P VEY #2026, 47(1): 145-153
Chinese Journal of Tropical Crops

E AG AR B FL R 7k %788 36 3k ( HDGH36 ) M iz £ A F0
R RIE S H

41 2 1 1,3%
F R, N B, wHEE, & 1
1. ERG R R B s A W ARSI, YRS 5711015 2. rREBGE R BI= AR ST T, WREEM  571737;
3. E RGO BRI B, WRIET 571101

W OE: MTRERGIEN (RFOs ) & i A h i b 2 & A L 7L 3L (-Gol) IR BE . #FH (Raf) FIZK 5
B (Sta) JEX —FMEH I B, EZ R PR 01535 0 S0 M RS DR R e Rr A i e 4 vk . WESLOK G 36 Kk
(GH36) 2&—2% o FLBHT G, BEASHEIL Y -Gol MM ZE il RFOs, ELPURIEH ( Hevea brasiliensis) 2 & MR R IR
MEEAEY), FIRMIMNECERIE)E, BRI TR KM KRR R, EARRA R e rm A EE/EH. T34
UL P AR SRS JE L v 1 0 BE /K Sk il , A BIF 9 i 2y 25 v i R /K i il 36 %X 1% ( HbGH36 ) 1t 8 3Kl ( HbGH36-1~8 ), qRT-PCR
SR, 5 %A ( HbGH36-1, HbGH36-4, HbGH36-6., HbGH36-7 . HbGH36-8 ) 7EFL I 1 ik #2345 . Hid, HbGH36-4,
HbGH36-6. HbGH36-7 Fl HbGH36-8 £ HI il T &2 & /K P38 35, JELL HbGH36-4 Fil HbGH36-7 132 iA 48tk hy 35 .
Ak, HbGH36-1, HbGH36-4, HbGH36-6 fil HbGH36-7 7£ 4N Z M Ab BTt B H /K- #58, 1 HbGH36-6 75 2.0
T I5 YR KO R IR A I AR XS T o B P AR A i FLAS TR 4 43 9 Western Blot 1IESE, HbGH36-1 Fll HhGH36-8 1) 3%
KPR FLI C FLIE 44 R 7K R R o ax s J R I L Y AR S HbGH36s I eSS T HEM il 72 Hh I AL A e PE e 15
JCENE . A% R0 0 e LB BRI 4

FIE . PRI MK REE 36 FE; EUK; 24

FESES: S794.1 XEkFRERD: A

The Expression Analysis of Raffinose and Stachyose Synthetase of
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Abstract: Raffinose family oligosaccharides (RFOs) are the most widely distributed oligosaccharides containing
galactose (-Gol) in higher plants. Raffinose (Raf) and stachyose (Sta) are the main members of this family, which are
used as osmotic agents or active oxygen scavengers in many plants to maintain cell integrity. Glycosyl hydrolase 36
family (GH36) is a kind of a-galactosidase, which can catalyze oligosaccharides containing -Gol to produce RFOs.
Hevea brasiliensis is an important plant for synthesizing natural rubber. After tapping and stimulation by exogenous
ethylene, glycosyl hydrolases accumulate in latex and play an important role in maintaining latex stability. Eight genes
(HbGH36-1-8) of glycosyl hydrolase 36 family (HbGH36) were successfully identified to search for functional hydro-
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lases in the latex of H. brasiliensis. QRT-PCR analysis showed that five genes (HbGH36-1, HbGH36-4, HbGH36-6,
HbGH36-7, HbGH36-8) were obviously expressed in latex. Among the five genes, HbGH36-4, HbGH36-6, HbGH36-7
and HbGH36-8 were highly expressed in response to tapping stimulation, and the expression levels of HODGH36-4 and
HbGH36-7 changed more obviously. HbGH36-1, HbGH36-4, HbGH36-6 and HbGH36-7 expressed at high levels in
response to exogenous ethylene stimulation, and HbGH36-6 expressed at high levels for a relatively long time after eth-
ylene stimulation. Western blot of different components of H. brasiliensis latex confirmed that HbGH36-1 and
HbGH36-8 were expressed in C-serum component of latex. The results indicate that H. brasiliensis HbGH36s may be
involved in the regulation of latex stability and latex physiological metabolism in response to tapping and ethylene

stimulation.
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Fig. 1 Cloning and multiple sequence alignment of HbGH36 family genes
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Tab. 1 List of homologous proteins and genes of glycohydrolase 36 family (GH36) in H. brasiliensis

NS S E RS HAAK Fe AU AR R N 25 LN £ TR

Hits protein ID Protein name Identity/% Gene ID Gene name
XP_021664568.1 probable galactinol-sucrose galactosyltransferase 6 isoform X1 84.264 LOC110653311  HbGH36-1
XP_021664569.1 probable galactinol-sucrose galactosyltransferase 6 isoform X2 84.264 LOC110653311
XP_021664570.1 probable galactinol-sucrose galactosyltransferase 6 isoform X3 84.264 LOC110653311
XP_021664571.1 probable galactinol-sucrose galactosyltransferase 6 isoform X4 84.311 LOC110653311
XP_021655969.1 probable galactinol-sucrose galactosyltransferase 5 36.742 LOC110646741  HbGH36-2
XP_021654613.1 stachyose synthase 35.892 LOC110645696  HbGH36-3
XP _021673893.1 probable galactinol-sucrose galactosyltransferase 6 84.082 LOC110660051  HbGH36-4
XP_021690978.1 probable galactinol-sucrose galactosyltransferase 2 43.639 LOC110672496  HbGH36-5
XP_021690979.1 probable galactinol-sucrose galactosyltransferase 2 43.639 LOC110672496
XP_021690980.1 probable galactinol-sucrose galactosyltransferase 2 43.639 LOC110672496
XP 021663463.1 probable galactinol-sucrose galactosyltransferase 2 isoform X1 55.443 LOC110652213  HbGH36-6
XP_021663464.1 probable galactinol-sucrose galactosyltransferase 2 isoform X2 55.669 LOC110652213
XP_021649506.1 probable galactinol-sucrose galactosyltransferase 5 37.280 LOC110641913  HbGH36-7
XP_021666835.1 probable galactinol-sucrose galactosyltransferase 2 isoform X1 44.374 LOC110654991 HbGH36-8
XP_021666836.1 probable galactinol-sucrose galactosyltransferase 2 isoform X2 42.857 LOC110654991

100 XM 021835288.1 cds XP 021690980.1 Hevea brasiliensis
XM 021835287.1 cds XP 021690979.1 Hevea brasiliensis
93 XM 021835286.1 cds XP 021690978.1 Hevea brasiliensis

XM 021811143.1 cds XP 021666835.1 Hevea brasiliensis
XM 021811144.1 cds XP 021666836.1 Hevea brasiliensis

100

AF007269.1 cds AAB61043.1 1 protein similar to seed imbibition protein Arabidopsis thaliana
AC002328.2 cds AAF79504.1 1 protein F20N2.14 Arabidopsis thaliana
100| | CP002684.1 cds AEE33292.1 1 protein seed imbibition 1 Arabidopsis thaliana
BT004640.1 cds AAO42886.1 1 protein At1g55740 Arabidopsis thaliana

65| AK227977.1 cds BAE99943.1 1 protein putative seed imbibition protein Arabidopsis thaliana
NM 104450.4 cds NP 175970.1 1 gene SIP1 Arabidopsis thaliana
CP002686.1 cds AEE79667.1 1 protein seed imbibition 2 Arabidopsis thaliana
CP002686.1 cds AEE79666.1 1 protein seed imbibition 2 Arabidopsis thaliana
AY050772.1 cds AAK92707.1 1 protein putative imbibition protein homolog Arabidopsis thaliana
NM 115612.3 cds NP 191311.1 1 protein seed imbibition 2 Arabidopsis thaliana
CP002686.1 cds AEE79665.1 1 protein seed imbibition 2 Arabidopsis thaliana

AK226370.1 cds BAE98518.1 1 protein imbibition protein homolog Arabidopsis thaliana
AL133248.1 cds CAB66109.1 1 protein imbibition protein homolog Arabidopsis thaliana

0 XM 021807772.1 cds XP 021663464.1 Hevea brasiliensis

—

751 XM 021807771.1 cds XP 021663463.1 1 Hevea brasiliensis

XM 021808877.1 cds XP 021664569.1 1 Hevea brasiliensis
100 | XM 021808878.1 cds XP 021664570.1 Hevea brasiliensis

XM 021808879.1 cds XP 021664571.1 Hevea brasiliensis
XM 021808876.1 cds XP 021664568.1 Hevea brasiliensis
XM 021818201.1 cds XP 021673893.1 Hevea brasiliensis

1

CP002688.1 cds AED92819.1 1 protein Raffinose synthase family protein Arabidopsis thaliana
AY090237.1 cds AAL90901.1 1 protein AT5g20250/F5024 140 Arabidopsis thaliana
NM 180713.4 cds NP 851044.2 1 protein Raffinose synthase family protein Arabidopsis thaliana
CP002688.1 cds AED92820.1 1 protein Raffinose synthase family protein Arabidopsis thaliana
AK227214.1 cds BAE99252.1 1 protein seed imbitition protein-like Arabidopsis thaliana
AK316714.1 cds BAH19441.1 1 protein AT5G20250 Arabidopsis thaliana
AK318923.1 cds BAH57038.1 1 protein AT5G20250 Arabidopsis thaliana

100
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100
87 |
100
—
0.05
2

Fig. 2

BT000632.1 cds AAN18198.1 1 protein At5g20250/F5024 140 Arabidopsis thaliana
AK317307.1 cds BAH19983.1 1 protein AT5G20250 Arabidopsis thaliana

CP002688.1 cds AED92818.1 1 protein Raffinose synthase family protein Arabidopsis thaliana
CP002688.1 cds AED92821.1 1 protein Raffinose synthase family protein Arabidopsis thaliana
AK221808.1 cds BAD93984.1 1 protein seed imbitition protein-like Arabidopsis thaliana

NM 122032.6 cds NP 197525.1 1 protein Raffinose synthase family protein Arabidopsis thaliana

CP002687.1 cds ANM67078.1 1 protein stachyose synthase Arabidopsis thaliana
AL161493.2 cds CAB80690.1 1 protein putative raffinose synthase or seed imbibition protein Arabidopsis thaliana
AK229121.1 cds BAF00996.1 1 protein putative raffinose synthase or seed imbibition protein Arabidopsis thaliana
NM 116428.3 cds NP 192106.2 1 protein hydrolase hydrolyzing O-glycosyl compounds Arabidopsis thaliana
AC007138.1 cds AAD22659.1 1 protein putative raffinose synthase or seed imbibition protein Arabidopsis thaliana
CP002687.1 cds AEE82106.1 1 protein stachyose synthase Arabidopsis thaliana

XM 021798921.1 cds XP 021654613.1 Hevea brasiliensis

100

XM 021800277.1 cds XP 021655969.1 Hevea brasiliensis

100
100
99
XM 021793814.1 cds XP 021649506.1 Hevea brasiliensis
100

99 AB006702.1 cds BAB11595.1 1 protein raffinose synthase protein Arabidopsis thaliana
AY062781.1 cds AAL32859.1 1 protein raffinose synthase protein Arabidopsis thaliana

NM 123403.4 cds NP 198855.1 1 protein Raffinose synthase family protein Arabidopsis thaliana
AY081645.1 cds AAM10207.1 1 protein raffinose synthase protein Arabidopsis thaliana
CP002688.1 cds AED94542.1 1 protein Raffinose synthase family protein Arabidopsis thaliana

B EBER HbGH36 ik 5 AtGH36 Rik R G H K
Phylogenetic analysis of HbGH36 family and AtGH36 family

100
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Fig. 3 Expression analysis of HDGH36s gene in rubber latex of Hevea brasiliensis in response to
tapping and ethylene stimulation
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U PG AR 4 e L 28 v 30 (140 000%g, 4 °C, 70 - .

30 min) J5H BRIk 3 N4, AR R
FiF (RP), CHIE(CS) FMB K (LO ). Western
blot /34 (& 4) &I, HbGH36-1 Bl £ 58
YR AL S 73 BIAE 5> F it 87, 95 kDa &b L H
Fr&c . AHEAS TR, HbGH36-1.1 1 H

B4 BAKKMKRILAEHSH HbGH36 &AM
BB F0 Z % R #AY Western Blot 4347
Fig. 4 Western Blot analysis of HbGH36 protein in
different components of H. brasiliensis latex in response
to tapping and ethylene stimulation

B> TN 86.8 kDa, HbGH36-1.2 45 [ BHip
- F N 94.8 kDa, IS T 87 kDa 4b %%
WS LAl R HbGH36-1.1 & R B2k
#7195 kDa Ab 454 A2 46 T /R HbGH36-1.2

EHRZ RS 1 HbGH36-8 (X TE57 T
i 86 kDa b ML H AR 5571 « S8 H T & 1,
HbGH36-8.1 HYRiA & H B s> T 86.1 kDa,
HbGH36-8.2 By &L HBLIE 4> T2 4 78.8 kDa,
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PRI R 53F-5 86 kDa Kb 4524k AT 2 /R HbGH36-
8.1 A MM R B kaH,

Western blot Z55 %, HbGH36-1 Fl HbGH-
36-8 FEAE CS W&, JfH HbGH36-1.1
F1 HbGH36-1.2 M [ £ 4 I ORR B2 g ek /b, i
HbGH36-8 i i £, S AR S w3 i, ik — 7%
A LR 5 H 3 DR A R ) Ak B R o A ik /K AR
LM AEEAH I, . HDGH36-1 K& R %% 5 /K Sy L ]
BB A2 X s SR 1 R ) e 17, 3 R ]
FLZE mRNA N HE A B EBAN, LR
{555 10 BB BT . X R BE PR e ik 5 2 LR R e )
] FA—2, — mTREIE TRE RS EAH
GH. R BN BRA SRR 25 22 . k™Y
mRNA RS E AN RARESHEFIER L &
A T, B BE R AE A DI RE I EAE AT
H, HRPOKTFTZEER A, Fln, @
117 B AV R A S B S RSB, 7R S s sh i
Rl F BRI HbGH36-1 & [t E A E, Mk
B HOOF e L IE 5 D g i Tk

3 iTig
31 BEEBRKRMmMEIKRMZENHE,
GH36 KRG REEARZKTEEFEER
ARG, X U PG AR I e TN A7 U
ERATILEHR 5 A~HFA RafS/StaS ihitEny
HbGH36s i 1 1 2 F1 £, 4 i 25 7 63k o Raf Hl
Sta 7E 2l g H A9 AR R e 08 38 L R T A0 9B O
T A A e HE M, S8R ke A AR B SR RN AR e
IR ST R R, K T RafSHE K Z iR HY ZmRAFS
ERREY) 2 AE A YA B OGS Y, IR
(1 3k Fe IR T AR 0O T S WA i 2RO B
Bk RafS ( AcRFS4) ¥ 5goK-F- A6 aa i i 2%
K, ACRFSA 7EA R I Hh 1Y 3k i SRR TE I i A
HASE T Raf BB BB ER 0 AT 2 R
R W38 RIRE S A T AN A g S AP ] GH R G
o i o i PR Bk K, T AR G AR
WY ZERAEY A A DS R R
ISR PE 2 S, DR B0 R A B9 £5 M ad 1 it A2
PP BRRA 5 ADNAFIZEF AN RafS il 2 A
[ LY StaS o i T i J5 Bk, EXT
SN STER: OB S 3oy o il o N2 R T AR i<
Jikh RafS fl StaS B L2 5 T 8 S AH Y 40
M2 3% R n T A R R . 7 S e B T S e

T, HAREBAGIE] RafS KK PVRS2 3% i, i
TER A e U & PE StaS P PVSS 3% i
FKUHE SR RafS Ml StaS #25 1THY T FWria 7
FAOAFEA L 2T, ATRAETESS B R AL
il o EL DU AR AR 18 51 e 2 U7 T B P AR A 49
BRI, HASBEIRAERETE B2 A5 L T (145
RFLM R, B AR e, fEHER T AR
L AR B T R AR . AR R B Hb-
GH36-4, HbGH36-6. HbGH36-7 il HbGH36-8 I
I e = N S PN SR 52~ SVS 9 3 Wl ]
MRS R 2R, Kb HbGH36-4
F1 HbGH36-7 ik m i mis s B, rlEEfEL
PURR JB L A A0 6 P e 3 35 2 0 5 el v R 9
TN EZ R IIEE
3.2 HbGH236s 7 B Fig k#9212 1% Rl
HMitiEh £ 5 Raf/Sta B g =

YR RafS/StaS A fEE i % 2 7 5
530 % 2 5 A W AR P8 PR . A — T XS
FRAE RafS F ) 4= 3k R 4 1) 56 o A ik o A
FEP R, RafS R 5 3+ IX iy 45 Rl O
5548 W 38 2% 5 R e A R AR AR 8 ik 38 SR TG R
%, WK £ %0 RafS 3 K2 S H &R k>,
L E 5 10 S 5 PR AR A e 7 ¥ T 1 L
AN | A SAE Y B TR PR s
PR T SAE Y ARIR T 2 Y RIS
T A A [R)AF P % ¥ W3 1) s B R $EAS TR AR
. AN T (ERFs ) J& 205155 Bk i T il
PR T, A E SN R S R k)
A ORI SO S e W (371 /) STE s X5 @R LN
RFOs I 2155 ERF % 5% DLt — B4 ik Y
VR A A G, I BT S T i ) 5 78 s
DA iR 6 it ML O Tt ZE RO L AR A 20 I
L F HBERF-1Xc5 £ 8 i 52 A DL i M AR 114 T
FEVECY | AN 20 3 R RE T LA U FLh ERF
ek AR R0 [ PR R R K B 36 &
B 8 NEHEPE 5 AMERA P EE, Hi
HbGH36-1, HbGH36-4, HbGH36-6 il HhGH36-7
il o MR W R FLIE TR A i SRk 2 S, W]
S5 055 B 1 Ja 2 A . o HbGH36-1
ELHmME A ERRKEFREERS, HE
HbGH36-1.1 Bi#fE 3, HbGH36-1.2 5 ]
REAFAE BN I8 35 IR A
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e AN AR 2 T PR L DA AR AR R SR AR
A B EE A AR Y E i R R R
H A RafS/StaS i P HME K i il 36 Kk 541
JC B3 i 7 1 S R s il B 2 S 3Rk . HbGH36-4
HbGH36-6. HbGH36-7 Fil HbGH36-8 i )iy & iz il
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KRS B s HbGH36-1, HbGH36-4. Hb-
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