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Abstract: Objective To screen candidate genes involved in the terpenoid biosynthetic pathway of Tussilago farfara. Methods
The transcriptome of buds and leaves of wild T. farfara were respectively sequenced using the Illumina HiSeq 2500 high-throughput
sequencing platform. The clean reads were de novo assembled by Trinity software, and the assembled sequences then followed by a
series of bioinformatics analysis such as gene function annotation and differential expression gene. According to sequence annotation
and differentially expressed genes analysis, the key enzyme genes related to the terpenoid biosynthesis were identified. Results
After high through-put sequencing, a total of 39 912 371 clean reads were obtained (SRA accession: SRR9113366, SRR9113367).
The clean reads were then assembled into 91 118 unigenes. A total of 55 830 unigenes were annotated by a similarity search against
NR, Swiss-Port, GO, COG, KEGG five public databases. Base on KEGG annotation and differentially expressed genes, totally 129
catalytic enzyme genes referring to the terpenoid biosynthesis were identified, including 91 terpenoid backbone biosynthesis genes,
32 terpene synthases, and 6 cytochrome P450 (CYP450) genes. Among them, 25 genes were differentially expressed. The expression
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of four enzyme genes in MVA pathway in leaves were higher than that in buds, while the five enzyme genes in MEP pathway were
lower in leaves than that in buds. In addition, 10 genes were highly expressed in leaves, and nine genes were highly expressed in
buds. According to the high expression of differentially expressed HMGR, TPS, AS, CYP450 genes in buds, it was speculated that

these genes may be related to the high content of terpenoids in flower buds. Conclusion  This work obtained candidate key enzyme

genes that may be involved in the biosynthesis of terpenoid by transcriptome sequencing. The results laid a foundation for further
elucidating the molecular mechanism of terpenoid biosynthetic pathway in T. farfara.
Key words: Tussilago farfara L.; transcriptome; terpenoid; biosynthesis; gene expression
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1 000 nt /] Unigene & 13 431 4> (14.74%), 1 000~
2 000 nt ff] Unigene A 12 199 /> (13.39%), KK
F 2000 nt f] Unigene y 6 739 (7.40 %) %, #%X
Unigene 7814 B o0 A fe B0 LI 1.

M5 N SRR9113366 ,

F1 HRBRAFIIERERG

Table 1 Statistic of T. farfar transcriptome sequencing data
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Fig. 1 Length distribution of Unigenes in T. farfar
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Fig. 2 GO annotation distribution of Unigenes
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Fig. 3 COG classification of Unigenes
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P RELAT 73 i R AT R )& i =il B 2R )&
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FHOC B LG R R (MVA) B2 LB A
Z Bk % %% B ( acetyl-CoA C-acetyltransferase ,
AACT). FRHELBL4HE A 5 Chydroxy-
methylglutaryl-CoA synthase, HMGS). 2 FiJEE —
fif 4 B A i& JR B ( hydroxymethylglutaryl-CoA
reductase, HMGR). ¥ KR EEF (mevalonate
kinase , MVK ) . @ R H ¥ & R ¥
(phosphomevalonate kinase, PMK). FF ¥/ B2 ATk
[l ( phosphomevalonate decarboxylase ,
MVD); 2-FJ-D-/REmERE-4-0E R (MEP) 1&12 1)
1- it % -D- K B #E -5- 0% R & B§  ( 1-deoxy-D-
xylulose-5-phosphate synthase, DXS). 1-Jii%d-D-A&
M H% -5- B B ik R ( 1-deoxy-D-xylulose-5-
phosphate reductoisomerase, DXR). 2-H3&-D-7r#
e -4- T T2 L 1 I #% #2 1§ ( 2-C-methyl-D-erythritol
4-phosphate cytidylyltransferase, MCT). 4-fER§HR
Ji £ -2- 1 L -D- A B B2 R (4-diphosphocytidyl-2-
C-methyl-D-erythritol kinase, CMK). 2-H1%:-D-77
i B -2,4- P4 FE 5% IR & B ( 2-C-methyl-D-erythritol
2,4-cyclodiphosphate synthase, MECPS). 2 FT
Wi -4 RS A 8§ (4-hydroxy-3-methylbut-2-enyl-
diphosphate synthase, HDS). ¥ H 3L T i 5L-4- T2
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LGRS (4-hydroxy-3-methylbut-2-enyl- diphosphate
reductase, HDR), ILAMNEA 7 ) L AR 05 IR S A fg
(isopentenyl-diphosphate delta-isomerase, IPP1) 11,
FRYE MWL U 7 T A, AR AT s
ot b %€ BTG B B MVA 1% 6 MK
BEREER 32 > Unigene, MEP 812 7 Nt 25
/> Unigene VLK 5 [ S EEBERR 7 08 (IPPID) 3
A~ Unigene (K 4). 41 FREMHTRE, MVA
A2 34 HMGR A A1 1 A4 PMK JE K 7EAE 7 R
Fik & T 1T MEP 8421 21 DXS ZEK], DXR.
HDS. HDR % 1 MEERI{EM hREE /T,
MEP 3845 Jik PRI 78 5K A& i i 1y 308 W] g 5 i g i
SEFEAKR (K3,

R o Bl o A S TR S RS (geranyl
pyrophosphate synthase, GPPS). % /3t —#il &

Rl (farnesyl diphosphate synthase, FPPS). i
BOA& M B fE B R & BB geranylgeranyl
pyrophosphate synthase, GGPPS). & ¥ & i i
(squalene synthase, SS). % M3 %A (squalene
monooxygenase , SE ). amyrin & i Camyrin
synthase , AS) &5 5C B [ 1k A= i o- 7 W IR
Ca-amyrin) W, FER & B AR B A 31 A
Unigene yER: N TiFmG 5B 206 USRI 6 Sk
By (& 4>, 2 4~ GGPPS JEH Al 3 4~ SE JEA
EM I RIEER S, 14 AS BERERE P RIEE
. amyrin SR (AS) Jy53 75k i =ik B 4k
Y& R OCHERG, ARE T E H 8 > AS JEIH,
1 14N AS JE K TO2Unigene8627 fE4E 75 () ik &
T 14 £ (B 4. K 3), ARG B R0
R S o

MVA Pathway . MEP Pathway
_ acetyl-CoA pyruvate + D—gchere]I,dehyde—B—phosphate -
2 : DXS 2
12, lAACT 1-deoxy-D-xylulose-5-phosphate f—f
O acetoacetyl-CoA : lDXR
lHIVIGS | 2-C-methyl-D-erythritol-4-phosphocy
3-hydroxy-3-methylglutaryl-CoA : MCT
133 lHMGR { :2-C-methyl-D-erythritol-4-diphosphocy i
mevalonic acid 5 CMK H
lMVK A-diphosphocyTidyl-2-C-methyl-D-erythritol -2-phosphate ;
mevalonate-5-phoshate : lMECPS :
2-C-methyl-D-erythritol 2,4-cyclodiphosphate
puk ; Jros
mevalonate-5-pyrophoshate i 4-hydroxy-3-methylbut 4-diphosphate
i v DI | |HDR
isopentenyl-5-pyrophoshate (IPP) ——> dimethylallyl-pyrophosphate (DMAPP)
| TR Rt A
lGPPS Mono-TPS
geranyl-PP monoterpenes
FPPS
2 3-0i SE l Sesqui-TPS .
,3-oidosqualene «<—Squalene <=- Farnesyl-PP W,sesqulterpenes
|As 7/ |oGPPs D- o
a-amyrin GGPP I Ditepenes

TIHEA BB OH T IRORE R A SR R, AT IROR AR Tk B RS, I O T RO Ik L SRR A

Black figures in panes indicate the number of unigenes corresponding to
unigenes in flower buds and leaves respectively

& 4

the catalytic gene in the pathway, red and blue figures represent up-regulated
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Fig. 4 Schematic for putative terpenoid skeleton biosynthetic pathways of T. farfara

AL SR FE IR S8 32 AN 2K A ik
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Wk BN R-5IERE S I IRIG & g &S
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BRI E MGG 0. EeEE . BAmE
g AT B A W S S (Sesqui-TPS),

—4=
—

10 4~ Unigene J: 8 A f ELIE ARG & B D172
I A B A B (DI-TPS). 6 MEFik&
FRBGAEAGEE A i 22 e R0, HoR 4 NER R
Rk, 2 MEREFR RmERL, &L S B
CL6293Contigl. CL12267Contigl 3R IA & it
T e ARG A e, HAETR A R A &
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Table 3 Differentially expressed Unigenes involved in terpenoid biosynthesis
. . . FPKM \ .
A Z£ 732315 Unigene K JEint IR
wE i log,FC
CL2652Contigl 1827 386.25 15.71 —4.12 !
HMGR T01Unigenel1476 1161 56.44 8.00 -2.31 !
T02Unigenel19576 1908 1346.97 4.47 -7.73 !
PMK T01Unigene22580 843 19.92 2.68 -2.35 !
DXS CL5015Contigl 2124 0.91 6.37 3.22 )
T01Unigenel1442 2124 0.85 11.28 4.14 )
DXR T02Unigene8512 636 22.28 80.64 234 )
HDS T02Unigene24503 225 7.78 34.25 2.54 )
HDR T01Unigene13401 1362 24.19 263.27 3.93 )
GGPPS T01Unigene1§875 936 4.83 2243 2.67 1
CL10869Contigl 1056 14.24 137.11 3.75 )
SE T01Unigenel3419 1656 221 216.12 7.07 )
T01Unigene3292 1006 0.96 4.96 271 )
T01Unigene5873 606 0.67 5.04 3.07 1
AS T02Unigene8627 2304 92.17 6.62 -3.30 !
T01Unigene5718 1686 0.17 10.31 5.86 1
CL5671Contigl 1719 0.61 6.44 3.73 )
Ses—TPS T01Un?gene23838 366 0 3.40 3.67 )
TO01Unigenell791 1200 0 50.31 9.73 1
CL6293Contigl 405 102.37 1.44 -5.48 !
CL12267Contigl 1686 254.37 0.75 -7.81 !
CYP716A12 T02Unigene1908 1483 51.27 3.78 -3.25 !
T02Unigenel8759 1149 39.04 2.46 -3.47 l
CYPT72A154 T02Unigene23667 1602 119.80 7.50 -3.50 !
T01Unigene2519 1575 0 48.09 9.50 1
RN HERLER Rk B, | SRR E thRis B
1 represent up-regulated unigene in leaves, | represent down-regulated unigene in flower buds
JEMI) 71, 339 %, fE— B BRGNS £ E b om K& & ;. T02Unigenel8759 .

B N E R TEAR T s A 2 AR A
T01Unigene23838. T01Unigenel1791 A /£ i
FRIE (K 4 F% 3.

B 95 ke B =k BF % o-amyrin TS, 400
& P450 % 1L (CYP450) {1k a-amyrin L
AR ERAEEMRN, AR ES5AF
HEPSMEN, KRR T w8 Mn 2
P . CYP450 & — MK HE 4 2 K 103 R K
B, NADEIANZSE =wE 2R CYP450 # %
E K, AT A SRR R R G, T
DIt % 52 v RE 2 5 =l 2 AR V) A ROE AR IR
R, AHAFACKMS S =2 H B
(1] CYP450 Z 5 R J7° 51l bf 3K 4 e s 4 250 4 i
BLASTp, Lokt 6 4> VR K T 50%, H:H
KJE KT 1 000 bp 9 Unigenel™®, Jirh 4 4
Unigene # 5 %74, T02Unigene1908 % V£ 8 N p-
W g % -28-4 (L (p-amyrin-28-oxidase), 7E

T02Unigene23667. T01Unigene 2519 54k i #
N 11- Bk KR -B- A WIS B -30- 4 1k B ( 11-oxo-
B-amyrin  30-oxidase ) , T02Unigenel8759 .
T02Unigene23667 £ f& 7% + m &£ & ,
TO1Unigene2519 7E M Hiff iR Kk (& 3).
4 g

RNA-Seq =l & AR D4 oA AR AEY)
FEPRE BAR L B DR R U 5 5 IR T R A 1 —
PefEigiz, 25 Y% Forsythia suspense (Thunb.)
Vahi™, A% Panax ginseng C. A. Meyer 21, J} %
Salvia miltiorrhiza Bunge®™ . 7 ¥ % Panax
quinquefolius L1M7, 52t 2 8 S P2k 47 7 o
HIM P, R T REANE RS BT Ak
PR 118221 | I Ao MO R ) % Y B AR & AT
TR 3T, $R15 46 793 4% Unigene; T
S AN ] 2% T B B R & AR REAT T 3 S 4L
38T, 3RAF 44 553 712 2% Unigene; M ASHF 50K H
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35205 40 5 22 57K B A8 2 A DOk A7 b e e S 4
ST, ZRUHHE153) 91 118 4% Unigene, X FhILP(E
BEMZENTTRSNF 6. BMERAL. B T
EVNElFE S

I 5 AIBIREL, KA 55 830
(61.27%) % Unigene 3875 1 DhReyERs, He, K&
B A& RAEAR Y AR ) & O DI R B B, I
Kb R B BRE & R EIE N 91 4, N RBAEY)
BRI 143 AN, ZERARE RSV A A R
B 57 A, R E IR 25 A4S, RBEEEAEY)
A RGER 39 AN, BRI B R RE A A AR 8 A,
HHAE MRS L 58 M. % S5HES
JR A A 2 (R 2 DR L RE 91 AN B AR A Ik
WARMIEEER, 32 MRS, AR O A R
K LA 6 NS5l AEY)A ) CYPA50, 1X N4
A BUSAR C BE R R R A TR 4 T =E ' 1781
F0R. (HIX LR IR 1) Th REE B Aok F ARG B
SN, TREM T R DR A

AW 5T Unigene £IA/KFH FPKM HAR K, ]
5E 1 H A A — AR B AR A R B R R R K, R
Pi FPKM {EAE R A& AEE A SL 0k 6 909 %57
B ZREERIE SR EREDE R
gz, FAM MVA 2421 3 4> HMGR 3£
1A PMK EERIEAE R h Rk & MEP @121
2 /> DXS #[H, DXR. HDS. HDR % 1 MEHIfE
MR RIE RS UEREN 2 4~ GGPPS EHAI 3
A~ SE BEREM i RIAER R, BRI R R R
BAKCPR RS ERRE, HRE Rifss oo
Bl 2 Bk 5 52 ol 0 B A R IR AR 25D, AR
25 1 BT 0 R A P i R AR AR AR T )
SRz e T H, N HMGR. PMK AT fE 534
R AE) B A K. BFFLR I MVA 181211
HMGR I\ A& s S 53 A2 46 B ) O Bt PR T g
R EE AN, RA T ER N HMGR 2 H
Unigene ¥ £, 148 134, HA 3 > HMGR A
e h RIS E S T, H T02Unigenel9576.
CL2652Contigl 7Ef73 M RIL R EIL 1 346.97.
386.25, ZrHlEM ) 301, 25 fi5 (3 3), HEMIX 2
A HMGR JERIFELETE F M RIS T R 51678 %
PRERI T B A K, SR &R A oK
NG, (HAE DR AR IR

R, s, SRS L E A
R (GPP) NRIATE A &R, AR fl =

i R E P L SRR (FPP) SN RTARTE4H i
i & . TPS &2 & Rl 28 I A AR P I S B il
KA KR it e R IB /KUK, FPKM A TE
0.27~20.36, 1M 2 M&Fmi & il CL6293Contigl.
CL12267Contigl fEAfc# HRIAER &, 70HR
25437, 102.37, M) 71, 339 1%, IXEEIEHHIE
FEETT B SR A P2 i S BB A <,
EAFIHE— PRI T A IR iE A R A
EEAL AL, HADIRIE] IR 2, Besumbes 544
1t GGPP A USSR I ARG Gl (TXS) £EA
FAITHRIE, R USER S S5, SRR
FESL IR P T 600 pg/g,  HLAL R R ILT)
IR RS IS ERE 30 %, A%
E I — i A i, A B S N TR B e
HATERI T & &

RHFFIL S RS 534 S 5 b B =ik
B A RAHIN) 8 4 AS FE[H. 6 > CYP450 (A
AS Mt 2, 3-MEMA G a-amyrin 8%
B-amyrin [ J<EEEE, TO2Unigene8627 7E1E7E IFKIA
B 14 1% 3> CYP450 #E [F] T02Unigene1908.
T02Unigene18759. T02Unigene23667 7 1L 7E 1 15
Tk, XEEEEFARSE T =2 HFNAEDE
B, 3 T A8 B TS W O VAT TG AN SAIE . T
BEIR G S A I8 O — A I AR, T
S AR b, AT HEN U A ) A S
17, P20 R RS R 0 SR R, A
BERE TR O AR A S TR SR AR R4, AN
MRG0 R SR B SR bR R 3.
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