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Gene expression analysis of MVA pathway in Pogostemon
cablin and its correlation with synthesis of main components
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Abstract; Among all the Pogostemon cablin medicinal materials, the pogostone-type one with higher content of
pogostone is regarded the best. However, as a terpenoid component, the biosynthesis of pogostone is still not clear. MVA
(cytoplasmic) pathway is an important pathway for terpenoid biosynthesis. In order to clarify the correlation between

chemicals and related gene expression, in this study, the gene expression of HMGR, MK and MDD of cytoplasmic
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pathway and the chemical components in stems and leaves of two pogostone-type P. cablin cultivars (Shipai and Gaoyao)

were studied, by using real time quantitative PCR to analyze gene expression and main components measurement. The

results were as follows: (1) HMGR gene was more obviously expressed in the tender leaves of Shipai cultivar. The

expression pattern of MK gene in Shipai cultivar and Gaoyao cultivar was similar, and MK gene was mainly expressed in

old stems. MDD gene was more expressed in Shipai cultivar leaves than that of Gaoyao cultivar, but was expressed in

similar patterns in the stems of Shipai cultivar and Gaoyao cultivar. (2) Both belonging to pogostone-type P. cablin,

Shipai cultivar and Gaoyao cultivar had similar chemical components. Old leaves had the highest patchoulol content and

old stems had the highest pogostone content. (3) MDD and MK genes were positively related to the synthesis of

pogostone, which will lay a foundation for exploring key genes in P. cablin terpenoid metabolism pathway. In conclusion,

the gene expression patterns of MVA pathway in two P. cablin cultivars are similar, and MDD and MK genes may be the

key genes of terpenoid metabolism pathway in P. cablin.

Key words: Pogostemon cablin, MVA pathway, pogostone, MDD gene, MK gene

I ZEF ( Pogostemon cablin) "N J&IE Bl ji] £ 1
JEAEY), LA AR L) (E R 2T 545 ,2020) ,
AR R EAHD CYUREE D IR
CPRPEAL” S 2 I F B, R R Akl
G FEFRZ — )R8 AR R R B AR
BIPHRE T ERAE, 76 5 FA SCIE IR YT
T A BT I (B R AR il R 2 B 4 R R R
BRZVE R ,2020) , )RR LI E B AL ST R
s & (FEREE,2018) . miZRib& W) 2@
I H %R ( mevalonate, MVA ) 3% 48 A1 B 3L IR #§
[ 4-W5 M2 ( methylerythritol 4-phosphate, MEP ) i 4%
AR Yu & Utsumi, 2009) , H:if MVA &2 B Fx N
Y HE BT 42, MEP L FR 4 i 4 % 12 ( Lichtenthaler,
2015) , dH ,MVA @727~ AA520 1 MEP 542
FEHT R B AL 25 2 0 28 | BE 2R i SE R y
HKA Was T Z 005 Ui 2 MVA Fl MEP i 1%
R0 JH #2 09 B 2L 5 ( Hemmerlin, 2012), 7E
MVA i, = A SR A 50T F—> 3-F23k-
3-HIEL TR A S T i) R A SRS a4
T2 58 R3-F L B A A N
(HMGS,EC 2.3.3.10) 1 3-8 %E-3- F 3L 13, — ik 44k il
A ERJEF(HMGR, EC 1.1.1.34) {4k ) i, 1
TR (MVK, EC 2.7.1.36) B 1R 55 1% R 1% it
(PMK, EC 2.7.4.2) 1 H ¥ % R — 8 /2 I 7R i
(MDDEC,EC 4.1.1.33) JE 5% IPP ( 57 M FEBEIR ) .
ZJa Mk Je S B R & i ( FPPS, EC 2.5.1.10) fi#
FLHETE TPP A1 DMAPP ( Y BRI T R A R ) Ao vt
BB mE f AR (E 1)

Wit 5 e 3% 2 0y 4 R R A T e 7 4, X
JTREF BN YA BGER I E B Wi £, Nath
(2010) M~ 7EF % S 4l SCPE R & i 3] 74 A 2
AW A DG SE R, R I LA T RS A ZE AT
HE S K T R i AR A s R R 5

TREG A BT R, HeAh, A BN 48
T e B E) T A% 0 MEP 34 12 A4 BR 2 B HMGR
1) cDNA, JF 80T AE WA B 2% 00 i B AE R o AT 1
( Escherichia coli) P3R5 ( Yu & Utsumi, 2009)

SRR T RIS R R A T2 g N
PR Z—. BT Hb B SRR B 25 5] AN TR P b T
FTHAANF LS ERNE LM S E, |2/
MR A% 7 Hh E 2 A R )
WL R R T DU (PR ZE 4 2003)
FRPE )™ 72 75 1 ( pogostone ) F1J 7E 7 B ( patchoulol )
AR 12 AT K ) 28 A 24 b O3 LT AL ) A A R 1 Y
JURERE ., BER) RSO ER BRI E
T BB R A WAL G A M R T e )R,
AN FER R T IN A R R g, A
JURER )RS I IE M R T f L, H R A
Hifb iR, 13 A w0 W, B
P EE L, TEFRC ORI AR 2
FhIIBE , AL454T 5 509 ( Chen et al., 2015) | FH (1 3%
FE (Su et al., 2015) FIHTRTEE(Yi et al., 2013) 55,
PR, 5 B AR 28 A 3 0 Tt i A R A Tl
AN B A g2 A T 2 ] b R 2

AR R TR Y AT A ), MVA 21 B
W) LA A IR AR ZE R R R M
1 FEEH A ZLERAL, DRI, WA R AR i 3 A2 2 AL 1)
b2 AR AN [A] AR K i 3 25 i 1) A 80 oy o
DL 5 HE PR TR A RE DG | 0 T e B T A T A
BRI LT RE A TR A R R AR i 2
it B S A SR )T A R R
P, MEH AT R BESR h, © 206 P AP BE AL 2R AR
Cilgrg )R/ MEDJE T 724 ) #4712 &2
F2IK53HT (Ouyang et al., 2016) , iHF57 45 5 B 7= 9 Ff
WS TR AN R EB AL AN [] A B B 1 s 28 AR i A
RIERIFRIRIEL 248 1) FE A BB WA DA 3k 5L
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TEFEDR O i 2 ) 7 Al A 5 R ) A Qi i A K
B HRAL A S e B o AT HO AR, ol g kX
JRE AR 2 M S ST AT ROEA

1 MR 5T

1.1 B #

AR R ETRA R A T M K
Tl Rg 25 [l ) 2 A P AE M (113°227 E, 23°12’
NVEER 39 m) o HHJ 7R B i 24 b MR 27 B 55/ )N %
HAZYEE . PO SFR g 2t AT K IR 5
% . SR PCR(RT-qPCR) 20 Mkt BHR 95 1 A
MR/ St FE2E R B T FE A it F 2 4
AN (Yu et al., 2015) (&l 2) o B ( ZET5
W o 9 5 — b i) 5 s i (5 DU 2 A S

M) s B s S (25T ) 5 MRS (CRAR R 3%

ZE(ARFL) , BAOEMREL 1 o, HIRA T
% AE-80 CI-E,

Q.

©IL ML WIL

OS MS WS

OL. %, ML. B2 ; YL. 4t 0S. %25, MS. 3
255 YS. 4=, R,

OL. Old leaves turning brown and withered; ML. Green, fully-
expanded and intact mature leaves; YL. Tender young leaves on
the shoot tip; OS. Lignified and brown old stems; MS. Slightly-
lignified and green mature stems; YS. Non-lignified young

stems. The same below.
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Fig. 2 Plant materials of Pogostemon cablin

1.2 RNA 2EUF1 RT-qPCR 4 #f

ISR (Ouyang et al., 2016) B9 J7 i #E47,
TEXT RNA 5 A Se S AT R A, 6 0 o
RNA HIF 25 B 73 2 a8 2 P 3 3k 19l 22 . RT-qPCR
FEANSCHRAT A (Ouyang et al., 2016) , B4 5
2 =K, RT-qPCR 514036 1, 84 L =AY &
S A « Ar i 22 FOR, MR SCHk (Livak &
Schmittgen, 2001 ) 58 3 K ik K -
1.3 =ik

I A ER X R (5 G-055-180710, JL#B
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#&1 RT-qPCR 3%
Table 1 RT-qPCR primer

H 4R

Gene name

Seit EH PCR 514 (5'-3")
RT-qPCR primer (5'-3")

HMGR F: TGTCTCTGATGTCGGCCATA
R: TCAATGGCGGATCTCTCTCT

MDD F: GAGTCCACCTCCAGAAACCA
R: GGGTTGATGAGTGACCGACT

MK F: ATGAGGTCGCTTCCATCATC
R: TTTCGATTGTAGCATGGCTG

i or A YR A IR W) 5 7 A B B (it
5. B-037-180122, & &R Hii 7% L A= 9 Bl 45 A BR A
Al) 5 IE 1 /\BE (SIGMA /A &) ; 2 i 4t (75 [
BywAFED) s H IR (FEEE AR TKOEE, &
fik | TG /K B R A A5 34 o A 4l
1.4 UF_iEF

Agileng1200 755 240 AR €335 43 (645 DU A B2
A shibFEES PDA Kell#s FEL AL, 36 [ %
FEAE A A 5 Agilent7892A/5975C B S HH (0 33 — i
TR AL (B ELFER AR ; (s H S HP-5 A %
BAEH(0.25 wm x 30.0 m x 250 wm) ;BT 125D
T 52— b KO (T EFE 2 R i) 5 Akl
milli-Q B Z4K ML & (22 B Millipore 28 F) ) 5 ¥ &
AR IS 5 K o3 e A
1.5 T ETUZERSHISH
1.5.1 #A R REAM) EESHE
EHEBAE B2 A et (AT EES S
L RS ) 2R T B R i ORI, ek R
B, R WS AS BEAT 33 A I3 0 Bl 0 52 ) o RE A
il 238 KA 2 BT, U1 1~2 em B9/NEE, % H
W BRI FE T 2581 200 ¢, & T 5 000 mL [& g b2
R, I3 000 mL ZE A KIZ I 1 h J5 IR AR L,
PRIy 5 L [ 24 ) (R 5K 24 2 B 2%, 2020)
) 2204 WL T L () o
1.52 ;ARSI A XRS5 v
W] &« Y30 SCHR (FRITES 55, 2020) 1Y )5 k61T,
AT SAE IR IR T 180 °C {5 B8 2 min, LA%E
5C R THE Z 230 °C 5 JEFE DR 280 C, Hi Bl
R EE 280 °C 43 Wi RE i b 10 ¢ 1, B FURRLE
h 230 °C, PUZRAFIELEE 150 °C , 4434 )5 =X, NIST14.1
i A b )R A I GC-MS AT (# 3)
1.5.3 JEARAZN T X SER AL %
WA - ¥4 SOk (PRI 4F,2020) 19 5 VR #EAT
Bk F % 4 Phenomenex, Gemini 5 p C18

(250 mm x 4.60 mm) ., FBIAHA LNE-0.2% H iR
IKEE W (65% = 35%) , T FEVEML, i 0.8 pg -
min™ AR 30 C LRI PE K 310 nm, HEEERFL 10
wL, BF7HHE] 15 min, G5 LE 4, LHEXRE
B2 F PR TS S5, KG 2 WIBOAN [R) ok B ) 72 B T A
YE SR 10 L, FE A HPLC 6 3% 43, A% i i v £
AR Ve B SR i Al b, 06 TG AR R PN AR B, R AT 2R P
FUEH(ES), BIET RS Y=18.35X-47.19,R* =
0.999 9, £k B 6.25~200 wg - mL' . FaEME
PRI . CC 1 4 1 Rk A TS WA — P, & EAR
[Fi] B[] X A6 ot e € 3% 2% 14 0 R 43 T, 22430 T 6 IR
(%5 2.4.6.8.12.24 h) , 5 | 72 75 i 0 1
o 2R W A X AR ME IR 22 (relative standard
deviation, RSD) 4 1.05% , & B I3 5 1 W AE 24 h
PRFRE 1Y, RS2 5050 . B 50 g - mL X IS,
VW, 0 1% % 1R DU, 22 AR 6 Yk, I 0 T
T A R 0 TR AR Y RSD M 0.63% , 36 W & Rk
AR TS X 25 A3 0K % R R4F, SO A HE T A
R PR ) ZE A 6 1, B 0.15 ¢,
KPR, $ AL IR 2 ik Be il s, #4635 2 1
G5, BE S )T A A 0% AR Y RSD
0.86% , 3 W% J7 i M E 2 1 R 4, 8 o M oy
e AE I A AT LSD b T 2 R
R 3.6 ¥4 LA K agricolae £ EATHE 1153 HT .

2 R 59

21 FABI S EETELXRE MVA %2 HGMR,
MK MDD ERFEEZM AR E R RIE

KT O R R N T A A AR
AH TP By i 23 R AL AR SN MVA i 12
SR N (HGMR MK MDD) 7E M i F1 2%
F RV TR (K 6), Z5RFW. 1AM
JTERT AR EFSRET, HGMR MDD MK 3
KT Y s, REM N E; ZLE
T, HUGR MDD MK 3% ik ¥4 5 3 m #a 3 ¢
EEPTRIE RS, EREER T, R T AL
IR F kA 2, MEH HGMR et v Rk a5
AR AR A B b Rk, Yk
Z, M EIR(E6) .
22 EREMERTMMNESEESHXERREKE

b BT a7 el I = i S o S E A
2 FHEBAL , A5 0 e T R AL ) A A R S
25 A ISR T A EE AT A
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A. Total ion chromatogram of Pogostemon cablin patchoulol standard; B. Total ion chromatogram of P. cablin patchoulol essential oil; C. Mass

spectrometry of P. cablin patchoulol.
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Fig. 3 GC-MS analysis of patchoulol in Pogostemon cablin essential oil
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Fig. 4 HPLC analysis of pogostone in Pogostemon ablin essential oil
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expression level of remaining genes; RT-qPCR data were
presented as x +s of three biological replicates. SP. Shipai
cultivar; GY. Gaoyao cultivar. The same below.
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