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Analysis of sinomenine synthesis pathway based on transcriptome sequencing in
Sinomenii Caulis
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Abstract: Objective In order to explore the expression of sinomenine content control genes, synthetic control sites and expression pathway.
Methods In this study, high performance liquid chromatography (HPLC) was used to determine the content of sinomenine in the roots and
stems of 49 Sinomenii Caulis in six populations. Two populations with large multiple differences in sinomenine content were selected, namely
Shanxi Baoji and Guizhou Zunyi. The most representative of them were selected, and their roots and stems were taken for transcriptome
sequencing and named as HR/LR and HS/LS. Results Sequencing results showed that 355 201 transcripts were obtained by splicing clean
reads, including 275 491 Unigene transcripts. There were 23 562 and 37 143 differentially expressed genes in HR/LR and HS/LS, respectively.
GO database analysis showed that the functions of these differentially expressed genes were significantly enriched in aspartic-type
endopeptidase activity and aspartic-type peptidase activity, it is speculated that these two enzymes might be encoded. The results of KEGG
enrichment explained that the differentially expressed genes were involved in carbohydrate metabolism, protein binding to cell membrane and
vitamin C synthesis. The results of qRT-PCR verified the expression of upstream key genes of the isoquinoline alkaloid synthesis pathway and
found that it was positively correlated with the accumulation of sinomenine. Conclusion This study provided a preliminary understanding of
the molecular mechanism that caused the difference in sinomenine content, and provided a reference for further understanding of the
accumulation rules and synthesis pathways of sinomenine.
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TR, XAATENE FXUBE. B PR
4, (PEZI) 2015 FERRE, FXEEREYE
ORI OB E & Sinomenium  acutum
(Thunb.) Rehd. et Wils. & EFH# Sinomenium acutum
(Thunb.) Rehd. et Wils. var. cinereum Rehd. et Wils. 2
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A& — M LRI A& BORE, #B 2 DS IR
(L-tyrosine) AR, fEEFHIMELL T AR 2 F
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% (4-hydroxyphenylacrtaldehyde ), £:— & 51§ 1
EA S5 A ol E B o [ 7 4 (S) - PIR 7 73 A
TR[(S)- Reticuline][20'24] BES  (S)- IR 7 7 Al i 7
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WEFERRD, AHIE TR s 80RO (B4, XA [F]
B KRR 2 T R S R AT E, G
PR B 2 e WS I 2 P XUBR AR . 25,
ITRFAN T, WEF BRI RINES S BUE
1, N RGBE I R R F B4 5E B4R
1 MRS
L1 R

2015 FFRERRPTEIGZRIE (RSO, S

WL CRZEB, BHEERREL ke
kO, 22N RKahh CRAK, Bt
gl CFUEkO . AHE L (& kD R
X2 (B 0.3 cm i4i) 49 14, GEHE
SENMEY) T # Sinomenium acutum (Thunb.) Rehd. et
Wils.. $2REHE 49 AR T 95 (R Do
1.2 IR
g, B, B 2. BiRE M. =2
R HEE Crg B HIIE T I 2 S A AR
PRZE], RNA $EHGAG G RNA St sl T
TRV EEARA R A F], RNAseq N0

x1 FERBRRERER

Table 1 Material collection information of S. acutum

s KEH Z Zh

Bt K2l 104° ~110° 31° ~32°
Bt K2l 104° ~110° 31° ~32°
w5 Kl 104° ~110° 31° ~32°
76 Kl 104° ~110° 31° ~32°
Bt K2l 104° ~110° 31° ~32°
%12 Kl 104° ~110° 31° ~32°
m 21 Rl 104° ~110° 31° ~32°
22 Kl 104° ~110° 31° ~32°
26 Kl 104° ~110° 31° ~32°
28 Kl 104° ~110° 31° ~32°
B 1 Zly 102° ~113° 34° ~45°
Bk 2 ZRly 102° ~113° 34° ~45°
Bk 5 ZRl 102° ~113° 34° ~45°
B 6 Zly 102° ~113° 34° ~45°
BZ 10 FE 102° ~113° 34° ~45°
I 14 % 102° ~113° 34° ~45°
B 16 % 102° ~113° 34° ~45°
Bk 17 ZE 102° ~113° 34° ~45°
Bk 19 ZE 102° ~113° 34° ~45°
[k 20 2% 102° ~113° 34° ~45°
Bk 21 2% 102° ~113° 34° ~45°
| Fig L 110° ~112° 26° ~28°
EEy) Fig L 110° ~112° 26° ~28°
E E 1N 110° ~112° 26° ~28°
%6 Fig L 110° ~112° 26° ~28°
£ 10 Fig L 110° ~112° 26° ~28°
=11 FHig L 110° ~112° 26° ~28°
3 KA 112° ~117° 30° ~32°
s Kl 112° ~117° 30° ~32°
6 Kl 112° ~117° 30° ~32°
8 Kl 112° ~117° 30° ~32°
#o KA 112° ~117° 30° ~32°
#1s Ko 112° ~117° 30° ~32°

17 1 T & 11 ik 112° ~114° 25° ~35°
1l 2 T & 11 ik 112° ~114° 25° ~35°

17 3 B8 1k 112° ~114° 25° ~35°
17 6 B 1k 112° ~114° 25° ~35°
61 KELWL 104° ~110° 31° ~32°
=63 RELWL 104° ~110° 31° ~32°
55 4 KB 104° ~110° 31° ~32°
K5 KELL 104° ~110° 31° ~32°
=7 RELWL 104° ~110° 31° ~32°
=K 8 RELWL 104° ~110° 31° ~32°
=615 KB 104° ~110° 31° ~32°
=6 16 KB 104° ~110° 31° ~32°
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NG TR 3 AT RUBRAE AR S5 A K
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AX AT HEFE AL FE 20 min, A, FRERE,
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AHLIESLHATIES, BOEMR, TENESIETR
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1 FEEXER (A) K& B) HPLC
Fig.1 HPLC of sinomenine reference (A) and sinomenine

sample (B)
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Table 2 Specific primers
R IEFEGIY) (5°-3) KFEGIY (5°—3)
AST GCCGTCTTCAGTGACTGCGGTCTT TGCATCTGCATCCAGGCTTCC
CNMT AAAGCGTCTCAGATGGGGTT TAGTAGAGTGAGTGCTCCATAACC
AOC TCTGCCATTAGCGGGATCT GGAATGTGCGTAACTCCAAAA
TYDC CTGATTCTGCACCAATCCATC AGCATCTTAGCAAGCCAGTCC
Actin CCTCTTCCAGCCTTCCTTCAT TCTCCTTGCTCATCCTGCAG

®3 O MMXFHRBEESRITR

Table 3 Statistical table of sinomenine content in six regions

. T/ % ) %
E s i — i T E—
= Ui ES R
51 0.16 047 10 047 088
72 023 051 E- 0.72  0.98
Digh] 043  0.56 3 0.51 1.03
76 021  0.68 s 1.76  1.81
Bt 7 0.37  0.50 # 6 0.53  0.93
12 0.44  0.53 #s 0.68  0.96
21 041 0.88 B 0.70  1.01
22 041  0.67 #1s 0.77  0.99
26 1.05 131 51 1.15 121
28 044 0.84 15 2 122 141
B 1 1.93 221 15 3 125 139
Bk 2 1.78  1.88 #5 6 1.19 143
B 5 1.85 193 5 7 129 150
1 6 1.63  2.05 %7 8 131 147
B 10 203 2.6 7 12 .17 1.39
I 14 1.90 231 #7 16 123 141
B 16 1.93 237 01 131 155
B 17 1.88 239 563 122 149
B 19 239 293 584 123 152
[ 20 258  3.05 565 1.17 140
Bk 21 1.69 199 587 1.30  1.64
F1 0.29 0.61 568 126  1.56
%2 0.56 0.72 2015 131  1.55
£S5 0.51 0.83 16 1.35  1.69
=6 0.62 091
3 -
S
== Bl
2 - -
§
42X
&
oo 11
0

% 1"

2 BNESHAE - EEES B
Fig. 2 Statistical chart of sinomenine content in Guizhou

and Shanxi
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UG 8L Wi 2% 751 - 4 0 3L PFE15 31 355 201
NS, Hrb A4 275 491 > Unigene, 3 1 kb
DL IFZE R 153 586 1>, 1~2 kb FIFEAF 74 324
A, KT 2 kb HIFEKA 47 581 /> %f Unigene #HT
Bt PEvER, 2 BIE R # GO, NRPI,
SwissProt?”l, KOG, KEGG™. Pfam"*fl NT
7 REHEE, SGIHERSI & EIEER Unigene 4
o SERFIR, N NR B B b e 310 1 3 R 4
H (166 232) %, 5% Unigene ff] 60.34%; I
P2 KOG #4l FE AR H (44 605) /b, b
& Unigene ] 16.19%; 715 2] NT.KO. SwissProt.
GO i FE i 2L R 0 H 43 73 9 115 405, 67 911,
120 667. 115967 4~

3.2.2 ERRIEKFSNT Fesk 5 (B
3) %M, HR 5 LR ML, 2 =R FIAH PE
NT0.05M I R 23 562 4, Hh ik B
FIf 12 002 4>, RIEFFEKA 11 560 1. 5
BaEadr (B4) £, HS 5 LS Mitk, 2 57
FiEH PAHAT 0.05 A 37 143 4>, Horp
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T: 11 560
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2 iz
3 HR5 LR ERFIEEREKFELR
Fig.3 Level analysis of HR and LR differentially expressed
genes
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2EER

4 HS 5 LS ZRFEEREKFIH
Fig. 4 Level analysis of HS and LS differentially expressed

genes
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17 892 4.
323 ERREEFGOFEEMT GONHr(ES)
FW, HR 5 LR Mk, F 164 N2 RRIEFEF T HE
BARAADRBNEE N INEYE, H 2z mikRR
ik FIRA 81 AN, ZERIERFIETHNA 834 A
164 22 F R K 0] 5 B R A IR KBS
HrpERRRERE BEMA 81 A, ERIEREFKIL
TRA 83 A A 79 NERKBHEF TGRS
tRNA FUIREER g 1, Horb 22 R DR 380k i)
H 43, ERFEFFIETHA 36 1

HS 5 LS Mtk (Kl 6), H 227 NERKIEHR
KAl e A R AR IREE W VI s, HhER
FERFRE LA 127 4, ZRERFRIETRGE
100 1~ A 227 MERRIEEFTTREAARLAR
JRBEEYE, HorbzE R RRE BIEA 127 4, %
FEHERIFRIE TP 100 4.

3-tRNA methyltransferase activity

5 HR5 LR ZRFTEEE GO BEESR
Fig.5 GO enrichment analysis of HR and LR differentially

expressed genes
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EPSE e
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575k

I-RAFIRTKEN DIBETE  2- RAZ R AKERE 1
1-aspartate endopeptidase activity 2-aspartic peptidase activity
6 HS 5 LS ZEFFIEERE GO EEIT
Fig. 6 GO enrichment analysis of HS and LS differentially

expressed genes

324 ZFEREFIEMRNKEGG FHEMT KEGGF4H
SHT (R 4) R, HR 5 LR F i ERENEE S
1E 8 S RuhiEEk b, FESHWENEM S P&
SRS, —3F 396 NMERERKSE, HS
55 LS A 22 e SRR B35 R AE 6 AR EE L (ER
50, Hrh 3 X E5REARAEDS, HF 623 MEREE

#4 HR5 LR Z7FEEE KEGG EER@EK
Table 4 KEGG enrichment pathway of HR and LR differentially expressed genes

TR % 1D BERT BEMGT FEREL

ES PR IL T k004974 0.311 828 0.000 828 29
WE LT I TR LI -4 0 AR 6 X k000563 0.200 000 0.004 514 56
Y B 2 P40 XML S AR 1 RE k000980 0.196 154 0.009 626 51

-SHEE A R k000510 0.170 575 0.009 626 80
SRR AN B A ko00051 0.161 172 0.019 085 88
R EAEME K k000140 0.407 407 0.023 208 11
RINE LY E K k000940 0.144 084 0.023 208 151
JRWE R W T TR T k000040 0.167 939 0.024 943 66
S WEIRR A P A 0 ok k000950 0.113 360 0.999 999 28
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RS HS 5 LS ERFTEEEKEGG EHRER
Table 5 KEGG enrichment pathway of HS and LS differentially expressed genes

TR JE# 1D GEER S H RS
HE L0 R IR VLB 2 A2 A RR k000563 0.292 857 0.001 354 82
KRR EDE K k000940 0.217 557 0.005 370 228
TERY R FEEAR k000500 0.204 041 0.007 520 313
TR A FEBA TR H 4 k000040 0.241 730 0.020 465 95
RBERH B NEA k000051 0.227 106 0.022 034 124
LA k000052 0.229 083 0.023 095 115
SR A B A A k000950 0.182 186 0.778 182 45
Kz, Hp3 &5KNRNEDER. EA59 A 25- s
MRBESE 5 LA B 47 E 3 C B ARG, S 405 2% 0l & L 1 Ls
RAEES L, jg s
VLA K AE 2 AR RIS KB, T3 = ol
K2, X HARNBERAH . 48425 C &, HEAS R
P EAER . A PrEtb ] ReF EE MR, & - = a
HR 5 LR BLJ HS 5 LS 2 41 & SE7E Rk FEAALL  REAZL2 BEAUL3
Ytk A - R B 1) 22 S 2 RSB0 3 D 28 AT 45, B 40 -
535 4 B I 5 N £ ALK . ) - LR
33 REWEYHEREEXEEENLEESE ﬁ 1 1
IKBSIE z 209
SEISAE KEGG ¥R I o 750 52 W z 0]
W BOR e, RINE SEAEIX % B 1) 2 S ) 2 3 I "

HEREER B S T 4 DIRBEIER, 250N ast.
cnmt. aoc X tyde, MhAI4miY 4 Fhill, 3NR%
RIRFE RN AW RSB, (AREILR. &
RIRWREE, X 4 FIEES 5 5k A Y iE i
IR A SO TR NI A AR D v A
LA M AE T B & B Bk 20 54k} ok e 5
R RIE R EE S THR&EO5 1 SR, Rk
AT BE AR BT b Ui 30 2% A s AT Rt T 7
1) e BRIEIX 4 AN 22 7 R R 34T QRT-PCR Bk ( 4
7~10), R GEFEHMTPERIELA K, K44
BERES 1 5 IRAL S AL P RIERAR, HrE
Be 20 SRR B, 454G HPLC tilhas Sk,
X 4 NFERERE 20 SR 15 2 MikbRE. 25
(R IE K55 75 A & i S IR AR
4 g

T RERRR T 75 KUBE R AEAR I =8, i A4
BlA B T R . AEA AR = A A
FERIA AT 2 P 5 PR B BLAE F 45 3,
DA I B 353 TR ot Ik AR AR I (AR R % KR
miPl, R HPLC 9%, X MZR08 LSS 6 ANkl
B0 49 PR KU 239 32EA T 75 TR sl 7 =) 2

BEAML L REAZL2  REAYL3

7 ast E7E HS/LS (A) # HR/LR (B) s &RiLE
Fig. 7 Relative expression of ast gene in HS/LS (A) and

HR/LR (B)
A 20
154 I
5 I :
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0 i | il |
B FEARL 1 BEARZL2  FEARY3
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% osd oz 1
®
3.’?3 10 4
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3} 54
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BEAAL L REAZL2  PEA 3

HS
LS

HR

mLR

B8 cnmtEE7E HS/LS (A) 1 HR/LR (B) M FRILE
Fig. 8 Relative expression of cnmt gene in HS/LS (A) and

HR/LR (B)
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ﬁ 10
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Fig. 9 Relative expression of aoc gene in HS/LS (A) and

HR/LR (B)

A 15

tyde FHX k&
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154 T . m LR

104 &

tyde FHX A H

ol e B BN

FEARM T FEAd 2 FEAAS3

10 tyde E[E7E HS/LS (A) M HR/LR (B) F#Ext&KiLAE
Fig. 10 Relative expression of tydc gene in HS/LS (A) and
HR/LR (B)
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W%E%&Fﬁ%%?%% P 1) 2 1 il kT 3 2
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T R T MR A, BRI 7E KEGG 1R
WHEBS R, B3 O S MR AR e A ) B
%, HR/LR J HS/LS 2 4H & SE7E 7 bk AE i A
Y6 s b ) 2= S L R0 S 28 NFE 45 A
Hodr, 2 ARy 722 S B R 3 B AR e A
VIR G BSOS r) B, B G Sas R 0 JER
Vi 45 R IR R & R AR — I R . Sk,
TE NS R BR BN A L S 20X — Y i 2 (8 &
BOEEH, A 4 A EEAE AR R R IA
RRIE LGN, H EWEEZE. £ HS/LS o5k
VA G ROERE B LS HR/LR HEEAR—
o Phik TIXAIME LUF 4 A RBERET I 4 N ER
BEEERTE 2 A AT RIBAE, KIS0 45
R#ah—3. 7£ HR. HS X 4 MR EE i,
W3 F5 2 PP L T RRIRRR 28 22 S5 1 D AL FH T
HR A HS H 5P A i A= P65 O A B B
TE I i o Bl R R Rk 1) AR HE T R A
o AR IXAN R T3 AP IR, e/ EMNE N
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