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SUMMARY
(FE 8 oFT)

. Title of the Study

Identification of key rubber biosynthesis genes and its industrial application

II. Objectives and Significance of the Study
>The objective of this project was to identify rubber biosynthesis genes from TKS.

. The Scope of the Study
1. Latex collection and isolation of rubber particle
Isolation of Functional genes related to rubber biosynthesis
RNA sequencing and transcription analysis in latex
Identification of rubber biosynthesis pathway genes

2

3

4.

5. Cloning of rubber biosynthesis genes

6. In vitro assay of rubber biosynthesis

7. Cloning of promoter of rubber biosynthesis gene

8. Transformation of dandelion

9. Techniques for cultivation of Russian dandelion

10. Effect of abiotic stresses or hormones on rubber content
11. Improvement of rubber extraction methods

12. Characterization of physical chemical properties of TKS rubber

IV. Results and Application
1. Latex collection and isolation of rubber particle
[] Latex was collected from Cambodia and rubber particles was isolated.
2. Isolation of Functional genes related to rubber biosynthesis
[] Isolation of functional genes related to natural rubber biosynthesis
3. RNA sequencing and transcription analysis in latex
[] Latex RNA of TKS was sequenced and used for transcriptome analysis
4. Identification of rubber biosynthesis pathway genes
[] Rubber biosynthesis pathway genes were isolated from RNA sequencing database.
5. Cloning of rubber biosynthesis genes
[] Seperation of rubber particles and In vitro assay of rubber biosynthesis
[ Functional genes related to improvement of abiotic and biotic stress resistances

10



6. In vitro assay of rubber biosynthesis genes
[] Rubber biosynthesis-related genes were expressed in vivo and assayed in vitro
7. Cloning of promoter of rubber biosynthesis gene
[] The promoter region of rubber biosynthesis gene was cloned.
8. Transformation of dandelion
[ Generation of transformant dandelion plants that contain functional genes related to
natural rubber biosynthesis
[] Generation of transformant dandelion plants that contain functional genes related to
increase rubber content and improved growth rate.
9. Techniques for cultivation of Russian dandelion
L] Import of Russian dandelion, cultivation, harvest, extraction of natural rubber, and
analysis of natural rubber properties.
[] Comparison of natural rubber properties with native dandelion plants
10. Effect of abiotic stresses or hormones on rubber content
[] The effects of abiotic stresses such as drought or hormones were evaluated.
11. Improvement of rubber extraction methods
[] The rubber extraction methods were examined for further improvement.
12. Characterization of physical chemical properties of TKS rubber
(] Rubber extracted from TKS was examined for its physical/chemical properties in
compared to Hevea rubber.

V. Application of outcomes

- The technology we develop will be applied to production of natural rubber with improved
quality without allergy problem and to reduce our dependency on import of natural
rubber from other countries.

- We will file patent application for valuable functioanl genes related to rubber production
and biosynthesis and utilize them to molecular breeding.

- By collaborating with industrial partner, we aim to put our outcomes into real practice so
that our GM dandelion is cultivated and harvested for natural rubber production. The GM
dandelion plants will be transferred to Dongil Rubber Belt Co. who has contracted with
us by MOU.

11



e
I
?
—_
(€)

Chapter 1.
Chapter 2.
Section
Section
Section
Chapter 3.
Section
Section
Section
Section
Section
Section
Section
Section
Section
Section
Section
Section
Section
Section
Chapter 4.
Chapter 5.
Section
Section
Section
Chapter 6.
Chapter 7.
Chapter 8.
Chapter 8.

CONTENTS

(3 & = 2

Introduction and ObJECtiVES...........ccoeiiiiiiiiciniiiicice e 14

Current Status of Technique Development ..o 20
1. Developmental status in Korea ........ccccoeomeiiininninenninincieenne 20
2. Direction for industrial application ..., 20
3. 3P analysis and future plan ..., 21
Research Contents and Results ..o 22
1. Approach methods ... 22
2. Research contents and mothods ..., 23
3. Russian dandelion: Import, cultivation ... 24
4. Isolation of Functional genes related to rubber biosynthesis............. 25
5. RNA sequencing and transcription analysis in latex .................. 25
6. Identification of rubber biosynthesis pathway genes ..........c.cccce. 30
7. Cloning of rubber biosynthesis genes........c.cccccceviniiinininnnincniincnnne. 32
8. In vitro assay of rubber biosynthesis..........ccccoocvviiiiiiiniinninnnnn. 33
9. Cloning of promoter of rubber biosynthesis gene...........c.cccccceeineins 34
10. Transformation of dandelion...........cccoceevirininiciniiiineerneceeeeees 34
11. Techniques for cultivation of Russian dandelion ...........ccccovinnee. 36
12. Effect of abiotic stresses or hormones on rubber content.................... 39
13. Improvement of rubber extraction methods ..........ccccoveevnnncicnnnnnee 40
14. Characterization of physical chemical properties of TKS rubber......41
Achievement and Contribution ..., 46
Outcomes and fUtUIE USE .....ccccccivirieiiniiiiiiiicceeeceeee s 47
1. Utilization and Plan ... 47
2. Plan for technique propagation..........cc.ccceivereviniininieniiineneieesieieeenes 47
3. Additional research and application to other reas .........cccoeevinennee. 47
Information obtained ... 48
Facility and EqQUipments ... 49
Achievements for lab safety..........cccooiiiiiiiiiii 50
REFETIEIICES ...ttt sttt 51

<Attachment> Patents, Papers and Market report

12



e
I
?
—_
(o))

=z oz
A1 AFME AL MO L HAIETE e 14
Al 2 7 UL ZIE7NTE T e 20
A 1A HAILF AL B AR s 20
A 2Ad MEZIE AU BF D TIHET e, 20
A3 A 3PES =T AF)EAS T FF AT e, 21
A3 ATFME T WE E ZTE e 22
A1 A OB HEA T WM et 22
A 2d A7 mE AT W B 23
A 3 A Latex ANF Z ZFAAF F 2] 24
Al 4d DFAANA AADFE AFAE dd D B, 25
A 5 A Latex &4 A4 RNA sequencing ¥ Transcriptome &4......ccccovvvvivenennee. 25
A6 A HAAARNS T3 LFATA HE FRAT Yo FAEE 2AELL30
A7 A a5 APPELE FH FHA AAALE Cloning, A= &Hd A4k .32
Agd IF AP FH aEe B HAAT SFHEY 33
A9 A 1F AFAH A promoter sequence ClONING .......c.ocevveeverreeeeeeeeeeneeneennennes 34
A 10 A FAA =9 DS SAPGA AZ 34
Al 11 A AT biomass H4HE 913 AR IEH AMiZIE AT 36
A 12 A A IEE A FEF v mgsE FEFERY 39
A 13 A A el HALF FESH TN e, 40
A 14 A HAE SN F23F AALFY =9 33 EHEH 41
A4 ERIZAE P FHEFAAGY ZIHE e 46
A5 AFNE AT R ATZE AlZ e 47
A1 A AT AEILAFASE Al e 47
A 2Ad 7SS/ AAAEA GE A e 47
A3 A FIAT, B AT R A e, 47
A6 & ATNTHAANA FHR ARSI ESHE e, 48
Al 7 7 DT TEHITGE et 49
A8 7 AT EATT] OJTE A e 50
A9 7 FEILR T s 51

13



A &R TE S0l 2 dTWEolth

3

A

Ak

B84y

RS

o nzto] wE

By ohet Ao FH L

3 aLs jHA

3

2]

SRS

+

S

s

—_—

aFA

=
T

o, A%} Eholo] s} o}

o] BA A=

#71e

R

e

Jw

—_—

o

N

1
o]

4u o] &3tth (20083

ke
T

g ol

a5 FEe 2004

sl

re

N
bl

Jol WA= At

A7

4

Far dok whebA

J

0 AdFe 5

L
) .

]

o

24l

il

A

al

1o A

E o
g

“xt 400,000

Seluehs

)

F71 <13 A

NS

NN
=

o AU A 2E

1

3
pil

of

=4

[e)
AE

)

i

S|

o

)

Ho

g Azt A AP

Aol A4 H AL

ol
=

WAkl ol mE 5

=8 FeolA 1

& @A

ole}

gutetol e TS}

T A AzE = A JNEE o

shof of

doll AA A aj

ml
2

bel Aul7Iztel #Th $

3]

Hevea &£ H]
B, 3 mAe] Bxo wE AnA

L
) Iy

Bl

=
=

o7l A71aL ot fEluet A5 Aol RIEH Y P AuTEAE =4

HAA7€2 A A 7t A7 dAdER

=
=

g &89

jp

b}

3

of 7ol d8

14



4. A48 3 9 v 43
AFISAE DT7HHAE
Z] Al _ - Z0 S
zﬂlj%g ; A48} I S S Y i Q
i N FTAE R = A R
= 0 o ST = A =
TS A 3 g sa | =8
4 = = A = & A
HAZERE | 2 3 3 |1
ARt
5 3 1
1
G | ADF| 6 | T 1264
29A3-E8(%) | 250 33 400 | 600 | 400
ONEe 29 55 23 EFa F 1d, Fa oA 19)
5. AT MFUE
7t 535 =4
A= . A= A&
53 B zod | dd
A | HEE E= WEZERZY dhgElol A2l %k o
=4l QEAe araae Boblne g | EE | 2015094
A | HEE = WEZEZY ghgElol X2 9%k °
X S A ostee 2o A HecT) EE | 20159094
2 A 4HA nAYEZRE gAEAY < :
H%X]l?ﬂ il ] gﬁi‘l‘ 1 ‘:q - /]\_]_-“q_\]:l:j-lgo"% o]"?_ 18 19] ‘Igl’tgﬂ] 2015]{306%
A A A dAVE 2FFL 3 T wE o
ﬁ%ﬂ% =z 1T T@’E Wg;gl' EUE'] = O]‘O/] ‘PngEH 2015%05%
A A 4k S £ WY 2ERY vbg o} Ao 9% o
=4 ABH A TE S ZyIA 7= 9 T | 2014'd09€
AR A A GGPS gene inducing fast growth or fast biomass o
=4 increase of plant and uses thereof (1% frige | 201319054
2kd A 44 | Laticiferous tissue-specific SRPP promoter from o
=4 Hevea brasiliensis and uses thereof (Q1%) EE | 2013905
A A 4k GGPS gene inducing fast growth or fast biomass o
=9 increase of plant and uses thereof (F=7) EE | 2013904
A A A Laticiferous tissue-specific SRPP promoter from o
=4 Hevea brasiliensis and uses thereof (5=) EE | 201304
AR A A GGPS gene inducing fast growth or fast biomass o
=4 increase of plant and uses thereof (w]=}) e | 20139044
A A A Laticiferous tissue-specific SRPP promoter from °
=4 Hevea brasiliensis and uses thereof (v]=) FEE | 2013904
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A= . A= A4 &
53 BES wawd | oud
403 A2 LATICIFEROUS TISSUE-SPECIFIC SRPP PROMOTER
e H%"Hihi FROM HEVEA BRASILENSIS AND USES THEREOF | &Wej | 20154069
(=)
A4k | GGPS gene inducing fast growth or fast biomass o
5= increase of plant and uses thereof (F=) F8E | 20151044
A o LATICIFEROUS TISSUE-SPECIFIC SRPP PROMOTER
#HAST | FROM HEVEA BRASILENSIS AND USES THEREOF | 8} | 2014112
B (|]=)
2 A LA AEo A e ol e 2 FIHE XA TE o
e SR bt el FEE | 201313074
AL A A1 3 TEALUJIE o Fleo g~ By %2 Eoljy o
= ‘ﬂgﬂg = > E}LT‘JIQ}SP“TQ;E;} ol o)) ] s ] e | 2013306€
2] 2 A+ AEZ 2 HAYEZ 2Ed 2o g 71
TR T | ARA B dEdE AsAIVIE YElE f3A FHE | 2013d02€
e =9 AE H ol AAksteE W
AR &=
A= APAAAREAR) | 55718 | o . AAE . o
A A Taraxacum .
1§_ = brevicorniculatum KF387616 | NCBI genebank e 2013\d11¢
A A Taraxacum .
;(‘; = brevicorniculatum | KE387617 | NCBI genebank FHE 2013d11¢
A AL Taraxacum .
%o% brevicorniculatum | KF387618 NCBI genebank 78 el 20139114
A A Taraxacum .
5% | brevicorniculatum | KF3g7619 | NCBI genebank | g | 2013114
A A Taraxacum .
%91 = brevicorniculatum | KF387620 | NCBI genebank FHE 2013d11¢
A ALl Taraxacum .
%o = brevicorniculatum KF387621 | NCBI genebank +HE 2013311¢
A A Taraxacum .
Jg = brevicorniculatum KF387622 | NCBI genebank e 2013\11¢
A A Taraxacum .
= brevicorniculatum | kF3g7e23 | NCBI genebank | fridE | 20139114

16




A A Taraxacum .
%‘i = brevicorniculatum KF387624 | NCBI genebank - E 2013d11¢
Ay A Taraxacum o 11 o)
%o = brevicorniculatum KF387625 | NCBI genebank e 2013d11¢
A =) 2] T o
Y 2 %H oAt | KM222409 | NCBI genebank | #el | 201414109
A0 2] 2] T °
g 2 %}1 ok aat | KM222410 | NCBI genebank | #El | 20144109
A z12] T o
g 2 %}1 oAt | KM222411 | NCBI genebank | #%8l | 2014410€
A 212 T 9
g 2 %}1 okt | KM222412 | NCBI genebank | #El | 20144109
Al =} 2] o
4 2 %*_ o {g{g’éag%uy? KM222413 | NCBI genebank | ¥e) | 20143109
Al 22
4 2 %}ﬂ {g{g’éag%? KM222414 | NCBI genebank | 9el | 20143109
A z12] T ©
g 2 %}1 oAt | KM222415 | NCBI genebank | #El | 20144102
A 2] 2
vags {gﬁ%luyfg KM222416 | NCBI genebank | #el | 201413109
™ zLo
wEge (raxacum | KM222417 | NCBI genebank | §4el | 201441102
A 212 T o
3%1 %} Jsacu | KM222418 | NCBI genebank | #E| | 2014d10%
o 212
e ii‘" d {gi%gag%‘;fg KM222419 | NCBI genebank | el | 20149102
=i
A= e A= CRIRaR
53 B ot 4
Heterologous expression of chloroplast-localized 2015407
=R A geranylgeranyl pyrophosphate synthase confers (on Tine)E
=&l fast plant growth, earlc}lf f_lol\germg and increased - H 20169012
seed yield. =
Plant Biotech J. 14:29-39 (printed)
Transcriptome analysis of latex from 7araxacum
=REY kok-saghyz provides insights into rubber o ) 20164
(SCD biosynthesis. me EiF
PLOS One
= AA Identification of rubber polymerase in the latex o 1y g 20163
(SCD of Hevea, rubber tree. me Ea A
Secretory phospholipase A2 and Phospholipase Al
=2 A A) in plants. o m .
(¥l SCD In Phospholipases in Plant Signaling (Wang X. 8 20144
ed.)
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Aie | AAAE

I A= 3} 3] m
%JJ—Xﬂ = §'| :Q:] [¢] —?—%%"Z}— 1{3%
Study on rubber biosynthesis and rubber 2015 20154
quality and quantity increase in =2 =% | 119
Taraxacumkok-saghyz 5 =
RNA-Seq Analysis and De novo 2015 20154
Transcriptome assembly of Russian A ESH | 119
dandelion (7araxacum kok-saghyz) S =
Study on rubber biosynthesis and rubber 2015 20154
quality and quantity increase in = AA | S HE 0921~
Taraxacumkok-saghyz F A E3}3 =
RNA-Seq Analysis and De novo 2015 20154
Transcriptome assembly of Russian S B2 A | E 099
dandelion (7araxacum koksaghyz) A E5}3 =
Study on rubber biosynthesis and rubber 2014 92014
quality and quantity increase in Zaraxacum | ¥+=21&3%} | FHH 119
kok-saghyz S =

Geranylgeranyl pyrophosphate synthase 2014
induces fast plant growth influencing major | 3+=2]&38} | =) 2%%}3
metabolic fluxes 5 =

Generation of Industrial Rubber Plants 2014
Producing Useful Natural Rubber Materials | 5 A2 | ewy 20143

and Development of Techniques for Natural | 14 RS 05€
Rubber Production from Rubber Plants o

Characterization of Hevea SRPP promoter

teriz U1 S I 20143
and utilization of Taraxacum plant species | 3+=2]EA | FHE 052
in natural rubber study &5} 3] =
Fast plant growth is induced by 2014 2014
chloroplast-localized geranylgeranyl A=A | FHE 05~
pyrophosphate synthase 35t 3] =

2013

Heterologous expression of A= dxd

chloroplast-localized geranylgeranyl A T3/G 901343
pyrophosphate synthase confers fast plant | MZ-E4& | FHH 109
growth, early flowering, and increased seed | 3SIAIGT =

yield CR

AZA Y
. Heterologous expression of

P chloroplast-localized geranylgeranyl 2013
z(%%]f pyrophosphate synthase confers fast plant | =&} | FHE) 2(1)(1)%?
growth, early flowering, and increased seed | ZA =3%}3] =

yield

~L%

Sl

g

Rwyife

Heterologous expression of

chloroplast-localized geranylgeranyl 2013 20134
pyrophosphate synthase confers fast plant | 3-=2] &4 | 3 H 0621~
growth, early flowering, and increased seed | ™ &3+3] =

yield

18




3r
-
~
|
3r Mrm o
X
T
M
&+
T o
G
70
3 —
o M [
X N o
- N
ﬂﬂ —
- X
| r
Mﬂ
Tor
Sl
)AO ,um_l —
=
.
KX
ol
caks
X .&o

o
o o
.ﬁo Orv MNO ‘.mO xmo
A - — B o
A "
N
o X N ~ .
i1 s < - % R
_YL © (=) < —_— 7,._
o S < s
- S
D . N 2 B
~ =
| =T ~
ﬂ mo “vﬂ MM N} xmo % ‘mo % -
o ol =0 it w7
i Lo 2 5 o
e ™ o U ¥ E
[0 o o ,.ﬂ.mﬁ
10 ;ox_
% - w 53 T w o - T o
n o i —
RH lﬁ_uimﬂlv oE o or %J B o) 8
i G 4 o} o ™ - N~ o7 aH e o il l !
_._.L N —_ &o ) _E &o 0 = H_T_ B ,ﬁ Oga —_ N
H] R T P A < 7o | T %
e A mi® | W
w |2 B e T = o — T
w E]OWHMMO Eoﬂoqﬂmoié@ b F
! maJ X mmaﬂmo__o_oﬂio __\A.V/Eoﬂor.ﬁoib__.@
g OAaﬁm%& = o Wor ~ 1 [ M F
ny — ) T ok |2 N — %0 [ —_ <y o)
Al LA o <! iy 4qr o7 T = N T3 ol o < ~|o N — o ~o
ef7p gl IR SRR S
1 on ~
T = = <
(aN] () — e
xQ o — o
X o —
N o
(@]

19



A

|2 =UHel 7lsg o

A1A AART A D ALEF

1.

=
T AFAT R A A
7F oA RlEdE A4t AT AFSAIFS A5 Aol
=2 AFAL R A A
7}, 2lAlo} WEd (Russian dandelion)s= FAdANA HADE AYPE AdsEs A
Afs APste =50l 7HAs 2T SAHA o, AA 22N GA FALANA
Asd 1FE ARRSte] Ak B EY Y] Blolo]E Az th(E4 - Whaley, W.G., and
Bowen, J.S. (1947) Russian dandelion (Kok-Saghyz). An emergency source of natural
rubber. (Washington D.C.: United States Department of Agriculture).

. mF 2stele st A Aol MEY F 107 20%9 HALF FEHFL HAom,
23 483 Aol Helx AN NEH nFsh RFUToA AR wiel )

wate] FAWA FUsIhRL BT

A 24 MEriee] 4AHgst B3 2 Jgay
1. A8t WA EFS 54, o 5)
7F AAF= 40,0007FR] o) o] AlFoll xol=H|, o7|ol= 400 o4 o5 AHX|,
=8 A1, dF7|E Eolo], AsAF Blojoje} A gle T 2 A8 AFd FE8st
7Vttt Ha X 7Ee R HATE AT 1X2HG[ELF 41E D)) o2&,
NEY 5= 5% A5 oF 5859 ARHE/F)S] ek FUthA a7} oA
2. AHdstE B3 7 as
MEE AATF AL AARE AHGstE Foto ZdiE = AA dgade olgde] =k
<} 2ol wl§ =t
(Hg] - o)
AH3E 7|+ M3 IR 1 M3
3 = 52Pd S (2020d) 10xF3 = (2025'3) 15213 = (2030d)
A ZAA &7} 11,700 35,100 58,500
(FAiA) (0.1%) (3%) (5%)
AR s8I 550 17,550 29,250
B A& 13,300 400,000 666,700
T A 15,850 452,650 754,450
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A1 - ol2d AdA H+ UH
1. FHESAA A D I g B
UEd % Hevea AFUF-9] latex A YollA Eolx o=z 3= 1F LA &

dob e

FAAS By slr] Ykl cDNA library screening® PCR #H-S o] &3tk B e o] A
B3}t internal amino acid sequence A RE ©]&3}lo] degenerate primerE A|Z}3te] PCRoll ©]
&3l Ay Ao 9714 LS Automatic DNA SequencerE o] &3] £33+t

2. Az oAl Iy, AA 9 AU 3

NEH 9} Hevea 1F-UF-oA AFAFAFo HHE FHOZ AAAE IFFTHE
Az gmAe wd 2elstr] 9ste] E. coli @ #E] 9} Pichia 2d WEE ARg3t)h s
§474E PRI OE Husle g Zﬂ?&}iﬁ:% ol g3te] WEle] 223 F E. colih
Pichiaoll transformationale] 7“—__1% AAF S ddE Az A2 His-tag, Strep-tag,
GST-tag &< ©ol&3td £ A} $ 1 84 75 SAHSSH

l~>

S
3

3. In vitro rubber biosynthesis assay

E. coli 3 yeasteE BT ARG A 2F ALY ARE 2] Sk
AW elM e 1T AT APe AAsYth AxF GRAS E2UCE Fho] 1§
: 08 FE5

o [14C]-IPP<} FPPE H7}ste] EARHSS A7 o ARA % Zﬂ—‘f’*g benzen
U 0.02 um filters o]-&3te] oA o5 dolgls “Col ¥& 374 7l
ZAEA T obgd At B 1Feo BAEe GPC 2 reverse—phase TLCE Ol%ﬂ‘ﬂ 743

Aot

4. A7195< =

IFJA Ageted e dHMAE XA st NlE#EHeE Hevea F-u9
latex®} washed rubber particleS detergent buffer (0.1% Triton X-100, 1% SDS)¢} &3sle] 73
ol A ¢ 30 & &+ WX|ZF ¥ SDS-12% PAGEE o]&3st @dS &2 AU 548 o
Aol HEelole HE FHE $3ted SDS-PAGEZ £l &S PVDF 2oz 271 3 3
& o] HeolE LS et el AY S 7|2ASALAA T4 A
Procise Protein Sequencing System (Applied Biosystems)& o]-&3le] A)3§&}$]th.

5. Latex Z& oA LdA3H= RNA NGS Sequencing : A&t NICEM¥} A5 i
71718 AH&3te] F 10G ©]4e] databases +=3F3ith.

22



A2 ATH hE AFFY WE D P

A

g A S (12284 1)
SRR Ade @A AEA
e o] Ao} s} ut) o} &

- HEleleh B ARAN N o g1 24 latexs A5l
D Latexeld A arex 214 dry iceo] Yol $53h3ik.

oLatex Az

=
-{n
A
X
M
i)
o
=)
vy
o

pel 9 A B noz wRQIA 2
RLN - - A 3
spin® 2 1 F-QjA} #- VF-JAE latexZHE £33
- o
o MR WA A T s
Ar195oe 2 2 Y

%23k key stepe] =4S 93
5 Hevea 115-U3-9} #Aek W& 9]
A A a4 74

latex ZZAYNA THEZ=TEL G4

Ty 3 54 ]
A5 1] DNA sequences 7] 9
[ AT gstye) 0 AALTF A3l ddd ato] EST seqs 9Tl oS ¢
g9 o8 eAdx mg (8 FARAE AdLEr] stel (ST (Med NICEMF A 52
latex 22 o] Zol gl Pejel AEMEA o= oW HH

ZoA] RNAE FZ=3}o] EST |peptide seq ARE ©]83}o] match
seq &1 (A&0] NICEM / H= DNAZS FH3lal o|Z o] &3}
A fA A 3%&‘,%01] of full seqEs 9o WAt

g AGA AE sl

TEALE AT

L
:
%3} 718 BEgUAL FWsE f

A 34 LatexollA nFYA £
- AT AFPA S laticifer 2ot 53 7oA AP HT laticifer 2= 9
<l latex7} £ == d A2 7o) oA yYehue ddoltt latex &
AFste] high speed® spine 3= ol 3522 FEE Hrh Ad A5 & Ae
m o F=Z rubber particle® ¥ o] %lth rubber particle ¢Foll HHA 1 F polymerseo] 715
AA e AR deA Uk ILE]I T FL B HAZ serumFT O EZA HATF
Aol 223 G480 715 Aok 28 7 2E:2 AlEZ AV|BREY FRrEEol
Zhepokol Aok HATF gtw S rubber particle EHA dojys AR FA Ha Ut
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2 AT F8 IAE AATF Qi TS F= 78 FAAES B8 sHSE Aot
olfg HH& g3 —.4 3k latexE wrol A|Z o ® FEE9 ™ rubber particleo] £o] =
el 58S
S
Rubber erem
e a Eel
Mr Latex ...W.R.P...

-

an _SRPP

-

-

L. . “= @ == _REF
a9 1 2 AL @A) 2-D Ex

A4d DRYANA AATE AEY B gag B

- LatexolA] rubber particleE 8|3 ©hs rubber | particleo] Eolde ©HAES

detergentE AF83te] wo] Witk 7 @A Zo] AATE AT AR oS B
st o8 7HA] ©HE columns ARE-EFTE Gel chromatography® ©Whild F7E = &eshal

ion exchange columng A # 7jeo At G- wj7lx] 115F AJFHA in vitro activity assayoll
A activitygE FZste] Fozith 2 o] deE S HAV|YEoE FElske] partial amino acidE
SR
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Phenyl 6 FF 1ml

G-150 gel filtration e
Loading : 8ml serum bed : 1ml
Bed : 150m|

Elution: 600ml (Bml/Fr)

Elution - Step Gradient 04 - O M Nall | £G 058 - EG100%: 13ml

2 T e | . ~ergxm F7 Fr8 F9 Frio
2.5 e Activity ¢

> !I‘I Fr45: 221
1.5 ] Frée: 145

‘ Fri7.18 4808

Frig: 128

-
-
h

-

S hm

1 11 21 31 41 51 61 71 81 91

Activity Fraction 17 , 18 © 4808{20ul)

= =]
Columnf 2 1P dgtdated HEd 22
Hevea Serum Rubber Biosynthesis Activity ('“C-IPP, cpm)
DEAE-column '565\ N
ConA—column 200 = “:3’;:/
1186
97
66
45 iy m—
31 pu
21.4 =

14.4 B

Fr9 Frio Frit

Washing step

a9 2 g B 8 A

Elution step

rubber particled] EojE AL degergentE A2kl Egjsty F&3 oS HALF A
A in vitro assayE B3t AJALAE FAHSHT) size fraction chromatography & ¢
columns& F#ste] HF ol D dES MALDI-TOFE A3t

A 5 A Latex 24 oA RNA sequencing ¥ Transcriptome 49

o T}&Fsk g Ajo} mciﬂ Z2 o 2 HE 9 RNA sequencing

— Ao} HIEH o 9, By 2719 tE g sampleZ2FE 9L RNA sampleS AF8-3)o]
[llumina sequencing= 433}l T},

— HiSeq 2000 system= AF&3}o] ¢F 14.9 Gbp2l sequence FHEHE AU

— o] 3t raw readE<> assemble® sequence®] A& 7S] 93] FZE E9] low—quality
base®] A7 #AAS 7.

— SolexaQA package®l] $¢l+= DynamicTrim¥} LengthSort X =138 A}83}o] trim¥} sort
A skt

- HFTHoZ HA read T, 85%°l ;Isti= 125,492,878 reads (10,953,646, 408 base)”}
high—quality read® 5% 1t}
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¥ 1. RNA—sequencing ¥ de novo assembly Z3} Q°F

Data

Number of libraries 4

Raw read Number of reads (n) 147,632,986
Total length (bp) 14,910,931,586
Average length (bp) 101

Trimmed read Number of reads (n) 125,492,878
Total length (bp) 10,953,646,408
Average length (bp) 87.29

Total transcripts Number of transcripts (n) 109,044
Total length (bp) 132,654,338

Unigenes Number of transcripts (n) 42,203
Total length (bp) 38,872,976
Minimal length (bp) 200
Maximal length (bp) 13,278
Average length (bp) 921
N50 length (bp) 1,412

¥ 2. '3k hash length o thdt de novo assembly o] FAE% Ay} Qof
1125;&1 Number of Length (bp) of transcripts
(k—mer) transcripts Total length  Min Max Average  Nb50
55 89,968 102,312,366 200 15,546 1,137 1,713
57 89,480 100,252,667 200 13,963 1,120 1,680
59 88,458 96,600,499 200 13,278 1,092 1,646
61 87,346 93,002,193 200 13,278 1,064 1,614
63 86,079 89,814,159 200 10,189 1,043 1,584
65 84,799 85,881,260 200 9,305 1,012 1,542
69 80,481 77,051,024 200 9,615 957 1,461
71 77,326 72,281,957 200 11,715 934 1,417
73 73,760 67,129,791 200 11,764 910 1,367
75 70,587 61,996,784 200 11,509 878 1,307
77 66,786 56,882,402 200 9,817 851 1,254
79 62,347 51,120,848 200 8,904 819 1,190
81 58,142 46,180,782 200 8,888 794 1,136
85 48,499 34,999,390 200 9,947 721 980
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— o5& F3) 200 bp o]l dolE 7FA|= 109,044702] AAAE LA
— 109,04471¢] AA HAAA =, FEEHE AAAESES AAToEN HZTHoF 42203719

unigene=S AT}

¥ 3. Assemble & HA}A|e] Ao] Ex

Length (bp) Number of transcripts
0—500 17,377
501—1000 10,483
1001—1500 6,243
1501-2000 3,981
2001—-2500 2,118
2501—-3000 1,038
3001—3500 455
3501—4000 243
4001—4500 128
= 4501 137
Total 42,203

o

Unigene®] A4 H7}

— X¥EE g 3x AAFAQ unigeneE9 assembly AIrp A3Helkx] olw v 8 ZF F-HA}
sequence= Phytozome database®} BLASTxE Al-&3lo] A o w2 v st

— AA 42,203709] unigene %, 24,2457 (57.45%)7} Phytozomeo| U+= 417] A=A

Az AR} A= Bl

o

Zhe 2o Al WA= unigene A
AL AERA GAlol RIS Fa5t7] Wl Aol WEwE Y] e e 2HS ut
T/\}\q-

42,20370¢] AA| unigene &, 2o ATt W& Y= unigenes A@Ely
7} 570 w) kel unigeneS A Lo = 37,412709 unigeneS Al

| 98l raw read
=

Annotation &2

37,41270¢ el 3 unigeneo] ©a Gene Ontology (GO), KEGG (Kyoto
Encyclopedia of Genes and Genomes (KEGG), Clusters of orthologous groups for

o

eukaryotic genome (KOG)$¢] annotation &4 433}t

37,4127) unigene <, 21,7627+ ol 7] database® TAIR ID¢} annotation®] %1t}
ole} g7 42,2037 A A unigened WA= A A 3F T

— GO annotation #2194 37,412709] unigene =, 17,5857 4+ 157019 BP ®HT2
HRaL, 16,0987 A= 67019 CC W=, 7,8187) F+42= 6719 MF ®52 7H7h

‘I‘I‘Q }\AE]F-
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— BP+= Biological Process, CC+= Cellular Component, MF+ Molecular Functiong YEH

ot

single-organism process

response fo stimulus

regulation of biological process

positive regulation of biological ..

negative regulation of biological..

multi-organism process
multicellular organismal process

metabolic process g

localization

immune system process

growth

developmental process

cellular process

cellular component organization or.

biological regulation *

I ]

BP

membrane part ]
membrane
macromolecular complex
cell part

cell junction |

cell

CcC

transporter activity )
receptor activity
enzyme regulator activity
catalytic activity
binding
antioxidant activity
0 2,000 4,000 6,000 8,000 10,00012,000
Mumber of unigenes

MFE

ol e o o — — - -

a9 3. Aol MEY s g GO B4 A

— KEGG #2404 28223 unigene 5 3,967707F 106719] KEGGZA 2o %3 ¥F5 3o

- ©°] Z, 2,7377] unigene Metabolism (M) Wl X3=0m™, Carbohydrate
metabolism (7637 unigene), Amino acid metabolism (4727 unigene), Energy
metabolism (31471 unigene)o.= 7} W FHAAE ¥X3Hsl+= 39 WHFH T

— 1,04770 unigene Genetic Information Processing (GIP) o] <3 ov, Cellular
Processes (CP), Environmental Information Processing (EIP), Organismal Systems
(0S) W30l 112, 38, 33709] unigeneE©o] 717t 3= ST
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Amino acd metabolism
Biosynthesis of other secondary...
Carbohydrate metabolism

Energy metabolism

Glycan biosynthesis and metabolism
Lipid metabolism
Metabolism of cofactors and vitamins

Metabaolism of othar amino acids

Metzbolism of terpencids and polyketides
Mucleotide metabolism
| |
i .

Folding, sorting and degradation

T ol o i e e e

Replication and repair
GIP
Transcription

Transiation

Signal transduction EIP

CP

pranmrs PR -

i
Transport and catabolism -

Environmental adaptation h 0s
|
0

100 200 300 400 500 600 700 800 900
Mumber of unigenes

T 4. Yol miEY gzl Bk KEGG w41 A3t

KOG #Alo| A= gtel A~ 9 unigene 37,4127) =, 20,54570¢] unigeneo] 27719 HFE=
==
Lo

4500 -
RMA processing end modification
Chromatin strscture and dyramice
A000 - Enengy production and conversion
Cell cycle control, coll dhithon, chromosome partitioning
Auniing acid transpert and rmetabolisn

Mucleotide transpot ehd melaboiism

Carbobiydrate transport and rmetabolism

Coenryme fransport and metabolisom

Lipid transport and metstolism

Translation, ribosomal structure and biogenesis

mEOnNn &>

”%”

:

Transcription
Replication, recombination and repair

Cell wallfmernbranefenvelops Bogensss

Cell modility

Postiransstional modification, prote Wirioeer, chapesones

5

:

Inarganic lon transport and metabolism
Secondary metabolites bicsynthess, transport and catabolizm

Number of unigenes

General lunction prediction only
Function unknown
Signal trarsduction mechanisms

Intracellutar trafficking, secretion, and vesicular transpart

Defense miechanksms
Extracellutar structures
500 - Muichear struetine
Cytoskebeton
| I I Unvisriesd protein/Mewronal membrane ghcoprotein/Myelin proteslipd pratein
0 A ! AN IlI L Mot classified

ABCDEFGHIJKLMNOPQRSTUVWXYZ -

a9 5. #Alel RiEd ghE o] g KOG ¥4 A7)

:

%
1
Mt X ECCH VW ELDTO0ZE R K-
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A6 A" AAA

Mo B9 DA BE AT B9l

L

RSN

(¢]

A R g F TRATRA BE SAA4E 2

71 NCBI nucleotide databased] T&% o] e nFATAH dd FHAE F, Hevea
brasiliensis, Taraxacum brevicorniculatum, Taraxacum kok—saghyz, Catharanthus roseus
25YH U2 25T #Ad FAAES Adsksit.

o) HAAES queryR AHESO] elAlol WEdle] ehgola AN A
s F48k3lth.

HAlo} W= 82 transcriptome dataseto] ™d CLC Main Workbench (v7.6.1) X2
1S Apgao] obul itk Aelol tg BLASTxE Faakalth,

V4 A match B AFATA B GAAE BT 1HD olEE Holallr

% 39709 nFATA #E FHAAE FAHII Y MVA HZ (mevalonate pathway) 137
42, MEP =% (2—C—methyl-D—erythritol 4—phosphate pathway) 117§ =%}, 3}
?1 4= (Downstream) 770 Ak, 584 ¥ (Rubber biosynthesis) 870 A=
77} 2459,

4 Be

s

r

4. HAol Mg SHEHAREE eAd ARARA B fAE
Pathway Gene description Nﬁlrrl?geeﬁegf
Acetyl-CoA C-acetyltransferase (AACT) 3
3-Hydroxy-3-methylglutaryl-CoA synthase (HMGS) 1
MVA 3-Hydroxy-3-methylglutaryl-CoA reductase (HMGR) 5
Mevalonate kinase (MK) 1
Phosphomevalonate kinase (PMK) 2
Mevalonate diphosphate decarboxylase (MPDC) 1
1-deoxy-D-xylulose-5-phosphate synthase (DXS) 3
1-deoxy-D-xylulose-5-phosphate reductoisomerase (DXR) 1
(ZMg:Fr)nethyl—D—erythritol 4-phosphate cytidylyltransferase 1
MEP 4-(Cytidine 5’-diphospho)-2-C-methyl-D-erythritol kinase 1
(CMK)
2-C-methyl-D-erythritol 4-cyclodiphosphate synthase — (MDS) 1
Eg)ﬁél)—hydroxy—i%—methylbut—Z—enyl diphosphate  synthase 1
4-hydroxy-3-methylbut-2-enyl diphosphate reductase (HDR) 3
Isopentenyl diphosphate isomerase (IPPI) 2
Farnesyl diphosphate synthase (FPS) 2
Downstream :
Geranyl diphosphate synthase (GPS) 1
Geranylgeranyl diphosphate synthase (GGPS) 2
Rubber %m&lol rublber particle protein (SRPP)/ 6
biosynthesis ubber e ongation factor (REF)
cis-Prenyl transferase (CPT) 2
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o 2}g]2~ cDNA % primer #|Z}

# Ao} WEH ZXE extraction buffer (100 mM Tris-Cl, pH 7.8, 350 mM sorbitol, 10 mM
NaCl, 5 mM MgCl)E AH&ste] gte =5 LA

- FZ3% g 204 total RNAE FZ317] ¢lall Lipid Tissue Plant Kit (Qiagen)< Al-8-3t
RNAE FZ3doh

TOPscript RT DryMIX(Enzynomics)E AF-&3te] 2uge] RNAZHFE 28] ~cDNAE A8t o).
AFARAE FHA 39709} reference FAARE AFSE ThkActinlol W sequence AEE A
g &, Z+ FAA o i3 gene specific primerE design 3+ th.

of

o MFHYA Bd FAAES TIHFE 24

- A Zg primers ARESt] 39709 nFAFAE B FAAES s A LS ZASEAT
CFX96 Real-time PCR detection system (Bio-Rad)& AM8-3}4 quantitative real-time RT-PCR
(QRT-PCR)-& 3331 Th.

TkActinlé reference® AH-&3te] normalization ¥, A3}gk-e AU

qRT-PCR= &sf Tdo] YehbA] &2 57 FHA= Al st

- MVA A= f3d259 23o] MEP F&2 fxx4E59 23R Az =4 deistth
TR SAAS F, TKSRPPS, TKSRPPS, CPTIS) WL vj$ w7 Uephgtch

TEAACT]
TEAACTZ
TEAACTZ
TAHMGS,
TEHMGR,
TkHMGR,
TEHMGR,
ThMKI

TkrPMK1
T&MPDCY

RN
<

TkDXST
TkDXS2
TkDXRI
TEMCTI
ThCMK 1 M
TkMDSI
TkHDS1

TkHDRE
TkHDRZ

TKIPPII
= TKIPPIZ
ThkFPSI
e D

TkGGPSI

TkGGFPS2

TkSRPP1
TkSRPP2

I
TkSRPP3

TkSRPP4, Ri
TkSRPPS bi

TESRPPG

TCPT2

L
0.00001 0.0001 0.001 0.01 0.1 1 10 100 1000 10000 100000

Relative transcript level/7kActini
(Log10 scale)

a% 6. e Aol WEY ehelne nRATAY BA FAAE wHYy
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ATA n AFHEE FE FAA DAL Cloning 2 A=
W A

1. RNA-sequencing databaseS vl&o.2 &H 3 HE peptide AGAHRE o] &3] oA}

Zol AFAFHEL FAAE FR G,

GTTCAAACATCGGCACGTTTCAATCCTCCAAACGGGACCATGTTGCAATCCTAAATTCGATTCTGTCAGTAGAACCCTGCCTTGTG
GAGGGACGGCCAGTATGGAGCGACATCACGCTGGTCGCTCACGAGTTCATCATAGCCGCCGACAACGACTTTGAGTTGAACGTATT
TATCCCCCGAGAATATGTAAGTTCCGTTCTCGGATCCTGGGCGGGGGATGATCGTGTCGATGGACTTGAACTTCATGACGCTCCAT
CCCACTGTGATGGGCTTTGGCCCGTCGAGGAGCTCGTCGTTGATCTGACCCTCCGTAAACTTAATGCGGCAATACTGTTCGCCACT

GAAAATG Al Mol FF

2. E coli & YeastollA] TEATAH TR )23 Gud Ak
chilz uby WS A2 & A AT o) ~EoA A3 dE S ol o) o] &y
A}

® SRR
a Gl Buwwarsl = Cafl bk [wifify MgCl) == Hiv panification (with Mack) = Piso column [disatligt S0 wadion

it « i) Mpik)

| 1 'I. R
-
= Elutian buster
| v b e oL i
- | frrobil e e e
- | » Bemd s el e
. | SR Sl
« HiiAY M
* Ba
: - me
e e elieition fadtion i, il b Bl
Full ot P ke ractin G et MY S il P

O 705 AR TR A ade] B (Yeast)

3. Heveaol A &3t HAF AP FH dijdo] A A=

Antigenicity of whole protein

ProtSoale output for user se quence

_— . Pre(y:lictionG
HnED: 7 Hnn LiNaads ) peps- 1+6 ELlSA test
= Predictiana Prediction3 s
Prediction2 2.000
o Predictionl ( | Prediction5
N Prlediction4
. q) 1500 ————
§ osh \
& 8 1.000 —4—pepl6-1
Y= ~=fi=pepl6-6
|
. w | Aﬁ 0.500
| |
0.000
st = == P prs s 1/1,000 1/5,000 1/10,000 1/50,000 1/100,000
Position
- - = = =
O 8 I AR TR owude] A A%
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1. FATFE YA

Heveaol| A latexE
bottom fraction®. 2 & 17
Tl o] e S

whal o] B} chalg

F8317] 9]

A in

A

3. 24 AR 1¥
24 AA

=52de WYY

o A oltt.

AEH FH o

2 BAR FF A o 22 o8-S A
3lo antibody (&=
vitro assayE F3sle] TR dhwlEo] 1 AgA o] FAS

A Az G AS 7EA A in vitro assayS 3. HAI

ok

Aol FAAR

J[m

5 =4

S 1 ohalE o] Western blot ¥ immuno-precipitation

83 & ultracentrifuged}e] rubber particle &, C-serum &, %
al

immno-precipiation$t ¥ Western bloto.2 JFAYSHAY S8

ESAL T 1=g
Latex
Latex WRP C-serum BF (P.C)
v - a - - - --ﬁ-
a9 9. 1 F A ITr oz o] Western blot

S 1) wwdol n vitro Assay

E’ /\gig‘/l-]
oA} olede ojeleg
A E=35 o, [PSH

Hol&= Ae glg

ANE AZFste] immuno-precipitation(IP)-&

ARy FH B 5554
5 5 [e) o) =] = =]
BE AEY TR s A4 HDE S6Edsgth 2 oo} PCT
= o S E

£ 9 ¥ X} 2015.05.07

E 7 M HMEFE SHUEE

£ 8 ®H F 10-2015-0063748 (4S5 1-1-2015-0438703-05)

£ FAE FTUHISHTL(3-1999-034166-5) 2| 1H

2] @ M =™ *37EH9-2005-001504-0)

e A JdF SHH

wFeo FI HANE STz REUAC ZEDH YU 09 2
E re? = X}
= O o o
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A9 A a5 AYEAH F%A promoter sequence cloning
o NEZTFEAL FH FHA2] promoter ¥ EF
- o]

A AFol|A SRPP promoterE A3t

Aol wEFe WA oloh VA AR FAABAE ALY @ laticifer 2o Sol#o.
2 0ddE 5 9=% 3

& promoter?] FHE 93 LFFTFEL FH {9 promoter

2g3ta, o]% promoter-GUS FAAEA Aze F3) AAMZ TH HH29] promoter

7} SRPP promotere} mpzlb7}A| 2 laticifer Z2}of] W& & =%] Lo}

o WEFFEL FH FHAe] promoter £

- Y2t FUF (Hevea brasiliensis)2]
genomic DNAS 3=
s34 & HASE=

o] promotere Ao} F1E#| oA laticifer =

-

it

Yo=RE CTAB &4E& AH&ste &8 WS
‘5}2213}. o]# 3 genomic DNAS Nanodrop 7171 A3l DNA

3l
lr_

o -

€ 50 ng/ Lo = SrE3i.

o T

- ol dFE T3 ¥ FFEFEA FE FAAYA FgaF U5 Pepl6 (HbPepl6) 7=}
©] DNA sequenceE HIE O =2, genomlc DNAE Al&3}o] inverse PCRE 3314t
- pGA3383-& BamHI, Hpal A|gtEa4L= Ah

o] pGA3383el PCR 4t=< ’a“”;}%lﬁ}.

H ©

&+ & BamHIe. 2 A3k PCR 4FHEE ol Alol A s}

Baml Hpal

a9 11. pHbPepl6-GUS WE Q] HA

Al 10 d FAA = 9sdE FEARA Az

=43

o MEY FAATA A =%

- M= FAAGA M-S AT AEA AL} 20S GHsta, GRE AEA AES 7
=5 HEOSE YPYHHS §z‘§r°ﬂ Atsd QgRle= 3t Agrobacterium
tumefaciens strain¥ P Az 3 HEHE

kA 71, ol &

TRANNINE G
ez HUWE ARY BH FAA7 AR

1:]
]:’
o vl

WEH ABAE A4
AT AFAHEE FE FAA] BF A

|l
A A=
- AREFgas F8 {F@A2 HbPepl6ol] g
promoter (SRPP promoter)E AR&-3 & 3
- pHbPep16-GUS (pHbPepl6-GUS #E] 2] x.2]
- pPSRPP-HbPepl6 (pSRPP-HbPepl6 #E]e] w2 = =)

st promoter-GUS A &A 9 latex-specific
FAHSAE B
A

S
@.‘t‘b Q,j-f::_:§. B oA oG

q}'ﬂ-
—  oSRPP |— HEPepI6 ‘Hﬁ

SRPP FUTR

1% 12. pSRPP-HbPepl6 #WE S AL
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— pHbPepl6—GUS % pSRPP—HbPepl6 ®H %9 AIRIE#} eirotvlEw 234
LS 913l NAA, IBASF BAE o] &3t AEstE A S22 24 A slo| 1= nmto]
AlS o] g3t AEA S gAY A= EF MS saltsS 7|EOF agarte
geliteE o]-&3 wixE A& Gtk Ad WEe S Az o A & NAA

0.2mg/L, BA 2.0mg/L 7} H7be wjA]el A 21342 NAA 0.05mg/L H7F & wjA] =4
oA AEst AEAE DS T AT YAF WEHe Fe Aelx H ¢ FAHE BA
0.01mg/L, BA 3.0mg/L X3 AEA A FHPFE NAAZE gle mjA oA 71 £&
ANE Holth steli@utolale] A4 sto]1=Eulelal 10mg/L7t 23 | Agul el A
H g 4 9ol o] & Ry s2F 9 A sEE AEste JAATS Fadsslih

215 A

an

ully

Bgol A Ae
R RN

_o]
o
=

915, AN & LU Aitst A
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o WFAHAClY HT WP mAEY] st B IRASe 1RFFL oFE T2E E
E #4ade gaste ATE SRS AEA L vlo| oo 2E A UR AE
T, fEgs B vA=e] AR te o8 Hiurk Ao a8y AEAe] aygl
e Mee == MYZERY wegole] §F2 AF7HA Bud ul gtk & A7A4EL
AAT A AE2 FHEI Qe TKS WEg oA dAnTo o] wAe Meg v
YEERY v eole] FFL FAaAsHTh

70 -

N w B n )
o o (=] o o
I L 1

Avg Rubber content(mg/g root dry weight)/plant
=
[=]

i i‘[

control BA IAA BL GA3 JA ABA Drought SA 25% 100%

o

g 21,

2 vighe mi viweggutEelol Ao o nEFY 37 L 5524
o B ouye vge Er WdRERY uEelol Ao o8 ABAe L¥ FF F7 ¥
of B o, HE AASAE ABAe viHke w= MgzERY veolE Helste] 4
Ao AF FFL F/AAE WY 2 vge w- vdzERY veolE fEAEOR
et ABAY LT G ZhE 2HE B Aotk

£ A 2 X 2014.0925
g J M B AMERE)SHAEED
£ 2 W & 10-2014-0128083 (B +=HZ 1-1-2014-0911262-44)
ER0 HA SIMAZSHPR(3-1999-034166-5) 2| 1Y
hele &9 %724(9-2005-001504-0)
ST A SHE
@ of o x Hgs f= lE2E2H SH 20 Ml & A2 H ol
< = A DR EEE BIAII = Y
= = X X
= O'I dl b
gl 22
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3 6. 2Eld H Y Alol=d] mE uNFE 88
Sample type powder semi fine powder fine powder
Rubber (5/9) 5.0 7.5 9.5

a9l cyclohexane B & % Ay %o e %3 588 2489 HyE 4g
o] &3t ¥el g cyclohexane W& zHZh 1:10, 1:2002 HASISTE 2 =
shaking2 z}z} 25C, 50Co|A RPM1509% 2 "101—1,*,\,\_@ Qo] Zuks wy) 93 &
A 5 AES st 8¢k cyclohexane®] HlEo] W& i1 < 5
o 1109 v EoAE oF 8% a&S HYoM, 1 1 209 HEANA = oF

D109 HEOA H £ AFFEFEES BT MY &EE 1

XA %= Ao E e

7. 8M9 BlEI A2 2R WE AFFE a8
RT 50T
sample:cyclohexane | Rubber(g)/root(4g) | sample:cyclohexane | Rubber(g)/root(4g)
1:10 -1 0.31 1:10 -1 0.31
1:10 -2 0.31 1:10 -2 0.32
1:20 -1 0.26 1:20 -1 0.24
1:20 -2 0.22 1:20 -2 0.21
ot B Al

Al 14 A HAS RNEGNA F23 HAnFo £
1. A&} vlo] o~ ek dr 2 NIt
O A&} vpolQufjx ok i
— g7 a9 ol B AE eAcl WEdHE kel F 13, 712 18)

Jﬂ 24, aizx]o}u] ?,1] \:HB!: IRt
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I

MAES H7lshel 1TE

A

A7 din] Aol A & d HALFE KS
Higkel o8 HF & EHIFAHES AAH KS M 651807 &) A FHH &

Q59T

O As
B oAl A widt 24 %= Table 1o UeEb) AT Heave aFuiolA =9 3
AT Gradew SPR#20E A&stion, 7HEEH -2 N330HAP)ES AH&-3H3 T
3 JIHE st =24 24 CBS(N-Cyclohexyl-2benzothiazole sulfenamide)9} 3+
Sulfun& A&stA T 4kstotd, 2Holy4, 2 U FAsHA A &3t

i, PN Ad5T mEdA
SPR #20 HAday F&55
1 SPR 20 100.0
2 8 W Ay FE55 100.0
3
4 Stearic Acid 3.0 3.0
5 Zn0O 5.0 5.0
6 A-2 4.0 4.0
7 C/B HAF 50.0 50.0
8
9 Acc.CZ 1.00 1.00
10 S 3.00 3.00
g A 166.0 166.0
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