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Transcriptional Analysis of Terpenoid Biosynthesis in Aconitum carmichaelii
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Medicine Resources, College Pharmacy, Chengdu University of
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[ Abstract | Objective; To study on the expression of genes involved in the biosynthesis of terpenoid
secondary metabolism, and explore the functional genes in Aconitum carmichaelii based on transcriptomics
sequencing analysis of six A. carmichaelii organs (including main root, lateral root, stem, leaves, flower and
fruit). Method: Illumina Hiseq 2500 was used to detect the sequencing and assemble into unigennes. By
comparing with public database, the genes were annotated and differential expressed genes were obtained.
Subsequently, Real-time PCR method was used to verify the key genes involved in the terpenoid secondary
metabolism biosynthesis. Result; Total 156 967 635 Clean Reads (28 254 174 300 bp) were obtained, and
103 337 unigenes were obtained after sequence merging. Homology analysis of nucleotide and protein sequences
indicated that 37.31% (38 554 unigenes) had different degree of homology with other creatures. In analysis of the
functional classification and metabolic pathway ( KEGG), 158 unigenes (encoding 5 enzymes) were involved in
terpenoid synthesis. Conclusion; These genes will provide the basic data for the terpenoids biosynthetic pathway
and molecular mechanism of A. carmichaelii.
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(stems, S), | H2 A1 &= 4R (lateral roots, LR FiI true /
main roots, TR) H1 5 #k 58 B 1Y I FAHIT A9 2 Sk A )
Iy HEATIR G AT o MR 5 AR A Al ZE A A
ain RS R AR R A TS | o 3 RS B R R A R B T
b, AL SRR A AN R R B By Ak KR S
H o
2 HiE
2.1 HFHMF  SRA Trizol 5 & (ME KA R
A F ) B BORE S B L 42U RNA, A A Oligo
(dT) (2R 53 #5 mRNA, 4l mRNA 53 fifk il Ji A
N R B, S s il eDNA %, NI EE ST T 2 Sk A ) 6
AR cDNA B L4 S0
2.2 FhsEdHEmaE WY CHR LD REE R
Ilumina /A 7] ) HiSeq 2500 {38 & 77 F & X 1% 3k
cDNA B SCPEHEAT I P o 15 3k B s L0 i £
JEht i A Fy 51 30 aod i i A T R (H 20, 3845 Clean
reads , i ] Trinity {315 52 1 B (K-mer) , & J B¢
(Contig) J F Bt 4 & ( Component ) , 5 J& | 4] De
Bruijn [& {77 3 I P Read 5 &, 724 v BUAES
T SR BB SRA T 51 B SR 245 O 48 e BV A ¥6F
H# Y unigenes, ¥ unigene 5 NR, Swiss-Prot, GO,
COG,KOG ,KEGG % ¥ % H X}, 3K 5% unigene Tjj RE {1
A5 S
2.3 EFRRBIN A AESDTF R K Reads
55 unigene FEFEAT LU XS, AR AE LL X 45 5L, 455 RSEM
P AT 2235 K T (R FPKM. (8 26 7% 6
unigene YRI5 £, R (FDR) <0. 05,7+ 51
A % {H log2FC =2, X DEGseq R # 47 A 22 7



523 F45 16
2017 48 H

HEREAFFERE

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 23 ,No. 16
Aug. ,2017
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Wik se R Real-time PCR %1 %6 5 41 4 1 %
Ll 2 A AR Y 22 S 3R 0K B TN kAT B AL, £ L
N H actin ( L FH 5 S H 66153, graph_c0) K
N2 JE IR, 8 BOCEIC A 22 v mss 288 Uk 2 A8 v i) O B Ak
B, HAZ YRR 7 41, 3211 Real-time PCR 5] #ik
(32 1), ffi ] SsoFast™ Eva Green® Superemix
(Bio-Rad, USA) {3 IR i), B] 45 7£ Bio-Rad iCycler
MyiQ Real-time PCR Systems F & # 17 Real-time
PCR 5E5, PCR LB K FR N 20 pL:idi & cDNA K
54, SsoFast™ Eva Green® Superemix 10 pL, 5| ¥

%1 Real-time PCR 3| ¥ig&it
Table 1 Real-time PCR primers designed

1.0 pLA1 ddH,0 7 pL, PCR & H 95 C, 20 s, 1
PEF ;95 C, 5, T,(K 1), 20 s, 45 P20, i fiith
LB 65 ~95 C , FHRAFE R 0.5 C- s ' g5 RiT5A
27205 ik % 3 R E A

3 #RE59W

3.1 W K p s eriE gl R S SLAE Y A AE R
Sz 25 AR B AR Y A sk 2 SO ff A Tllumina
HiSeq 2500 & 3 & W )5 °F & X & A~ B 5 3 47 1
%, 07 4 4 2 B 44 unigenes - ¥ K F 653.8 bp,
N50 {5k 1 073 bp, #& K ik 67 567 698 bp (&
1), unigenes 7646 L SE (M 25 AR AR 5L ok A
RO TR AR EE 4> R 76 793,77 790,69 274,
73 045,71 625,67 087 bp, AWF 5% K45 1 3 %
% 41 NSO it 1000, 3% WA B4 e B A 85 e 1

i

FER A FR (FERH D 5 519751 Jr 37 i ik T,/C
diphosphomevalonate decarboxylase ¥ 5'-CCATTTGCAGTATTCGCTTTG-3' 21 60
(¢81256. graph_c0) FUF 3'-TACTGGGTGAACTGTTTAGGT-5' 21
geranylgeranyl diphosphate synthase 3% 5'-CCACCTACACTCACGAGCATC-3' 21 60
(83598. graph_c0) T 3'-CACTACTAACTCTACCCAGCG-5' 21
ent-copalyl diphosphate synthase 3% 5'-CTCGTCCACTTCGGAAACCT-3' 20 53
(¢64964. graph_c0) Fi# 3'-TCCAATCCCAATGACCCAAA-S' 20
ent-kaurene synthase Ui 5'-GACGGCATTCACATCACTAA-3' 20 53
(¢68080. graph_c0) N 3'-AAGAAGGAGCCAACATTGTG-5' 20
isopentenyl-diphosphate Delta-isomerase i 5'-ATACATGCCATATCCCAAAC-3’ 20 52
(¢72994. graph_c0) T 3'-TTACCTCCAATGTTGTCGT-5' 19
actin 3% 5'-GCCGCCTCCAAGAATCACCTA-3' 21 55
(¢66153. graph_c0) T 3'-GTAAAGGACACCTGCTATCTA-S' 21
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Fig.1 Unigene length distribution
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W& iy A 7 (G0:0008152) 4 12 101 4>
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A~ unigenes , Fo g7 B — A 33 FE 7 (GO 0044699 ) L)
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Fig.2 Histogram of GO classification of all assembled unigenes
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Fig. 3  Expression of all differentially expressed genes ( DEGs)

among six organs in Aconitum carmichaelii
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453 W R ffi ] Real-time PCR J5 ¥ 4K 15 1) £5 5 M 76
535 6 A48 B AT R E T E S i A R R AR
— 3 Horh 5N £ R A B (72994 graph_
c0) J2 I 53 2H B A I v B SRS B B Y, HLE PCR
G 9l 2 R R R S ORI .
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x2 LI dEREARRFMRBGIEKXAF S (unigenes) H =
Table 2 Number of unigenes related to terpenoid secondary metabolites in Aconitum carmichaelii A~
W AR % Pathway ID &t 1t E nt B AR FH
w2 E A A R ko00900 62 57 59 59 58 55 58
ZiEAE WA R k000904 42 34 33 35 36 34 31
2 TR 25 TR S AR W R ko00130 40 37 35 34 31 33 29
A5 205 K = A G R ko00909 8 6 6 5 6 7
TG A AR k000902 6 6 6 6 6 5
2.0
MVD GGPPS 16 KS CPS IDI
40 1.6
NEEL = 1.2
A 8
ﬁ 20 0.8
2 10 4 0.4
& 0

0
FL FR L S LR TR

FLFR L S LR TR

4 SLiEEKHEZREFF 5 A Real-time PCR I iE

0
FLFR L S LR TR

FLFR L S LR TR FLFR L S LR TR

AL

Fig.4 Real-time PCR verification for some important unigenes in terpenoid metabolic pathways

Sk 8 S AH 088 IR P, 72994, graph_c0 JF 41 5 IDI /
IPT JE DA BLAT B2 4 09 AHARLEE |, i 4 Real-time PCR £
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PERRENEE, XMEREAASRKREFALTH
CrIDIV JE R AL S iy SmIPIL SE AR — 7

B35S AT ) 7 4> GGPPS J#3)] (unigennes )
ZMFE KA 4 4 (c67274. graph_cl , ¢76338. graph _
c0,¢79809. graph_c0 Fll ¢75217. graph_c0) 7£ ' 7 F 15
B, A 2 (2937, graph_cO Fll ¢82780. graph_c0)
12 E MR, 1 A4 (83598, graph _ c0) 7 fE i
¢76338. graph_c0 K& K 3% 35 7K - 3 B ) 45 K9 4H 1
22 S, AR b e a8 A2 A A H Al 43 1 8 ~ 180
¥, DA O A 0 B 7 GGPPS LR Al fig 5 H 2 b i
IbGGPS 75 144 % A RLIG 43 A 3 42 B #8771 F
W 8 BT R I 4R ) R S X, 5 R S L U
K, WIE P K, GGPP 28 % FH K AE 26
MR AN TR BB TR . AR — A [R] P
S K , GGPPSs 1A ) vh F RE 4y 1 6 2 Fh iy (5,
151 40 55 25 7 FRLA TwGGPPS4 1 TwGGPPSS 1% 5
TIKFT S A= 46 l, TwGGPPS1 il TwGGPPS4
MTES 5 T A R (KR A T s DR O
() GGPPSs W M5 1035 7 30 FLHE IR % b R Y
FAY ORI Y T 2R R 0 A O AT A U A AR
WY B R 53 GGPPS 1 Bt 7 i 5 B A AH ¢
M TIEE , B e — AT I ik W o A 2R A
TG T I R —

CPS(12 4~ unigenes) Fil KSL(8 4~ unigenes) 7E
5 LB e O B B R R, BB R WG S G
(diTPS) K& ) G861 . 7ESF 2 SmCPS il Sm

KSL 3B LA GGPP A i Uk P+ — M 5 % 0 3 7P 1Y
ApCPS2 W REfEAL A LA M L A TR IR (GGPP) ™, K
LT ApCPSs FEIA, B 3 5% S 2H h Y ¢70404. graph_c2
F 86542, graph_cO o7& M i F AL S e ik, 2Ry 12
A CPSs 8 1 A Y 7 A8 AR M A OR R B 5% S0
P, gt H & ¢110247. graph _cO F1 ¢35028. graph _cl

FRBIE S, H OsCPST Ry ¥ 56 2 A7 T 4k 48 4 21
WL TR It CPS, KRSt R XM AEY S
B, T OsCPS2 5 5 32 B A7 T 3% e 20 Mg N LUKt R
B R 7 0 SRR 2 F R R 3 CPSs 2R 1
FHY ¢110247. graph_cO F1 ¢35028. graph_cl B4 7]
LR Xof BR358 15 7, A7 HR B0 I 4 it 9 BB 0, AT Ay B
AR o R 3 X 5

WA, A RAWE 5 A IR T I 5 PR 32 4R o 1 L
ATy ge 2£ 00, an ot M AE H (GO 0015979, GO
0009765, GO : 0009773 ) , J: & & & ( GO 0009538,
G0:0009522,G0:0009523,G0:0009654 ) , &t £ &
A (GO ;0016168 ) Fl Hy, T #5441 4 ( GO : 0009055 ) ,
PR 5 SR Z rhhe = i A, BT DL S 3t B AR EAH L,
MR ZH LU a5 28 G0 A OGP B b R R B AN R 3k
SRMAH L T4 1885, Bk AR A A 62 4~ i
unigenes , X H AL 45 17 9 AN HLURE R F 41, tnd
M-I 72§24 4 B (c74022. graph_c0,log,FC =5) , J5
B AH > 25 H BE %&£ [ (Pathogen -related protein -like,
c30671. graph_c0,log,FC =5.9) 4, Effl KL H =5
TOEAE - R U (ko00196 ) FIAR # R 15
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