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Abstract; In order to identify volatile oil synthesis related genes in Illicium verum, transcriptome sequencing and

assembly annotation were carried out on the leaves of the superior clone Guijiao 69 and common variety Zhen 01, two
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varieties with significant difference in volatile oil content. Then GO and KEGG pathways analyses of differentially
expressed genes (DEGs) were performed. The results were as follows: (1) A total of 84 182 Unigenes were obtained
after transcripts assembly, and 59 161 Unigenes were annotated in NR, NT, Swissprot, KEGG, KOG, GO, and Pfam
databases. A total of 30 572 DEGs were obtained after filtering the low abundance genes, and 15 025 up-regulated and
15 547 down-regulated genes were identified in Guijiao 69 compared to the common variety Zhen 01. (2) GO
classification results showed that 20 287 DEGs were annotated. In addition, 21 600 DEGs were involved in 133 KEGG
pathways. Among them, genes encoding the key enzymes related to volatile oil synthesis such as linalool synthase,
caffeic acid 3-0-

methyltransferase and cinnamyl alcohol dehydrogenase were differentially expressed and enriched in monoterpene

myrcene synthase, geranyl geranyl pyrophosphate synthase, cinnamoyl CoA reductase,
biosynthesis pathway, terpene skeleton biosynthesis pathway and phenylpropanoid biosynthesis pathway. ( 3)
Transcription factor analysis showed that the DEGs were distributed in 31 transcription factor families, of which MYB
family had the most Unigenes. In this study, transcriptome sequencing was performed to analyze the DEGs superior
clones and common varieties of I. verum as well as their related functions and pathways. The candidate genes obtained

provide the references for further exploring the synthesis mechanism of characteristic components of volatile oil and

43 %

molecular breeding of 1. verum.
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I\ (Hlicium verum) X FR K E &\ A B, &
hwWEE S FR M HEY, BT ONMAF
(Miciaceae) /N B (Lllicium) ., 'EJRE AT EE
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Fig. 2 GC chromatography of volatile oil components
*1 BERAHEEVNEER
Table 1  Test result of volatile oil contents
B 2 RIS i MK o i i M= v A S22 1 A fi
Sam lu: - n:b . Volatile oil content Leaf water content Estragole Cis-anethole Trans-anethole
ample numbe mL - 100 g' (%) (%) (%) (%)
i o1 5 0.81+£0.12 a 69.12+0.74 a 0.75+0.30 a 1.09+0.16 a 81.41x1.12 a
Zhen 01
69 = 1.45+£0.03 b 72.52+1.27 b 51.34+1.29 b 0.25+0.33 b 26.78+0.81 b

Guijiao 69

i [P RERR 0.05 K225 3%,

Note ; Different letters in the same column represent significant differences at 0.05 level.
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Table 2 Quality statistics of sequencing data
T — P .

v g L B B cCEE Q30 R
iiztgﬁv Reads Base GC Q30
Sample
number number number content value

(M) (Gb) (%) (%)
kA 69 51 42.31 6.35 45.71 90.12
Guijiao 69_1
kA 69 5 2 42.21 6.33 45.73 90.38
Guijiao 69_2
69 5 3 42.44 6.37 45.78 90.05
Guijiao 69_3
fili 01 5_1 42.10 6.32 45.89 90.33
Zhen 01_1
fili 01 5 _2 43.28 6.49 45.98 90.62
Zhen 01_2
ik 01 53 42.14 6.32 45.97 90.79
Zhen 01_3
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... Guijiao 69_1
0.827 | 0.822 | 0.830 |HEAM69% 2
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Guijiao 69 3
0.828

01451
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0.827 | 0.826

0.822 | 0.822 | 0.819 015 2
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0.830 | 0.830 | 0.829 H01% 3
Zhen 01_3
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A. Sample correlation analysis; B. Principal component analysis of samples.
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Fig. 3 Sample correlation and principal component analysis
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Fig. 4 GO function classification of DEGs
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Fig. 5 GO function enrichment of DEGs
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Fig. 6 KEGG pathway annotation and enrichment of DEGs
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Table 3 Analysis of pathway and related genes of volatile oil synthesis

. FEFF L (FPKM)
N N U\r}lg;ne Gene expression
R B AHIEFE DA B
M lic pathw, lated gene 1 of
etabolic pathway Related gene 1\{}1;?}')66;92 Eefl 69 01
BN Guijiao 69 Zhen 01
R AR FH A 5 e )56
Monoterpenoid biosynthesis Linalool synthase (LS) ’ ’
AN 1
Myrcene synthase ( MYS) ! 27.30 0.68
B-TE B M £
Beta-cubebene synthase ( CBS) ! 0.90 3.97
BRI LD ATE-S-BE 4 5 0 + o8
Terpenoid backbone biosynthesis  1-Deoxy-D-xylulose-5-phosphate synthase ( DXS) ’ ’
AL AL AL 4 , 12475 .
Geranyl geranyl pyrophosphate synthase ( GGPPS) ’ ’
5 FE AR IR £ W
Farnesyl pyrophosphate synthase ( FPS) 2 2.46 6.04
3 31K G A V5 1 030 007
3-Hydroxy-3-methylglutaryl-coenzyme A reductase ( HMGR) ’ ’
EWEAR AL A 360 y o 15
Phenylpropanoids biosynthesis  Cinnamoyl-CoA reductase ( CCR) ’ ’
WNMHERR 3-0-F 254 75 il
Caffeic acid 3-O-methyliransferase ( COMT) 3 16.57 46.18
B S
Cinnamyl alcohol dehydrogenase ( CAD) 2 1.62 4.09
4-75 5R-CoA HEHEME
4-Coumarate—CoA ligase (4CL) 2 7.31 8.31
TN AR i A
Phenylalanine ammonia-lyase ( PAL) ! 6.76 19.50
) " )
UIMEREAAR: A O-ILECRHS 1 110.92 79.18
Caffeoyl-CoA O-methyliransferase ( CCoAOMT)
CYPT34 1 1.52 27.34
x4 BRAFHW
Table 4  Analysis of transcription factor
A T e L Tl 5T Ve L Tl
o Kt R ] B
Transcription Up- Down- Transcription . Up- Down-
Number of Number of
factor . regulated regulated factor . regulated regulated
Unigenes Unigenes
MYB 13 5 8 GeBP 2 1 1
C2H2 10 7 3 GRAS 2 1 1
C3H 9 3 6 mTERF 2 1 1
FARI 9 3 6 PBF-2-like 2 1 1
WRKY 9 4 5 Trihelix 2 2 0
C2C2-Dof 7 6 1 Alfin-like 1 0 1
ARF 6 3 3 ARR-B 1 0 1
bHLH 6 4 2 BES1 1 1 0
G2-like 6 4 2 C2C2-CO-like 1 1 0
NAC 6 4 2 C2C2-YABBY 1 1 0
AP2-EREBP 4 2 2 LIM 1 0 1
ABI3VP1 3 1 2 MADS 1 0 1
bZ1P 3 0 3 SBP 1 0 1
C2C2-GATA 3 1 2 TAZ 1 1 0
EIL 3 2 1 voz 1 0 1
HSF 3 2 1
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BH/INBE A 26 °F-,2018) o M6 Ab, i 7 I 2 A
ORI AR TR AR k0% fEE T A A 3 T
Bz N T AR ZY | B 2 A S (R =
B,2010) . JTAFk, B i 2 kv ik il H T A
EEZrhla R e FEE M AR KR, G HE S
LA A e )k R A R L R R BT — AT A 24
“SChIRET R L EORE BT e Y N s (R
B MTEEE,2010) . F b, 76 F & 8\ i
A8 R = = SR R R a1 R E R N (AN £ L <
B F/\ 81 A 2 ool R 2 R O\ e
N =

XFF N SRS, JE e 2 ¥ & T B A R 5
T i 4 T Bl A B i, S TR RSO Y A A — 2
W25, HAR SR B of R rp, Ho AR PO R b i o
He— R4k, T R B 45 I T B R A X A
RRRSE R RIJREFE RN S (3R, 2011 W R4,
2020b) , LA ST PEAE 10 H f RAE M F it 47
PRI 53 A A o 45 R e B AR YE, AR5 &
LA 69 BB TR R MRS,
PEIR AL T30 5 AL 01 5 LAAL, Hom Fr vb B3
KM G A W2 TR A R AR L R
J3 R G T R R, EL A IR R e
14 1k 27 BUARAE

M FE I 2Bl i 28 ORI R R F WA
WY A s, WSS A A R AR TR T M,
MVA &2 Fl MEP i 2 $1L 1Y IPP 2500 28 5 Il 43
IR N A 2 A = A S T R e
Y, HMGR F1 DXS 43l /& MVA &4 #1 MEP i& 42
R OGRS TN P TERE AR 69 S5 ARG 01 S PR
R B, #on fili 01 S Al BB DL MVA i N
F, MEE A 69 5 W B 5 0] F 38 5 MEP i& 72 A R
PP, PAEA W& W A2 Fh 43 B & B H A W 4 T
FERTERES 69 5 KW LRk A a2 A
FEW A Il A AL 7 A A BRI A U B Y
B 5 2 PP X (PR SCEF,2009) , R H B0 A
il 1) 1R 22 3k B R B RE A 69 5% K Il 4 4 v T fiE
HAEHEZ HEERIEA S, B, kG
PEALRATIR R coPPS FEHTER:ff 69 5 v ik,
T HTT e & A E R W 4, TR R e o
ALFEATE X PRI, 78X P RP I R AT S A
Mrh G2z RN b A 256 N EE T RN E S
WS Ho AL 65 CCR . COMT , CAD (4ACL . PAL .
CCoAOMT ,CYPT3A 5 XHEMEHE A, 30 JE 3L A R
B ERFERE AR 69 5 Hh R PR A CCoAOMT
TEAEA 69 5 Ll R, Ho KiE L ik, nl
A5 H v o A B S e, X B AR

S, O-M B RS R N 2R 6 i R 10 T 22 (0 il
AR S-RR T F B 20 BR AR o B AR5 R N &R
R R B s Py S T G, — TR 7 S AR )
(1) O-H 3L 7% 7% Bl 1) Ty e © 9% 48 ¢, 6] 4 7 & A
( Foeniculum vulgare) "', Xt P9 45 2 28 Wy O-H JeF%
T M Sz - X6 AT s 5 2 T Y 5 Ak Ay ez T A A
TR M PR 35824 T B s A R R 1y O- Y 5 5 % il Y
AL S5 T 55 I ( Gross et al., 2002) . HHI, XI5
e ik K T A AR W A B AL R AT AR
CCoAOMT AR N — MM BIBFFEIIA L, et A
IR A SR AR W R T O A A Y B T Be, bHLH
WRKY MYB %5 5% K712 2 5 2 25 4 ik
B, AR I, TR B SR MYC2 1Y
Unigene9952 DL K 71 B¢ hy 5% 5 BBl F MYB111 1Y
Unigenel15870 7EAEff 69 5 L iH Rk, MYC2 i
HORF AT 5 AR il AL G W i A= W)
RAENEF (¥ ,2017) ,MYBI11 D04 4% 38 1F 1 94
AR AE W) R (R R AE,2019) o T T AE
IR RE e AR A A 69 5 v I 4 S 1 R i
5HEM 69 5 1Y = 75 &I 7 i A OCEK , AT AR A f i
FEHTRABE

WA R X AR AR AT R REE,
AR /NS G BRI AR 50 10 FZ AR E 7] L
M 4 SR AE R TR T A A R R SR A
i (TSR, 2012) , BERY A A AR
E R J5T A 347 2 A A A P i O AR A
Y AR B CHEE, £ WRBRE L
AR i B i A PR 19 A RS (2R IR AR 55, 20005 51
B2 45 2014) , JF oot B Y A2 4k g 48 52 e
AW AERKKTE , BN, 7 %G Fom o 5 M LA G
AT 935 P 2 X TR S ] 4 1 o Joi R 7 A Y Y
M (X T %, 20165 5 56 B, 2016) , ZHE R Bk
HTEA A K, W] IE R R A= 9 4
B B BT AR RE B R R . B A 0 AR AR 3
HAWZEEMEM, I H b7 5o g mARhE 2
gk Uk 2 R AR e R Y, S 5 R
22 A AR 2ok 2 R At 25 A 3 A AR AR AT R
WA 4 K % B (Amir et al., 2018 ; Yang et al.,
2018;Yang et al., 2020) , HPIIEIAFE)1Z 1L
G, iR R H AR 2 FLAR VB AE | B
Pk (A A, = I TR A T I R AR
A BE) ( Ohlrogge & Browse, 1995; Ischebeck,
2016) . MEEAERELWAEY i+ TERZEEY
R AR SR R AY | nT HRESE R) B B RE A LI BR
A 5 1 R 2% A 3% i A w5 ) 55 EAE T (Li-
Beisson et al., 2016) . %M K 1 £ i )2 b 38
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2H 22 S I B DR b R BRI | A AR R A3
g oA A RH DG 36 PR, T DA v i i e B PR M
EHS/NMEERAERKERCR, M FRHES
N R RS S

ASHIF 5 R T e 53 2H 00 5 AR\ A it e B R
FARFFIEFEAT 23 M, 42 98 H o 45 2 o e AR5t
ik SAH DG BE [, A5 19 e 1B 6 (K R — B4R 5T
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T 5% I RISy TR A RS E R AL A
OPAN SRR R e B T
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