B 299/342 239/242 262/266 324/324 283/283 214/217 299/324 344/348 249/249 253/253 199/222 329/329 207/209 336/352 396/396
Bnd6A 271/342 239/242 262/262 324/324 282/282 214/220 299/322 344/344 249/254 253/256 224/224 320/337 205/209 352/352 396/396
Bnd6B 271/342 239/242 262/262 324/324 282/282 214/220 299/322 344/344 249/254 224/224 329/337 205/209 352/352 396/396
Bnd7A 271/342 239/242 2/264 320/324 3/283 220/220 299/299 344/349 249/254 223/223 329/329 205/209 352/352 394/394
Bnd7B 271/342 239/242 272/272 262/264 320/324 283/283 220/220 299/299 344/349 249/254 253/253 224/224 329/329 205/209 352/352 394/394
Bnd8A 342/351 239/242 272/272 262/266 324/324 283/283 259/259 217/220 299/324 314/348 250/254 253/253 199/222 329/329 205/209 352/352 396/396
BndsB 342/351 239/242 272/272 262/266 324/324 283/283 259/259 217/220 299/324 344/348 249/252 253/253 199/222 329/329 205/209 352/352 395/395
Bnd9A 303/303 272/272 324/324 282/282 256/256 214/220 299/322 349/349 250/256 210/223 320/329 205/209 348/348 394/394
Bnd9B 303/303 242/242 2 324/324 282/282 256/256 214/220 299/: 349/349 249/255 210/: 329/329 205/209 348/348 394/394
Bn50A 325/325 239/242 272/272 324/324 283/283 258/264 214/214 299/299 349/353 249/254 210/222 320/329 205/213 348/352 395/395
Bn50B 325/325 239/242 324/324 282/282 258/264 214/214 299/299 349/353 249/254 210/222 329/329 205/213 348/352 395/395
Bn51A 301/303 242 320/324 24 3 258/: 210/220 299/315 344/349 249/249 204/: 320/329 205/205 348/348 394/394
Bn51B 301/342 239/242 258/262 320/324 283/283 255/258 210/220 299/315 344/344 249/249 253/253 222/222 329/329 205/205 348/352 394/394
Bn52A 303/313 242/242 266/268 320/324 282/282 254/259 209/209 299/299 349/351 256/259 216/222 329/329 205/209 352/352 387/394
Bn52B 303/313 242/242 266/268 320/324 254/259 209/209 299/299 319/351 256/259 216/222 329/329 205/209 387/394
Bn53A 271/271 239/242 258/261 320/320 282/282 254/264 210/220 299/308 319/349 249/253 253/253 204/222 329/329 205/205 348/352 396/396
Bn53B 271/271 239/242 258/261 320/320 282/282 254/264 210/220 299/308 349/349 249/254 253/253 204/222 329/329 205/205 348/352 395/395
Bn54A 303/313 242/242 267/267 266/268 320/324 282/282 255/259 209/209 299/299 349/351 249/255 256/259 216/222 320/329 205/209 352/352 387/394
Bn54B 303/313 242/242 267/267 266/268 320/324 282/282 2! 209/209 299/299 349/351 249/255 256/259 216/222 329/329 205/209 352/352 387/394
Bn55A 311/342 239/242 260/260 266/266 324/324 283/283 221/221 299/326 344/344 249/251 53/256 202/222 329/333 205/205 348/364 394/394
Bn55B 311/342 239/242 260/260 266/266 324/324 283/283 221/221 299/326 344/344 249/251 202/2 320/333 348/364 394/394
Bn56A 313/318 267/272 262/268 320/324 217/220 299/299 344/349 254/255 330/330 395/395
Bn56B 313/318 267/272 262/268 320/324 279/282 217/220 299/299 344/349 254/255 3290/329 351/351 395/395
Bn57A 271/342 272/272 320/324 283/283 214/220 299/322 344/344 249/249 329/329 352/352 396/396
Bns7B 272/272 2 3 220/220 344/344 249/249

Bn58A 21 3 210/220 349/: 249/255 390/394
Bn58B 283/283 210/220 349/351 250/255 210/222 329/329 390/394
Bn59A 314/349 249/2 199/210 394/394
Bn59B 312/3 282/282 210/220 3 4 314/349 250/254 199/210 320/333 348/348 394/394
Bn60A 303/342 2/242 258/261 320/324 282/282 210/220 299/299 344/349 249/249 253/256 210/222 320/329 205/205 348/348 394/394
Bn60B 303/342 242/242 258/261 320/324 210/220 299/299 344/349 299/299 253/256 210/222 329/329 205/205 348/348 394/394
Bn61A 311/311 239/242 262/262 320/320 299/324 314/349 249/249 253/256 204/222 320/333 205/205 348/348 395/395
Bn61B 311/311 239/242 272/272 262/262 320/320 254/259 214/220 344/349 249/249 253/256 204/222 329/333 205/205 348/348 396/396
Bn62A 303/322 242/242 273/273 258/262 320/324 256/256 210/220 299/326 349/349 250/250 253/256 202/204 333/333 205/205 394/394
Bn62B 303/320 242/242 273/273 258/262 320/324 256/256 210/220 299/326 349/349 250/250 253/256 202/204 333/333 205/205 394/394
Bn63A 271/271 242/242 273/273 258/262 320/324 210/214 308/324 344/349 249/254 3/256 204/222 329/329 205/205 348/348 394/394
Bn63B 242/242 273/273 257/260 320/324 210/214 308/324 344/349 250/254 253/256 204/: 329/329 205/205 348/348 394/394
Bnb4A 318/318 239/242 260/273 262/266 312/320 283/283 209/220 299/299 349/349 249/249 253/256 204/222 320/342 205/205 348/352 390/392
Bn64B 318/318 239/242 260/273 262/266 312/320 283/283 252/258 209/220 299/299 349/349 249/249 253/256 204/222 320/341 205/205 348/352 390/392
Bn65A 312/318 239/239 273/273 262/264 320/320 283/283 254/258 220/220 299/299 344/349 249/249 210/222 320/329 205/205 348/372 394/394
Bn65B 311/318 239/239 273/273 262/264 320/320 283/283 254/258 220/220 299/299 344/349 249/249 210/222 329/329 205/205 348/372 394/394
Bn66A 312/318 267/273 264/266 320/324 282/282 256/256 216/220 299/299 344/349 249/255 204/: 329/329 205/205 348/352 390/395
Bn66B 312/318 267/273 264/266 320/324 282/282 256/256 216/220 299/299 344/349 249/255 204/222 320/329 205/205 348/352 390/396
Bn67A 311/311 273/273 258/261 324/324 283/283 256/258 210/220 299/324 344/349 249/255 204/222 329/333 205/205 352/352 394/394
Bn67B 312/312 273/273 324/324 21 3 256/258 210/220 299/324 314/349 249/255 204/: 320/333 205/205 3 2 394/394
Bn68A 303/312 266/266 258/262 320/324 282/282 254/259 210/220 299/324 349/349 250/251 253/256 210/222 329/337 205/205 348/352 394/394
Bn63B 303/311 273/273 258/262 320/324 277/277 254/259 210/220 299/324 349/349 250/251 253/256 210/222 320/337 205/205 348/352 394/394
Bn69A 303/342 272/272 262/262 320/324 283/283 254/259 214/220 299/324 349/349 250/253 253/256 210/223 333/337 205/209 348/348 394/394
Bn69B 303/342 272/272 262/262 320/324 282/282 254/259 214/220 349/349 251/255 253/256 210/224 333/337 205/209 348/348 394/394
Bn70A 303/312 272/272 262/262 320/324 283/283 259/264 220/220 344/349 249/255 256/256 210/224 329/329 205/205 348/352 394/394
Bn70B 303/311 262/262 320/324 282/282 259/263 220/220 322/324 344/349 249/253 256/256 210/224 320/329 205/205 348/352 394/394
Bn7lA 312/312 273/273 262/262 320/324 283/283 258/258 220/220 299/299 349/349 249/256 256/256 210/222 329/336 209/213 348/372 390/394
Bn71B 312/312 273/273 262/262 320/324 283/283 258/258 220/220 299/299 349/349 249/255 56/256 210/222 329/336 209/213 348/372 390/394
Bn72A 312/312 273/273 258/264 316/324 283/283 259/264 213/220 299/322 344/349 250/250 253/256 224/224 320/329 390/395
Bn72B 311/311 239/242 273/273 258/264 316/324 282/282 259/263 213/220 344/349 250/250 253/256 224/224 329/329 352/352 390/395
Bn73A 311/311 239/242 266/266 262/262 316/324 275/282 264/264 220/220 322/322 349/349 254/255 250/253 199/224 329/333 348/351 390/394
Bn73B 312/312 239/242 273/273 316/324 275/282 263/263 220/220 322/322 349/349 254/255 250/253 199/224 320/333 348/351 390/394
Bn74A 3 272/272 316/320 282/282 9/261 220/220 314/349 249/249

Bn74B 342/342 316/320 282/282 9/263 220/220 344/349 250/250

Bn75A 311/311 320/320 282/282 259/264 220/220 299/322 344/349 249/249 205/209 390/394
Bn75B 311/311 299/: 344/349 249/249 /209 390/394
Bn76A 312/312 273/273 320/320 257/261 299/: 344/349 250/250 329/337 205/209 348/352 390/394
Bn76B 311/311 273/273 262/262 320/320 259/263 220/220 299/322 344/349 249/249 224/224 329/329 205/209 348/352 390/394
Bn77A 318/318 267/273 258/266 316/320 258/258 213/216 299/335 319/349 250/256 210/224 329/336 205/205 348/348 390/394
Bn77B 317/317 258/266 316/320 259/259 213/216 299/335 349/349 250/256 210/224 320/336 205/205 348/348 390/394
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Bn78A 312/342 239/242 320/324 282/282 344/344 249/254 224/224 329/329 205/205 348/352 394/394
Bn78B 311/342 320/324 282/282 2 344/344 249/254 224/224 205/205 E 394/394
Bn79A 303/311 324/324 282/282 254/264 220/220 299/299 344/344 249/254 329/337 205/205 348/348 394/394
Bn79B 303/311 324/324 282/282 254/264 220/220 299/299 344/344 205/205 348/318 394/394
Bns0A 312/342 239/242 320/324 282/282 254/264 220/220 299/322 344/344 49/254 320/329 205/205 5 394/394
Bns0B 312/342 239/242 320/324 282/282 254/264 220/220 299/322 344/344 249/254 224/224 329/329 205/205 348/352 394/394
Bn83A 312/345 239/242 320/324 282/282 255/262 220/220 299/322 344/344 249/254 320/329 205/205 348/352 396/396
Bn83B 312/344 239/242 320/324 282/282 2 G 220/220 299/322 344/344 250/254 2 329/329 205/205 348/352 396/396
Bns4A 271/342 239/239 320/324 283/283 57/262 220/220 299/322 349/349 247/247 222/222 329/329 205/205 352/352 395/395
Bn84B 271/342 239/239 262/262 320/324 283/283 256/261 220/220 299/322 319/349 247/247 320/329 205/205 352/352 395/395
Bn85A 303/342 242/242 260/260 324/324 283/283 258/264 214/220 299/299 344/344 248/251 329/329 205/209 348/352 395/395
Bns5B 342/351 239/242 260/263 324/324 283/283 257/257 217/220 299/324 344/348 249/254 199/222 329/329 205/209 352/352 395/395
Bn86A 303/303 242/242 258/262 320/324 283/283 262/262 220/220 299/299 344/344 249/254 224/224 329/329 205/209 348/351 394/394
Bus6B 303/342 242/242 262/262 283/283 258/264 214/220 299/299 344/344 249/254 329/329 205/209 348/352 395/395
Bns7A 322/342 239/242 2 262/266 283/283 259/264 209/214 299/322 344/349 249/254 25! 329/329 205/209 348/352 387/395
Bn87B 303/303 242/242 273/273 259/263 320/324 282/282 261/261 220/220 299/299 344/344 249/254 250/250 224/224 329/329 205/209 348/351 394/394
Bn88A 322/343 239/242 260/272 262/266 312/324 282/282 259/264 209/214 299/322 344/349 248/251 253/259 329/329 205/209 348/352 387/396
BnssB 322/342 239/242 260/272 312/324 282/282 258/262 209/214 299/322 344/349 250/254 248/251 329/329 205/209 348/352 387/395
BngoA 342/351 239/242 273/273 262/266 324/324 283/283 259/259 217/220 299/324 344/348 249/254 253/253 329/329 205/209 352/352 396/396
Bn9o0B 303/311 239/242 272/272 262/264 324/324 283/283 254/258 220/220 299/299 344/344 249/254 253/253 224/224 329/337 205/209 348/352 395/395

EAE ALY %
BAE fFaxdel gt 14 fd3A 24 dae o 249 TS

(Fig. 6). % ZAl& Ht} 93 0}71 ate], 78 FAAL e FH4F A4S FAs)
Kok 7 AT 17-2070e AEARSFE Als DNAE =% F 871 SSR v
(BnR2013a, BnR3001b, BnR4002, BnR4011, BnR4211b, BnR4221, BnR4257, BnR4285)E ©]-&
gto] 4% A4S s SSR 4 E 4 A3l oshd, Bn-403 Bn-712 871 4
el g 2 FAAYe] BE AEA el U FHFS HAFAH(Table 7). WA,
Bn-833% Bn-902 Z} fFHArde]l A f3d¥ WolE BTt (Supplementary Table
5. SSR HlolH AEE EUlZ #Ad3 UPGMA 755 % Bn-83¥ Bn-902 7t7t 2719 M=

2 FHEE 2te AEAR AdddsS BAFAHFig. 7). WPE}H AR Ade EAE

A

Tz e] A FPALA R = sk A7 &3] HoAFdnh kA 2 AT
= =
7.

b

%

>4

=] O
| SSR wlAE E7FSRS sln A E 7

=

BAZE (B nivea® ERE ¢ AdS
o, o]l5& Fd vy 24 ¥
15 SSR wAE FF F

sk thekel fd Ao &8E Aot

Table 7. Allele size data of 4 genetic resources for purity test using 8 polymorphic SSR
markers. Alleles of 17-20 individual plants per each genetic resource were determined by

fragment analysis.

. Markers

Genetic Resources Sample ID# BuR2013a BuR3001b BR4002 BaR4011 BnR4Z11a BrR4221 BuR4257 BnR4285
Bn40-01 267/273 320/324 216/219 300/335 328/336 205/213 372/372 390/394

Bn40-02 267/273 320/324 216/219 300/335 328/336 205/213 372/372 390/394

Bn40-03 267/273 320/324 216/219 300/335 328/336 205/213 372/372 390/394

Bn40-04 267/273 320/324 216/219 300/335 328/336 205/213 372/372 390/394

Bn40-05 267/273 320/324 216/219 300/335 328/336 205/213 372/372 390/394

Bn40-06 267/273 320/324 216/219 300/335 328/336 205/213 372/372 390/394

Bn40 Bn40-07 267/273 320/324 216/219 300/335 328/336 205/213 372/372 390/394
Bn40-08 267/273 320/324 216/219 300/335 328/336 205/213 372/372 390/394

Bn40-09 267/273 320/324 216/219 300/335 328/336 205/213 372/372 390/394

Bn40-10 267/273 320/324 216/219 300/335 328/336 205/213 372/372 390/394

Bn40-11 267/273 320/324 216/219 300/335 328/336 205/213 372/372 390/394

Bn40-12 267/273 320/324 216/219 300/335 328/336 205/213 372/372 390/394

Bn40-13 267/273 320/324 216/219 300/335 328/336 205/213 372/372 390/394

Bn40-14 267/273 320/324 216/219 300/335 328/336 205/213 372/372 390/394
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Bn40-15 267/273 320/324 216/219 300/335 328/336 205/213 372/372 390/394
Bnd0-16 267/273 320/324 216/219 300/335 328/336 205/213 372/372 390/394
Bnd0-17 267/273 320/324 216/219 300/335 328/336 205/213 372/372 390/394
Bn40-18 267/273 320/324 216/219 300/335 328/336 205/213 372/372 390/394
Bn40-19 267/273 320/324 216/219 300/335 328/336 205/213 372/372 390/394
Bnd0-20 267/273 320/324 216/219 300/335 328/336 205/213 372/372 390/394
Bn71-01 273/273 320/324 219/219 300/300 328/335 209/213 372/372 390/394
Bn71-02 273/273 320/324 219/219 300/300 328/335 209/213 372/372 390/394
Bn71-03 273/273 320/324 219/219 300/300 328/335 209/213 372/372 390/394
Bn71-04 273/273 320/324 219/219 300/300 328/335 209/213 372/372 390/394
Bn71-05 273/273 320/324 219/219 300/300 328/335 209/213 372/372 390/394
Bn71-06 273/273 320/324 219/219 300/300 328/335 209/213 372/372 390/394
Bn71-07 273/273 320/324 219/219 300/300 328/335 209/213 372/372 390/394
Bn71-08 273/273 320/324 219/219 300/300 328/335 209/213 372/372 390/394
Bn71 Bn71-09 273/273 320/324 219/219 300/300 328/335 209/213 372/372 390/394
Bn71-10 273/273 320/324 219/219 300/300 328/335 209/213 372/372 390/394
Bn71-11 273/273 320/324 219/219 300/300 328/335 209/213 372/372 390/394
Bn71-12 273/273 320/324 219/219 300/300 328/335 209/213 372/372 390/394
Bn71-13 273/273 320/324 219/219 300/300 328/335 209/213 372/372 390/394
Bn71-14 273/273 320/324 219/219 300/300 328/335 209/213 372/372 390/394
Bn71-15 273/273 320/324 219/219 300/300 328/335 209/213 372/372 390/394
Bn71-16 273/273 320/324 219/219 300/300 328/335 209/213 372/372 390/394
Bn71-17 273/273 320/324 219/219 300/300 328/335 209/213 372/372 390/394
Bn88—01 260/273 312/324 209/214 300/322 328/328 205/209 352/352 387/395
Bn8s-02 260/273 312/324 209/214 300/322 328/328 205/209 352/372 387/395
Bn88—03 260/273 312/324 209/214 300/322 328/328 205/209 352/352 387/395
Bns8-04 260/273 312/324 209/214 300/322 328/328 205/209 352/352 387/395
Bn88—05 260/273 312/324 209/214 300/322 328/328 205/209 387/395
Bn88—06 260/273 312/324 209/214 300/322 328/328 205/209 52 387/395
Bn8s—07 260/273 312/324 209/214 300/322 328/328 205/209 2 387/395
Bn8s—08 260/273 312/324 209/214 300/322 328/328 205/209 52 387/395
Bns8—09 260/273 312/324 209/214 300/322 328/328 205/209 2 387/395
Bn&8 Bn8s—10 260/273 312/324 209/214 300/322 328/328 205/209 2 387/395
Bngs—11 260/273 312/324 209/214 300/322 328/328 205/209 2 387/395
Bn8s—12 260/273 312/324 209/214 300/322 328/328 205/209 352/352 387/395
Bn8s—13 260/273 312/324 209/214 300/322 328/328 205/209 352/352 387/395
Bngs—14 260/273 312/324 209/214 300/322 328/328 205/209 352/352 387/395
Bn8s-15 260/273 312/324 209/214 300/322 328/328 205/209 387/395
Bn8s—16 260/273 312/324 209/214 300/322 328/328 205/209 352/352 387/395
Bn8s-17 260/273 312/324 209/214 300/322 328/328 205/209 352/352 387/395
Bn8s-18 260/273 312/324 209/214 300/322 328/328 205/209 387/395
Bn88—19 260/273 312/324 209/214 300/322 328/328 205/209 387/395
Bnss-20 260/273 312/324 209/214 300/322 328/328 205/209 387/395
Bn90—01 272/272 219/219 300/300 328/337 205/209 395/395
Bn90-02 272 219/219 300/300 328/337 205/209 395/398
Bn90-03 272/272 219/219 300/300 328/337 205/209 395/395
Bn90-04 272/272 219/219 300/300 328/337 205/209 395/398
Bn90-05 272/272 219/219 300/300 328/337 205/209 395/395
Bn90-06 272/272 219/219 300/300 328/337 205/209 395/395
Bn90—07 272/272 219/219 300/300 328/337 205/209 395/395
Bn90-08 272/272 219/219 300/300 328/337 205/209 395/398
Bng0—09 272/272 219/219 300/300 328/337 205/209 352/352 395/395
Bn90 Bng0-10 272/272 324/324 219/219 300/300 328/337 205/209 352/352 395/395
Bn90-11 272/272 324/324 219/219 300/300 328/337 205/209 352/352 395/395
Bn9o-12 272/272 320/324 219/219 300/300 328/337 205/209 352/352 395/398
Bn90-13 272/272 324/324 219/219 300/300 328/337 205/209 395/395
Bng0—14 272/272 324/324 219/219 300/300 328/337 205/209 395/395
Bn90-15 272/272 0/324 219/219 300/300 328/337 205/209 395/398
Bn90-16 272/272 324/324 219/219 300/300 328/337 205/209 395/395
Bn90-17 272/272 320/324 219/219 300/300 328/337 205/209 395/398
Bn90-18 272/272 0/324 219/219 300/300 328/337 205/209 395/398
Bn90-19 272/272 0/324 219/219 300/300 328/337 205/209 395/398

Fig. 7. Purity test of several genetic resources using 8 polymorphic SSR markers.
Genomic DNA was extracted from 17-20 individual plants per each genetic resource and
was subjected to genotype analysis. A UPGMA tree based on genetic distances among

individual plants of each genetic resource using 8 polymorphic SSR markers.
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w2 A7l vl wial A EE}O W= 77l o2 F3(FAM, VIC, NED, PET)2o=& 7}
A3 tH(Table 8). 371 159 multiplex Z&to]™ %3S AdH BAZ FH1AYL A5
£3}o] multiplex PCR % ABI3730 DNA AnalyzerE ©| 83} fragment analysis 3 23},
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Table 8. PCR primer sets for efficient multiplex genotyping in ramie.

Locus Sequence (5'-3") Repeat motif Size range(bp)
BnR4002 |F |TICATIGATACCAATTGAGACGA (TGTA)G 209-221
NED |R |GITTGIGGCTGACTAGAGGCTTG
F  |GTTTACCTGGCGGAGAATGA (TTO)7...(GA)11 258-268
R |GITTCCTCTTCACGTIGGTGAATC
F |CACCACTCTGGGGTATTGCT (TCAO)B 316-324
R |GITTCGCCAAGCTTATCATATTTITGT
F |TITTGCACATTAGTTGCCATT (ATAC)9 348-364
R |GTTTGCCCTTCAAATCTTCATCCA
F | TGCAAATGGAATGAGGACAA (TTATT)3 200-202
R |GTTTTGAGAAGCACAGGCCTAAAGA
F |CATCCAATTCCCTCCTCAGA (ATC)8 250-256
R |GITTCCTCCTCTCATTCACACCAAA
BnR4011 |F |TCGAAGAATACCAAACCTTGC (TA)3(TCTA)S 299-324
NED R |GTTTGGCCTTITCGGACATAGCTT
F2 |GAACCCATAGAATIGACCCAGT (AT)S(TQAG(TGTA)3(TA)3 249-255
R2 |GGGCATCTTGAATTATTGTATGAA
BnR4221 |F |GACGATCATCCCTGTCCTGT {GTAT4 227-228
NED R |GTTTAACCTGCTGCATTCC AAAAL
F  |GAGGTTACAAGTCGGCGAAG {GAGGTC)4 (TAGGGT)4 260-273
R |GTTTCCGCCAGGTAAACAAAATC
F|GGACTCGCTCGTTGTAGGAL {CTN3{CTA)3..(TTCT6 327-335
R |GTTTGGATCGACCAAGCAAATTCT
CGCTGAAGCTCCTCGATAAC (AATO)4 344-353
CTGCTCTCGTATCCCTCGAC
A set B set C set
= B EnR4285 1 _ EnR4207 == = EnR4205
: : EnR2013b i  |eorersza i | Bnzo1ss
: - BnR4002 ' " |enraoie o - EnR4221
h B BnR3001b B 7 |BoR4208b : ) B BnR4211b

Fig. 8. An example of the fragment analysis using multiplex PCR primer sets.

Multiplex genotyping plots for Bn58A accession are shown as a representative.
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4E A8 2 /A% DNA &

AT AMEE Al E(Boehmeria nivea) AN T AT 93] #adE ol
= AAHA T Lee et al, 2014). EA|E(B. niveay, DNA No. 2005-1461)3} A&
nivea var. tenacissima; DNA No. 2012-1453)°l thd DNA A2+ nddga 717]F
A3t =9 21E DNA 23 (http://pdbk.korea.ac.kr)oll /] < Hiqtc}, zF F-dx<
o ZHAQ AEARRTH o £AS AMHSATE AFAT de AA HdiAR dY F As
DNA F&& 98l -80%el ®aslgivh. Aw DNAC ¥z Biomedic® Genomic DNA
Extraction Kit (Biomedic, Bucheon, Korea)E& AF-&3ste] +elstith &89 Al DNAS i}
A& Z+7F DeNovix DS-11+ Spectrophotometer (DeNovix, Wilmington, DE, USA)¢} o}7} =
oA

& A A7 dEss 8 2AA s

FEA A4 = 2 gene annotation

BAE G4EA #A4A d5S Y5kl mta A (Macrogen, Seoul, Korea)e] Illumina
Hiseq2000 (Illumina, San Diego, CA, USA) Z#ES o] 83to] oF 1.2 Gbel Ad AHE A+
At P24 FdAE ol A (www.phyzen.com)d AEAH RS vlo]zglel S o] &3lo] low
coverage whole genome sequence® de novo assemblyS F33to] AoJ At} Illumina A}9
A Z el wel 500 bp paired end (PE) gtolBe#jg]E& Alztsle] Hyt 101 bp 7|5 ZE= reads
= Atk AA PE reads oA CLC-quality trim toolS ©]&3e] Phred %to] 20 ©]sf
ol raw reads® A|A% F, CLC genome assembler (ver. 4.06 beta, CLC Inc., Rarhus,
Denmark)E ©]83}o] trimmed readsoll ™3} de novo assemblyS 33t EAIEZ =4
£ Wl%3= principal contigs (Ctgs)® By A& Morus indica®l cp 3
(NC_008359.1)E 7l A¥E= 3t MUMmer (Kurtz et al, 2004)E AF-&3F AA Ctgs=H-H
348tk Cp CtgssE 715 A 93¢ BLASTZ B4 (Schwartz et al., 2003)& G33to] <A
= wjdsta, gAAE gt AEES AR dZdste] el draft 19SS SEEATE Gene
annotatione DOGMA (Wyman et al., 2004; http://dogma.ccbb.utexas.edu/)S ©]-&3to] 43)
stelom, 7l A4 s T3 wy % ARNES FAGAY. EAE J5A 48 Aee
OrganellarGenomeDRAW A3 E 9]0 (Lohse et al, 2013; http://ogdraw.mpimp-golm.mpg.de)

g ol g3l A4

=

AZ 2 WA 9ste] dF QEZ s RT-PCRS F33 3

[e)
= =
A7IMLES AAST FAA ME vlu B4S Fdsdth. dA] RNAE TRIzol Reagent
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(Thermo Fisher Scientific, Waltham, MA, USA)E Al-&3le] #| 23| AL A Hol uwpe} Hgls)
At JHAL ¥FE-S Universal Reverse Transcriptase (MCLAB, China)E o] 83}o] #| %34
o Aol wat Fash JHAAL e AR o] 83 PCRe HS'™ Taqg DNA F@dEAH
(Dongsheng Biotech)& °o]-&3te] st em, ABI3730 DNA Analyzer (Applied

Biosystems)& ©]-&3to] 7|4 EdS AAs AT

IGS (intergenic spacer) @ QEE X g& &83 Y3 SNP 4

IGSeF JIEE AEs o]&ste] At Ad Wo] oRE FA38 7] 93t 3719 IGS
(atpF-atpH, psbK-psbl, trnL-trnF)¢+ 3708 QA EZ(apF, trnl, trnV) 29E AR5+
AR FAALOZRY o5 999 Md AEE FHotsty] st g Ao ZetolwE PCRE
T & A7) el wet AUIMEE AAs AT 22 Ad A71E 24 ESE trimmingd §
MultAln (Corpet, 1988; httpi//multalin.toulouse.inra.fr/multalin/ )& ol&3ste] the AVIAE A
£ 4 33}9] single nucleotide polymorphism (SNP) X+= insertion-deletion (InDel) W o]&

=

EAE Q54 34 AE 2 B 4

llumina Hiseq2000 & HEFS ©l&3to] EAZEo] s whole genome sequencings <=3 3}
3 YR A EQ Morus indica®l cp A A (NC_008359.1; Ravi et al., 20060 7|4 4=
3ol de novo assemblysS S33stal, 71 Aol HuE T8 w4 2L HHES F3sto] draft
MEE $4d3skal, gene annotations T THFig. 9). M. indica®t W ilg RAE HEA
A dRbH 542 Table 99 #th BAIZ J5A FdAel A =271+ 156,037 bp
Fom 3 29l inverted repeat (IRA9} IRB), large single copy (LSC) ¥ small single copy
(SSC) 73+ 7HAT BAIE dS5A EAets A4 42 TR 184 o, ol F 4
7HE— rRNA, 3170 tRNA, 8371+ @Wld 4ast FHade. ZAE d5A FdA =48
= S ARES 715 Ftg g2 2F38o] Table 109 A7 st4l o).

o
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Boehmeria nivea
chloroplast genome
156,037 bp

Fig. 9. Complete chloroplast genome map of B. nivea L. Genes drawn inside and
outside the circle are transcribed clockwise and anticlockwise, respectively. Differential
functional gene groups are color-coded. LSC, large single copy; SSC, small single copy;
IRA, inverted repeat A; IRB, inverted repeat B.

Table 9. General features of the B. nivea chloroplast genome. Cp genome of M. indica

that is a taxonomically closely related species was used for the comparison.

Features B. nivea M. indica
Taxonomy Urticales, Urticaceae Urticales, Moraceae
Size (bp) 156,037 158,484
Total gene number 118/140 130

No. of protein—coding genes

(unique gene/total gene) 83/92 84
No. of rRNA genes 4/8 8
No. of tRNA genes 31/40 37
No. of pseudo genes 0 1

Table 10. Genes identified in the chloroplast genome of ramie.

Functional categories (unique gene/total gene) Genes
Subunits of photosystem I (5/5) psaA, psaB, psaC, psal, psaJ
Subunits of photosystem II (15/15) pshbA, psl psbT/psbB, psbC, psbD, psbE,

psbF, psbH, psbl, psbJ, psbK, psbL,
psbM, psbN, psbT, 1hbA/psbZ

Ribosomal RNAs (4/8) rrnd.5 (x2), rrnb (x2), rrnl6 (x2),
rrn23 (x2)
Transfer RNAs (31/40) trnA—UGC* (x2), trnC—GCA,

trnD—GUC, trnE—UUC, trnF'—GAA,
trnG—GCC, trnG—UCC, trnH-GUG,
trnl—CAU (x2), trnl—GAU* (x2),
trnK—UUU, trnl —CAA (x2),

trnl —UAA*, trnl —UAG, trnfM—CAU,
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trnl=CAU (X2), tronN—-GUU (x2),
trnP—GGG, trnP—UGG, trnQ—-UUG,
trnR—ACG (x2), trnR—UCU, trnS—GCU,
trnS—GGA, trnS—UGA, trnT—GGU (x2),
trnT—UGU, trnV—GAC (x2),
trnV—=UAC*, trnW—CCA, trnY—GUA

Proteins of small ribosomal subunit (12/14) rps2, rps3, rps4, rps7 (x2), rps8, rpsll,
rps12##, rpsld, rpsld, rpsl6#*, rpsiS,
rps19 (x2)

Proteins of large ribosomal subunit (9/11) rpl2* (x2), rpll4, rpl16, rpl20, rpl22,
pl23 (x2), rpl32, rpl33, rpl36

Subunits of RNA polymerase (4/4) rpoA, rpoB, rpoCl# rpoC2

Subunits of NADH—dehydrogenase (11/12) ndhA+*, ndhB* (x2), ndhC, ndhD, ndhE,
ndhF, ndhG, ndhH, ndhl, ndhJ, ndhK+*

Large subunits of Rubisco (1/1) rbel

Subunits of cytochrome A/ complex (6/6) petA, petB, petD, petG, petl, petN

Subunits of ATP synthase (6/6) atpA, atpB, atpE, atpF+* atpH, atpl

Acetyl—CoA carboxylase (1/1) accD

Cytochrome ¢ biogenesis (1/1) ccsA

Maturase (1/1) matK

Protease (1/1) clpP*

Envelope membrane (1/1) cemA

%g;l?s)erved hypothetical chloroplast reading frames %/Cgl) ycf2 (x2), yef3* ycfd, ycflb+*
X

Open Reading Frames (ORFs) (3/5) orf42 (x2), orf56+ (x2), orfl88

Others (1/1) infA+*

*Intron—containing gene.

EAE FARAT IGS R JEZ 99 SNP ¥ &4
RAIE Q54 A AEEZHEE IGSY JEE F9S st ols FelA 3719
IGS (atpF-atpH, psbK-psbl, trnl-trnF)¢t 3709 QNEZ(atpF, trnl, trnV) B 9S A A3}
EAIE A Ad HoelE &6k, BAE FAAd 3 F57ES A vad v =
stz Ak F 1671 AR sl EA g A3, trnl-troF 1GS$F tmV JIEE o
S AUz A Aozt AE QAT (A E v AA]). atpF -atpH, psbK-psbl 1GS$} atpF Q1 E
ol A= AHZE SNP E= InDels #1@ o 3l9lem, anl JEEANAM = SNPE &
A TH(Table 112 Table 12). W&k ©]5 SNPY InDel 4HE = 8}04 AbEst BAE
A e FFE Wdstr] A 9454 vad AR 287t Ao dddnh

Table 11. Sequence variation of atpF-atpH and psbK-psbl IGS regions among ramie

accessions.

IGS atpF—atpH psbK—psbl

Positions 69 88 90 111 152 153 184 287 421 14 62 200 214 2260_23 297 664

Pg?ﬁgfo ND= | ND | ND | ND | ND | ND | ND | ND | ND T - T A - AT
Bnl3A T - G A T - T A A - - G A - AT
BnldA T - G A T - T A A T G A - AT
Bnl5A T - T A - T A A T - T A - AT
Bnl6A T - T C T - T C - T G T A - AT
Bnl7A C - T C T T T A A T - T - - G T
Bn18A T - T A - - T A A - - T A - AT
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Bnl9A T - G A T - T A A T - G A - AT
Bn20A T - T C T - T C - T - T A - AT
Bnd1A T - T A - - T A A T - T A - AT
Bnd2A T - G A T - C A A ND | ND | ND | ND ND ND ND
Bn43A T G A T - T A A T - G A - AT
Bn44A T - T A - - T A A T - T A - AT
Bnd5A T T T A T - T A A T - T A |caatc | ¢ G
Bnd6A C - T C T T T A A T - T - - G T
Bnd7A T - G A T - T A A T - G A - AT
Bn48A T T T A T T A A T - T A |caatc | 67
Variation C/T | InDel | G/T A/C | InDel | InDel | C/T A/C | InDel | InDel | InDel | T/G | InDel InDel AG/ T/G
*ND, not determined yet.

Table 12. Sequence variation of atpf’ and frnl introns among ramie accessions.

Introns atpF trnl
Positions 23 345—346 875 405
PDBK_2005—1461 — TA — C
Bnl13A — TA T C
Bnl4A — TA — C
Bnl5A — TA — C
Bnl6A — TA - C
Bnl7A - - — C
Bnl18A — TA — C
Bnl19A — TA — C
Bn20A — TA — C
Bn41A — TA — C
Bn42A G TA — C
Bn43A — TA — C
Bn44A — TA — C
Bn45A — - C A
Bn46A — — — C
Bn47A — TA — C
Bn48A — — — A
Variation InDel InDel T/C, InDel C/A
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Production of Bast Fiber Crops in China
(Data from Ministry of Agriculture, 2012)
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