*+ 5838 - ¢ 3 # Chinese Traditional and Herbal Drugs 35 50 % 2523 # 20194 12 A

RS B EIX 8RB A 25 BE R £ YR & AR oK TR B B [ ARk AU =2 i

I o#t!, B, ks, AR xsr
1. WP E 2y KRR 228, WD B 310053
2. WL EEZ KRS A Rl =50, Wi S 310053

W OE: B WA E R AR GXRz2. GXRz3 Al GXRz10 R4k 57 A7 ik £ 4 & B A0 £ 0 A g 15 S B R HF — B R
HINEFEBEBRLEY (UDP-glucose pyrophosphorylase, UGPase) 8 [AIZRIE LA AW & S A AR WIT & RO 42 H R Bl 3-F2 463 F
IR IR HEE A LJREF (3-hydroxy-3-methylglutaryl coenzyme-A reductase, HMGR). 5B EERIRAHE (farnesyl
pyrophosphate synthase, FPS) JERFRIXMREM . FiE BB A ML H M A A R B, KA 700 BRI 85 A it
ZEFAEY AR, LL18 S IRNA AN S IREH, %t & PCR (qRT-PCR) Al 208 A Wi oc 5 g ik IR Rk 1 A
the &R BEARRGERS Z G ER S, FTEEPTE, RPsll; MEMREERIK, FEAETH, RPmk 3
PR P9 AR B AL B R TE — B FR A AR IR BR RO i 22 W R AE MBI AR 2R o qQRT-PCR B AL UGPase. HMGR Fl FPS ZE[H7EARN
7] P A LR AL EE R AR RIS, B EOR, WA GXRz3 Fl GXRz10 7] 842 w4k 5 £ it UGPase. HMGR Fl FPS 5
KR E ;s o, 26 RE7EY, UGPase 2 HFI7E 2R pAERT R B i m, ke, Ml AVa g, HMGR
FERITE AR Rk B s, ke, WRAFED, T FPS BEELEM AR RR B, ERZ, PR, it W
A FUR V] ARl i % UGPase 3R, M2 HERIGM, 456 2R, HEW UGPase 7T BE 28k A It 2 W& UEZ
PIOCEERT; AR P RRIET 1% HMGR. FPS UZRIA, MY AR, Ma& Yl RG0L, HEN FPS FREZE4E
YA ORI DGR

KRR B NAREE: R BERRE AR AR R AL VR B AR TERR AT, YOLEE PCR

FESES: R282.12 YRR : A XEMRS: 0253 -2670(2019)23 - 5838 - 09

DOI: 10.7501/j.issn.0253-2670.2019.23.027

Effect of endophytic fungi on expression of key enzyme genes in polysaccharide
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Abstract: Objective To analyze the effect of endophytic fungi GXRz2, GXRz3 and GXRz10 on content of poly saccharide and
alkaloid, and the expression of key enzyme genes UGPase, HMGR, and FPS in Dendrobium officinale. Methods The endophytic
fungi liquid were added to D. officinale seedlings. Polysaccharide and alkaloid content were measured by spectrophotometry method.
With 18S rRNA as internal control gene, the expression of key enzyme genes was detected by real-time quantitative PCR method.
Results It was found that the content of polysaccharide in D. officinale was higher, mainly concentrated in stem, but the lowest in root.
And the content of alkaloid in D. officinale was lower, mainly accumulated in leaf, but the lowest in root. In addition, the three
endophytic fungi strains could promote accumulation of polysaccharide and alkaloid in D. officinale to a certain extent. The expression
of UGPase, HMGR and FPS genes in D. officinale induced by different strains was detected by real-time quantitative PCR. The results
showed that endophytic fungi GXRz3 and GXRz10 could significantly increase the expression of UGPase, HMGR and FPS genes in D.
officinale. In the polysaccharide synthesis pathway, the UGPase gene had the highest relative expression in the stem, followed by the
leaf, and the least in the root. In the alkaloid synthesis pathway, HMGR gene had the highest relative expression in the stem, followed
by the leaf, and the least in the root. However, FPS gene had the highest relative expression in the leaf, followed by the stem, and the
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least in the root. Conclusion Endophytic fungi may affect the synthesis of polysaccharide by regulating the expression of UGPase.

Considering the accumulation of polysaccharide, it is speculated that UGPase may be a key enzyme in the polysaccharide synthesis

pathway of D. officinale. Endophytic fungi may affect the synthesis of alkaloid by regulating the expression of HMGR and FPS.

Considering the accumulation of alkaloid, it is speculated that FPS may be a key enzyme in the alkaloid synthesis pathway of D. officinale.

Key words: Dendrobium officinale Kimura et Migo; endophytic fungi; UDP-glucose pyrophosphorylase; farnesyl pyrophosphate

synthase; real-time quantitative PCR
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SYBR Premix Ex Taq'“'II i{7# (TaKaRa A #]);
AT B (LS 2115-91-5, R4 97.5%)
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(1) AruEhZRenl: WERRFRI T2 e B
H%HE 100.0 mg, EMREEAE] 100 mL 2. B
10 mL T~ 100 mL EJiH, 2K E B RIS 5 %
BE 1 pg/ulo K% B U 2 BT IE AR 04 0.24 0.4,
0.6+ 0.8. 1.0, 1.2, 1.4, 1.6. 1.8 mL, JNZ&M/KZE 2
mL, EEFHIIA 6% ARV 1.0 mL, JE5], g
A 5.0 mL WKBRER, $55), §HE 5 min f5, HBAFKH
T4 20 min, BUHEEGAHE EIE, 7F 490 nm 4L
WGRE (AD. DA %0 it &k B R Ak b (X0,
A B RDARR (Y, SfilbriEdhse, 15085777
N Y=0.016 2 X+0.000 6, *=0.999 4,

(2) FEAOVEIRA & S AL BRZH Bk B A A
TIRFPRE RS, BRI AP (40 HD 100
mg, JIA4JHEE 50 mL (60~90 “C) Fithg 1 h, JIA
80%EE 100 mL, [FIRFZHN 1 h, EE#gER . HETH
A, FEA 10 mL ZE1R/K BIESEE 1 h, BHGE, #
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ZHEENTH, BUEJE 4 000 r/min 2540 10 min, Y
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ARG e R TEY, SR ERSH-
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1.0 mL /EAXTIR, DLARKAE S A XTI, WERE
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nm ZIE A H, R RS R,
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(1) bl 2Rzl K 2RI AN fE i 1.0
mg, B 100 mL &, MEBZIE. HHEIa
fEl T IR (0.01 mg/mL) 1.04 2.0+ 3.0, 4.0.
5.0 mL B TR, IS % 10.0 mL,
IR IR — IR A - A A Z il 5.0 mL,

0.04% HI iy 24 7% 2.0 mL, JBIZI4R$E 3 min J5 &%
# 30 min, SMIELFNNRIEAIEIETIRE
Fadeid, HXSEUEWR 5.0 mL, A0 0.01 mol/L &4
AN B2 1.0 mL, #8257, DAEAT 10.0 mL N
FH, FEREERVE, T 620 nm AW A {8 . DUF AR
JRE RS R ALFR (X)), A AMMRR (YD, 2
P2k, BEIH5F Y=0.011 5 X+0.002 2,
#=0.999 3,

(2) FE b T VP o) 46 R A 5 PR 52
AR R B A RRE AR TR PR E R E S, R
(40 H), #EMPRICER B2 A K 300 mg, HHE&E&E
FUKIEIE, INZERCE 30 min, #EFHIMAEAG 10.0
mL, EME, BET/KBBRTT 80 CiRE TE
BB EIFIEE 2 h, LA 20 min J5 4785
fi 2 5 R &, SR T B G M2 e,
HY 239 5.0 mL, Il 5.0 mL & 45 #i B¢ £ 10.0 mL,
VERFE SO . 53 LA fhions B SV VR 2.0 mL & 45y
WO SR R, BL10.0 mL & B 2 R S
oM XTI, % “2.1.4 (D7 TigfE, Tk
620 nm b B A R . 2R HE Ao IR TH S R AR
Wil B0
22 WNEEEMBEEAREERSERERP X
RENIFS
221 BRI RS RNA FHRES b DL
WA H R ACBE G TEIR . 25, HORSEIG R, 2R
FARY) S RNA 2GR (38 T E RNA
$2HU, H DNase I (Promega A @) JHALFEfH RNA
H ) DNA. F 1.5%3 IR HEBE R F kR RNA 156
Bt DL Oligo (dT) s M54, F PrimeScript™ RT
Master Mix (TaKaRa A &) #3847 [ #3% A 1% cDNA
5 18E, MEARR 20 L.

222 gRT-PCR &3 AR O e )k B A it O
filf UGPase (JX294909.1). HMGR (JX909333.1).

FPS (JX679465.1) 3 A /741, FIH] Primer premier 5.0
Wil QRT-PCR HEPEG Y (K 1), LL18 STRNA K
WS, HEAT9OEE BRIE T QRT-PCR X
MAKZR 20 pL, H, SYBR® Premix Ex Taq I
(TaKaRa) 10 pL, b TUHF514#)45 1 ul, cDNA it
1 uL, ddH,O 7 uL. BREARIMEK AR TEST, 5
PSR . BT B EITEVKIT F5ERL. qRT-PCR
SN A 95 CHIARTE 1 min, 95 CAEME: 10s, 58 C
Bk 10 s, 72 CHEM 10 s, 40 MEH. RMNEEH)E
BHATIEARINZE AT, DLYSE PCR PR
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# 1 qRT-PCR 3|¥1FFIRI G R EE KN
Table 1 qRT-PCR primer sequences and amplified fragment size
514 73 (53" I KN bp
HMGR-F GCCCAGAATGTGGAGAGTTC 107
HMGR-R ACAGTGCCTACCTCAATGGAT
FPS-F ACCTCAATCTACGGGCGATA 105
FPS-R CTGAACTTGTTTGCTTGGCT
UGPase-F CTTGGTTGATGGCTTCGTAGT 117
UGPase-R GAATGGACTTGAAACGAGCAA
18 StTRNA-F CGTGTTGCGTCACTCGTTC 84
18 S rRNA-R CCAAGCCTAACCAAACCGTC

223 ROLEEHIEST B &E AT
e CAH, M E&E AAC J7ik, UL 18 STRNA
VYENWS LR, H 272 AR Rk &
23 GtESR

KH SPSS19.0 AT AT G 70 Ab B, 114k
BRI LA X £5 o, 2 2R EE LBk s R 2
ZEorHT, P<0.05 FRZERA G E o
3 GR5SH
3.1 AEERMNSEEARYEZSESENTMN

3 P P AR B TR R R A AR P AN RS 2 B
HEm LR 2. SXHRAFIEL, BB A BHARE
AANEEFBES T, ZRHEEN[IES, A
FZMZER (P<0.05. 0.01); B AMKIZERINZ
P RBEARR, ERARMEEKE (P<
0.01); [FIFE, kR A &6 A7 o 2 08 & 15 248
H, BRENZER (P<0.05. 0.01). H4b, KR
I SR AR 2 S e T
ZWES R, MAREAIN 2 & =Rk,
3.2 RNEERMNSKEARGEEMRES S0

3 T A A TR B A AR AN [ A A A
TR 2. SXEAML, 2R A IR
EAFRNAEREIES T, EWmS ENEEIRE,
{HER GXRz3 FHFHIMYAEE: B A ZEH
RIS EWRA RIS, B GXRz2 5S4 45,
FRIRBEZ KT (P<0.05); Tk A7 fig -3 6r
TR B AR B R, (&S SEHERAE
. 7o, BE RS AR A
TS, TARERAL I A & K.
33 WNEEEMNSHEARNEMERS ERIERF X
#EERIFS
33.1 RNAJRESHT  FEEUNEL AR B RNA

® 2 NEHEENSKAMSELZE. SUESENFE

(x£s,n=3)

Table 2  Effects of endophytic fungi on content of

polysaccharides and alkaloids in D. officinale (x £s,n=23)

Hml AL ZHE% WY

ot I ] 1.849+0.0297  0.029 0£0.000 79
2% 3.454+0.0782  0.030 120.000 69
M 3.00240.0912  0.031 740.001 11

GXRz2 ] 1.99540.0538"  0.029 50.000 59
2 3.816%0.0572°" 0.030 6£0.000 58
M 3.268+0.067 1*  0.031 840.000 42

GXRz3 R 2218+0.0816™  0.0314+0.000 80
2 4.043£0.068 9% 0.0324+0.000 51°
M 3.629+0.0553**  0.033 0+£0.000 28

GXRz10 ] 2632400596  0.030 30.000 43
2 4.148+0.060 5°°  0.031 8+0.000 47°
M 3.789+0.111 0**  0.032 4+0.000 23

SRR TP<0.05 "P<<0.01; SxTREAZ LT “P<0.05
S4P<0.01; SxPEBAMEH: “P<<0.05 **P<0.01
"P<0.05 P <0.01 vs control root group; “P < 0.05 ““P < 0.01 vs

control stem group; *P <0.05 44 P <0.01 vs control leaf group

2 1.5%IE NERE B H kRl . anf&l 1 Bz, 284 18,
5 S rRNA [JHIK & e 8 Hism, RNA BA KL
MR . 2R DI, Ago/dag ETE
1.9~2.1, Uil RNA AifEhf, e f5aiseinsisk.
33.2 QRT-PCR #FER P 1  scig g LR,

UGPase. HMGR. FPS. 18 S rRNA J£[X PCR 1
ek miE 2, B P LR, fREOHm S,
BRRA 3G o AEXT L A i 28 e — e, 50
4 PCR ¥ 384 LT (B 2D,

3.3.3  WAEREBNE A2 BEA BUE 1R UGPase
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IS (D 2-GXRz2 () 3-GXRz3 () 4-GXRz10 (HD)
SHE () 6GXRz2 (35)  7-GXRz3 () 8-GXRz10 ()
9% (1) 10-GXRz2 (M) 11-GXRz3 (H)  12-GXRz10 (H)
1-control (root) 2-GXRz2 (root) 3-GXRz3 (root) 4-GXRz10
(root)  5-control (stem) 6-GXRz2 (stem) 7-GXRz3 (stem)
8-GXRz10 (stem) 9-control (leaf) 10-GXRz2 (leaf) 11-GXRz3
(leaf) 12-GXRz10 (leaf)

1 AEACIELE S RNA BKE

Fig. 1 Total RNA electropherogram of different treatment

groups

sk

FRFRIERIEW EARAAE TG T, 2K
FBHEITE UGPase FER#VA RiE, HXKRIEER
Z5 (B 3. W, SXTEAML, NAERR
GXRz3 f1 GXRz10 43, UGPase KA B E %
FEHE, HFRFMES (P<0.05. 0.01), HiE
WAL GXRz10 Ab¥ T RIAEfRE: NAERHK
GXRz2 4#F, UGPase RisL#FH2Z R ME|, H
wEMHEER (P<0.01).

22, AR AR ER B A UGPase 2[R 3R1A
TEIL SR UGPase Z:F [R5 54— 5. S5Xt
ML, WAEEE GXRz3 Al GXRz10 AbFE,
UGPase Rk &2 21gdk, AREMER (P<
0.05), HAFENERR GXRz10 AH FRIEERK
B, A GXRZ2 A F, UGPase #ik5H2% 5%
B, AEEEZER (P<0.01).

ANTEJ AL B ZH %5 UGPase 5 [Rl 335 S A7 4F 22
So SXTRAMEL, WA ER GXRz3 1 GXRz10

B

70 80 90
RAE/C

A-UGPase Z:H #4112 B-UGPase ZE[FIEMRINZE C-HMGR JEFY izt D-HMGR ZEFAFINL  EB-FPS ERY 142k F-FPS HERF%

iRl 2k G-18 S rRNA ZEHY 4k  H-18 S rRNA & [R5 M 2k

A-GPase gene amplification curve B-UGPase gene dissolution curve C-HMGR gene amplification curve D-HMGR gene dissolution curve  E-FPS

gene amplification curve  F-FPS gene dissolution curve  G-18 S rRNA gene amplification curve H-18 S rRNA gene dissolution curve

2 qRT-PCR &EE HEih%k 5 iR

Fig.2 Amplification curve and dissolution curve of each gene by real-time PCR
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AbFE, UGPase RKIiAHEEZE LM, HREME
7 (P<0.05. 0.01), HFENAEREFE GXRz10 At
HNRIE R WA GXRz2 #FE R, UGPase
RIEZ BN HNH], (HTCEFMEZE R

[ — RS, DR RAE AN,
B fidk 40 A [7) 45 2R 7 ) A 6 R 04 B R OR
UGPase & F 72X (AT Rk B femy, HHRZ,
R (P<0.05. 0.01, B 4),

4.5 - A it

4.0 A BGXRZ2
35| i GXRz3
]_gl 30 BGXRz10
2>
= 2.5 4 AA
= R
2.0 4 T
15

1.0 |

0.5 |

0 -

i = e

SRR LA "P<<0.05 " P<<0.01; 53 RAZE: “P<0.05
44p<0.01; SXTIEALMELE: 4P<<0.05 **P<0.01
P <0.05, P <0.01 vs control root group; “P<0.05 *

“P<0.01 vs

control stem group; *P < 0.05 4P < 0.01 vs control leaf group

&3 AELIELAXT UGPase EEFTIXRIFM
Fig. 3 Effect of different treatment groups on UGPase gene

expression

3.5

cC dd .*E
|=
‘ 3.0 4 mu
ﬂiﬂzs
Jr*’R520 a c d
b
m3[15
ml.o
0.5 -
0 T T T

X He GXRz2 GXRz3 GXRz10

ERIERLLE: P<0.05; 5 GXRz2 RELE: °P<0.05; 5 GXRz3
MRS °P<0.05 “P<0.01; 5 GXRz10 #RELH: P<0.05, “P<
0.01

P < 0.05 vs control root group; "P < 0.05 vs GXRz2 (root); P <
0.05, P < 0.01 vs GXRz3 (root); ‘P <0.05 “P <0.01 vs GXRz10
(root)

El4 SREAMNETELEAEIE UGPase EEEX RILE
Fig. 4 Relative expression of UGPase gene in different
tissue parts of D. officinale seedlings

3.3.4 AR BT OO BR B2 A AR D A g AR
HMGR #:FRIEHIEH fEARNERFEEHT,
BRECAT AT ) HMGR R R Rk, M RIE
BEAZER (B 5. R4, SXamttt, NAERR

457 mxt

401 mGXR2 AL

35 AA
” GXRz3 L. 4
X 3.0/ MGXRzI0

iEd = i

BB P<0.05 " P<0.01; SR LE: “P<0.05
A4p<0.01; SRTHRALM LR 4P<0.05 44P<0.01

P <0.05 P <0.01 vs control root group; “P < 0.05 “*P <0.01 vs

control stem group; *P <0.05 44 P <0.01 vs control leaf group

55 TEAIEAX HMGR EEFRIERIFNT
Fig. 5 Effect of different treatment groups on HMGR gene

expression
GXRz3 fl GXRz10 4:#E, HMGR ik 53 5% 5
fleit, AEFEER (P<0.05. 0.01), HAEN
AHFE GXRz3 M TREERE; NWERFE
GXRz2 #FEF, HMGR Rk W EHZFHH, FE
FEMER (P<0.01). ZEFIMHr, R[FEACEEXEL R
A HMGR ZE R IA 1 L5 MR H HMGR 2[R 52
WA — 8, SXTIRAALL, WAERE GXRz3
Al GXRz10 4bF, HMGR £ik% W& 2 FIEit, 4
BEMHER (P<001), HPENAEHRE GXRzZ3
WM TNRIEERS:; WERRE GXRz2 AHT,
HMGR #*i& B #E2Z 2|4, ARZENER (P<
0.05. 0.01).

[F— PR JS, DR RIAE AR,
F A ik ) AN [R) 4 2350 A7 ) A N R 8 B R OR
HMGR 3R 7E 2L X Rk f femy, MHRZ, AR
i/l (P<<0.05. 0.01, B 6).
3.3.5 AR LR A R AR YR S O& 1R FPS Bk
RIFRIA I RZm fEAFNARFEAE T, 2EA R
4T FPS R A RIL, MM REAEAES (K
7). Wb, SXHEAME, NAEEE GXRz3 Al
GXRz10 4B, FPS HiAHEEZFMEHE, HEZ
PEZE SR (P<0.05), HAH7E GXRz3 4bHE T RIA TR
s GXRz2 4bFE R, FPS FIAZH|#H], HILEH
Pz

fEZEH FPS JERIZRIA R ARAL . 555 RE2H AH
b, WA GXRz3 M GXRz10 43, FPS #ik
BIREZIMEH, FREEER (P<0.0D), Hh
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X  GXRz2 ' GXRz3  GXRzl0

g
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g
o
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xR L *P<<0.05; 5 GXRz2 #R HAE: °P<<0.05; 5 GXRz3
R ©P<<0.01; 5 GXRz10 #iEk#H: P<0.05 “P<0.01
P < 0.05 vs control root group; "P < 0.05 vs GXRz2 (root); “P <
0.01 vs GXRz3 (root); “P<0.05 “P<0.01 vs GXRz10 (root)

6 SR AR EILELAEMLE HMGR EEE RIAE
Fig. 6 Relative expression of HMGR gene in different tissue
parts of D. officinale seedlings

7E GXRz3 Ab# FRIA &R H, GXRz2 &b, FPS
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