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Abstract: Objective To compare the expression of genes in the leaves of Tusslago farfara that involved in biosynthesis of
phenylpropanoids in different developmental stages, and infer the accumulation period of biosynthesis of phenylpropanoids and provide a
scientific basis for the resource utilization of leaves of T. farfara. Methods The Tllumina HiSeq2500 highthroughput sequencing method
was used to analyze the transcriptome of the leaves of T. farfara in different periods. After obtaining transcriptome data, bioinformatics
analysis of gene function annotation was performed to compare the expression of genes related to phenylpropanoid biosynthesis in different
periods. Results A total of 46 793 unigenes were obtained by transcriptome sequencing and the average length was 952.144 8 bp. Among
them, 4 774 unigenes were annotated in the public databases NR, Swiss-Prot, eggNOG, GO, and KEGG. According to the assignment of
KEGG pathway, 144 unigenes were involved in terpenoid biosynthesis, phenylpropanoid biosynthesis and flavonoids, 65 unigenes were
involved in terpenoid biosynthesis, 64 unigenes were involved in phenylpropanoid and 15 unigenes were involved in flavonoids
biosynthesis. The enzyme genes involved in the phenylpropanoid biosynthesis were also compared in different development stages, and the
results indicated that the expression of PAL, 4CL, HCT, and CCoAOMT, which were closely related to biosynthesis of phenylpropanoids,
were highest in September, which means that the contents of these compounds might be highest in September. Conclusion This study lays
the foundation for the biosynthetic pathway and regulation analysis of phenylpropanoids, and provides a scientific basis for the development
and the resource utilization of leaves of T. farfara.
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% E NFARHEYI A Tussilago farfara L. [
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TAMTE (R RhERAHE].

1.2 2 RNA WIS B R EERENF
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19 889 388. 42 578 430. 20 305 898, 2 AL & T
3891935 616. 2461 831 933. 5253 202 709, 2 735 858 597
AMETEIRIFINE D K& e 5 20 = =

FFHI3E4T de novo $fHE. SiREIR, PHEERIMMS
Unigene FBOAR] 46 794 2%, ~PHKEN 952.144 8
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Fig. 1 Length distribution of unigenes in leaves of 7. farfara

22 EEDEEFER

221 FERITIReER XHEREEMB BN Unigenes i
ITHERY)REAERE (3R 1), FTfA Unigenes ¥JHESE NR
Bl E RS BERE fEAE GO R IERRERME
28 130 >, AR 60.11%: REAE KEGG $dk
HRERIA 5677 A, B H1 12.13%; fE(E eggNOG
R PEERA 45 405 4, HEEU1 97.03%; g
TE Swiss-Prot H4# FE H S BV ERE AT A 35 814 4>,
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F 1 ZREM Unigenes HE TR RSt

Table 1 Summary statistics of Unigenes functional
annotation for 7. farfara tanscriptome

EREUEE Unigenes ¥ H 5 /%
NR 46 794 100.00
GO 28 130 60.11
KEGG 5677 12.13
eggNOG 45 405 97.03
Swiss-Prot 35814 76.54
In all database 4774 10.20
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A, HEER 15.23%, 2T ERZ . St
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Fig. 2 Unigene GO functional classification of transcriptome in leaves of T. farfara
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Fig. 3 KEGG classification of Unigene in transcriptome in leaves of T. farfara
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225 cSNP 73T SNP (single nucleotide polymorphisms)
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1, SNP KA 138 A i e A6 2 o, H SNP 72
TR FINE KT 1%M % HERE 7 - ¢cSNP (coding
SNP) IR a8 F 9w hd X351 SNP . AHf 51 H st cSNP
BN 549 264 A, T/G M T/C KA,
539 32 %A 31.6%, HAth 4 Bl B2 H R 7 A/G.
A/T. A/IC. CIG KAEBZEBIE 15%LLF, 725Hlk
9%. 12.5%. 5.8%H19% (& 4),
23 REMPEAZRLUESUNERSHNED
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W FITRAR AN [F) A KB AR A DEG J46
Bedld% WL VI, TV 236 TRt . B, W)
PATS 2 contig % 781 136 2%, 2 transcript £ 312 757
%, AEEEFFFIREE 46 793 5. ANFI HARIEAIH 1)
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Table 2 eggNOG function classification of transcriptome in
leaves of T. farfara

ek AREEA A%
RNA Jn L RIE 1348 2.58
It R EE RO B) % 463 0.88
ARk 1977 3.78
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B IZ R 561 1.07
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B, BRHRLRAEDE R 3034 5.80
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g, BAMBE 1371 2.62
AAEE, RRMRAE 542 1.04
MRS 11 0.02
BRI, RARAE. #8 3990 7.62
TMLE T iz 53 1341 2.56
PRI A R 1SR 1641 3.14
— e hig 10110 19.32
TiReA K 9687 18.51
f5 5 S 3924 750
AP, WAVNEIZ S 1676 3.20
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A 0 0.00
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A 916 1.75
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Fig. 4 c¢SNP statistics of transcriptome in leaves of T.
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A AR IS [ B ALFE - 2R TN L A 2 1§ (phenylalanine
ammonia-lyase , PAL ) . B- % % §% # B ( beta-
glucosidase, bglX) RIFERE /I &l ( cinnamyl-alcohol
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(peroxidase, PER).
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Fig. 5 Distribution diagram (A) and cluster analysis diagram (B) of differentially expressed unigenes in leaves of T. farfara
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Fig. 6 Quantitative comparison on key enzymes in leaves of T. farfara



¥4

Chinese Traditional and Herbal Drugs

F49% F 138 2018E T H <3101 -

b 5 PR 358 B 1R AR A 35 AT DUAHE DU & i R 2R
FRVREAE 9 HIn MG ERZ
3 e

AT 5T 2R FH 2 s 2H DN 452 AR AS (7] AR K I S
A 2R P 3R R R AR B BORE O R R 1) R A
AT TR I R S T R IEERAS 46 793
M) Unigenes, 4 774 4~ Unigenes A 7E NR.
Swiss-Prot. eggNOG. GO. KEGG %5 %4 & h 15
FPILFERE . KEGG 7 Hraf REoR, Wk,
TSR R LR ILAT 144 5%, Horhih g
65 %, KHNRK 64 %, W 15%. WS HHEN
FRREWE B B R AT S A i, e
PAL. 4CL. HCT. CCoAOMT %7t 9 H %
RERE, RARFNERRTE 9 HNAEYE K
B AR o

KA AE H 1R RRC AR 2 T 1 iz AR IR 1)
Zi MY, AL G b B 2548 B ) 245 F AL 2 A
L KA R . U2 A 2O R A
BEAT T R AL A R I T R kA
S A M T, (2R T RS R 7E
TEE G, MM EEE DS E
BoE . RN RIBAEEF MR N hZF 2R A
MK, 2 B ERATT AR I 8 TN 2 R AE 4% TN 2 IR i 2 I
(PAL) Ml T oA N HERR , AT R AR
Sl A R AEREHE A 5T R R,
KN R R 5 &6 1w AR R H % U0 A
K, AWEFRPTER RN R B EH h R ahEs
TR R D 3k A& B 1 A BER AR 4t T LA
o DLECAT AR B A5 2 il 28 2 s A &
JEIERC T, SRTITIX 2R B B AE P & il ade A% DA A B
PR OGRS H AT M ANTE R, HME DO AR R A
H B A BT 2. Ah, BT R A&
DR B R 9 3, Tk A& B A5 435 2 1 25
SHEM RS EEAR, BICART A RN R BE R
AR E S, N — X A R R R
KR B & BB BAT T -

BE R
[11 SEZ 8 [S]. —#F. 2015.
2] R, KEIR, T, & RIS Fl 2 B

(3]

(7]

[10]

[11]

[12]

[13]

TR [T, E B A B, 2015(2): 33-36.
Xue SY, Li ZY, Zhi H J, et al. Metabolic fingerprinting
investigation of Tussilago farfara L. by GC-MS and
multivariate data analysis [J].
2012, 41(1): 6-12.

Zhi H J, Qin X M, Sun H F, et al. Metabolic
fingerprinting of Tussilago farfara L. using 'H-NMR
spectroscopy data
Phytochem Anal, 2012, 23(5): 492-501.
Li ZY, Zhi H J, Zhang F S, et al. Metabolomic profiling
of the antitussive and expectorant plant Tussilago farfara

Biochem System Ecol,

and multivariate analysis  [J].

L. by nuclear magnetic resonance spectroscopy and
multivariate data analysis [J]. J Pharm Biom Anal, 2013,
75(5): 158-164.

B, WRAEAL, B, & RKEARIKFH B
R A A B R A 208 (0] P EAM S
G F PR, 2017, 33(6): 615-623.

Xu Z, Peters R J, Weirather J, et al. Full-length
transcriptome sequences and splice variants obtained by a
combination of sequencing platforms applied to different
root tissues of Salvia miltiorrhiza and tanshinone
biosynthesis [J]. Plant J, 2015, 82(6): 951-961.

Chen S, Luo H, Li Y, et al. 454 EST analysis detects
genes putatively involved in ginsenoside biosynthesis in
Panax ginseng [J]. Plant Cell Rep, 2011, 30(9):
1593-1601.

He L, Xu X L, LiY, et al. Transcriptome analysis of buds
and leaves using 454 pyrosequencing to discover genes
associated with the biosynthesis of active ingredients in
Lonicera japonica Thunb [J]. PLoS One, 2013, 8(4):
€62922.

Liu X B, Ma L, Zhang A H, et al. High-throughput
Astragalus
membranaceus transcriptome using 454 GSFLX [J].
PLOSOne, 2014, 9(5): €95831.

Grabherr M G, Haas B J, Yassour M, et al. Full-length
transcriptome assembly from RNA-Seq data without a
reference genome [J]. Nat Biotechnol, 2011, 29: 644-652.
2, & B, TIEME, % AT UHPLC-QExtractive
B HEE > PR R AR IR ELE )], 255
AR, 2018, 53(3): 444-452.

WG, 4 %, XA, L ETHSA T EME
FET H WA GBS E I AHCHR (1] P2,
2017, 48(15): 3160-3167.

analysis and  characterization  of



