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1.3 B RNARYFEENFASC EE R

K HIRNAqueous” Total RNA Isolation Kit™
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Ry 5 2 )5 8 HHMMER # 4 (Zhang #1Wood
2003) 5 Pfam %4 7 L XF, 3818 Unigene )i B
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Table 1 Primers for qRT-PCR

e 1EF 5105 —3") A 51 0(5—3")

W Zubiquitin ACCTTGTCCTCCGTCTG AACCTCTGCTGGTCTGG
HMGCRI TCGACACCCTTGCGGTTGTG GTTCATCCCCATCGCGTCCC
HMGCR2 CCCACCTCGGAGGAAGACGA CTCTGAAGAGCCTGCCGTCG
DXR GGCCCCGTCTTGATCTCTGC GCGTACTCACGAGCCCACAA
FDPS GTCAGTGGGTCGAGCGGATG ACCAAGGGCACACGCAAGAA
GAS AAGCCTCTACGAATGTGCCC GTGTCGTCAACGCGTGCTTC
OHSI GCTTCCTGTGCCATTTGCAGG ACGTGCCAAATTGATCACCCG

K2 ARIAME w5 AW
Table 2 Sesquiterpenes from rhizomes of A. macrocephala

i RS/ ER S 7313 Paamiis & R/% RS

1 LA CsH,,0 216 20.49 11.45

2 8,9- L EUH A I CsH,, 202 5.66 14.15

3 HARARBEL CsH,s0, 230 4.54 15.21

4 [EENZIEI C\sH,0, 232 4.13 15.66

5 ot s TR CH,,0 218 1.62 12.29

6 2-(2,5- - FAE R 2 35 BF LA C,,H,,0; 232 1.12 15.57

7 KR H-A CsH,, 204 1.10 11.54

8 11-isopropylidenetricyclo[4.3.1.1(2,5)]Jundec-3-en-10-one C,sH,, 202 0.55 14.60

9 5 O C.H,0, 250 0.50 14.66
10 B-vatirenene C,sH,, 202 0.41 10.10

11 Jit S A A CysHy, 202 0.32 14.95
12 SR\ CsH,, 204 0.25 9.99
13 y-HA I CsH,, 204 021 10.27
14 9,10- Bt S 5 K CysHy, 202 0.19 10.35
15 TRARI C,H,,0, 270 0.14 14.08
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17 B-F1 174 CH,, 204 0.06 9.76
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2.7 BARFBEIEEYERIERREXBERERIE
=N

BT KEGGA S B b, 25625 B ar
A& BOSRE, ARG RV R R A A BOE
BREAA W&, BT 405 FIMVA IR /2 FAL
F AR IMEP# 12 (E4). fEMVAIRE F k] K
H6N, HiX6AMA Al X Unigene 5 324; 1E
MEP 1% HH FH KB 61, 5IX6ANEEA A 5% 1)
Unigenef5 301>, 1£We 2 FE iR (farnesyl-PP, FPP)j&
PG S A ) EEL AT AN i, FDPS/EFPP
A R L EL ), FDPSE A 2% ) Unigene 434,
5 2Fik & A 74, M55 Unigenedt 184>, 4H Y
FPASOMG AN A A P B AE 25 Fh s AT AR 1) A2 R
Wt AR, o SR B 4 f €4 K PAS O AH
KM Unigenedt45310%% .
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Acetyl-CoA
ACAT(8)
Acetocytyl-CoA
MVA &% HMGCS(7)
HMG-CoA
l HMGCR(8)
Mevalonate
MVK(2)
' Mevalonate-5-P
l MVAK2(2)
Mevalonate-5-PP

____________________________________________________

IDI(5) ISPH(1)

(£3), 5X 1540 A Al <) Unigene 5 817, H
HDXPSHISPGE Al R ER M ERZ, %A 10
AN, KA ACAT & AR IE K DN42341 c0 g3k
i, RPKM1E 9263.15; FDPS& ik 5% ) 32 A
3N, HADN23232 2 glffiib Bl Hdfit
4 Bl 4 5 WFLDH. AFS1. NES1. GERD,
TPS1. GASHIQHSI, HrHQHSIHKEH i %, L
5%, TPSIAMHEHEERIDN24041 c0 g7 ik 5,
RPKM{H ~125.84.
2.8 FERABIESSREFHE S 7

X AR BEAT R AL S, 3534 4764
1 kbLA I 7 514 VP Al, 19090 2 SSRUE H A 12
124, JC AR 2 S5 2% T SSRA 6 0284, XU
FEFHFSSRA3 8667 . MRAEHUEI A F], XF
7S KA [FISSRFFHE— DAl o B S it (K15),
PLA/TH 5 (ISSREE NS5 558, &7 7 Bbl 3 ¥ &1

Pyruvate + Glyceraldehyde-3-P

DXPS(10)
1-Deoxy-D- DXR(S) 2-C-Methyl-D-
xylulose-5-P erythritol-4-P
l, ISPD(1)

2-P-4-cytine-5-PP-2-
methyl-Derythritol

ISPE(1) 4-Cytidine-5'-PP-2
<———-methyl-D-erythritol

ISPF(3)

2-Methyl-D-erthritol-
2,4-cyclodiphosphate

MEP %%
ISPG(10)

1-Hydroxy-2-methyl-

Dimethylallyl-PP <—> Isopentyl-PP

GPS(1)
GGPS(6) FDPS(3) FDPS(3)
Geranyl-PP — Farensyl-PP

2-butenyl-4-pp

FLDH(1)
AFS1(4)

l/NESl(?;)\LGERD(l)\L TPS](I)l GAS(S)i QHSl(S)l/

Farnesol ~ Nerolidol GermjcreneD Selinene Germacrene A Caryophyllene

P450 (310)
Z LI AR

Peroxisome

B4 FIRMEE S REN G Bt
Fig.4 Sesquiterpene biosynthesis pathway of A. macrocephala
55 FR B AR A B AH < Unigene [ 50 & ; MVA: mevalonate; MEP: 2-C-methyl-d-erythritol-4-phosphate.
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Table 3 Genes related to tepenoids biosynthesis of 4. Macrocephalae
T2 A5 215 A A G EC%i 5 Unigene 4% 4 RPKM({{
fik FL 4% F2 fiff (acetyl-CoA C-acetyltransferase, ACAT) 2.3.1.9 DN42341 c0 g3 263.15
FdE L T i -CoA IR 5l 1.1.1.34 DN42341 ¢0 g2 234.01
(hydroxymethylglutaryl-CoA reductase, HMGCR)
1- it 40 -D- A i B - 5- W s SR 7 g il 1.1.1.267 DN20548 ¢0_g2 51.16
(1-deoxy-D-xylulose-5-phosphate reductoisomerase, DXR)
VEWR HE £ W R A i (farnesyl diphosphate synthase, FDPS) 2.5.1.10 DN23232 ¢2 gl 127.11
FF #2 [ BRI (mevalonate kinase, MVK) 2.7.1.36 DN36507 cl_g2 18.27
4- IR M EF -2C- H ik -D- 7 E B i 2.7.1.148 DN20171 ¢l gl 20.22
(4-diphosphocytidyl-2-C-methyl-D-erythritol kinase, ISPE)
e T I8 2 T % i #2 I (diphosphomevalonate decarboxylase, MVD) 4.1.1.33 DN33486 ¢4 gl 70.24
R BE-CoA A Tl 2.3.3.10 DN20923 ¢c0 g2 102.76
(hydroxymethylglutaryl-CoA synthase, HMGCS)
1Bt S A TR - 5 -1 1R i 22.1.7 DN38629 ¢l g2 129.47
(1-deoxyxylulose-5-phosphate synthase, DXPS)
2-C-HJE-D- 7 B BRI 2,4- R B R 5 B 4.6.1.12 DN32344_¢2 g2 92.22
(2-C-methyl-D-erythritol 2,4-cyclodiphosphate synthase, ISPF)
5 I RS R ity 5332 DN23551 ¢l gl 104.21
(isopentenyl-diphosphate delta-isomerase, IDI)
(E)-4-F23E-3-F 3L T -2-0 2 R A Tl 1.17.7.1 DN30195 c0 gl 124.53
[(E)-4-hydroxy-3-methylbut-2-enyl-diphosphate synthase, ISPG]
A-FRFE-3-HEE T 20 B- 1 - L S ity 1.17.7.4 DN32151 ¢7 g2 169.36
(4-hydroxy-3-methylbut-2-enyl diphosphate reductase, ISPH)
P FE A M- BE 2 45 i (geranylgeranyl diphosphate synthase, GGPS)  2.5.1.29 DN27118 c0 gl 38.23
7 -3 — 1% 4 HiE (geranyl diphosphate synthase, GPS) 25.1.1 DN38721 ¢0 gl 13.49
NAD-HR#172: J6 B it 2 5 1.1.1.354 DN14600 _c0_g2 8.77
(NAD+-dependent farnesol dehydrogenase, FLDH)
[ /R ¥2:32% JE ##ii A liff (alpha-farnesene synthase, AFS1) 4.2.3.46 DN20061 c0 g2 36.81
(3S,6E)-#5 16 FUEE A il BE[(3S,6E)-nerolidol synthase, NES1] 42.3.48 DN21947 ¢2 gl 13.79
AR A A [ (-)-germacrene D synthase, GERD] 423.75 DN22443 c2 gl 25.20
BUAR/7-BAT R VFe AR A B 423.73,4.2.3.86 DN24041 _¢0_g7 125.84
(valencene/7-epi-alpha-selinene synthase, TPS1)
KARAH-Jfi-A & [ (germacrene-A synthase, GAS) 42323 DN27600 c0 g3 16.45
B-A43 7 4 Al [ (-)-beta-caryophyllene synthase, QHS1] 423.57 DN41749 cl g4 31.57

# R ER 4y, C/GRRUNAT 4704 S & DL
AG/CTNEEBALHFISSRE2 0704, (5 XU H
BB 53.54%, LLCG/CGEE KA 4.
PASSRIE 77 #1520 E o 43 KA, o /N R A
BT 7RG Gt S RERY TR, Sk H I SSR
o, PAO~ 12N A AL TISSR S 7 —F LU E;
FE AU AL HE A SSRH, DLS~8NEEF HL A — BT )
SSR 5 —F:LL I =h Ak E G HISSRH, LS~ L7
AN —HIGHISSR G T4 R Z 5. DUBRIE. F
Je. NBHIE E E SSRIA & S~8A4N P H R MR

2.9 BARNERBALNFEEIESREXEER
qRT-PCR4 i

N T I T A 2 G B S 3 R AE AN ] 25 B R
RIEEMZERN, BTN S5 5Lk B & g
FEHI6 R BEAT 7 qQRT-PCRZM T, W45 1 LA T 2
[K: MVA 4% b B BFHMGCR [# 3£ R (DN42341
c0 g3, DN42341 c0 g2), MEPi&4% e FFDXR
[K1F: K (DN20548 0 _g2), #2485 2l & B i 44
Y AH K BEFDPS R X (DN23232_c2_gl), 24 %
Fei A R EEEE N, 4> AL GASIIE K (DN27600
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Fig.5 Quantity statistics of SSR classification
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Table 4 Quantity statistics of SSR repeating units
4 SSRIE JF K Y LRTE S 5y U Ky =S DO TR o % ERE S5y VAN E-5 {55
28T EE 0 2350 1750 138 120 136
~I2AN P ES 4560 800 50 0 0 0
13~16N )P EE 900 420 30 0 0 0
17207 EE 350 180 0 0 0 0
21~ 24N S FEHE 110 115 0 0 0 0
DN42341_c0_g3 DN42341_c0_g2 DN20548 c0_g2
2.0 25¢ 2.0¢
a
1 w 157 -
X X b
#® ®O1.00
& &
0 0 0
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Fig.6 Gene expression of related enzymes in sesquiterpene synthesis pathway of A. macrocephala in different tissues and organs
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Analysis of genes related to biosynthesis of sesquiterpene in
Atractylodes macrocephala by transcriptome
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"dcademy of Life Sciences, Shaoxing University, Shaoxing, Zhejiang 312000, China
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Abstract: In this study, the composition of sesquiterpenes in the volatile oil of Atractylodes macrocephala was
analyzed by GC-MS. Meanwhile, Illumina HiSeq sequencing technology was used to sequence the transcrip-
tome of the mixed samples included leaves, stems, roots, and flowers from 4. macrocephala. Finally, the related
genes of terpenoid skeleton and sesquiterpene synthesis-related enzymes in 4. macrocephala were analyzed by
real-time fluorescence quantitative PCR (qRT-PCR). The results show that the sesquiterpenes of 4. macroceph-
ala were mainly atractylone and 8,9-dehydroneoisolongifolene. A total of 23 099 928 valid short sequences
were obtained, 100 037 unigenes and 93.48% Q30 were obtained, the length of N50 is 1 027.2 bp. The assem-
bled unigenes sequences were compared with the NR, Swiss-Prot, KEGG, KOG, COG, and GO databases using
the BLAST tool. A total of 54 471 unigene sequences were annotated, accounting for 54.45% of the total se-
quences. Analyze the KEGG metabolic pathway of the annotated unigenes, involving a total of 133 KEGG met-
abolic pathways, of which 81 unigenes participate in the terpene skeleton biosynthesis, and 18 unigenes partici-
pate in the sesquiterpene biosynthesis. Using the MISA software, 12 124 SSRs were found, of which 6 028
were single-base repeat SSRs, and 3 866 were double-base repeat SSRs. In this study, qRT-PCR analysis was
performed on six genes related to sesquiterpene synthesis, and it was found that the expression levels of four
genes in roots were significantly higher than those in leaves, stems, and flowers.

Key words: Atractylodes macrocephala; volatile oil; sesquiterpenes; RNA-seq; SSR; qRT-PCR
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