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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 compound, the biosynthesis of pogostone is still not clear.
MVA (cytoplasmic) pathway is an important pathway for terpenoid biosynthesis. Real time quantitative PCR is
usually used to analyze gene expression. By clarifying the correlation between chemicals and related gene
expression, the potential genes which are key for the synthesis of pogostone can be acquired. In this study, the
gene expression of HMGR, MK and MDD of cytoplasmic pathway and the chemical composition in stems and
leaves of two pogostone-type P. cablin cultivars (Shipai and Gaoyao) were studied, and the correlation between
gene expression and chemical composition was analyzed. The results were as follows: HMGR was more
obviously expressed in the tender leaves of Shipai cultivar. The expression pattern of MK in Shipai cultivar and
Gaoyao cultivar was similar, and MK was mainly expressed in old stems. MDD gene was more expressed in
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Shipai cultivar leaves than that of Gaoyao cultivar, but was expressed in similar patterns in the stems of Shipai
cultivar and Gaoyao cultivar. 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. At last, the correlation analysis showed that 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 MVVA pathway in two P. cablin cultivars are similar.
MDD and MK may be the key genes of terpenoid metabolism pathway in P. cablin.

Key words: Pogostemon cablin, MVA pathway, terpenoids synthesis, MDD gene, MK gene

| % 7 (Pogostemon cablin) NEERIEEFEEIEY), USEANAG(ERGME RS, 2020), NH5EWL
M2y, RCEFLAHC “PURTEUIRBC . IR REFT R EE R, WRFe ki 8Em) E 2 R
Bl —o JTEBEEH SRR BT RIZ T Th A T ERER], £E 5 FHSGUERY IR T 7 S oA BB (B 2K
DA R M E X 258 B Ry, 2020).

ITREE R E B RS R AE Y (BRAFSE, 2018) o R0 -E4) 3 Bt F ¥ R (mevalonate,
MVA) &M I FREERE 4-5 12 (methylerythritol 4-phosphate, MEP) &2 4% (Yu & Utsumi, 2009) ,
Horb MVA i@ RO FU&AE, MEP B 9ifAi& 12 (Lichtenthaler, 2015) . 8%, MVA i&ft/=/E
52k, T MEP @A R AT A SR A4 L i e FRBEEAN iR p . iR & e i) 2 T & 2 MVA

1 MEP 3242 ACHHA T (0 B A (Hemmerlin, 2012) .« 78 MVA #1291, =B A 9 TR — 3-

FEHE-3-HIL I —BE-CoA 7 TIRAIRSE, REHIET5 5 HRHe-3- AL —Hi4H A Gl (HMGS,
EC 2.3.3.10) . 3-¥83E-3-F 3L [ — BhA#AG A 05 (HMGR, EC 1.1.1.34) AL I N o B F2 IR R B4 (MVK,
EC2.7.1.36) . WRF/KIRILEE (PMK, EC2.7.4.2) FIH LR RN ARE (MDDEC, EC4.1.1.33)
TERIPP Cre G FEBEIR) o Bl S vk Je 2k R & 1l (FPPS, EC 2.5.1.10) fE4LHfJ5 IPP AT DMAPP(—.
GBS GRS THIAI S A e L 1 N D

b s 2L P A A B R P R kS, o) R B R I AR OB R W FUE Wi £ . AT i akiE
(Nath, 2010) M) 3 & F 3 20 SCRE T R IBE 74 AN A G U SGHEDR,  IFRn Il AR A&t 2EAE
HRZRIE, AT i A& SO T 5T A G A RIS . SRSk, AT e
B 75w MEP 242 1 B IEBE HMGR 1) cDNA,  JH8 1 AEYME B 70 i AE R FF# - (Escherichia coli)
Hiff#IL (Yu & Utsumi, 2009)

JTHERE TR FERr T 257, RSN\ 2 —. HTHEAMERERN, REHEEEBA
AE R TESFERE R M S . | ESAMBE R R B AR EE, S EE. WL EE.
W) A VIR (IRMIZESE, 2003) o ARAESHEAE R A AN AR A E E M R
FHAR A WA ESAMEL EE. M) EE: A EFNaFEaM T EE. @B EE.
AR BRI T MAM " RGN, AR EE R EENE SR, SRR, EREER T
MR, Wi EAMTEEC T, EERE e EE TR, TTEE CAE R 2 MR, &
FEPLEH% (Chenetal, 2015). BHIEHESE (Suetal., 2015) G (Yietal, 2013) 2. Hit, S5
RT3 F N T A s A BRMT AL AN, B BT 3 5 50 2 S T R 24 8
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o, REMSRSEARL A A R R A A AR A T AR . RN, RSN RIE S R B EEAT AR OG R 2)
B, AURAR B AT R S R SR R o R TR T A S R R A QR AR S AR AL A R
o BEAT LU, R BER T HE A 2R R SR AT R0

1 #RE S5k
1.1 YR

AR EE S E EERA T MR f h 2 A (11322'E,  23912'N, ik
39 M) o FHTZR A 2 S BRI 2 B B/ N B B0 S o U R TR g AT A KRR R ) e B o SR e i PCR
SIHTAARL: AR R AR/ B R 2R B RO BRI A2 S =AM (B 2) (Yuetal, 2015) -
o CETR NI R A B XY s BRI R 258 LAY s R CET) s R CRAL);
L2 ORI o« FABEREL 1y, TEREAYR, 1580 °CIR7T.
1.2 RNA $2EUfI RT-gPCR 4t

$HESCHR (Ouyang etal., 2016) HEAT. 7E%F RNA MR RAN S B BT R AT, S/ S i) RNA T
i DR 43 2 Bl L [R R E I 52 - RT-gPCR J7i: 40 SC#ikFTid (Ouyang et al., 2016) , &/~ [ v 8 & =X . RT-gPCR



SR 1, BERC=AEYEZ NP IESREZE RS . RYE SR (Livak & Schmittgen, 2001) 5 5: A
FKIkKFo
1.3 R

JUE AN A (5. G-055-180710, HUHRHHSF B AMBHLHARATD o JEEFEMIG (S
B-037-180122, R+ BAMFHIAIRAFD 5 IE+/\JE(SIGMA A7]); LEEigal (EEREAFD ;
iR (EEZREAFD ; TKOEE. B FEE. KBRS R A 4 Hrak .

OL. M ML. BN YL. 40 OS. %2k MS. hZE: YS. 4z, Tl
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.
Kl 2 TR S AR
Fig.2 Plant materials of Pogostemon cablin

% 1RT-gPCR 5|4
Table 1 RT-qPCR primer

HER AR SEH 52 & PCR 5[#(5'-3)
Gene name RT-gPCR primer (5'-3")
HMGR F: TGTCTCTGATGTCGGCCATA
R: TCAATGGCGGATCTCTCTCT
MDD F: GAGTCCACCTCCAGAAACCA
R: GGGTTGATGAGTGACCGACT
MK F: ATGAGGTCGCTTCCATCATC
R: TTTCGATTGTAGCATGGCTG

1.4 {585
Agileng1200 = RRAR IR CEIETUICHER . Eahdtreas. PDAKIIZS . ELRBASNL, EE %
BT 5 Agilent7892A/5975C B S AH - BEHAN (EEZHEE AR 5 BiEF N HP-5 A BYHE



FE(0.25 pm>30.0 m>250 pm) ; BT 125D /302 — 70k~ CGEEEZEZFM) o Ak milli-Q sl
KM% (GEE Millipore A7) 3 HERMILEES ;s KAMEAL
15 JTEFERS RISHT
1.5.1 $ER MR

KAEFMT EHES ST EERAZE, 22, R, CHMY ESSmE EE mEE rt
FER M A AR, TCEIRE, AT AR AT X B A B R I 2 ) o B R R SR B T, VIR 1-2
cm [/NEE, & H . BT #2548 200 g, BT 5000 mL G, hin 3 000 mL ZE1E/KIRHL 1 h
JEHFIETREL . SREUNEN, (hEZ ) (HRAMZE T4, 2020) 0 2204 BELE 7% (D
1.5.2 JTEREES EIE

X HE VA S AR T VA VR ) 2+ J804% SOk (BREESSE, 20200 HEAT o AUAH B i 251 HI4GHR E 180 °C,
T8 2 min, DR SCCHEZFHE 2 230 °C; HEFE IR 280 °C, HiBIIRAE 280 °C, ZriiidhfFe, it A
10 : 1. BT URIRIE N 230 °C, DYZLATIRSE 150 °C, &334 77 20, NIST14.1 il 45 i b % &l GC-MS
(1 3).
1.5.3 JTEEE &N E

X R I AR TV IO (RIS, 20200 #EAT. Bl ik Phenomenex,
Gemini 5 uC18 (250mm =<4.60 mm) . JizhAH : ZME-0.2% R KIAEW (65% : 35%) , SEFESelt, Wik
0.8 ug-min™, FEif 30 °C, &M K: 310 nm, BEFEIRRL 10 pl. SBATHF A 15 min, (iR L 4. iER R
Bt IR, RO FIVR BT A RS AR 10 L, N HPLC R4, R,
CLHEREIR E B ARAS, WIS, AT LM EDE (BI5) , [FIHJ7RE: Y=18.35X-47.19, R*=0.999 9,
LMk B Ay 6.25~200 pg-mL™te e MEARES BRSO B AT R, 4 S RN [RI IR DR o 4
RS AEHERE 0T, L0007 6 Tk (% JE 2. 4. 6. 8. 12, 24h) , WE B ENIEHEA, 45% RSD A
1.05%, RIFLRAIRLE 24 h PRFE M. FEHEELL B 50 pgmL™ X &R, Tt i 2,
HESEERE 6 U0, MEIETHA, |78 F RS AR RSD M 0.63%, 7% W i RVBUR € i X A0 38 FROAS 25 P R4
SIS A . BRI AT B E 6 4, B 0159, KEERRE, TRHEISIE 2 JVERCHIE,
O SEAENE . G55, FEfhh) T Z BB AR RSD N 0.86%, K HAZ T EETERIF. Bl ik
RS AT LSD vLik T £ ELE . R3.6 #f LA K agricolae (AT 41t 44T .



A TTEEEAREGSE T OIEE, B TERREIONEE TR C T EER A,
A. Total ion chromatogram of P. cablin patchoulol standard; B. Total ion chromatogram of P. cablin essential oil; C. Mass

spectrometry of P. cablin patchoulol.
3 M) EF TR GC-MS it
Fig.3 GC-MS analysis of patchoulol in Pogostemon cablin essential oil

A. JTERTAARHEGR I HPLC (i [4; B. )74 &AM HPLC i &
A. HPLC chromatogram of P. cablin pogostone standard; B. HPLC chromatogram of P. cablin essential oil.
4 |EFERIRE RN HPLC 4

Fig.4 HPLC analysis of pogostone in Pogostemon ablin essential oil
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Fig.5 Linear relation diagram of pogostone in Pogostemon cablin
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The expression level of MK in young leaves was used to normalize the expression level of remaining genes; The RT-qPCR data were
presented as mean =SD of three biological replicates. SP. Shipai cultivar; GY. Gaoyao cultivar. The same below.
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Fig.6 Spatiotemporal expression pattern of HMGR, MK and MDD genes
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