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Abstract: Gentiopicroside is the main active ingredient in Gentiana rigescens, while 8-hydroxygeraniol oxidoreductase
gene Gr8HGO is a structural gene involved in gentiopicroside biosynthesis. In order to study the function of Gr8HGO
gene, the Gr8HGO gene in G. rigescens was cloned and its expression analysis was conducted in this study. The results
were as follows: (1) Five Gr8HGO genes were cloned and their GenBANK accession numbers were KP722029. 1
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(Gr8HGO-5) , separately. (2) The length of Gr8HGO-1 gene was 1 062 bp encoding 353 amino acids, while the other

four genes were 1 131 bp encoding 376 amino acids; The results from physicochemical analysis showed that the relative

molecular weight of these five Grt8HGO proteins were approximately 40 kD, and their theoretical pl ranged from 5.47 to

5.95, which were all hydrophobic stable proteins. (3) Signal sequence analysis showed that five proteins did not contain

signal peptides, transmembrane helixes and chloroplast transit peptides; Subcellular localization analysis indicated that

these five proteins might be localized in cytoplasm; Domain prediction results showed that beside the Gr8HGO-1 con-
tained only alcohol dehydrogenase N-terminal (IPRO13154) and C-terminal (IPR013149) conserved domains, the other
four also contained polyketide synthase, enoylreductase domain (IPR020843). (4) Phylogenic analysis showed that
these five Gr8HGO proteins had the closest relationship with Cr8HGO in Catharanthus roseus. (5) The results of qPCR

suggested that Gr8HGO gene was mainly expressed in leaves, but very low in roots and stems. This study will lay a foun-

dation for further analysis of the biosynthesis pathway of gentiopicroside.

Key words: Gentiana rigescens, 8-hydroxygeraniol oxidoreductase, cloning, bioinformatics, gene expression

b=y A 2] ( Gentiana rigescens) e JH B} ( Gen-
tianaceae ) W B J& ( Gentiana ) Y8 %), F B 04 T3
[ 74 g DX 18 2= L D] 5 N A (P R AR
GiZ, 1988) . fEfegurh 2y, wie iR 24 F A
R BT R V5 IR R AR T (R S 2 i

Di2x, 2015) o BUACHFSE R IR e IHAR &8 3= 22 24
PRIy S — T 5w 2 A6 5 W) e I w7 45 ( Zhang et
al., 2015; SRBEARAF, 2016) . fEAEY) H, e 05y
TG T 3 = A B, 5 — B B H ot
A 2-C-H B6-D- 75 88 % -4~ 12 ( MEP ) 3% 722 11 g
B H R IR (MVA) 3425 R S N 0 A TR
(1PP) 7 — H1 I P4 4 B £E B iR ( DMAPP) (Hua et
al., 2014) ; 5 K BUELL IPP Al DMAPP J J5UEL,
ESSUR RN N A B T IANGLE i Ay
F 2R A T K #5 FF ( Miettinen et al., 2014 ; Munkert
et al., 2015) ;55 = BOZ 2 il 2810 & W) 2853 18 M
TR A & 1 (BB R X B %, 2015) . 8- FF
s 45 Ak 38 )L (8 -hydroxygeraniol oxidoreductase
EC 1.1.1.324, 78 € ¢ 38 SCHk # il 5 O 8HGO
10HGO ) J& Jg I 4 A= W) & i 42 28 — B Be b Y
UL, RE S i1k 8- KR A I B 8- FR T I |
8-S 7 I B H1 8- 7 I 1 22 [A] B9 5% 4K (Tkeda et
al., 1991; Salim et al., 2013; De Luca et al.,
2014 ; Miettinen et al., 2014; Dugé De Bernonville
et al., 2015; Liu et al., 2015; Padhan et al., 2015;
Cao et al., 2016; Rai et al., 2017)

YT 8HGO 12 i A= Wy & b i 2,
8HGO H:H K F5 4E ( Miettinen et al., 2014) | &
B ( Valletta et al., 2010) JI| PG %% 4 3 ( Liu et al.,
2017) . Z#JL(Cao et al., 2016) . KA MK EEZL

FiEY oy s . HJE, HET 8HGO FEFUAE K Ak
R TG R . TERK BB, Cr8HGO B HTE
8-FR It It | 8-F2 A I [ | 8-4 ¥ Mt ¥\ NAD' £ 7
IS R YEAL& Fnss FR w8l A Ta] 7= AR DL
=AY 84 I TR A 1 A X AR
], R, 32 B 0 A 44 0 8-32 & - 5 R AL 38 g
(Kl 1) (Miettinen et al., 2014) ., 7 NAD* 4 A +
FEFET ,Cr8HGO £ AN e e 4 8-S M1, 76
[KlF NADP*/NADPH f£7£ T, Cx8HGO & 1 A~ fig
AL 8-F A I i 8- A5 X | 8-S A M I =AM IS
¥ (Miettinen et al., 2014) , A #A0%,Cr8HGO &
FX A Il R S -2- OV TR JE B R S oK
FLAREE | o T A5 g I EL A A B R T
( Miettinen et al., 2014) , H TAA1E 4 FiAHE 551k
IAEE W A 8 Bl BE K s g, 2 N 8l F1 24 A 2 B
Z NI I N BTG B i € ( Miettinen et al.
2014) , EREKEIL T, KFEAL Cr8HGO HE 1)
FKIBZARAEYHA R, 75K 4880 1 52 4
fiLrf, Cr8 HGO FE 1R 8 % 1 2% Fij 2 ' ik ( MeJA ) 5
UG8 MELE P, Cr8HGO R TE Me]A 4k
6 h GRS S RS ERTFHRE DL RSE
ORCA2 (R W2 W 27 K 5 A6 AL 70 A2 2 AR e e Jk
2/ AN ) IR BETE S Cr8HGO 3Rk,
it Ik ORCA3 R #P ] Cr8HGO He A 1) 3k ik
( Miettinen et al., 2014) ., 7£ UV-B 138 15 min Fl
60 min T, KEFEMLLE I 75 CrlOHGO HE K K ik
L 0.754%; 76 UV-B W38 J5, SR WS 55 3% 72 h,
CrlOHGO & [ & B2 X IR 4L 1.98 %, Ho R g
YIS GBI 5 £%( Zhu et al., 2015)

N THIEIIE Gr8HGO RN 275 5 1
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Fig. 1 Reactions catalyzed by Gr8HGO enzyme
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JEA% 2 IR AR MR B 2 7 I o7 4 R e R 2 3% 4 8 i
FErh Gr8HGO e J7 %), B it — % 4 R 51 W)
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2016) .
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W N AE LightCycler® 480 11 2% 5% 5 & PCR 1%
(Roche, i) FHEATH 3G, ¥ 45 1A H S35
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SRR Olea europaea(ALV83445.1) 1 FLCCGFTTGFG (GEAFCIDEYS
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JE BB Gentiana rigescens(AKI87767.1) fiustaaatids ot 295
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K &1 Catharanthus roseus(AHK60836.1) 320
o RUNMECoffea canephora(CDP16164.1) 317
I Olea europaea(ALV83445.1) S 317
Consensus tefinp s k s t glg dy ctgvp llneaie sk glgt vlig g sg ipl cgrt kg
S RB Gentiana rigescens(AKI87767.1) B} 352
SEMRBG. rigescens(AKIS87768.1) [E 375
SEWRBG. rigescens(AKI87769.1) 375
SERRBG. rigescens(AKI87770.1) 1y 375
SEBBBG. rigescens(AKI87779.1) [§1h 375
K& Catharanthus roseus(AHK60836.1) F1) 377
th RIMECoffea canephora(CDP16164.1) 1§ 374
S Olea europaea(ALV83445.1) § 374

kc nkei del thev 1 in

p cvk v

Consensus s yggv p sdlp
BAOFKIR A IS TF 100% ; LT F IR 75% < MBI < 100% ; R € 3RR 50% < HBIHE<T75% .
Black indicates similarity =100% ; Pink indicates 75% <similarity<100% ; Light blue indicates 50% < similarity<75%.

Kl 2 Gr8HGO & -5 HAARY) 8HGO 1Y Z 751 X 45
Fig. 2 Multiple sequence alignment of Gr8HGO proteins and 8HGO proteins in other plants

el Y B El S A Gr8HGO e, 7 Bl
Gr8HGO-1(KP722029.1) .Gr8HGO-2( KP722030.1) .
Gr8HGO-3(KP722031.1) .Gr8HGO-4( KP722032.1) .
Gr8HGO-5(KP722052.1) , Hrft Gr8HGO-1 J£[H ORF
1 1 062 bp, gt 353 PRI ; Hax 4 455 ORF
1 131 bp, 4t 376 2L,
2.2 Gr8HGO EEMEMERZA

FIH] GenBank %% 45 Fi tf (1) BLASTp #2 )3 il
DNAMAN 7 X} Gr8HGO £ [ 19 2 312 17 51 i 17 4
US> HT, 45 R R B E JEH Gr8HGO-1, Gr8HGO-2
Gr8HGO-3 ,Gr8HGO-4 . Gr8HGO-5 & 1 5 K #H 1E

Cr8HGO 2 17 A AR UME 5 5 i, 43 501 oy 84.31% |
84.31% .84.84% 84.57% 84.84% , H Y J& b S ufii
ME 81.25% .81.07% .81.33% .81.07% .81.33% , 1
W IS 73.86% . 73.87% .74.13% . 73.87% .
74.13% . Z I X i 45 1R W] 5 4> Gr8HGO
FEH5 T A 8HGO & P HIAHIMER = (F 2) , &
AL 5 91.27% . FIH MEGA X # Gr8HGO
IR 5 BLASTp Fb X o AR AL 1 55 s 1 26
ARMRITHINHITRR LT 50, SRR 5 A E
JefH Gr8HGO # H 5K &AL Cr8HGO & [ 4k T[]
— A (B 3) R ENTI R G R,
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i H Expasy ProtParam T.H X} 5 > Gr8HGO
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5 Cr8HGO I K/MARI(FE 1), 5 C8HGO
FHLE,5 > Gr8HGO T I £ H faf 1Y 2 B R 5% A
BEHMZER K, FHEELHIE pl FiMERE(F 1), S
A~ Gr8HGO & 115 Cr8HGO # Bk kg H M1, (H
ERIE B KR (2 1), {8 ProtScale X1
XF 5 4 Gr8HGO 15 Cr8HGO & A #4175 /K
ST, AR S5ER T —FH, 540 G8HGO HH 5
Cr8HGO i 1 75 K W AT 0 | T BE R0 IR 3L 30 ) 400 i
R IS 430 K T 10, 20 F130 h, X5 4
Gr8HGO FE NI TR AT 5 F 43, 45 3 s 1 8t
B R A B EIMIRT 0.85%, H WA
W SR B O, PRI Tl K i AT R
BL21 i, Rosetta( DE3) #1753 %3k,

FIH SPOMA it 55 %5 %t 5 4~ Gr8HGO FEH 5
Cr8HGO 25 11 1 = 9% 45 #4 #F 47 4 #r, 45 2R R W
Gr8HGO-1 1Y -2 JiE (H) & fe iy, SEMEE(E) & &
&M%, 5 4~ Gr8HGO & W B- M (T) & T
Cr8HGO, Gr8HGO-2 H IR th 5 i e fR (£ 2) .

FIH SignalP 4.1 ik 55 45 XF 5 4~ Gr8HGO & H
5 Cr8HGO H I WA 5 KPS 47 43 #r, 45 SR 3
WA RBE 5 IR, 2 WX S 8 A2 HE o W R &R
(% 2), ffi /| TMHMM2. 0 % 4 i i 5 4~
Gr8HGO FH 5 Cr8HGO 5 [ A 5 BRI iE X, 45 5
eI SE B AR AN A 1 5 R BB X3k, Oy R AR AR
(% 2), ff A ChloroP v1.1 Server %f 5 4~

Gr8HGO HEH 5 Cr8HGO #E M i M St AR 5 32 Jik 1k
FTT00I , 2% 2 3 WY sk 26 B R AL SR AR 7 is ik
(%2),

{fi F Plant-mPLoc %X {4 Fn ProtComp 9.0 A4
PEAT W20 M 52 67 4 T, S5 SR 5 4 Gr8HGO HEH
Il Cr8HGO A E L TN (% 3), mifd
WOLF PSORT Prediction #F 147 V. 21 ifd 2 v 53 #r
(1) 25 SR 2k SE TR I AT RE N M IR 1 (R 3)

FIH SWISS-MODEL Workspace (1) [ g4 20 15
M 5 4~ Gr8HGO 1 HIl Cr8HGO 5 i = 2k 25 H
g 4, RWEIEIR 5 4 Gr8HGO FEHJE T 1I
WA, MK AL Cr8HGO J& T 111 2% &
WSl (B 4) , 5HAME AL, Gr8HGO-1 [
FE N Rk R 23 MR, 2 BOLE = 45 Ry 1
R BRI EAL B B R ZEm (K 4)

fdi 1] InterPro71.0 fELAAFXF 5 4> Gr8HGO 2
FIFT Cr8HGO 1 iE AT & 57 45 M 3k 43 #r , 45 2R 3%
B Gr8HGO-1 8 AL % £ BB U N i 245 449 35k
(TPRO13154) Al C i 2% ¥4 3k (IPRO13149) | 1fij 5 4
A Gr8HGO M Ml Cr8HGO 5 M 4 B A7 LL FFiAS
TRSFESFG IO 38 EAT T G il | 975 Tk 340 5 g 45 44
B (IPR020843) (% 5), TEMEM Zn &55 L 57
Ifi,GrSHGO-1 X B 2 N4 4, Wi g 4 4
Gr8HGO Ml Cr8HGO A 4 451070 ;
FELERE Zn S5-GSO, T A AR 4 A2
AL E NAD 854 67 27 1, Gr8HGO-1 U H A
20 NEEEOLE L TG 4 4 Gr8HGO FH H Al Cr8HGO
FEEWEA 22 85 G0 5 FEIR WSS A 0w Jr
[fi,GrSHGO-1 X LA 3 AN45 4 i i, g 4 4
Gr8HGO & M Cr8HGO /b — 45 A0 15 78
TR A R AR LA 29 A S TEE fin
MR (F£S5), GO ERGEREHTAEANSS
FALIEFEITFE (GO 0055114) | 4r T IhRE N Zn** 45
4 (GO 0008270 ) Fil & 1k it J& B 1% M ( GO:
0016491 ) , A il I 3| I AE 4 28 3 H A VE
2.3 Gr8HGO-2 EAFR#ZRIEHEHWE

i FH PR ) v N V) B BamHI A1 Xhol X Jii Hi
pET32a-Gr8 HGO-2 #E 47 WU LI 46 I , 25 5 fig 1% 1)
HH B R BEREAR(F 5) , £ Gr8HGO-2 B
B AR R IR AR pET32a 1,

2.4 Gr8HGO EEMABLRRKIES

R4 5 A Gr8HGO L H P81, e it — Xkl 5

AN RIE RO, Eid qRT-PCR 2 AR Xf
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&1 Gr8$HGO EHHELMR
Table 1  Physicochemical properties of Gr8HGO proteins
ARXF 51 WIERER iR e
i gy [ %4=] 7354 qE| AEE G o ke :
HH K Relative SEH Number of Number of R E'HHE'T’M( B i K El
. . . . e Aliphatic Grand Hydrophobic
Protein Length molecular Theoretical positively negatively Instability . . .
. . index average of protein
weight pl charged charged index hydropathicit
(kD) residues residues ydropathieity
Gr8HGO-1 353 37.50 5.60 32 39 26.99 98.24 0.161 J& Yes
Gr8HGO-2 376 39.95 5.47 32 41 28.00 98.96 0.195 JE Yes
Gr8HGO-3 376 40.02 5.69 33 40 27.87 99.73 0.205 7= Yes
Gr8HGO-4 376 40.01 5.95 34 39 26.90 99.73 0.203 7= Yes
Gr8HGO-5 376 40.02 5.69 33 40 27.87 99.73 0.205 & Yes
Cr8HGO 378 40.41 6.27 38 41 33.64 93.04 0.060 = Yes
*® 2 Gr8HGO EHHHA MR
Table 2 Other properties of Gr8HGO proteins
. . iE {14 - , -
o8 pen ks M SOIK BMEME RSRERGER
EH . . Extended o 8
Protein a-helix B-turn Random coil strand Signal Transmembrane Chloroplast
(%) (%) (%) (%) peptide helix transit peptide
Gr8HGO-1 27.20 8.50 42.78 21.53 J& None JC None JC None
Gr8HGO-2 23.14 9.84 38.83 28.19 JE None JE None JE None
Gr8HGO-3 24.73 9.31 40.69 25.27 JC None JC None JC None
Gr8HGO-4 23.40 10.11 39.10 27.39 JC None JG None JE None
Gr8HGO-5 24.73 9.31 40.69 25.27 Tt None Tt None Tt None
Cr8HGO 23.54 8.73 42.06 25.66 JC None JC None J& None
* 3 Gr8HGO ZH Cr8HGO & B HJ L 40 i 7E f il
Table 3 Subcellular localization prediction of Gr8HGO proteins and Cr8HGO proteins
PEEI ProtComp 9.0 Plant-mPLoc WoLF PSORT
rotein
Gr8HGO-1 240 Bl it 241 B fsh: 55 AL : 35 Wi: 3; MHERIR. 15 Zokifk: 15 PR 1
Cytoplasm Cytoplasm Extracellular: 5; cytoplasm: 3; vacuole: 3; chloroplast: 1; mitochondrion: 1; en-
doplasmic reticulum; 1
Gr8HGO-2 290 i J5 20 5 fsh: 6; ANAERT: 4; AR 3; AR 1
Cytoplasm Cytoplasm Extracellular; 6; cytoplasm: 4; chloroplast; 3; nucleus; 1
Gr8HGO-3 2 5T 21 a5t Magh: 55 AN 3; WL 3; MaRik: 1 kA 1 BT 1
Cytoplasm Cytoplasm Extracellular; 5; cytoplasm: 3; vacuole; 3; chloroplast: 1; mitochondrion; 1; en-
doplasmic reticulum: 1
Gr8HGO-4 g2l ooy 2t 0 5T Mush. 55 SHMIRT . 3; Wi, 3; MhaRik. 1; doRifk. 1; M. 1
Cytoplasm Cytoplasm Extracellular; 5; cytoplasm: 3; vacuole: 3; chloroplast: 1; mitochondrion; 1; en-
doplasmic reticulum; 1
Gr8HGO-5 21 a5 2l 1 5T Magh: 55 AT 35 WL 3; MsRik: 1 kA 1 BTK: 1
Cytoplasm Cytoplasm Extracellular; 5; cytoplasm: 3; vacuole; 3; chloroplast: 1; mitochondrion; 1; en-
doplasmic reticulum: 1
Cr8HGO 20 i J5i ity oiony BAk. 65 MRERIR. 3; AUARSS. 2; WU, 2; dNAEEE. 1

Cytoplasm Cytoplasm Extracellular; 6; chloroplast: 3; cytoplasm: 2; vacuole: 2; nucleus

2 1
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Table 4 Three dimensional structure prediction of Gr8 HGO proteins and Cr8 HGO proteins
HH FiAR AL J7 3 AR B2
Protein Template Modelling position Sequence similarity
Gr8HGO-1 R KLEEBLEE [1e3e.1.A] 9-353 39.65
Mouse Class Il alcohol dehydrogenase [ 1e3e.1.A]
Gr8HGO-2 I [1e3e.1.A] 7-376 38.42
Mouse Class Il alcohol dehydrogenase [ 1e3e.1.A ]
Gr8HGO-3 I LEE A AS [ 1e3e.1.A] 7-376 38.42
Mouse Class Il alcohol dehydrogenase [ 1e3e.1.A ]
Gr8HGO-4 RN [1e3e.1.A] 9-376 38.80
Mouse Class I alcohol dehydrogenase [ 1e3e.1.A]
Gr8HGO-5 R KBNS PATH RAE(E [ 1e31.1] 7-376 38.42
P47H mutant of mouse Class Il alcohol dehydrogenase [ 1e31.1]
Cr8HGO BRI 2K 2 P 3t St [ 3¢j5.1.A] 9-378 44.44

Mouse Class Il alcohol dehydrogenase [ 3qj5.1.A]

A. Gr8HGO; B. Gi8HGO-1; C. Gr8HGO-2; D. Gi8HGO-3; E. Gr8HGO-4; F. Gr8HGO-5; £ A FR -8, wEFR B-ITE; SHEFRIF,
A. Cr8HGO; B. Gr8HGO-1; C. Gr8HGO-2; D. Gr8HGO-3; E. Gr8HGO-4; F. Gr8HGO-5; Red indicates a-helix; Yellow indicates B-fold;

Green indicates loop.

El 4  Gr8HGO #E Ml Cr8HGO 75 [ [F] Y5 — B A ) = 2 45 44 T

Fig. 4 Three-dimensional structure predictions of homodimers of Gr8HGO proteins and Cr8HGO proteins

Gr8HGO H:KIFEWIAF AR VE e IH A AR | 25 Fn - 45 41 21
W E R IBEO TN, R BR Gr8HGO F
PRE v Rk i i g, 20 R AR N ZE T Y 31.46 1%
F126.70 %5, A ZE P U DR FRIK (K 6) .

3 i
JERBE SR e IE e IH | =8 e IH A 2R

B ZET0 )1 PG 5 A 3 A b 2 b Y 32 2 RO Ay
(Hua et al., 2014; EZEHMFEFR L 2015; Liu et

al., 2017) , At 5 B2 L g IE g JIEL v 1 A5 ) 6 i ik
728 T i R TR O 6 LR AT 2H BURR S M 3R 5K 43 B, X
TR IX — R 25 b 22 ROUR 3 10 A= 6 R B
AEEE X, EEIEMRA b AR e IR
H & =K (Pan et al., 2015) 1% /F B A5 (SR IE T
e V8 W82 B A= 0 24 M B 24 ) ) A4 ) i, il i
WA T B LT A AR 7 e I8 v 1 R S B e
O YR RO S e (ELT 2 T S
B g IEE T 0 A= 05 R AR . 8- 4R I I A 1k b
it it 2 e EL o R HG Al B 2 A B R AR T Y
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& 5 Gr8HGO ZEB# Cr8HGO & B KR F L ME TN
Table 5 Conservative domain predictions of Gr8HGO proteins and Cr8HGO proteins

14k Zn 25K Zn WA
HH EL 3R EER Sy LY EER SR ALY NAD Z54 10 45 {37 15, TR
Protein Domain Catalytic znic Structural znic  NAD binding site Substrate Dimer interface
binding site binding site binding site

Gr8HGO-1 & e Bt & W N i 45 #4 3k 47H, 153C 77C, 80C, 153C, 157T, 178G, 47H, T3Y, 81L, 82N, 858,
(TPROI3154) Fl C i 45 ¥4 3 83C, 91C 179L, 180G, 181A, 274A 87K, 885, 89N,
(IPRO13149) 182V, 202D, 2031, 9L, 239G, 241G,
Alcohol dehydrogenase, 207K, 248C, 249T, 200L, 271L, 2721,
N-terminal (IPR013154) 253A, 254L, 2721, 273G, 274A, 280G,
and C-terminal (IPRO13149) 273G, 296S, 2971, 281T, 2821, 283N,
208Y, 348K 284F, 2851, 2871,
290G, 291R, 292T,
293V, 294K, 295G,

296S, 2971
Gr8HGO-2  ZRE 45 Ml s Ik i J s 25 4 3% 49C, 51T, 100C, 103C, 50H, 51T,176C, 180T, 51T, 70H, 104L, 105N, 108S,
Gr8HGO-3  (TPRO20843) ; Z. Wi &L /HE N ¥ 70H, 176C 106C, 114C 201G, 202L, 203G, 9Y ,97A 110K, 1118, 112N,
Gi8HGO-4  &5ftsk (IPRO13154) Fl C Uity 204A, 205V, 225D, 113L, 262G, 264G,
Gr8HGO-5 I (IPRO13149) 261, 230K, 271C, 2891, 294L, 2951,
Polyketide synthase, enoylreductase 272T, 276A, 2771, 296G, 297A, 303G,
domain (IPRO20843) ; Alcohol 2951, 296G, 3198, 304T, 3051, 306N,
dehydrogenase,, N-terminal 3201, 321Y, 371K 307F, 3081, 310L,
(IPRO13154) and 313G, 314R, 315T,
C-terminal (IPRO13149) 316V, 317K, 318G,

3198, 3201
Cr8HGO RN & Wiy, 4 0k i IR B &5 My 3k 51C, 53T, 102C, 105C, 52H, 53T,178C, 182T, 53T, 72H, 1061, 107N, 1108,
(IPR020843) ; Z Bl U5 N i 72H, 178C 108C, 116C 203G, 204L, 205G, 98Y, 299A 112R, 113T, 114N,
LRI (TPRO13154) Hl C St fe) 206A, 207V, 227D, 115L, 264G, 266G,

33k (IPRO13149)

Polyketide synthase, enoylreductase
domain ( TPR020843 ) ; Alcohol
dehydrogenase,, N-terminal
(IPRO13154) and

C-terminal (IPRO13149)

281, 232K, 273C,
274T, 278A, 279L,
2071, 298G, 3218,
3201, 323Y, 373K

291L, 296L, 2971,
208G, 2994, 305G,
306, 3071, 308K,
309F, 3101, 312L,
315G, 316R, 317T,
318V, 319K, 320G,
3218, 3221

A IHEILEE ( Cao et al., 2016) , [HIt SHGO H:[H
(1) 2% 35175 100 BB 6% T 2 5 1) 3K 4 245 6 e JIE 85 119 A
YA R, ASHF 5T 3 I e I8 G S5 4 B 1
TelRrp s B 5 4> 8HGO N, 2 W AR 1 Jp i1
SHGO H:A ] REAEE DN RETU RIS .

TR A A AR TR T AN TR 3 A8 4 43 1 40 i D
SV 40 i 2H 29 4 A 16 21 ( Miettinen et al., 2014) .
AWF5E A Plant-mPLoc F1 ProtComp 9.0 B4 X} 5
A~ Gr8HGO & Al Cr8HGO & 11 HEAT W 40 g <& o7
T, 25 50 BT A AR 3 AT AR T X 5 R
Cr8HGO 5 GFP filt & 2 ik il 5 38 15 19 K 5 46
Cr8HGO 1 H & 7 45 H — 3 ( Miettinen et al.
2014) , 1 WOLF PSORT #k { 15 I it &5 5 H) 2
Gr8HGO £ [ 1l GE M43 A8 1, X /2 i T AN [ 4k
PR T 7 AN R T8, ProtComp 9.0 3K F 2565
TR BT A WU YV 22 0 TR T R 8 N 4%

AT 5 3, 5 B 0 a8 7 ) R B 1 AG BL R L AR
J5 i FIN S 2 T 8 K 4 A 2k A i R AR
K B ORD B D B O kA, RSl R
SFILR B2 T & 1) Plant-mPLoc 4, 3T B2
HUZENL AL 055488 11 5T 3 51 AR A 1 30 5 %
AR T B B A AR 22 PO 48 5 67 114 )
B ( Chou & Shen, 2010) . i WOLF S H A
NEBCRIF R B EE T 53 205 585 AR OC )7 31 REAE
NG BE TR 21 A A R AT T 0% R, PR G, iR AT
P IV 448 7 0 00 B, 75 2 A FH 22 A R 1 0 A7 25
G,

FEARMEIE h, AR T &5 R R, 5 A
Gr8HGO 15 Cr8HGO HEH M EH LRy =&
&, 1% 5 5 4~ Gr8HGO 15 Cr8HGO & HABEA
29 A R AR T T 2 ol 457 i AH — 2, S AR B A O
A, Rs10HGO B [ 3 PR % 202 {1 45 SR R[]
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M. DNA Marker Il ; 1. Fihi pET32a-Gr8HGO-2 ) BamHI Fil
Xhol XY,

M. DNA Marker Il[; 1. Digestion results of plasmid pET32a-
Gr8HGO-2 by BamHI and Xhol.

& 5 kL pET32a-Gr8HGO-2 XL A6
Fig. 5 Detection of plasmid pET32a-Gr8HGO-2
by double digestions
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Relative expression (8HGO/actin)

[ oo
MR it
Root Stem Leaf
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Fig. 6 Relative expression of Gr8HGO

gene in root, stem and leaf

(Ikeda et al., 1991) , [H b, 75 &8 o 52560k F —
- BAIE

LG E R SR IR BT 45 R Won , ARBESY
I Gr8HGO FEH FZLAE Tt Hp ik | M AEAR 125
JUFARZRIR X 5 1 e 0 8 22 2 8508 o e B v
HEZAEM S R RS R B (5
WA 20115 REVHEE, 2011) , X R wBEm S
A Gr8HGO FEPATE M Hh i AN 2 A b 2 1 e IR %
BAEME ., T 5 A Gr8HGO K i1 i B AH
PR ARMEBE I RE RS AT A 2R e vk

IR XA IF, R H G 2k ) W 5 B R R — 4 kR
JUA Gr8HGO BERTE R Hh i 3Rk, 4 I T R e il
T F R AR LA X 4, AR S5 2R 5 78 5w
Ca8HGO FEAR LR rh 5k | 7054 il 2 A AR
N IR I 25 A0 — 30 ( Valletta et al., 2010) . 1M
S AE A AL BRAE L Gs10HGO FERIAE A6 3
e, FLUORAR 23k d A 1K A 2 i ) 45 SRR
YA (Zhou et al., 2016) , 5 75 ifit % A% 55 19 B0 &
B F AR BR P Sc8SHGO H:PH AR AR of 4 36 34
(Padhan et al., 2015) 78I 76 %% 5F 3 h Sm8HGO
FEHAEAR 25 R AR ) Tk B 22 AN K (Liu et
al., 2017) Mg B AR [m], DL b 45 2R 2 BE e 1
FIVE AT ELAT AH DL 16 1R B4 A 5 R AR, i
SRR AL DU RN ED BE AR F SR AN, R — 24 X
Gr8HGO (b AT5 2R3k B 1 2l Ak A il 1 4 53
BT, SRiZ 3 P T B 1Y) 1) BH B85 SL At
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