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Transcriptome analysis and identification of related genes involved in secondary
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Abstract: Objective To explore related genes of the secondary metabolic biosynthesis and their molecular basis of Ardisia crispa
root by using high-throughput sequencing. Methods The high-throughput RNA-seq technology (Illumina HiSeq 4000) was used to
conduct a transcriptomic analysis of A. crispa root. Unigenes splicing was performed using Trinity software and annotated with
KEGG database to predict the specific pathways. Results A total of 52 249 Unigenes were obtained, of which 31 391 were
annotated in the public database, 1507 Unigenes were annotated for pathways of secondary metabolism biosynthesis. Based on the
bioinformatic analysis, 126 Unigenes were involved in the phenylpropanoid biosynthesis, 73 Unigenes might participate in terpenoid
backbone biosynthesis, 58 Unigenes were involved in the flavonoid biosynthesis, and 253 Unigenes might participate in secondary
metabolism post-modification. A total of 9, 23, 39 Unigenes were screened out from the transcriptome database, which encoded 4, 8,
19 key metabolic enzymes associated with coumarin, flavone and terpenoid biosynthesis, respectively. 140 CYP450 genes and 113
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UGT genes may be involved in the modification of secondary metabolites. MISA prediction found 17 400 simple sequence repeats
(SSRs). Conclusion The high-throughput transcriptome sequencing revealed the genes involved in the synthesis of flavonoids and
triterpenes, which lays a foundation for further studies on function and regulatory mechanisms of key enzymes involved in the

synthesis of secondary metabolites in A. crispa.
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Fig. 2 KOG functional classifications of A. crispa transcriptome
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Fig. 3 GO functional classifications of A. crispa transcriptome
£2 J\IN&EEEFLE Unigenes KEGG B S st
Table 2 KEGG functional classifications of A. crispa transcriptome
s ki EE_id Unigenes &
1 B R (metabolic pathways) ko01100 2812
2 WAERBMIAYI A % (biosynthesis of secondary metabolites) k001110 1507
3 #HEA (ribosome) k003010 652
4 AR (carbon metabolism) k001200 500
5 RAIEBMAY A K (biosynthesis of amino acids) ko01230 416
6 P J5E M 25 (10 T Cprotein processing in endoplasmic reticulum) ko04141 354
7 By$E4& (spliceosome) ko03040 326
8 RNA #iz (RNAtransport) ko03013 313
9 HYIEEE ST (plant hormone signal transduction) ko04075 289
10 WF1EH (endocytosis) ko04144 285
11 RS4RI (purine metabolism) ko00230 264
12 VEMAIEEREACS (starch and sucrose metabolism) ko00500 264
13 SRzt (oxidative phosphorylation) ko00190 256
14 PEEE MRS 742 (glycolysis/gluconeogenesis) ko00010 245
15 REM AL (amino sugar and nucleotide sugar metabolism) k000520 199
16 PENSMEA/KBIER (ubiquitin mediated proteolysis) ko04120 198
17 FEW9% JFEAKAH HAE ] (plant-pathogen interaction) ko04626 197
18 fZ1% RNA 5@ E (mRNA surveillance pathway ) ko03015 192
19 EEACE (pyrimidine metabolism) ko00240 187
20 RNA #5155 (RNA degradation) ko03018 182

of amino acids) . P45 /% £ N L (protein processing

in endoplasmic reticulum) . BYEz{k (spliceosome) .

RNA #4iz (RNA transport) . Y AESHS

(plant hormone signal transduction) 25 % .
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N 126 %% wERALEE B E R (ko00900)
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£ 3 \IN&EHEFRLE Unigenes RER I KEGG @i
Table 3 Biosynthetic pathway of secondary metabolites involved in major active substances of A. crispa

s 18 JE#%_id Unigenes #&
1 FHREREMAR (phenylpropanoid biosynthesis) k000940 126
2 WEREELEN AR (terpenoid backbone biosynthesis) ko00900 73
3 EEIRILEYAYE K (flavonoid biosynthesis) ko00941 58
4 FHEwER b EYEY A R (ubiguinone and other terpenoid-quinone biosynthesis) ko00130 52
5 5% MRAEWA K (carotenoid biosynthesis) ko00906 51
6 T KEEMER (zeatin biosynthesis) ko00908 30
7 EFELA. URME. MEnEAMmisE ) & Rk (tropane, piperidine and pyridine alkaloid biosynthesis) ko00960 30
8 SFMEMRAMITRAY A (isoquinoline alkaloid biosynthesis) ko00950 28
9 fAmE M =mE b SMAY A K (sesquiterpenoid and triterpenoid biosynthesis) ko00909 20

10 #FHZACH C(riboflavin metabolism) ko00740 18
11 —iERAME . (diterpenoid biosynthesis) ko00904 14
12 MR RWERAEYA R (brassinosteroid biosynthesis) k000905 12
13 HaEAY4 R (monoterpenoid biosynthesis) k000902 6
14 EERAMEEREEEY A R (flavone and flavonol biosynthesis) ko00944 6
15  WnHEEFRE (caffeine metabolism) k000232 5
16 FPEEME AR M (limonene and pinene degradation) ko00903 4
17 FFFimi A& R (glucosinolate biosynthesis) ko00966 2
18 TEHZRAWA R (anthocyanin biosynthesis) k000942 1

Unigenes (& 51 % Z37lf 30. 30. 28, 20,

18. 14. 12. 6. 6 % Unigenes Z 5 T K KEME K
(ko00908) , BEZhE. WRNE. MHLmE A= A0 A= 6 ik
(ko00960) , FEMEMRRAEYIAEYI G (ko00950) ,
A =RE e A A R (ko00909) , A% 3
FAU (ko00740) , —wiKAEY& i (ko00904) ,
HEE R NERAEY A R (ko00905) , Bl KA &
B (ko00902 ) LA K 7 M A1 25 W B A8 ¥ & &
(ko00944) . WNMEEARH (ko00232) . A7 45 Al
TR FEA# (ko00903) « F+ 11 H AE 4 i (ko00966 )
MIEHF KAV G (ko00942) 38 s HE K B /b
251 FERAEDARMKCERIZH W\
I\ e b 5 F 5 R A A BORE D% AR 1T 8 i Dl 2R
WNERIED G AR EE (B 4 . FREREY
KNRARMNBERIRE T FRAKEK, EMA. B
WE— RV R PIER, Hpw kE2MiEnSs,

KRN AR B (phenylalanine ammonia-lyase,

PAL) . WH:-4-¥21LH§ (cinnamate 4-hydroxylase,
C4H) F1 4-7F T R -4 M -A (4-coumarate-CoA
ligase, 4CL) s2iXZk@fEH i celg. £/\N&
el s HEAR b, RS 31 126 2% Unigenes 71
BRI RN R WS EE . W& T RED
A ROE ) 5 FOCHEERE, 4 5 % PAL TSI (i

5 FPKM=74.58) , 2 % C4H J¥%I (F= FPKM=
42.90) , 2 2 COMT J#%l (i FPKM=54.82) ,
14 C3H [74 (ff FPKM=25.32) , {4 7& H
k14 4CL (FPKM=0.23) (¥ 4 fiE5) ,
AT LI I 3 5 ACL JEPR 3R IA,  DASE n e 2% AR
I I (1) I .

252 HEEEAEY A AR R ¥4 AR
KEGG &R A, BLR )N & et 5 i oy o
Mrat iR, 3225 M SRR IE 38401, %t )\ 4 e
32 I AL A I A A S AR BT,

WE 4. FEEER AR E T, &5
( chalcone synthase, CHS) . & H il 7 # fig
(chalcone isomerase, CHI) i fi & (flavone
synthase, FNS) & HEMIEA . N4 0
A ISR IR BE CHS (B s FPKM=841.87)
AT CHI (ft /s FPKM=36.55) #& [A ) iA s A )
BE. 2whi% CHS [ Unigenes $i&E N 9 4%, H&
% Unigenes [M&iEE AR, H Unigene_186235
RIERILF) 841.87 (H 5) . A FE 3-FR 1L
(flavonoid 3-hydroxylase, F3H, #xfm FPKM=
107.65) 1] LA A fz 28 /4 B 22 A Rl S T 1
%, ¥EEIEE 4B (flavonol synthase, FLS) 43 %
A SR F B R A s B, FLS 7R A&
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Fig. 4 Main coumarin and flavone biosynthesis pathway in A. crispa

T4 REEEDER. BHOEMIEREYE BRAEXEER Unigenes 32

Table 4 Number of Unigenes encoding enzyme involved in coumarin, flavone, and terpenoid biosynthesis

RERWEMGRIEE B

Unigenes %= Unigenes ID

B2 RAENE R PAL 5 Unigene_025593. Unigene 102843, Unigene_102844. Unigene_108847. Unigene_177796
C4H 2 Unigene_013550. Unigene_181127
C3H 1 Unigene_019276
4CL 1 Unigene_171229
COMT 2 Unigene_096163. Unigene_177521
WA A K ANS 1 Unigene_031279
ANR 1 Unigene_174753
AOMT 1 Unigene_173696
BIS1 1 Unigene_176702
CHI 3 Unigene_008799. Unigene_026449. Unigene_ 173931
CHS 9 Unigene_001289. Unigene_030909. Unigene_029241. Unigene_031790. Unigene_108709.
Unigene_171144. Unigene_154152. Unigene_186236. Unigene_186235
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CHSC 1 Unigene_168887
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DFRA 5 Unigene_030972. Unigene_092658. Unigene_175249. Unigene_180983. Unigene_181720
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F3PH 1 Unigene_026466
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DXR 1 Unigene_020536
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HMGR 3 Unigene_177002. Unigene_108513. Unigene_180184
HMGR1 1 Unigene_028276
HMGR2 1 Unigene_092745
HMGS 1 Unigene_010349
CMK 1 Unigene_011334
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Fig. 5 Expression of key genes in biosynthesis
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Fig. 6 Main terpenoid biosynthesis pathway in A. crispa
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Fig. 7 Heat map of differential gene expression of CYP450 and UGT
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