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High-throughput Transcriptome Sequencing and Analysis of Isodon rubescens( Hemsl. ) H. Hara
CHEN Yan-qing, HU Zhi-gang, LIU Da-hui, HUANG Bi-sheng, LIU Di”
(College of Pharmacy, Hubei University of Chinese Medicine, Wuhan 430065, China;)

[ Abstract]  Objective; To obtain high-throughput transcriptome data of Isodon rubescens( Hemsl. ) H. Hara, and pro-
vide data sources for the study of the key genes of diterpenoid biosynthetic pathway and EST-SSR molecular markers in 1.
rubescens. Methods: Illumina HiSeq 4000 high-throughput sequencing technology was used to obtain transcriptome data from
the leaves and stems of adult 1. rubescens by Trinity method for de novo assembly, sequence splicing, and de-redundant pro-
cessing. Unigene-encoded proteins were based on BLAST, NR functional annotation, GO classification, KEGG metabolic
pathway annotation. Moreover, EST-SSR molecular was preliminarily developed. Results: A total of 12 GB transcriptome data
were obtained from the annual leaf and stem tissues, yielding 37, 961 Unigene genes with average length of 1063 bp. There
were 60 unigenes involved in terpenoid skeleton synthesis, 6 unigenes involved in various terpenoids synthesis, and 26 uni-
genes involved in diterpenoid compound pathways stem from the leaf and stem. There were 4565 differentially expressed genes in
the tissues, of which 1668 were highly expressed in stems and 2697 were highly expressed in leaves. There were 15 differential-
ly expressed genes related to the synthesis of diterpenoids. Conclusion: This study provides data for the key genes in diterpe-
noid biosynthetic pathways and molecular breeding, providing a basis for in-depth study of biosynthetic pathways and regulatory
mechanisms of oridonin and other active ingredients in I. rubescens.

[ Keywords | Isodon rubescens; diterpene synthesis; transcriptome analysis; RNA-seq; differential gene
expression analysis
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T B RN EAT Z2 b0 s 24 BRTE R o, ki 2R Ak
AYIE LB UR 2 LY Y . KV Isodon
rubescens ( Hemsl. ) H. Hara J& T BB+ 25 A (E FI
LU EBCH EE W25 MY, Hh ek &K
F MR G YA R ER R KR ECRAA R
AWIHA . PR PUEASEE . BT, &% H
B KA B YR ST I RIS T
MO BB XA YIRS SRS, HE
FIRHBREUR B AL U R R B WA o R
AL AR, X4 v R AR ON ™, DA Rkt
ANTR] 77 b A T B T T R A A R R A v
W RN EEERIAT THY, i TR
A 2 bE ) HPLC-PDA $5 8P SRR AE I 35
I 3R 2% T 24 o 1 i A SR AT IR SR R 7t 22 e ) ]
KEHLE | #0FRiC RAPD 1 ISSR!™, DL KA Sbmic fif o
¥4 8% SSR (simple sequence repeat, SSR) ') %543
TARCHAR, R T AR FBAE A, Rk
PEPL BN BT IR SR AL T R AL LA, R 2
TE HPE AR BB o

B0 & U ( next generation sequencing, NGS) 4
ARIEXHEGEI T 1 o fir Ve U, e s A 2 BRI ik
e S ZHI 7 (RNA-seq ) 8 75 24 HTAF W) 352 4% 3 R Bk
R, HBEA SR, AR, AZAEHA
I BRI XTF AR, B
TNAC B, e sy 2L DN e O o R G ) DX, 5
RIWEEFEAE B, EREITAME S GC By X
Fab, PHEMIXTR S, e s 4L I e 41 ot )
SRAHAATIN Y, AR 2 905 DA PRy AR
AW IRAERTRE . AWFSEA) ] Mlumina Hiseq 4000 %
25 P 28 R 2 FHFR AL R 25 0 AT 1 g d o % oj
M, @A SR AR, HIRABIRA
B 2 R R SR U W A ) B LR AR S
PHEALRI SR LA,y 25 FING PR 800 1 & AR D
L2 ip TE A o 5T R A e K . R A
RIRARRE L B % i 55 RN SSR A a5 1 15 8 40 AT
WA R FAmich B g A . P TR AR LT
Tl Y 245 FH 2 v B B o i B R A, XL b 24
B i A AR A R AR A IR
B

1 #R5H®

1.1 Bkt
AT A A B2 BEAE b R B T E M X R

B RTFHMEAERMON®, R —EB, %
IRAC e FE M bR o R ZE S WETEAARE, R TR
WHES, T RNA FEG IR
1.2 5 RNA (FICCRE | H RS s 20y

H] TRIzol© Reagent . 7 £ Plant RNA Purifica-
tion Reaget 17| & ( Invitrogen, ZE[E) $EHC. 4lifk
5z 4 RNAUY D 4y ) Nanodrop 2000 5 Agilent
2100 Bioanalyzer #E47 . RNA R F4EEERI, N T
PAFIRATREF B 1Y &0 B R WU L sk B R, R i)
HK [R) B A A1 25 B9 RNA JR & . & 2 mRNA ffi j]
Dynabeads Oligo( dT)25 ff5¥k ., TE Thermomixer H1 i
A fragmentation buffer ¥t mRNA FTWr A% B, &
0.1 mol - L™"Mg*" ZZ pp i £ i1 15 (1) mRNA i, il
E WS, SRS R mRNA B S8 A Rk
cDNA | SRt EsRaifl . RufE i . 37 A i ik
e AL T R Sk 55D R R B R BoRV, #E AT
PCR 9"}, adaptor #4545 e SN PP SR8, Al
FH Hlumina HiSeq 4000 HE47I R M 53 H7 o
L3 P 5500 o s A 1 R 2 %

ffi F| SeqPrep ( https: //github. com/jstjohn/Se-
qPrep) . Sickle ( https: //github. com/najoshi/sickle )
A AT B R B . AT 25 Bk 3 A7 Primer/ Ada-
ptor [FFHI . & N HL3#E I 10% (1) reads Fl55 4253k 1)
IR i reads, JF H A Q30 (il Hk M 7y 5 % MK T
0. 1% ) L3 80% LA | MM ARAT 2548 3K 5 0l 1y
731 ( cleanreads ) #E4T 5 2273 H7

H File = A ue FEIL R AL £t . BRI LA A Trini-
ty BRAR A Bt 5 25 5 2 H K 2H % (de novo as-
sembly) , W 751 2 8] ) H B (overlap ) 5 5 2H 515
P H SR (contigs ) , MM i {5 B (paired-end ) F1H
BRERYAILE, SRS TCICL kT R 5
FIERAF RN TCAR 1 5% Fe AR (transeripts ) o Ff i
U 1 e AR g AR E 52 1y 51 AR DY) (‘unigenes )
Trinity S4B N K-mer =25, 24 F7 41 4iE {1 il 5 5 AF
WHEE R K-mer-1, PHESEERIS, KB TLRCES R
FETEIY B A M R o A PR 0 B A U B R ZE 1Y
25 IR FL T FAR R 2 2% FL ], 453 3] [] — I 91 4
WL FIZE AT Unigenes $04i6 4 ] TGIGL Y 2R 3%
AR
1. 4 DRI RE

i3 Transdecoder version v 2. 0. 1 X} unigenes )
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CDS #4717 #, | H] Trinotate {441 (v 2.0.0,
https: //trinotate. github. io/) 1 #5 ¥ i 2 % All-uni-
genes YT T 2T AER:, F Swissprot U7 pfam [
eggNOG "' Gene Ontology " | SignalP "' |
mer "' F1 KEGG Ontology HH 2 13 F¢ .

FATH F Trinotate %44 (i : 20140708 ) X} T
N 1 s B 1 51 3R AT DB T RS o Trinotate {44 &
TZ2AEAEE, T LAAS TR f BE X % A 3R 1T D RE
TR, AR AT . i diamond ( IfAR
0.5.3)blastx, SwissProt, TrEMBL FI kegg 1F -}y 5 4%
J, XA IRE; [, I fd ] blastp (hiUAS «
2.2.28 +), SwissProt MBI, X5 AR MATIE
Fe; {8 ] hmmscan ( HMMER ) 2 (fUAS: 3.1),
Pfam ( Bateman et al. 2002 ) /E 5088 FE, X0 04 &
B P4 B 25 A R AT 1 BE ;. i SignalP ( Petersen et al
2011) (hRAS: V4) Boff, SOAE Bk A -
HMM ( fiiAS s 2. Oc) 00 25 5 45 44 5 i . RNAmmer
(RRAS: 1.2) Tl vRNA JE[H
1. 5 LR ERB K e kik 22 S i oA

FET Trinity PHERG B RS A, FATiHAT KA
FRETFAL, B SR bowtie (hRAS: 1.0.1; 24K
mismatch =2 ) ¥4 E A reads 351 Ho X 31 41 26 H
R SA b, 133 bam % X 0 HuxESCHF, ARG 18
F RSEM (i< : v1.2.17) (http: //deweylab. biostat.
wisc. edu/rsem/ ) T35 [ 255 R R ) reads (335
i, N VT RGN Z B #T LB R,
B FPKM X ekt EAThnifEfl . FPKM (expected

number of Fragments Per Kilobase of transcript sequence

Rnam-

per Millions base pairs sequenced ) '™ J& 4 & 7 frag-
ments Ff 5 JE— B P A T GlEE KK BE Y fragments
BeH, HIR 25 T I e R R R AR R X frag-
ments T 4LHIE I .

2% 5% & 38 7 A (differentially expressed genes,
DEGs ) J& 5 T 5P 23Kk K- 234 th A5 3] 1Y read count
B, MR O G 19 R 2t Ok 1Y 3R 0K 22 S I
2% edgeR P47 22 5 Hk B 23 M, O 308 19 (R 26 45
False Discovery Rate(FDR) <0. 05, | log2FoldChange
| =1, Hrf FC(Fold Change) 375 25 0] ik &
AILCIE,  HA X (BB R B 22 A Bl /)y, FDR (B
BRI Ok 2 3k 22 52l 35 Y L K GOseq
(RRAS : 3.0) XPAE il 8] 22 5 IR L R E AT GO P
MR RE = 4R, i KOBAS (http: //
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ko-bas. cbi. pku. edu. en/home. do) #47 KEGG pathway
AT, (I Fisher A A B 1 0 22 57 3R ik ik [N
KEGG i #% & 4 19 . & MEEAT PR o A B LA A6
BRIk B 22 R R BN BFE F RN ER, e
LUK IS, 5 P <0.05 (38 FiRie h
H R AR EFRBEEN R
1.6 SSR 43 #r

PAA g L S OB GERS B, i MISA (Micro-
satellite ) #Xf:3#F 17 SSR 1%, *I Unigenes #F17 SSR
R, ZHEN “1~12,2~6,3~5,4~5,
S5~4,6~47, 1 ~12 AERPHEIETL 2/ 12 YOF
TESSR, WUBHAE 6 Yk, —EAES UK, DLLEHE,
HIUIRZA 6 I,

2 HZr55Hh

2.1 5L RNA Jo7 A g e 45 R 40 B

2RI, FEA B RNA 9 A260/A280 ) K F
1.8, 28 S/18 SFE 1.5 ~2.3 Z[a], [ RNA 5%
() RIN {H7E 8.5 ~9. 5 Z i) Ay Jox f2 v /2 o7 FH 5L DR 1)
12808 % = ey = N ST S R o e

WA, MR RRE N ALARAE 3 7961 4>
Unigene 41, All-Unigene J 1< 2 40366712 bp, -
P BEH 1063 bp, 0y 4 80 1) NSO {54 1810,
Horp NSO 2Pl 20 3% i de i TR IR Z —, B
M 2H e 25 R JE PR R e #E . A% Unigene 1)
B HBER BE 8 i s /b, H Unigene K 2 5 i 1E
1E 200 ~3000 bp Z[d], F34 Unigene 3 1063 bp, i
K1, Unigene BRSBTS 5T (B 1) .

10 000-
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Unigene H1, PFam JZEH 17842 Unigene [] 75 VT fic 45 3|
R, 1t SignalP %4 Ay 2394 4>, 1k eggNOG ¢
P A 8769 4>, FE GO Kdi A 18 776 4>,
KEGG ¥ FErb A7 23 936 4> (3R 1) o sl 1 o0 T I
FPROMERE 54 e s A A R R A O, Ah,
Tz 2% SLH A G S, YEPrR AR
e AN BA —E Pk B H A E 25 AR Y)
MK ST 5T A s, (H I % 0 PR A
B E A o AR e

%1 All-Unigene E O HIEESRITER

HR/ TR FERE Lt i 5%
All 37 961 100. 00%
Annotated 27 382 72.13%
Blast_hit 24 234 63.84%
Pfam 17 841 47.00%
SignalP 2394 6.31%
Gene_Ontology (GO) 18 776 49.64%
egeNOG 8769 23.10%
TmHMM 6510 17. 15%
RNAMMER 6 0. 02%
KEGG Ontology(KO) 23 936 63.05%

2.3 GO {ERAI2E

GO B I3 22 e sk B 58 v iy — A [
PrpniEfb g LN T RE 7 26 T B, Bt T &3
SR AR TR, ke 4 Jy T i 3 25 R A e PR
YiktE. GO ThRE M 4i 2 73 . 4 T RE LA
Koz Wy oo B = KBB4 . i i GO 43 Ay,
37961 Unigene W45 18 775 348 T GO 1ERE, #iE
By “ A" A 15 639 45 16 455 DHTER
N oy T IIRE”, 1541515639 kBN A
" AT H AP level2 ) GO HERHAT T 4
H(E2),
2.4 KEGG {81326

KEGG J& 421 43 A= W1 1 55 5 7 1 i) A5 1
WAV Y I RE 0 2 25 B I, R AR LR AR,
FEALBLIR B D RETE R RN 4 2645 L, X o A A e ik ik
HIEAEY ERRGEAT N, 4 6456 4 Unigene W5
#| KEGG Pathway $dfi b, TERAREIAT A E )
FPo Ay 4235 4>, Hoph i S AR (metabolism) | Az 4]
Z4¢ (organismal systems ) 3355 {= H AL ( environmental
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5 ARE R 102 FABHEH, 5 Unigene fix 2 1)
J& Ribosome (AZWHIA) T4 389 A, (5 Wl I it/ 5
H: (glycolysis/gluconeogenesis ) T£45 226 >, 5 6% ;
HR & Oxidative phosphorylation ( & LB R 1k ) ILFH
244 4>, 5 3.8% , X EEEE SEOK P B EE AL 1L e
I3 Ut B YA v B2l RS AR A A A I I R R AR
WAL (I 3) o D05 kB, R &R
W, 52 RO PR U AR 5 A G Unigenes 7
B3 5l 2 R 79 & 2545 il ( phenylpropanoid biosynthe-
sis) 101 &5, WE2R1b &8 28 & % (terpenoid back-
bone biosynthesis) 60 5%, & FliE2Rib& Y& il ( ses-
quiterpenoid, triterpenoid, monoterpenoid and diterpe-
noid biosynthesis) 6 25, (H #F 25, WRMBEIS, mng
25) =W B & i ( tropane, piperidine andpyridine al-
kaloid biosynthesis) 15 £%. #% Ei 2% i 7> & i ( fla-
vonoid, flavone, flavonol and isoflavonoid biosynthe-
sis)30 (K 4)
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A4 U (KSL, kaurene synthase-like synthase) £
F:BY unigene 3 4>, HAMMEZE P450( CYP450,
cytochrome ) I HEAY Unigene 5 5 4~
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F i He 2 IR AL AR 25 F 3 - g A2 22 5 i
FEPR A AR A0 3R 1A [A) 2H 24 8 H I O 22 5 1Y)
GrFALE . R HT TR SR Y SSR, R T AR
BB A, L 2 T AW B G Z AR AY
I FARCTF R BEE T 73 Hkfitt o

A% 12 F I R ZE PR A 2 SURE i 1 R U Y
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