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1
1.1 ( Hevea brasiliensis Miill. Arg. ) CATAS 73397
64 N o DNase [
 RACE SMARTer™ RACE ¢DNA Amplification Kit clontech ; Rever—
tAid™ First Strand ¢cDNA Synthesis Kit Ferments ; DNA OMEGA ; Pyrobe—
st™ DNA Polymerase PCR SYBR Premix Ex Taq I ( Tli RNaseH Plus)
; pPEASY BluntSimple Cloning Kit ; o
DNA Invitrogen o
1.2 ( CK): ; ( Wounded) :
; ( Tapped) : o 18 o 8:00 S/2D( )
N o 26h1357d 10 min
( N N ) 3 9 ml( 3 mL)
RNA.
1.3 S/2D di( 1 1) 5 8:00 h S/2D dl
6 1 o 10 min 5
10 mL( 2 mL) RNA.
1.4 S/2D d3( 3 1) 5 8:00 S/2D d3
5 30d 6 1 ; 10 min
5 10 mI( 2 mlL) RNA.
1.5 RNA cDNA RNA . Rever—
tAidTM First Strand ¢DNA Synthesis Kit Ferments c¢cDNA 1 Ferments
1.6 HbGSK1 RACE cDNA 1 GSK3
Unigene RACE 37 5 . RACE clontech SMART-
er’™ RACE ¢DNA Amplification Kit . RACE Unigene
c¢DNA ( FCTGTATTGAGGGAAGTTGAATTTGC R-TTATGT-
TAAGCCTCATTGCATATGCT) RT-PCR c¢DNA o ¢cDNA o Ipg
RNA 20 pL c¢cDNA 1 5 c¢DNA o
cDNA 50 pL 10 x Pyrobest Buffer I1 5 L. dNTP Mixture( 2.5 mmol * L.™") 4 pL Pyrobest
DNA Polymerase(5 U * nl.™') 0.25 ul. 2.5 pl 10 wmol = L™'
0.5 wmol * L") .cDNA 1pL.ddH,0 34.75 pL. 195 C 3 min 94 C
30s 60 C30s72°C2mn 30 ;72 C 10 min. 1% PCR
pEASY-Blunt Simple Cloning Vector Invitrogen o
BLAST GenBank o
1.7 DNAMAN HbGSK1 c¢DNA NCBI ORF
Finder ( ORF) ; NCBI GSK3
ClustalW MEGA4.0 neighbour—oining( NJ) 1 000
bootstrap HbGSK1 GSK3 ; ProtParam
;' ProtScale / ;. SOPMA
SECONDARY STRUCTURE PREDICTIONMETHOD 2 ; TMHMM Server v.2.0
; TargetPl.1 Server ; SignalP 4.1 Server ;

PSOR : Prosite X NetPhos2. 0 Server
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1.8 PCR HbGSKI cDNA qPCR ( F: GAGTAGTATTCCAG-
GCTAAGTG R: TAGTTTGCAGCTCACGGTTCTT) Hb18S ¥ ( F: GCTCGAAGACGATCAGATACC R:
TTCAGCCTTGCGACCATAC) HbGSKI HbGSKI  Hb18S  ¢PCR
99 bp 145 bp. Tpg RNA cDNA 1 10 PCR
. qPCR 20 wL 2 x SYBR Premix 10 pL 0.4 pL( 10
pmol « L~ 0.2 pmol * L™') ¢DNA IpL ddH,0 8.2 uL. qPCR
BioRad CFX PCR qPCR
195 C30s95C10s60°C20s 72°C20s 40 40 o CFX-
manager 3.0 Cq 0
1.9 Excel 2003 SPSS R-E-GWQ( Q)
( alpha <0.01) ( alpha <0.05)
(alpha >0.05) . Excel TTEST( Array 1 Array 2 Tails 1 Type 1)
ok 7 (P<0.0) 7 (P<0.05) . Q=2%%=
o min Cq - Sample Cq i
2
2.1 HbGSK1 cDNA RACE HbGSKI( Gen-
Bank: JN835185.1) cDNA 1 506 bp 1 230 bp ( ORF) .64 bp 5~-UTR
212 bp 3*UTR 409 ( 1o

1&L
GOH
1LB%
BE5
20X
T2
22N
ran
243
B4%
261
BOS
281
265
30%
1025
a2
1085
Z4%
1348
36%
1205
JEL
126G
A0
1325
1S
1445
1505

etk
attgagggeagtitgaattcgeaaaqggaatatacttggtbttttbecttbtobtagaacan
ATEECTTCMETAMGCETT GIACCTAC TTCT GEAT TAAAMGAT OCAMIT GEANRTACAGCT
MoOoH®k 8 WV o8 Vv vV P O I3 o L K D P S G N T A
GE DT TERERGGTEACC T GATEAGA T GAAT GAUA TGN T T AGEFT G CARGGARR TG
G v P R L P D E M N DM K I R D B K E M
GARGUAACGHITET TGAT GETAACGEAACAGAGACEEGUCACATAR TT GTCACAACTATT
E A T OV V D G N G T E T G H I I W T T X
GGG ORBANN M CEACAGCCRARAACAGACARTARGCEAPATGEC TGRS GG QI MGG
@ & K oW 5 Q F K Q T ¥ 8 Y M & E R V VvV G
AT GG DM T GEAGIEAGLAE PCOAGE P ARGE GO OTAGAGRL TG GARA LT G PGON
H GOS8 F G ¥V ¥V F Qg A K C L E T G E T ¥ A
BT DHBABAAGETTCTACAKRGATAAAAGETACARGARACCGTEASTTGCAAAC TAPGCGTCTT
I K K ¥V L § D K R ¥ K N B E L § T M R L
CHGEEACORCENCCAR TEEAGT G CCE T EAMACACTEI T T O PC TCAR CARC TGARARAGAT
L D A P N V¥V ¥V 838 L XK B C F F 8 T T E K D
GATCTTUATCTTARCCTEETAC TTEAGTAT GTCCCTEAGACT ETTCAC CEOGTEAT CRnN
DL oY LN L v L O E Y OV OF E T ¥V H R V¥V I K

ORI TP A L CRARAG CACTI AR TATA AR AT A AG
HoOoWw N O E M G g R M P L ¥ ¥ ¥ K L ¥ ¥F Y Q
AR TP G OO TS OA TR T O CARC A AT 125 Lk SCRACBCT RN

r ¢« B A L A XY X H N T X &G ¥V O H R B I K
COTOAMARTT PCTTCGTIAACC CACACACCCACCAGCTGAAATTAT GT GACT PTGGAAGT
F oQ M L L ¥V N P H T H Q E K L C B F G 8

BUABRARGTTIT TGETGAA CLABMC, T BET AT TATCGH
A B VvV L ¥ XK 5 E P OHE X 8 ¥ 1 o 5 B ¥ Y R
GUACCTEARCTTATATTTEGTECARI T CROCRCAGCUATTIGRCATTIGETUTRCT

B P O E L X ¥ o A T E ¥ 3T T A X ) = I % w o8 A
BT rETETCCTAGUTEAAT IR TECTTGEACAGCCTCICTITUOCTEOUGARAGTGEARTEG
5 ¢ vV L A E L L B G ¢ ¥ L ¥F ¥ G E 8 © WV
BACCAGU T I EARA T T AT AAAGET TITHGETACTUIUAACACH THGAAGAAATUARSTGD
o o9 L ¥ E I X E ¥V L ¢ T P T B E E x K o
BPGAATCOUBRACTACACTEGAGTIUAART T CUCCAART CARAGCTCACCURAPGGCATARG
H N ¥® N Y T E FOK OF P QO X E A& H P W H XK
ATRPPCCRTAACSCETARCCOCCCTGAASCTIOTGCSADCT IGTCTCAACACTAT TGUAGTYAL
x E . | ¥ B M P ¥ OE A ¥V D L ¥V B8 B L L 9 ¥
POTCCARATUTTOGARGCACAGCTCTGGAGGUTTTGATCCATUOCUTICTTRCAATGACTTA
=5 ¥OMN L. R B T A i E A }  § H ¥ F O¥F N B i
CFPEACCOTAGCACTCECTTACTAAATGEATECT TCCETC IR CCALTETTCAALUTYINAG
® D P 8 T R L P N 4G B ¥ L P P L F K F K
LOTCATEARUTEARGEEUTTECCAATT TEETEET ACCTARATCCUAEBAGUATECA
B H B . E ¢ L kO E ¥ L. ¥ K L E P E H A
AGRAAGCARAPSTGUCTRCOMNISCOTNMTGALgeagEtaoggtgtagt tagt gotgot
R R  C A ¥ L G ¥ *
sgoagoaaaatgtgobgtataanagtagotagtitcangigaboatat tgaagoagbgEt
Aatitgitaggeatosratgbioatittabtoottatbat tstiabti bigatethaetatet
etbtgbagagagoagatasasaagaagbttotgottattatgttasgooctoatbgoataty
fed ol

1 HbGSK1
Fig.1 Nucleotide and deduced amino acid sequences of HbGSKI
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2.2 HbGSK1 ProtParam HbGSK1 409 46.35 kD
8.69 (Asp +Glu) 43 ( Arg + Lys) 49
6 565 Cong Husou Nogy O S 34.83
91.71 -1.215 o
ProtScale HbGSKI1 / 110 Try
( =3.567) 265 266  Ala  Clu (2.200)
; 4 (11 ~42 104 ~
123 292 ~329 357 ~372) o
SOPMA HbGSK1 2 HbGSK1 2 33.99%
a- 20. 54% 11.74% B - 33.74% o o —
B- .
HbGSK1 ; HbG-
SK1 ; HbGSK1 1 ( non-—
secretory proteins) ; HbGSK1 3 5
Prosite HbGSK1 5 : 4 ( N-myristoylation
site) 1 ( tyrosine kinase phosphorylation site) 3 N - ( N—glycosyla—
tion site) 7 I ( casein kinase II phosphorylation site) 5 C
( Protein kinase C phosphorylationsite) o
NetPhos 2.0 Server HbGSK1 13 5
(Ser: 10 135 232 278 364 Score 0.845 0.901 0.861 0.843 0.819) 4
( Thr:43 117 137 347 Score 0.799 0.831 0.949 0.705) 4 ( Tyr: 110 143 233
305 Score 0.520 0.957 0.710 0.835) .
2.3 cDNA HbGSK1
HbGSK1 ( AFC33050) MANES _01G232500
( OAY61979. 1) SRPKa( XP_012082965. 1) ( 2.
a OAY61979 1
# XP 012082965.1

AFG33050.1
OAY48865.1
XP 002515218.1

XP 017638325.1

- XP 007051227.1
43‘{ I: OMOB4068.1
% OMO082215.1

XP 0082278131

0.005

2 HbGSKI GSK3s
: AFG33050. 1, :0AY61979.1 OAY48865.1; - XP_012082965. 1; : XP_002515218.1;
XP_007051227. 1, - OMO64068. 1; : OMO082215.1; - XP_017638325.1; : XP_008227813. 1

Fig. 2 Phylogenetic relationships between HbGSK1 and the GSK3s proteins of other plants
Hevea brasiliensis: AFG33050. 1; Manihot esculenta: OAY61979.1 OAY48865. 1; Jatropha curcas: XP_012082965. 1; Rici—
nus communis: XP_002515218. 1; Theobroma cacao: XP_007051227. 1; Corchorus capsularis: OMO64068. 1; Corchorus olitorius:
OMO82215.1; Gossypium arboretum: XP_017638325.1; Prunus mume: XP_008227813. 1

HbGSK1 GSK3
HbGSK1 MANES_01G232500( 0AY61979.1) . SRPKa( XP_012082965.1) . SRPKa
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( XP_002515218.1) . MANES_05G011400( OAY48865.1) 96.09% 96.09%
95.84% 95.60%( 3) STKc-GSK3 o HbGSKI1 GSK3
o InterProScan HbGSK1
STKce-GSK3 (68 ~360) .STKc (73 ~357) . (83 ~311) .
(79 ~276) . (113 ~276) .ATP (29 ~217) . (245 ~313) .

(216 ~238) .

AFG33050.1
XP_012082965.1
ORY4B865.1
ORYE1579.1
XP_002515218.1

B2
82
B2
B2
82

AFG33050.1 le4
XP_D'J?-.')B?.QGS.'[ 164
OAY4BAE5.1 164
ORY61979.1 164
XP_002515218.1 164
AFG33050.1 246
XP 012082965.1 246
ORY4B865.1 246
OAYE1979.1 246
XP_002515218.1 248
AFG33050.1 328
XP 012082865.1 328
ORY4B865.1 328
OAYE15979.1 328
XP 002515218.1 328
AFG33050.1 408
XP 012082865.1 408
ORY48865.1 408
OAYE15979.1 408
XP 002515218.1 408
3 HbGSKI GSK3s
STKc-GSK3 (68 ~360) TREE (294 ~297)

Fig. 3 The deduced amino acid sequences of HbGSK1 compared with the GSK3s proteins of other plants.
The STKc-GSK3 domains are underlined ( 68 —360) ; * indicates the conserved TREE domains ( 294 —297)

2.4 HbGSKI1 188 qRT-PCR HbGSK1
2.4.1 HbGSKI
( )  HbGSKI ( 4. 4-A1
HbGSK1 3d ( 4-A1 Wounded) ;
2h1357d (2h1357d ) 1.33 1.43
1.80 0.75 0.68 3d 3d 3d
( 4Bl Wounded) . HbGSK1 o
2.4.2 HbGSKI
( + ) HbGSKI ( 4. 4-A1
HbGSKI 13d ( 4-A1 Tapped)
7d ( 4-B1 Tapped) 2h1357d
(2h1357d ) 0.19 0.88 0.70 0.24 0.32 .
HbGSKI o
2.4.3 HbGSK1
( = / ) HbGSKI ( 4. 2h1357d
0.14 0.62 0.39 0.33 0.47 1d 7d

(4Bl Latex) HbGSKI .
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2.4.4 HbGSKI (
) ( + ) HbGSKI (4. 14:00
(6 h) 08: 00 (2h1357d) (44 6 h
( 4-A Wounded) ( 4-A Tapped) HbGSK1 ;
( 4-B2 Wounded) ( 4-B2 Tapped)
0.53  1.63 ( 4B2 Latex)
3.07 ; (08:00)
(CK2h CK3d CK-5d CKZd) HbGSK] ( 4-A1 CK)
( alpha >0.05) 6 h
(2h13574d) (alpha <0.01) HbGSKI
L8 [ CK-=Wounded—Tapped 407 B
16l Al I et JMJ“I'I A2 —l—\'-\”nun:h-'.fl—l—l»ﬂl(‘x-’-'l‘up]u-!f B2
‘ 1. 35 :
14t Aa l
i < 1.2 Bh Bh L 3.0 ﬂ
KE o
®E ol N \ o /
rofs nol €D \(:“ \ Ce CTEL T = é
jrins Lpeea Lrkeae = =
EEN ¥ el g | DEde T ]
s 06 e B_o\| e H 2 ! /I &
= 04t/ Be \CDEde e pir @ LS g TN v
2 o/ N TN
« F'("' FGIg F(-‘ h : 3d d T 6h
0.0 L £ 0.5 = N
2h 1d 3d 5d 7d = =
o 0.0 Yy gy g
AR BRI ] Time course after treated AR FRIFHE] Time course after the first tapping
G .
N Y ~v" d
Sampling al 08:00 14:00 08:00 14:00
4 (S/2D ) HbGSKI

Fig. 4 Expression patterns of HbGSKI in latex at the indicated time after mechanically wounded ( Marking the S/2d cut lines

without latex outflow ) and tapped under the S/2D tapping system

2.4.5 S/2D dl1 HbGSK1 HbGSK1
13d ( 4-Al Tapped) 1d ( 4Bl Latex)
HbGSKI 1d
5 8:00 S/2D d1 6 (1st2nd 3rd4th
5 th 6 th) 10 min 5 ( 2mlL) 10 mL
RNA cDNA 1 1 qPCR (st N
2 nd: 1 3rd 2 4 th 3 .5th 4 .6 th: 5 ) 1d
( 54), 2 (2nd 3 rd 4th5th 6th) HbGSKI
4 (4 th) ( 5A);2nd 3rd4th5th 6th
0.52 0.56 0.67 0.53 0.49 4
( 5B);
(2 nd/1 st 3rd/2 nd 4 th/3 rd 5 th/4 th 6 th/5 th) HbGSKI
2 nd/1 st 3 1d/2 nd 4 th/3 rd \5 th/4 th 6 th/5 th 2~6
1~5 0.52 1.07 1.19 0.79 0.93 ( 5-C), 1d

HbGSKI HbGSKI
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S/2D d1 2 HbGSK1 o
2.4.6 S/2D d3 HbGSKI HbGSKI
1d3d ( 4-Al Tapped) 1d ( 4-B1 Latex)
; HbGSKI
S/2D dl 2 HbGSKI
( 5<).
HbGSKI 3d
5 8:00 S/2D d3 5 30 d 6
(1st2nd3rd4th5th 6 th) 10 min 5 ( 2
mL) 10 mL RNA cDNA 1 1 qPCR
(1 st \2 nd: 1 3rd 4 th: 3 \5ih: 4 .6 th: 5
30 d) 3d ( 54). 2
(2nd 3rd 4th 5th 6th) HbGSKI 3 (3rd)
( 5A);2nd 3rd4th5th 6th 0.50 2.17 1.19 0.83 1.03 3
3 4 ( 5B);
(2nd/1 st 3rd/2 nd 4 th/3 rd
5th/4 th 6 th/5 th) HbGSKI 2 nd/1 st 3 1d/2 nd 4 th/3 rd N
5 th/4 th <6 th/5 th 2~6 1~5 0.50 4.34 0.55 0.70 1.26 ( 5-
()] 3d HbGSKI
HbGSKI HbGSKI S/2D d3
’ et e P33 R E=
) & %2 F BChe / \Am’\l):/fxl
HbLGSKI : 1 0 ]k - Foh = _
B Ce . 4 . ‘ .
HbGSK1 _% 22 ’: M'. g Egh | Egh
2 h 3d o~ Ist 2nd 3rd 4th 5th  6th
Tapping number
3 d . [ S =] :
e LS 4+ 52D dl
( 4-B1 Wounded) £ ,|B A —aS2D d3
HbGSKI HbGSKI S st / —.
2h E; I TL%:!\-? nd/ Vst I_"’,- rel/1 .-=.!'4 thil si?m ih.f:‘l.- “l
7d 205 oy : .
= g n/l
( 4B1 Tapped) AT
( 4Bl La- N C - [ ——smDpai}
= 4 ‘ | —&— S/2D) d3 |
tex) ; S/2D d3 2 £ 3 t A
HbGSKI 2 3 S 5 [ / \
( S_B) S/ZD -_:E ;I\ 1 Hl” HL, Ty 3 ”]"Q T"] 4 14 18 N A Y
dl —; U 2 nd/1 st 4 LD T WS o iy i
(n+1)/n
( 54 B) 2~3 5 S2D di i S2D d3 #liE ik B F L HhGSK I
HbGSK] 5-C); KRBy 3K 401
Fig.5 Expression patterns of HhGSK 1 in latex under the
S2D d1 and 5/2D d3 tapping system
(4B Tapped Latex)
HbGSKI ;o 8:00 (2h1d3d5d74d)
( 4-A1.B1 Wounded) . ( 4-A1.B1 Tapped) HbGSKI 14: 00 (6 h)
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( 4-A2.B2 Wounded) . ( 4-A2 B2 Tapped) HbGSKI
14:00 8:00 ( 44 CK) HbGSKI
GSK3s o # o AtSK13 AtSK31
AtSK42 AtSK22 » AtSK31 .
TaGSKI 7 +NaCl TaSK5 7
0sGSK1 0sGSKI 1 T-DNA
o ® 2 % SuSK ; MsK4
* »NaCl ABA PEG. JeGSK .
KdSK 2 WH,0, SDS FGK3 B GSK3s
MCKI N . . . W
GSK3B 1 GSK3 7 AtSK22 mck1
® . TaSK5 Amckl 7
PpSK2 PpSK4 5 MsK4 s
GSK3s . . HbGSKI HbGSKI
; HbGSK1
HbGSK1 .
AtSK31 * ASK21 PIF3
PIF3 O ASK21 bin24 1
GSK3s « HbGSKI .
. . HbGSKI
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Abstract: Recent studies have revealed that plant GSK3 proteins are actively implicated in hormonal signalling
networks during development as well as in biotic and abiotic stress responses. The GSK in rubber tree function in
stress tolerance is unknown. Rubber trees of clone CATAS7-33-97 were treated with mechanical wounding ( with—
out latex flow) tapping ( with latex flow) with the untreated as the control and then tapped after 2hr 6 hr and
1d 3d 5d 7d of treatment to extract the total RNA from the latex sampled and the full length cDNA of HbG-
SK1 ( GenBank: JN835185.1) was amplified from the ¢cDNA library in the latex. It was 1 506 base pairs ( bp)
in length containing a 1 230 bp open reading frame ( ORF) encoding 409 amino acid residues with a predicted
molecular mass of 46.35 ku and a pl of 8.69. Real-time PCR analysis showed that the expression of HHGSKI
was upregulated by mechanical wounding ( without latex flow) . However the expression of HbGSKI was down—
regulated by first tapping upregulated by second tapping and then recovered to the level of that of the untreated
control. The tapping had higher influence on HbGSKI expression than the mechanical wounding. Furthermore
the expression patterns of HhGSKI in the latex was regulated by biological clock. The change of HbGSKI transcript
levels in the latex indicated that the HbGSKI protein was involved in abiotic stress responses of rubber tree.
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