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Evaluation of the transcriptome of valerian (Valeriana officinalis)
to identify genes involved in terpenoids biosynthesis pathway

YL;;l?w do-| s‘eb‘}:}& &:\}h g‘ﬁ'ﬁ' L;A-‘i‘f 5\;‘:54:.6‘ PR c\‘_;)t';'u j}i

Olpl ez S Ol oLl s b 5 3oslES s Oltils olial (g 83 g mdils iS4 =)

[)\Ji\ ‘CJS ‘L;)'))Li_‘/ @)Jj) QLa.:bu sJZJ}AT QLA)LM: Aé_}))l.is ng}j)‘g"_}:" nm}}; ‘_;LLJLL.,«\—Y
Mokhtari A, Omidi M™, Ebrahimi M2, Alizade H?, Sobhani A?

1- PhD Student, Professor, Associate Professor, College of Agriculture and Natural
Resources University of Tehran, Karaj, Iran
2- Assistant Professors, Agricultural Biotechnology Research Institute of Iran,
Agricultural Research, Education, and Extension Organization (AREEO), Karaj,
Iran

m0m|d|@utac|r§f})~<n Q.m.g cC)uKﬂ J).i.m.,a QM}) ES

QETAVARVAR R P EER FRR VYV o S IR

Olgs UM § £y0 wolas! Oloyd Sl F30 (29310 Ol @iw ol o (29518 ol
20 BT (6 5tmgn s 45 Aikd (S 5§ 595 ) By 5 dtwd 3 Bres Ol 5 3 sl
3 o Ol ol (9l (0535 g I 4 5 sl 0D LB-Ld (05 A B s
rnaSPAdes g Trinity 5l 3l 98 cdddllas @1 53 .Cawl Camod! pl> poiy 5 il i de Novo jlige
9 4oldl 50 .l plonil olS™ -9l 58 39590 SRR (slaodls (59, 3f de novo jlige olw (Sl y
W9l s 3kge 59y » CD-HIT-EST 9 CAP3 foli Ko ol 3l cding 5Uign comsd sglineds
9 SegKit statistics anaQUST ( fd 3l cudss pomiw Hlpl b 4 434 L od Jlsl
Bl 31 (T-CAP-CD) Trinity (595 » CD-HIT g CAP3 13 90 5 § Jhs! BUSCO
390l S b SIPeRl Ay )0 b dug JWge My 4 e ilide byl
T-CAP-CD jlige (O3 3 swo o 0Y/YA Hayai-Annotation Plants xel> § & ww 03l 38
3axi (KEGG g (533 b 2 yo (w98 .0 ow gidniil> (BP, MF, CC) 09 5~ 5 4w 50
oo 33 38 (P95 S gl Y g BAdel § SFwgy DB Oghe e 30 (JF S glgiol T
99 Sy b slaoslgls gl (n iy o QUbs Bl § Je5 w Fawgw

093 (o33 /) MYB g (w30 Y/¥) NAC «(we 30 1/0) bHLH 4 3zt i

RTL S
V£ Ol (¥ o lods cpdedd 0598
19 - 1YY axio

oS>

Sl sWeojly

P ot 5 il ¥
Oy (S5
okl fdw
99y ye


mailto:momidi@ut.ac.ir
https://mg.genetics.ir/article-1-1793-en.html

[ Downloaded from mg.genetics.ir on 2026-02-11 ]

Qb\gﬁﬁj‘_;.k.f‘)j,a;n

el Jhuw (2913 0L poin 5 il § (2L

SO 2550 3 P8 Olidss 5 k5 Sl 5 ey
P L s 3 0T S5 S 5 (53 Shas
5 Sldes 2d) o Fes S eSasl il sla il S Ol
o Ol s ol Glad oSKnsmin S ls & o0
xS o walp [, DEG) 313l oy 5 3 Shee slas)
e S el T kel b 55 (Qunda Guo et al. 2021)
b ednle Jdod 5 4 Gl Goar8 sl Olsen
L 3575 4 axes (Tripathi et al. 2016) ol o5 S 5 5¢b aLS
33 4 Olge L opsin Sl 5 Slise cax o 55 35y pde
de ) 5 5l Slse by wre ps5 5 5 me edes o5 S
e 8 ools QLS (o5 sldad 053 25500 eands (NOVO
Aalyz 5 pas IS5 b e IS e SWse )l 355
Sl b 3se Sy, Lo de novo (LS ge oy opl 3l

.Qunda Guo et al. 2021) .l Jis ;& 5505 OLS
S il 5 de novo e (oL IS el
eliale3T S5 (ol 03 s b Ol a1 eSS
il 50 Al Kl S b b el bl el
ALy sl sl by pe glan gy b Al LS & wn) cpl Ol
de novo jlise glp ol Sl dassams o 51 AL
Bushmanova et al. 2018; Chang et al. 2015; ) ¢ s S il 5

Henschel et al. 2012; Kannan et al. 2016; Liu et al. 2016;
«(Peng et al. 2013; Robertson et al. 2010; Xie et al. 2014

e e 3 s Ol ke b 6l 1 el gl
Sl Jle 5 ol g5 RNA-seq olids | L,
& RNA-seq ‘in.s b 5l ssd e sdalie Aol (slaesls
3 Sl mbo b LT pde 5 ol 03,238 Sl LS
Lol Sldlee el OUL s sl (Son sl Llg
Chen et al. ) Llasls 5 oy S il 5 5 5e 51l o anglie

2011; Geniza and Jaiswal 2017; Voshall and Moriyama
sl S e b a8 K Oldlas oyl elas cazl (2018

RNA- lacsls AL galms (sLo.? 6\]: g )"Lb}a )‘J" @ ;e)'jf\
el 5l & .(HOlzer and Marz 2019) 5,16 5 4> 5 Seq

2 Differential Gene Expression
3 Assembly
4 Annotation

doddio
4 slae (Valeriana officinalis) .l fow  )ls olS
wlowd oS 5 V00 31 s s> 5 Caprifoliaceae ol 5l
Lol sl 5 del Sl Jels LOT (p e oS o
s b badle Jsb s (Zamini et al. 2016) 4iL .
ksl s el 5 ¢ e colasl Olys sl ol o
Lol S .(Nandhini et al. 2018) ol s oslatul oae
Ldis 5 S5 ob 4 LS 5l as 8 5 4 Gl
Lslio s i 33 50 L 5 ey (Pyle et al. 2012)
s i, sbesl s (lel s Centranthus 5 Valeriana
JS sbe del SO s e 53 Wy 31 S
S el s (MVA) SUVlse e b Lol sl sl
Jbs .(Wong et al. 2018) s,5 . axtle (FPP) olivs
Lol oo 31 b Glagols anes w0 055055,
ol Sl 5 pols sbacdle b alS 450 gl b
7 Pete DMided 4y e il (2)lse Jild (23 5
Sl 0k - by eslaal s e QLALS E3)
LS 53 355 ol slse (Cherukupalli et al. 2016)
Sl s dhaz Sl 5o (s Sl e b 5 0l
A Npd e a0 5 Sl Aol (SeaSd (Ul
4 303 345 Lo e S ghoms Slae 5T dla sl 51
b Ve & bjle iy LS e 53 A5 sla STy
Forgs eer 3> LBl 3 ol gl S e 3l
o8 Ll o diSUS (Sa0S oy omer 5 4l Slald pbie
Sl s 02 257 50 SIS 18, 5 plubis Gl 55 sege
Rl 2 s dal sl DLLS ALl Bz 5 (55 sm
b e o Sl (NGS) iy Jud b s e
slacdsle ol Gl e Jiee SO 5 553 Cols
O 0 8 Sl Olidss s Sdidy s asb
Younessi-Hamzekhanlu et al. ) ol ods  ssols OlS

(2022
s sl Gos 2 2asls QLS 5 pro S5 oL I

JJ.A J.‘:‘" QLAL.S eJA)' BE) &_“:‘5)\: QLAL.§ )1 d@;-j; L};G Slass

1 Next Generation Sequencing

VPV lwsli 1Y o ylouis [ pdoxd 0590 [y 99 S -



https://mg.genetics.ir/article-1-1793-en.html

[ Downloaded from mg.genetics.ir on 2026-02-11 ]

ol i (29310 olS Pos o gl b 3

O 5 (gl suaie

led S8 Ll sy 5 S5 e S e 2

g 9 Sl

SRR125357  J.L. SRR <=l;'- o3y dsgaze 0 sl
SRR14294419 , SRR343119 SRR125359 SRR125358
550 (ENAY Lol a5 588 5 il 5 Cldll fiw a0 by e
(O dsas) s

spam bl 5l bl GSRR s il codS dawl s
cohe (I Aok w38 N SL e GC (s 52l
Andrews ) FastQC v0.11.9 I3l SaS' L o, 5 ik 9o
Sl 5 FastQC mls b .28 S 13 ) 2)5e (2010
cid> ,sbieas (Bolger et al. 2014) Trimmomatic v.0.36
ol b Jls Gl 5 Q<20) ol dS Lo lasl
Jels Trimmomatic ;s eslixal 3,50 Sladas A8 eslixad
ILLUMINACLIP:TruSeq3-PE.fa:2:30:10 LEADING:3 )
.34 (TRAILING:3 SLIDINGWINDOW:4:15 MINLEN:36
Reorrector v1.2 lle SaS L alol b il
Sys0 okile 3L (glalle= Ll 51 (Song and Florea 2015)
35 1 e 5 Ul

Dyl s ey (|3 A e 5l Lol ol el (sl sl
5 k-mer=25 L (Grabherr et al. 2011) Trinity v.2.9.1 3l s
<Jl= L (Bushmanova et al. 2018) rnaSPAdes v.3.15.4
Yoo ol a8 dsb Jila= 5 k-mer ol gl SSls)

LS S ge  po 3 5,k glac b, LB s

3 https://www.ebi.ac.uk/ena/browser/text-
search?query=valeriana

oesate Fp s eap LOp s, s Jole gbadss,
2 (AS) Cslue il 1 el lapsnl sl
V- LIV (W

sbowl gl cilin Sl Sl eslinud 5 bl canslie (ol b
5 RNA-Seq slaesls (55, 31 wolr de novo i
Slal 4 cer alob =l Sl ol ol e
G378 ot 57 3 sen gl plnil L 5l sl
w13 QLS opas 3 o 5,00, cal e e Jhia
Smote b Bl s oy dele LSal by Ji
Srmgm GLapme 53 s cmsiss slaysSt 5 Glads
Zhou ) das )3 Oliises Slatl 55 e Sledbl bl
.(and Zhu 2020

b slacosls Shesleal b e szs S il 5 oL s d el
Cio 5 (5l p 0358 55b w RNASEY b 5 L e o
ol oalitul 4 5l glacd plie s 53 WOT 5 Sl 5 W0
S S5 5 glubs ) less ((Angeloni et al. 2011) .
RNA- lalas o Jls oo 53 bain 5508 o0 o e
V. «(Yeo et al. 2013) V. officinalis slas S 5 seq
Park ) V. fauriei , (Shuang and Chenshu 2020) jatamansi
el od 5158 (etal. 2016

s Trinity 150 55 &S L ode novo s Guasw ol s
oL 5 RNA-Seq i sbeesls 4 saze (55, » MaSPAdes
0 gy S s Ol e A el bl i 550
3 s S SL ge glaesl gl gdues S 5 58!
P IR o

s S3LL

! Alternative Splicing
2 Blast

il o p 20 S il 5 de novo 5 4. ke SRR (paired-end) e besls as pazes Slasiie ) Jpur

SRR Description Base Count (Gb)
SRR125357 Illumina Genome Analyzer lIx paired end sequencing; Leaf PE RNA-Seq 4,342
SRR125358 Illumina Genome Analyzer IIx paired end sequencing; Stem PE RNA-Seq 5,032
SRR125359 Illumina Genome Analyzer IIx paired end sequencing; Stem PE RNA-Seq 4,684
SRR343119 Illumina Genome Analyzer Il paired en?osstquencmg; Transcriptome analysis of the 6.926

SRR14294419 Illumina MiSeq paired end sequencing; Angiosperms353 Hyh-seq 0.076

- VPY Llewal /Y o louds [ pdoxd 0590 [ (9 98 Sl


https://mg.genetics.ir/article-1-1793-en.html

[ Downloaded from mg.genetics.ir on 2026-02-11 ]

Qb\gﬁﬁj‘_;.k.f‘)j,a;n

el Jhuw (2913 0L poin 5 il § (2L

Hayai-Annotation Plants v2.0
e Ol gy (http://pgdbjsnp.kazusa.or.jp/app/hayai2)

S eslial se alS olantl (0 Shas sl
B> 510% Ll evalue iy Ol opl Olakes 55 .08 S
Sl gl s a3 e s deps 00 Sl s Slees
LS o o3l KusakiDB V1.0 esls ol

2> Sl Gt s i 5 BS N arass e,
L g ol lise slaunigene il sl JIs acubll fo
Kanehisa et al. ) GhostKOALA |5 TransDecoder Slsdle
b (K slols jolasl) KO o gadl- b as (2016
Kegy il 51 eslitel b e 2,8 Glad g3555 slaesls
«(Kanehisa and Sato 2020; Kanehisa et al. 2022) Mapper
cladssle 5 KEGG e glaaii o KO o gail>
A5 b KEGG

SWse s> anaSPAdes 5 Trinity lnl 30 eslaad L
A as-le (SRR) (‘L’; 033 4e gaze 0 (54, U;ﬁ;w;\;
Lo Ll o a3 SekKit 5 MaQUAST Jisdle 5 55
odd 4o ¥ dsdr s el S glacidsis, boad
Sse 4 by e Jllie i (g, sl Bl 1ol
3 g SRS %S el 035 THiNitY 1l 51 ol
o 4 CD-HIT-EST 5 CAP3 i3l 53 3| oS 5 eslizal
Trinity 5 (\Y4+\A) rnaSPAdes I3l 51 fol> 3se g5,
e S sk (Y Jsas) el Cewdas (YYYVEA)
ol 3l s Ssisy Jsb Sike & by slaeslel
5Wse 65,5 » CD-HIT-EST Jlesl .0& odalis rnaSPAdes
Saicisis; Jb 51 oKk (p S (T-CD) Trinity
54 T-CD 5 R-CAP |5 N50 o,lel .58 sloul o3l 4o
IRl 5l el (T J3de) s sps Jldie S 5wty 53
4 > MaSPAsed , Trinity aJsl 5lse 35 s, » CAP3
Sdsiss Ak Byt 5 NS0 Olse 0 5L L G Ssls W5
S doys 5 jio Bl Q20 oyll olse pled o s A

da3 e 0L Q20 oyl 35 Sl e Sl iS5 s5ies GC

NP CINC SN NC U NG JES SR N oo
overlap o.lxs L CAP3 v.2.0.0 I3l 5 dalals (S350
overlap percent identity cutoff N  length cutoff > 15 (40)
CD-HIT-EST v.4.6.1 )3l poman A3 oslaxasl > 65 (90)
5SS ly s Jg xis i (¢l (Fu et al. 2012)
slaunigene  olgea)  hli- & LIS gluad s
32 2 Gl (Y dsdr) i) 580 Wil ge 0500 (el s e
0.95 Jsles s a5 € (word size) 5 n (identity) ,sslis ol 3l
52 (CDS) sisaS ~15 wculg oo s w8 ki 58
TransDecoder v.5.5.0 jl3ile 5 law s od23L55s (slaunigene
A5 jesie (Minimum protein length=100)

5 CAP3 il 53 Jlasl 55 5 335 Ll 53 5l ol glajlo g
03051 8l wl gyl Bl 5 (Y Jsas) CD-HIT-EST
shaas Jols bolel cpl s s "0n g el 5 "
5 S dsb eddilise glasiiss, Jsb by (s,
dsb JS 5l 0vl &8 KBS Jsb o feb S Olyee) NSO Jsb
rnaQUAST )\plp; Gk ol aS 5 (Uas e OLES | el 50
5 min_alignment=50 L (Bushmanova et al. 2016) v.2.2.1
sskieas (38 513 s 5,5 SeqKit ststistics v2.3.1
G033 sls ) Wil 5K e "on s Juis” L3
Ll (pl LT 5 daes 63555 slassls 3 Gillas syls o sae
BUSCO v.5.3.2 i3l 5l (s Jib plas b aSGaSS (51,55
Viridiplantea_odb10 sl.. , (Paradis and Schliep 2019)
|y o yes 45 G a0 5l (glas sazme I3l ) L e3lizud
&S (Zdobnov et al., 2021) OrthoDB esls oL 5l
S e

S s slausSt sleslil plull ¢l
o3y oL I O el s sy slasSB el
o8 .S 54Ul (http://planttfdb.gao-lab.org) PlantTFDB v.5
(-outfmt 6 -max_target_seqs 1 -evalue 1le-5) BlastX caslsl
ol e 5 Colall fo sdi 3l 5o slauinigene (g s (6
A el oSSl

KT Sl st Sl 53 hes e il s,

! redundancy

VPV lwsli 1Y o ylouis [ pdoxd 0590 [y 99 S -



http://planttfdb.gao-lab.org/
http://pgdbjsnp.kazusa.or.jp/app/hayai2
https://mg.genetics.ir/article-1-1793-en.html

[ Downloaded from mg.genetics.ir on 2026-02-11 ]

el (22918 oS Pty 7 il (2051

(_)b&.&}d-k:ﬁ‘)}-ﬂ;ﬁ

el Sl 4 e CAP3 Jlasl )l 40 fl"’s O 03
s (ol @B sk (0 K8 el sus Missing
5 (T-CD) CD-HIT-EST ,i5l 55 Jlsl 3| . (Trinity
walsl (sl g 5 ge Olyea Ol o |, (T-CAP-CD) CAP3
23 gad ol ladlas

Hayai-Annotation .51 3151 L (53 Shee oo sl ol
OLESY Jsds o Tote sbailise plas 555 Plants v2.0
IWTVEA ¢ gomn 5 YANAL 5luss L T-CAP-CD kg S 5l
slaunigene Olye o i (Lo YY/Y Jslee pmy) Ciisis,
i T-CAP-CD 3lige 3 oCuils |y odd sy sasdls
slas e (CC) Joho lil 4 ab g o (Ao ys YE/E) sluws
e 035 (MF) J S0 50

53 s Dokl SL Ve ) el 5L Gl s
15 s olndl 5L Y el skd I s oS LV e
st 30 dadlige CodS L dad e slasmably s o skeey
5l se CuiS » CD-HIT-EST 5 CAP3 3l 55 S5
"Osg Jel8" oLl skiea BUSCO LT B S s
Ol (V) clall b o520 S 3l 5 de nOvO. (glajls 5
(V¢A) single-copy A L=l 3l rnaSPAdes 5l 45 sls
S S slaDuplicate slass 5 o35 2o Trinity S5l 4 s
Sl 0555 (MisSING) 55280 2ol )l A3 (yioman 5035 Ay
5 Ol o YL CD-HIT 5 CAP3 i3l 55 Jlasl 31 g Ul
5 Trinity-CAP3-CD-HIT-EST

5Wee s single-copy

635 VA0 5 VAA islis L 3 sy (Trinity -CD-HIT-EST

SeqKit statistics s MaQUAST il 55 5l eslitl b odall Lo o o5l g0 slacd g, 5 Jool (slae,lal =Y g

Statistics T T-CAP T-CD T-CAP-CD R R-CAP R-CD R-CAP-CD
Transcripts 276912 183952 168712 133148 156569 133890 140356 129018
Transcripts > 500 bp 136633 103805 69553 66819 84568 69287 70911 64772
Transcripts > 1000 bp 78406 62258 36875 37924 52301 45452 43192 41686
Ave. len. of transcripts 878.416 992.699 752.375 887.3 982.646 1018.035 925.12 974.6
Contig N50 1502 1648 1292 1510 1720 1899 1663 1820

Q20 (%) 0 0 0 0 0 0 0 20

GC (%) 40.36 40.22 40.16 40.12 40.5 40.48 40.51 40.49

(Trinity/ rnaSPAdes ¢, CD-HIT-EST Jl<l) T/R-CD «(Trinity/ rnaSPAdes (ss, CAP3 Jl.s!) T/R-CAP (Trinity/ rnaSPAdes) T/R &l jlaz=|
Contig s Ll s 55, J5b Lo 520 sAVE. len. of transcripts o LI .(Trinity/ raSPAdes s, CD-HIT-EST 5 CAP3 . s« Jleel) T/R-CAP-CD

el Vo3 ) el 5L st 5 Q20 oLl das e OLES |y el 3 e Job IS 51007 oS KIS Jb o 56l S NSO

200
BUSCO

H
H

8UsCO [l Complete and duplicated BUSCOs (D) [l Fragmented BUsCOs (F) [l Complete and single-copy BUSCOs ($) [I] Missing BUSCOs (M)

Viridiplantea_0db10 L Ll Jiw o 52 S il 5 e NOVO 3l se 555 » BUSCO L3l mls -\ IS

- VPV o Lasl Y o )lods [pdaxd 0590 [ oy 99 65


https://mg.genetics.ir/article-1-1793-en.html

[_)b\gu)‘_g-\:.ﬂ‘)}sd;ﬂ

ol s (2919 ol poss 5 gl b 3

WSJS Jhel )\ o Trlnlty )"L’Z.v}a (Y-Y) Jﬁ d}f @L’b L}Ja (BP) s ) dl.h.h.ﬂﬁ B (MF) J}g}a 6@3;&& 0};

&l T- CAP-CD lise Olye oo CD-HIT-EST 5 CAP3 S 13 s 5 s a3, 53 deoys TV STTA L G ey
(o pa Sy eSSl de ey as Ol ) 5 ol Nucleous «Integral component of membrane (CC) ¢5 S s
S8 szt 3,50 PlAtTFDB esls oL blie 53 Gsb 5 4a slaes S 5 (MF) o5 5 ;5 .Lss sl s Cytoplasm
odiSAS slaunigene i sae YYVVAY sluss ‘@u Gk s S Structural constituent of s Metal ion binding ATP binding
5 bl il ol 0A LB s s, sla, S

g odd pewgacil- 05 Jlels o i lyls ribosome
NAC 5 ERF  MYB bHLH sl s gdues S Regulation of Translation slacs S .5 «(BP) o35 s
A0 R sy O 5 UYWL Sl L S e oy s Carbohydrate metabolic process , Transcription

by o3l 53l s e sas Loy sSU laesl il

BB S PV K J&.ﬁz) Lsls olazsl st w1y sl
Y JK&) 55 Arabidopsis STERILE APETALA (SAP) «

(38530 o558 5

ical Process l | Molecular Function | [ Cellular C

6000

Number of Genes
g g

g

[(Che]

uope|suell
auelqWaN

en 10 uope|nbey
w 9yeIpAyoaed
uopesBelut VNG

eny uiold Jejn||@2eaul
(eaBal

snaIoNN
wseldokd
050D
ysejdosolud

puipuidq diV
uoppuoudoN

Bupuiq uo! 2N
09 (2INIPNAS
pupuld VNG
seupy ule10ld
putpulq VNI

eup| GUILOAIRULES
owosoqid

o 0} asuodsod
sueIqUIAW ewseld

aje1paw-a1o1SeA

Buip1o} u@y0id
Buypulq uol Uz
AnAnoe as21ONPaIOPIX0

suex oueiqUIBWISUBLL
uanuwnﬁm 1em 1190

Guipuiq p1oe A1RIPNN

uopduIsy
ss0001d 211043
podsu
yod
yodsuen P
S50} QANEPE
Ananoe o

Kyanoe @s
sueIqUIAW JO Jueuodwod

awosoqu 0 Juanysu

@
0
-
o
3
7]

a};f)ﬁjéfj ))}A\' Lags wu‘wrﬂ;w‘;denovojbyjéu?ﬂ}ﬁ b-L.SJSLglAQjﬁﬂ)}]&»h(Go)d_}dj}y\db)ﬂ Y Jg“

RGO PSS WP 1 u:.'.‘v‘l.a.v L;.Bj"):"'

30000
27000
24000

21000

18000

Frequency

9000

“\“

\I\Illllm
|||||IIIIIII||||||||......._

S REEELEIZITIEAIE
ATEREEEIE)

;Eﬂ A %‘R:’*%”%%
]

Family of Transcription Factors
-max_target_seqs 1 -)PIantTFDB sls oL 5 T-CAP-CD i s (o (550 50n (S 3mie Slan 1 oo 5555 b, 5851 slaes sl

Blastx (evalue 1e-5

VPV lwsli 1Y o ylouis [ pdoxd 0590 [y 99 S -

Sl s T UK

[ Downloaded from mg.genetics.ir on 2026-02-11 ]



https://mg.genetics.ir/article-1-1793-en.html

[ Downloaded from mg.genetics.ir on 2026-02-11 ]

ol i (29310 olS Pos o gl b 3

RIP|C CUSPUPNA AN

0SS s ga il unigene losae A 5V D S e
Slid (g Jawi )b (KOO51) 35uSl5 50 oISl 0SS
(K14173) sl cpud 6wl (KO0BOL) 1 husl 5 Jows 6

(K15803) sl D oy Sbor «(K14175) Sl Jpls )

(K15891) 5U3s,dens Jyui sl 5 (K15813) sl o ol

seen Sy A bl by S5 S e e
sde V¢ L (Map00941) aus gD s juwe 5 VW L

selatl st 4 1, KO s gail> Ol o iy dUnigene

3 (Aeys YO/v) Yo slues (GhosKOALA b sk
A3 S el |y KO o sasl> (s55,5 (slaunigene
J B sbeslBl @ b S Gl o i
3 Shides S aadale (KI5 oledbl Sl s

9 L;}l'w Ja:)bj.v JM ij Lgl.ﬁ:o.:b;b

PR ;;’lf*’)f

wws 3 (8 L) Ll 35 e £Y0 55 T-CAP-CD
4« launigene 3l 5,5 Yo (Map00900) lass ey 5 e e
03 coemmen Al Gl ladg s 5Ol 8 O gt s s

Lddgy S ose  ase s

(Map00904) ases 565 5 (Map00909) s ey 555
TERPENQID BACKRBONE BIOSYNTHESIS
R ‘
| |
?\ D-Glyosmaldehyrs
oo S
1Dy D-seghlose
T
23310 %
¢ glnlaxyl TR e P BT 4 phosphate
Msvalonate e 3-diphasyho)

Mevalonate-3F O
27 1186

Decaprenyl PP O#125 136
I Polypweny PP O#—{ 25158
I~

|

1

+271185 27 136

Q@ Mevalonate-5P

2742

Mevalonate.3,5FP  Mevalonate-SFE Ry ot
[e1133] 1177111723
& L byt 2t
Ll St 4 ciphesphate
& 2743
Tsopentsugl.P 11774
o 25120 15 5332 > 42327 Olsogren:
Ralsber Isapente gt PP | i ol PP
[ { Zeatin biosyntiesis
2511
(E.Z)} Fanwesyh PE
i Jr———————— B T I ey >(Memmbogrrostceiteas )
biterpenod binsynthesis [~ 25.192 feR—g= Ilomoterpe noid biosynthesis

00900 1719722
i) Kanelusa Laboratories

———————————————— -o#4—{25.168
(ZE)-Famesyl PP
] ————— & Diterpenoid bivsynthesis
Famesal [y bansFamesl  (RE)Famesyl.P i
T s o—2iam | 9 p—————— t(_ Carotenoid biosymthesis
- ‘L YErT [ [[[|¢EE)-Famessi-pp } —
= |\ | = alkalmdbmsym:hesls
12351236 — ansiter |
- Sterid binsythesis Jot — — ——— ) 12212}
R } 25152 35189 13188] [25185] [25184]
[3azasq]
S rmm—oe— 222, 25.1 58] 25183 &
FACE2 HexaprenylPP |
Protein C-terminal S-farmesyl protein
DT e Brotein Cltexmainal |
et cer §-farmesyl-L-sysieins | b3 5 5
Carotenoid biosynthesis & ————— 25130 o] } fritrams, heptacis- | Pt P | Hona;
Heptaprenyl FF | Undecape; | |
} | |
e e | ————O%————c#—[351g7 2519 o———=y | |
ditpans polyvie Dehyro Octaprend-PP | \ |
Polygaetio dolichol- PP I &
|
1 - _of uinm\e and other
o 25131 25181 | ol fuinome bisynihess
di-trans, poly-is- Decaguenyl PP
Uniecapren-PF

St 3 eslinal U T-CAP-CD 50 55 Gow (sla Jukatos) ol s siail slaUnigene s sl= (Map00900) Laus s 55 ol 135 O st 5o g poes =1 K3

KEGG Mapper

- VPY Llewal /Y o louds [ pdoxd 0590 [ (9 98 Sl



https://mg.genetics.ir/article-1-1793-en.html

[ Downloaded from mg.genetics.ir on 2026-02-11 ]

O‘)&AA}&-\:&‘)W

et s (2915 0LS” P o 7 il 5 (20 351

Plant

Frequency

e

12
epeyoed gisaypuisold prouaidost 0220
(%]
seld gisoypuisold p!oumdusmzo-o
yped v‘i\w‘sl,smnu.isugq ploudidost 59
sseupuisold proe ays198aY

d WAW-UeY gisayyuhsor prouaidost
e i

gseypuisold suayoieD-E124
ﬂﬁaqmﬁsnl,q au018}SEISED
sisoypuksoE ZHY upeseadio
gpsayuisord auoueABld
sjsayyuksold pioucAeld
gisayjuisold jouBilouo

sisauAsoid LYY uyjp1eaqid

Sub-Module

Segm ¢ A 5 O Ot s g3l a4 by e gbads3le 25 55 T-CAP-CD 5l s )3 e siacil> slalinigene glsl b 055 - 0 S

KEGG Mapper il 5l sl b " olesd sz SLS 5 smens” 5" alS Gladd g 5

sl dls ghuadss Gl 58wl S CD-HIT i
Rl o Ses spe s JIs LlE el ks s
Ol L3 a8 (Fu et al. 2012) ol JIg sla s
duad o cdeay CD-HIT-EST Jlesl 5l Ly Liigis,
S 2 e 4 S o Ly Gl s Ayl sl s
.(Evangelistella et al. 2017) <.l ol
5 NBO Olpe il53l Sl CAPS i oslinal ool aalllas s
SLEEE ol 5l 20 &S edd gy, U ke
Hoang et ) «ul Wascafold |5 o 53 [ S0usS b Ol sean
Al 4 s CAP3 1 eslizad ccilis bl s (@l 2018
B &S ot S 5l Jols Gigy; sl g b

Duan et al. 2012; Yang and ) &S o aub 1, jol> axlllas

.(Smith 2013
sl Jloyl Sl ge 05 el8" g3le oS (sl BUSCO il
A ) eSS s L ol (8L 5 e85 53 05 8L 1
e ol (Waterhouse et al. 2013) ..l e Sl

)U.fu U"‘ \Jﬁ‘ ECERY )Lu}a B ws O cJu‘J.: L)':"L’

Manni et al. ) coul 5o o 5 05 OOISEL sdaslis

CD-HIT- i Jlast o 313 0Ls Sl asllas s (2021

Duplicated ) w15 51 oVG Olse S50 Hsbas Llg o EST

ol s sl slalinigene oS sls 0L KEGG s o
S Ot ewsn Jasbe o3 ol G Jal MW w
8 e NGB il s Jiile n5 Medss s
2wl gled gl ple pmasn” Jaile 5o 5 bl
2 dsile 3 W s AL o JeKI s s Jalle
Pz Jaibe 5w (V) dalle 5 sldad 0 S As sy o

(0 JS3) cuils s GAGIGAL o o

:.=.

Sl e 2 et Sl s gl e
g e LI VS 3 - JVINT SR EE S PO P PRSPV
B gio (K5 sl als Loyl o 5 peme 31 5 o
53 .(Behera et al., 2021) dxes (NX L) N50 (xS J,b
e s odalin g xin i ax 8 NSO o bl osms
S Kals LS5 gl ba il 5l (g i slias 4 ol
LS o el 1 Slse e kS 5 oS Slises S
Lopole NS0« s Siwe b (Biswal et al. 2021)
Aol gly ol 5 XS e SL L S (Savsy

(Lietal 2014) s =3

VPV lwsli 1Y o ylouis [ pdoxd 0590 [y 99 S -



https://mg.genetics.ir/article-1-1793-en.html

[ Downloaded from mg.genetics.ir on 2026-02-11 ]

ol i (29310 olS Pos o gl b 3

O 5 (gl suaie

05 CIERF71 55, ,5SB (Zhang etal. 2017) ¢l o
55 Jssll e 53 &S AS e Jbs |, CitTPS16 jlaw oy 5
Ol i iomen (Lietal. 2017) sl (2 (o )l o e
G o 5 5 gl el Lmas T 505 ol 3 AaNACL
VA Ol o Aol S el 55dea 83 5 iy el
claie Wg o b (Lvetal 2016) ol old Aoy VOO
ool o 2513 olS 5 el S5 M5 L Sl b 5SS e
o SLS ISl Bl G Llg e S a5 eslind
5 S5 S g e 3 5 Sate (s Slas SU
S sl olS pl 5 ol laaal s Lol Sl eslizal
Al el

S a5 anis KEGG Spli la e mli sz U3
et A US (GO0 g gl Bl 51 T-CAP-CD Lo 4o
Slojpe ple Sl e daddsy f OB O R
LS sdes S b IS0 4 4 b ey (Sl
L 3)ls Glas MEPIDOXP 5 U gllsn agn omn 53 45 0diSUS
2 s S Oliads lesnl Sle ly Coenl 4w g
o LiSUS 05 4w by I3 ades 5 e DLl S
Slind ol Glapl & e ool sdiSad s glagy 5
Clicdes Sy e wSssdes (EC: 2.7.4.26 dpk) LS
Ws Sliwdss Jezuspl 5 (EC: 1.17.7.4 dsPH) ksl
ool 5l Wl 0 a5 as glubs (EC: 5.3.3.2 ddi) 05l
M Jess s @ e 21 ol sl s VL
gl @l Gb (E JSD) sy o Sliads
EC:2.5.1.1, FDPS) ki Slivd(ss Jemisl w51 KEGG
S5 L &S s pluls T-CAP-CD e s 5 (25.1.10
e clindgs Jimysnl 5 (GPP) Slivdgs Ll
“SH S Fesm e Sl Olpea | Olilds
S o 5 LSy

ks g 5 5 SS rm Fwsmt rer o p ) 2 osde
Pl e ) (Sla 5T (5l eSS O3V oS b3 0L
L (K15803) ki D o Sl oo cpl U3l o
LD 5 C on Sl S sy ol fi 53 01 S50
Pyle et al. ) ol Slicdy,n il Sla s 51 eslazdl

- VPY Llewal /Y o louds [ pdoxd 0590 [ (9 98 Sl

Aas rals Trinity Sipl 5l Jol> ke s 1, (BUSCO(D)
L Missing BUSCO (M) o1} opl s o s o el
5 CD-HIT-EST 5 CAP3 i3l 55 oS 5 Jlasl ol s yida"
51 Trinity 5Wse 555 »» CD-HIT-EST 5 i Jlas! poman
SwS slass 5 (Single-copy(S)) a4l SO i sl bld
S o3 e e 0Ll o 53 6 e kS (YEY) Wl
LAl 4 e TriNity 3lse 5, » CAP3 Jleel canllas
Dl 3 ol addlae s 3 oS eds YU 4 Y Sl g
S A shieas cooman (Yang and Smith 2013) .
o3 L5158 W3 50 CAP3 5l . CD-HIT-EST Jlesl il 5
.(Feldmesser et al. 2014) ...l

Hayai-Annotation -.5GT S5l 51 05 550l d> e sl
S AS jesie OF $5sSl enp 53 A eslad Plants
s Shas 055 & by GO o Sl n i
gl Jols edas slaes S o5 s S ol 02 5 02 J5S0
S35 ONA 5 o35 i ATP &) Jlasl slaypss
T-CAP-CD jlise launigene 31 sde YATVA sluss .65l
L g bl o 4 dlS e S ep e Sail D5
et Ol g ORIl (S5l sen s e 5 el
Slagees b Jidsy pde launigene J> 5l o aUsS Lo
AL (Zhou and Zhu 2020) s clasles o059

(R S A et Gl el on Sl
DHLH oslpls 51 sy, sla,sSL oaSuS daunigene
OHLH s 55, sla,sSB 28 s NAC 5 ERF MYB
Ssko soi 5 ALS 450 o J b L5 55 MYB  ERF
oseb 5 sl i 5 (Chezem and Clay 2016) ol
Kumar ) . s,ls OLS ;3 NAC o 55y sla,sSU ol 5l
G 5 5 sn ews 53 el sl U (et al. 2021
e s 03 sy S sSE AE S Sl 8 sl (LS
53 BHLH (MYC2) 55, 5586 Je sl 2oL Ol e
SIS 03 Fasn 4 eeiies ssba el
Lold Slain 58S e ollay 5 el Joate Loy 5 35S 5
> SMMYBOb Ol i .(Hong et al. 2012) ol osls ! 531

O3l A s s R e S e s oS


https://mg.genetics.ir/article-1-1793-en.html

[ Downloaded from mg.genetics.ir on 2026-02-11 ]

Qb\gﬁﬁj‘_;.k.f‘)j,a;n

el Jhuw (2913 0L poin 5 il § (2L

sl bt Gl a5 Hlas Conal (s Jilo 8 OLLS
& & s )y CD-HIT-EST 5 CAP3 il i3l 55 oS5
Syhg aos bl i 3w e SlS Sl
Dl S ealinal eddarlis 28 p)ls LS 53 o partas
53 atlal 5 e BB (olepds,y S 5o Sl skl s
ol adllae Sl e Dl (Sl Gl s
e SLusSE glaesl il plulid 55 55580 e
WSS Fngm e 02 e S5 LS I 3L
2 s (S5 508 50) ol SO A5 s olise
o ol Sl 5 Ol T Il 05 8550581 o gt
5 b oKL L 0L sl Hayai-Annotation Plants oL
Sl gl &S ci 8 5 el 5,50 Yol Jos o
la,sSb SLlis aue) js 558 0 4oy 50 alie Olallas
MYB 5 NAC bHLH L3 i sdes laesl gl « o3,
53 o Ol PN GAS S e oS 03 45 S s
V 3laws KEGG s oy 55 Opmames Llazils Kos OlS
o505 osba S U Ll S 5 5 3 S e e 53 S50
W 03 Ul ) el olS ol s ST oldlas gl Ll e
305 el Gl JISl Gosat 5 2 s Olate
2y Gl 4 Spbe 0L 255 5l S
2l e ol 53 IS by L e Al S35 s
2 Ghige S DS S s e fe S lp gLS
odd W] Ll Lo edBantled 58 Lol dadyl sl olS
s slaysst Ll (LSS o b Olgea ol
Gk Sl G DS S e e 03 S 5 ok

PRI P dlﬁv.mdl.mb/@w)ﬂ

&L

Andrews S (2010) Babraham bioinformatics-FastQC a
quality control tool for high throughput sequence data.
URL: https://www. bioinformatics. babraham. ac.
uk/projects/fastqc.

Angeloni F, Wagemaker C, Jetten M, Op den Camp H,
Janssen-Megens E, FRANCOIJS KJ, Stunnenberg H,
Ouborg N (2011) De novo transcriptome characterization

S 2 = 5T s ol 52 o e 45 (2012
Llg oo Sl (5 o3 Sl S S Ol 4 S e
Fegm e e S5 ka5 KOS slaaal s
oDle 55 wly ke el fiss o 50ls oS 3 Lagy 5SS e
BTNy WU 1 E JCH IV YR O E ) g W o
35 LS g 5= 3/ S 5S s sewe L3 (EC: 25121 FDFT1)
SIS Sl O 4 e (25 4 g ol A g LB
b e 5 QIS S G a4 Oliedy e
Sl Bl i opl 3 sl ) sy by 56 S
S AEL g el fi olS o ool Sl slacsssaal
Olgie FDFTL o5l sdiSUS 03 gl 03 5l eslizal L
My o a4 ) Sl e 51 g xis 0L~
Pl SKs b sl Gt S A8 5SS e
s s s e S sl Ol Sl IS
W o 2 KEGG cpail= o5 oJy el s

b ol Call o g Sl

M S e
U S sl il g3lasl 5 Sse ¢l de novo sla 5,
alss ol 5 S p Ly JBa pr e 5 s RNA
S by K Ol e s a3l |y 3y ol Cylas s Llge
o8 a5 Cde e g e ) baslae aJST Bl
gl 5 sl Bl (B3l e Gl il el
Ot Sda b ol addlas Gl s e S se S ogllas s
el i a0l oS de NOVO (LS (55, wng (S5
Slaiss Coleant S s,z b ) anes S plnl

Aws > L}Q.c« S ol 0blS Gl josara & Ok

and development of genomic tools for Scabiosa
columbaria L. wusing next-generation sequencing
techniques. Molecular Ecology Resources 11:662-674.
Behera S, Voshall A, Moriyama E (2021) Plant
transcriptome assembly: review and benchmarking. Exon
Publications 109-130.

VPV lwsli 1Y o ylouis [ pdoxd 0590 [y 99 S -



https://mg.genetics.ir/article-1-1793-en.html

[ Downloaded from mg.genetics.ir on 2026-02-11 ]

ol i (29310 olS Pos o gl b 3

O 5 (gl suaie

Biswal B, Jena B, Giri AK, Acharya L (2021) De novo
transcriptome and tissue specific expression analysis of
genes associated with biosynthesis of secondary
metabolites in Operculina turpethum (L.). Scientific
reports 11:1-15.

Bolger AM, Lohse M, Usadel B (2014) Trimmomatic: a
flexible  trimmer  for Illumina sequence data.
Bioinformatics 30:2114-2120.

Bushmanova E, Antipov D, Lapidus A, Przhibelskiy AD
(2018) rnaSPAdes: a de novo transcriptome assembler and
its application to RNA-Seq data. bioRxiv. 420208.
Advance online publication. Retrieved September
18:2018.

Bushmanova E, Antipov D, Lapidus A, Suvorov V,
Prjibelski AD (2016) raQUAST: a quality assessment
tool for de novo transcriptome assemblies. Bioinformatics,
32:2210-2212.

Chang Z, Li G, Liu J, Zhang Y, Ashby C, Liu D, Cramer
CL, Huang X (2015) Bridger: a new framework for de
novo transcriptome assembly using RNA-seq data.
Genome biology 16:1-10.

Chen G, Yin K, Wang C, Shi T (2011) De novo
transcriptome assembly of RNA-Seq reads with different
strategies. Science China Life Sciences 54:1129-1133.
Chen X, Zhang Y, Yan H, Niu M, Xiong Y, Zhang X, Li
Y, da Silva JAT, Ma G (2023) Cloning and functional
analysis of 1-deoxy-d-xylulose-5-phosphate synthase
(DXS) in Santalum album L. Gene 851.

Cherukupalli N, Divate M, Mittapelli SR, Khareedu VR,
Vudem DR (2016) De novo assembly of leaf
transcriptome in the medicinal plant Andrographis
paniculata. Frontiers in plant science 7:1203.

Chezem WR, Clay NK (2016) Regulation of plant
secondary metabolism and associated specialized cell
development by MYBs and bHLHs. Phytochemistry
131:26-43.

Christianson DW (2018) Correction to structural and
chemical biology of terpenoid cyclases. Chemical Reviews
1:11795.

Duan J, Xia C, Zhao G, Jia J, Kong X (2012) Optimizing
de novo common wheat transcriptome assembly using
short-read RNA-Seq data. BMC genomics 13:1-12.
Evangelistella C, Valentini A, Ludovisi R, Firrincieli A,
Fabbrini F, Scalabrin S, Cattonaro F, Morgante M,
Mugnozza GS, Keurentjes JJ (2017) De novo assembly,
functional annotation, and analysis of the giant reed
(Arundo donax L.) leaf transcriptome provide tools for the
development of a biofuel feedstock. Biotechnology for
biofuels 10:1-24.

Feldmesser E, Rosenwasser S, Vardi A, Ben-Dor S (2014)
Improving transcriptome construction in  non-model
organisms: integrating manual and automated gene
definition in Emiliania huxleyi. BMC genomics 15:1-16.
Fu L, Niu B, Zzhu Z, Wu S, Li W (2012) CD-HIT:
accelerated for clustering the next-generation sequencing
data. Bioinformatics 28:3150-3152.

Geniza M, Jaiswal P (2017) Tools for building de novo
transcriptome assembly. Current Plant Biology 11:41-45.
Ghelfi A, Shirasawa K, Hirakawa H, Isobe S (2019)
Hayai-Annotation Plants: an ultra-fast and comprehensive

- VPY Llewal /Y o louds [ pdoxd 0590 [ (9 98 Sl

functional gene annotation system in  plants.
Bioinformatics 35:4427-4429.

Grabherr MG, Haas BJ, Yassour M, Levin JZ, Thompson
DA, Amit I, Adiconis X, Fan L, Raychowdhury R, Zeng Q
(2011) Trinity: reconstructing a full-length transcriptome
without a genome from RNA-Seq data. Nature
biotechnology 2.

Guo J, Huang Z, Sun J, Cui X, Liu Y (2021) Research
progress and future development trends in medicinal plant
transcriptomics. Frontiers in plant science 12.

Guo J, Sun B, He H, Zhang Y, Tian H, Wang B (2021)
Current understanding of bHLH transcription factors in
plant abiotic stress tolerance. International Journal of
Molecular Sciences 22:4921.

Gutensohn M, Orlova I, Nguyen TT, Davidovich-Rikanati
R, Ferruzzi MG, Sitrit Y, Lewinsohn E, Pichersky E,
Dudareva N (2013) Cytosolic monoterpene biosynthesis is
supported by plastid-generated geranyl diphosphate
substrate in transgenic tomato fruits. The Plant Journal,
75:351-363.

Hemmerlin A, Hoeffler J.-F, Meyer O, Tritsch D, Kagan |
A, Grosdemange-Billiard C, Rohmer M, Bach TJ (2003)
Cross-talk between the cytosolic mevalonate and the
plastidial methylerythritol phosphate pathways in tobacco
bright yellow-2 cells. Journal of Biological Chemistry
278:26666-26679.

Henschel R, Lieber M, Wu L-S, Nista PM, Haas BJ,
LeDuc RD (2012) Trinity RNA-Seq assembler
performance optimization. Proceedings of the 1st
Conference of the Extreme Science and Engineering
Discovery Environment: Bridging from the eXtreme to the
campus and beyond.

Hoang NV, Furtado A, Thirugnanasambandam PP, Botha
FC, Henry RJ (2018) De novo assembly and characterizing
of the culm-derived meta-transcriptome from the polyploid
sugarcane genome based on coding transcripts. Heliyon
4:e00583.

Holzer M, Marz M (2019) De novo transcriptome
assembly: A comprehensive cross-species comparison of
short-read RNA-Seq assemblers. GigaScience 8:9iz039.
Hong GJ, Xue XY, Mao YB, Wang LJ, Chen XY (2012)
Arabidopsis MYC2 interacts with DELLA proteins in
regulating sesquiterpene synthase gene expression. The
Plant cell 24:2635-2648.

Kanehisa M, Sato Y (2020) KEGG Mapper for inferring
cellular functions from protein sequences. Protein science
29:28-35.

Kanehisa M, Sato Y, Kawashima M (2022) KEGG
mapping tools for uncovering hidden features in biological
data. Protein science 31:47-53.

Kanehisa M, Sato Y, Morishima K (2016) BlastKkOALA
and GhostKOALA: KEGG tools for functional
characterization of genome and metagenome sequences.
Journal of molecular biology 428:726-73.

Kannan S, Hui J, Mazooji K, Pachter L, Tse D (2016)
Shannon: an information-optimal de novo RNA-Seq
assembler. bioRxiv 039230. In.

Kumar R, Das S, Mishra M, Choudhury DR, Sharma K,
Kumari A, Singh R (2021) Emerging roles of NAC


https://mg.genetics.ir/article-1-1793-en.html

[ Downloaded from mg.genetics.ir on 2026-02-11 ]

O 5 gutal 5 e

gt s 2915 U Py Lyl 5 (31

transcription factor in medicinal plants: progress and
prospects. 3 Biotech 11:1-14.

Li B, Fillmore N, Bai Y, Collins M, Thomson JA, Stewart,
R, Dewey CN (2014) Evaluation of de novo transcriptome
assemblies from RNA-Seq data. Genome biology 15:1-21.
Li X, Xu Y, Shen S, Yin X, Klee H, Zhang B, Chen K
(2017) Transcription factor CitERF71 activates the terpene
synthase gene CitTPS16 involved in the synthesis of E-
geraniol in sweet orange fruit. Journal of Experimental
Botany 68:4929-4938.

Liu J, Li G, Chang Z, Yu T, Liu B, McMullen R, Chen P,
Huang X (2016) BinPacker: packing-based de novo
transcriptome assembly from RNA-seq data. PL0S
computational biology 12:€1004772.

Lv Z, Wang S, Zhang F, Chen L, Hao X, Pan Q, Fu X, Li
L, Sun X, Tang K (2016) Overexpression of a novel NAC
domain-containing transcription factor gene (AaNAC1)
enhances the content of artemisinin and increases tolerance
to drought and Botrytis cinerea in Artemisia annua. Plant
and Cell Physiology 57:1961-1971.

Manni M, Berkeley MR, Seppey M, Zdobnov EM (2021)
BUSCO: assessing genomic data quality and beyond.
Current Protocols 1:e323.

Nandhini S, Narayanan KB, llango K (2018) Valeriana
officinalis: A review of its traditional uses, phytochemistry
and pharmacology. Asian J Pharm Clin Res 11:36-41.
Paradis E, Schliep K (2019) ape 5.0: an environment for
modern phylogenetics and evolutionary analyses in R.
Bioinformatics 35:526-528.

Park YJ, Li X, Noh SJ, Kim JK, Lim SS, Park NI, Kim S,
Kim YB, Kim YO, Lee SW (2016) Transcriptome and
metabolome analysis in shoot and root of Valeriana
fauriei. BMC genomics 17:1-16.

Pechous SW, Whitaker BD (2004) Cloning and functional
expression of an (E, E)- « -farnesene synthase cDNA from
peel tissue of apple fruit. Planta 219:84-94.

Peng Y, Leung HC, Yiu SM, Lv MJ, Zhu XG, Chin FY
(2013) IDBA-tran: a more robust de novo de Bruijn graph
assembler for transcriptomes with uneven expression
levels. Bioinformatics 29:i326-i334.

Pyle BW, Tran HT, Pickel B, Haslam TM, Gao Z,
MacNevin G, Vederas JC, Kim SU, Ro DK (2012)
Enzymatic synthesis of valerena-4, 7 (11)-diene by a
unique sesquiterpene synthase from the valerian plant
(Valeriana officinalis). The FEBS Journal 279:3136-3146.
Robertson G, Schein J, Chiu R, Corbett R, Field M,
Jackman SD, Mungall K, Lee S, Okada HM, Qian JQ
(2010) De novo assembly and analysis of RNA-seq data.
Nature methods7:909-912.

Shuang Z, Chenshu W (2020) Deep sequencing and
transcriptome analyses to identify genes involved in
iridoid biosynthesis in the medicinal plant Valeriana
jatamansi Jones. Notulae Botanicae Horti Agrobotanici
Cluj-Napoca 48:189-199.

Song L, Florea L (2015) Rcorrector: efficient and accurate
error correction for Illumina RNA-seq reads. GigaScience,
4:513742-13015-10089-y.

Strickler SR, Bombarely A, Mueller LA (2012) Designing
a transcriptome next-generation sequencing project for a

nonmodel plant speciesl. American Journal of Botany
99:257-266.

Tripathi S, Jadaun JS, Chandra M, Sangwan NS (2016)
Medicinal plant transcriptomes: the new gateways for
accelerated understanding of plant secondary metabolism.
Plant Genetic Resources 14:256-269.

Voshall A, Moriyama EN (2018) Next-generation
transcriptome assembly: strategies and performance
analysis. Bioinformatics in the era of post genomics and
big data 15-36.

Wang Q, Quan S, Xiao H (2019) Towards efficient
terpenoid biosynthesis: manipulating IPP and DMAPP
supply. Bioresources and Bioprocessing 6:1-13.
Waterhouse RM, Tegenfeldt F, Li J, Zdobnov EM,
Kriventseva EV (2013) OrthoDB: a hierarchical catalog of
animal, fungal and bacterial orthologs. Nucleic acids
research 41:D358-D365.

Wong J, d’Espaux L, Dev I, van der Horst C, Keasling J
(2018) De novo synthesis of the sedative valerenic acid in
Saccharomyces cerevisiae. Metabolic engineering 47:94-
101.

Xie Y, Wu G, Tang J, Luo R, Patterson J, Liu S, Huang
W, He G, Gu S, Li S (2014) SOAPdenovo-Trans: de novo
transcriptome assembly with short RNA-Seq reads.
Bioinformatics 30:1660-1666.

Xu ZS, Chen M, Li LC, Ma YZ (2008) Functions of the
ERF transcription factor family in plants. Botany 86:969-
977.

Yang D, Du X, Liang X, Han R, Liang Z, Liu Y, Liu F,
Zhao J (2012) Different roles of the mevalonate and
methylerythritol phosphate pathways in cell growth and
tanshinone production of Salvia miltiorrhiza hairy roots.
PloS one 7:e46797.

Yang Y, Smith SA (2013) Optimizing de novo assembly
of short-read RNA-seq data for phylogenomics. BMC
genomics 14:1-11.

Yeo YS, Nybo SE, Chittiboyina AG, Weerasooriya AD,
Wang YH, Gongora-Castillo E, Vaillancourt B, Buell CR,
DellaPenna D, Celiz MD (2013) Functional identification
of valerena-1, 10-diene synthase, a terpene synthase
catalyzing a unique chemical cascade in the biosynthesis
of biologically active sesquiterpenes in Valeriana
officinalis. Journal of Biological Chemistry 288:3163-
3173.

Younessi-Hamzekhanlu M, Ozturk M, Jafarpour P, Mahna
N (2022) Exploitation of next generation sequencing
technologies for unraveling metabolic pathways in
medicinal plants: A concise review. Industrial Crops and
Products 178:114669.

Yuan X, Wang H, Cai J, Li D, Song F (2019) NAC
transcription factors in plant immunity. Phytopathology
Research 1:1-13.

Zamini A, Mokhtari A, Tansaz M, Zarei M (2016) Callus
induction and plant regeneration of Valeriana officinalis
are affected by different leaf explants and various
concentrations of plant growth regulators. BioTechnologia.
Journal of Biotechnology Computational Biology and
Bionanotechnology 97.

Zdobnov EM, Kuznetsov D, Tegenfeldt F, Manni M,
Berkeley M, Kriventseva EV (2021) OrthoDB in 2020:

VPV lwsli 1Y o ylouis [ pdoxd 0590 [y 99 S -



https://mg.genetics.ir/article-1-1793-en.html

[ Downloaded from mg.genetics.ir on 2026-02-11 ]

ol i (29310 olS Pos o gl b 3

O 5 (gl suaie

evolutionary and functional annotations of orthologs.
Nucleic acids research 49:D389-D393.

Zhang J, Zhou L, Zheng X, Zhang J, Yang L, Tan R, Zhao,
S (2017) Overexpression of SmMYB9b enhances
tanshinone concentration in Salvia miltiorrhiza hairy roots.
Plant Cell Reports 36:1297-1309.

Zhang L, Jing F, Li F, Li M, Wang Y, Wang G, Sun X,
Tang K (2009) Development of transgenic Artemisia
annua (Chinese wormwood) plants with an enhanced
content of artemisinin, an effective anti-malarial drug, by

- VPY Llewal /Y o louds [ pdoxd 0590 [ (9 98 Sl

hairpin-RNA-mediated gene silencing. Biotechnology and
Applied Biochemistry 52:199-207.

Zhou GL, Zhu P (2020) De novo transcriptome sequencing
of Rhododendron molle and identification of genes
involved in the biosynthesis of secondary metabolites.
BMC plant biology 20:1-19.


https://mg.genetics.ir/article-1-1793-en.html
http://www.tcpdf.org

