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wipp 35 adlee Saes 5 JGmes Loy S Ols
Sl LSS OGl ol ey Lt b sla ol Sl ol
e85 31 G oMbl 4 5L Ol e S gleesls
Al dsigy s Sl g CaeS s 5 (de novo assmbly)
2012 LS o Jenie LS Cilise law 58 aalllas (g smn
b ls (Hamilton and Robin Buell 2012) <ol o548
4 a5 Olejen 1 oS I basslhe sl 20 o o
5 RS W5 shadr 00-Are sk w4 bsee SHAS 68
53 0581 dlol e Jby WL s € 15 sloesls 105
Strickler et al. ) LT o cowsw Csle L o> L 55,y Lo
53 e b s sl w5l S (2012
b5 b ool T RNA L 5 g5 S 5 anllias
el 1535 U b5 5 SoSes 5 jsslasl 5 RNA
Wang ) ol Olu w;_ﬁ;.“;; adllas ys Sl Ol gea
B asgame ey OKel s, ol et al. 2009
o2lp oS Coson 5 Vo sl sl L1y e Ss S
5 Al e slas IS RNA-Seq 51 Lol slaesls .S
3ol das0 Cansts Wl ciwo s @l OF S Olg e
S S-S e A 0] 0L il slasliss,
(MRNA) el RNA (il ¢ 55 5 stz Sl (SNP)
S!S Jke 2 OlalS S3 RNA L 15 5 S eslizud
2t S0 s Sl (53 208 Sl Kz S 555
030 S5 ol Ysane 1y pl el 0diSUS g
(Strickler et al. 2012) W ls VL GC (glg=s Fes
el ot bt b st S o il [
Sl 5SS laws oL s €DNA &bl ol s RNA
Sbwarm LS bt laesls sl ol s b ol L JIs

53 5 O SO Oasl cast S gl JIgs (assembly)

! Platform
2 Next Generation Sequencing
* RNA-seq
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50 gbcdabe flsl 51 K s iz g)p,5 OLLS
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Slsds Ol gl 5 ek 3 450 e sl Coeal 0L
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Ay il 4 Cdple Yoreer 51y LS &S
s sl a5 (Pichersky and Lewinsohn 2011) .S .
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G s el olS ol glacd gl ol (550
Slam sl sls alld 5 ails Gl 5 SYob 65
3ol Sl a1, H bges O s LS5
ki S Cl Glodoy eyl Sl O yon e e
Sige SLOS RIS amiiys 5 S o AP 1) e
s pama M SelS polantl gl 5 S5
Sl ol glacdplie LAl O 5 odle .ol
Lol 51 Sul g5 Sledbl oS dol o cnsas Jis e OlalS
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Sapir-Mir et al. ) ol (Las 555,8) bacp 515 5 acy 56s
CASl gdny 150 s () JK2) (2008, Sallaud et al. 2009
& ke (5 el abwsa FPP 5 GPP L oS

.(Degenhardt et al. 2009) X y& o LS o5 ol SISl

MVA pathway MEP pathway
Acetyl-CoA Pyruvate +GA-3P
V loxs
HMG-CoA DXP
| HMGR loxr
Mevalonate MEP
: ' §
DMAPP<+—+IPP <—$—>  |PP+—DMAPP
v ‘ leps
FPP \ GPP
v ‘ 2
Sesquiterpenes GGPP monoterpenes
Triterpenes B
Dolichol Diterpenes
: : Carotenoids
Brassinosteroids Gibberellins
Sterols Chlorophylis
Cytoplasm Plastid

(Yang etal. 2012) 3l a3 s a5 Cotlo (5 g yoms 33 =) IS

3 Hs aLS Trachyspermum ammi s o6 L 0L olS
oS nl G) esee .l (Apiaceae) oL o o0 3l LSS
L bl doss T B g oS sy ulud doy3 A B Y (Glls
A Sl Ol il s s s
Akbarinia et al. 2005, ) das o |25 J5 815, 5 cponal sl
iz .(Davazdahemami et al. 2011, Zarshenas et al. 2014
ran 5 Ol Ol gl cdia by piS 53 5 Sl oS
(Akbarinia etal. 2005) >33 o CiS L Ay o anb 5 sba
GLols Ol olS s 45 Coslodd ol oty Gla s b
Lo B as (st sl L 5l sls Cili ol
308 Al (S (ad p d bl s (05 5LS A 35
O pwlul o ol g opl 45 (Bairwa 2012) wib s LS 4o
Loy eos Olnl o olS ol ) 4 el 35
p SIS Ve 3 G S 53 €l 5T B Y alae (53,50es

" Geranyl diphosphate

YWAY jLa 1) 0 5lous [ jumw 0590 [ 99 98 St

SN LKL Sl aslizad L a0 SO (60 S8 s ol
Roche 454 o5l , s oL Jls ol db= s il e
0 s ORGSR lllumina , pyrosequencing
e 03 S iy s gssls LS e gzo S 5 lalas
Waosls 5T 6 et e (giluoslel 31 clags,sTop opl oL M5
Sl > Tl 038 qal B 1) 0 g S35 S Geee addllae OIS
5ol gbaesls SIUT 51 ool sy sla0s SO ol
Glaadls o pre &S 8 eSUS Ml (b s
J G b st e a e Sl st S S
S 03 5 pan NS e eos Ol el L
2l Sl Gl e S5a 5 05 IS gl il 1
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Al Rl OlLS s s
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Lo s cnl 63La3l 5 QLS 53 (65 g (SUs s (63,5 520
(Ajikumar et al. 2010) L3l o5 S la Ol o
S plie 05,5 5 013 gy 5 A S35 45 5 5bokes
S baip s kol ISl s e (S5 1, alS 4t
O szl 5 (IPP) | lids o ht sl 8 oy sl S50
S ol K25 (DMAPP) "oliviy g W1 Lis (sls
e 3 (MVA) "l S5 10 S35 e 3 0T (555,
et e 5o (MEP) * lid=J s b e skl
W4 e 5 SETA G3Ts Jeal a1y« b MVA
Aty 53 Bl 51 FPP 543 e (FPP) *lind sy ooy
woles ol i 5 edd ol DMAPP usly & 5 IPP
sl 53 MEP s Colain sy 5 b i S
PN (L PRGN, SV P U O LS TP Sl
> S5 dPP J805e G 5 DMAPP J S350 G Sl L

! Isopentenyl Pyrophosphate

2 Dimethylallyl Pyrophosphate

¥ the Mevalonic Acid Pathway

# 2-C-methyl-D-erythritol 4-phosphate Pathway
® Farnesyl Pyrophosphate

® Sesquiterpenes
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Trinity de novo RNA-Seq assembler Slsle 5 Sl eslanal
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Y Jsles Kmer (siluag 51 .(Grabherr et al. 2011)
Sledes 1 Trinity Sl 5 la el ple sl 5 s
T s THRMY il s A eslizd sl
L ol oSS Lol gdues S 5 45 555 e edal
'KEGG 3 et oKL 3 OIS

elﬁg By Cal) (http://www.genome.jp/kegg/kaas ) (KAAS)

0

S oo g S s 630>
4 U s esls 415 (http://www.genome.jp/kegg/ )(KAAS)

lel 5 KO sue Larass L e KO sae Lol
L s S ¢lxil Single-directional Best Hit (SBH) 5,
Glaanlid 5l eslizad U 1 etd Jlal sla JI55 ois KAAS
055 S Jsle KO o s s plxsl JS3 52 oy 50 KO
235,555 Ko 4 s g0 &S ol ola05 51 S
5 (Moriya et al. 2007) s S KEGG oL (gl s
s & Lap 53 0ol Lloyl gl oMbl e ey

Al o mexd OL35 G e 5o bles 450 slac sl
e Sl ghls & Olis et Sl 4 plaes Gy
JS SIRNA il 450 e plie st b Las e gba0)
Crl i Sllllae bl s sl "SI S
3 Oh o Ao W) Galld (YL slie glyls 5 S|
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! Assembly

2 Unigenes

3 Unitranscript

* KEGG Automatic Annotation Server

> The Kyoto Encyclopedia of Genes and Genome
® KEGG Orthology
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0 5 dsb Ll il .o S el (Bolger et al. 2014)
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o S S dr s LS ) el b (glasdlas
A $5,l> e (Sangwan et al. 2013) colodd olulis
33 el S S e 05 K S )] YL
23 s e A5 (Artemisia annua) aes sleds slae S 5
s Al annua leas 6L"°w—<iﬁ w;.ﬁji%:; Slandlas
s <oy (Wang et al. 2009) 454 pyrosequencing oLy
Jetie oS A plalis 05 S5 YAOVY 5l i o5l slas LIS
) 53 25 A S e ez 3 S50 Vel a3
5 MEP e sla 5T ediSUS slad SO oorpd Goiow
33 red)l S S S e s Sl pld 5 MVA
S05 S el Cest RNA L JIg5 5l ol esls 45 sazes
MVA laciyiss plp 53 MEP s glawsl 4 by
M5 sl ol s MEP e s o 0L cpl 5 Lo

sl A annua slae s 5> DMAPP/IPP

\

wlold 4 e 05SU oy S 5 o aslllas Sl ealind
Loaslb slacdpbie s b ks e gba0] 3l ol sl
ek oS sl A s aals OLLS i)l
33 stz oS G (oS IS) Chlorophytum borivilianum
AT T FURGINPY - IGIV LT N EPPRCLOIP L STGIVH I 1 R 2P
Sheslizal b clodd b OF 53 oo plo ;g 51 30
Lok sbad) sl L gy Sy Gl adlles
s Lo ale e s S5 MEP 5 MVA (g5t s 6la s
5> LA JSIT 5 gD s b lad e sa0S sboses
oy S 5 LT (Kalra et al. 2013) as plabs olS (!
oS K« 0L,z eslgls 31 Bupleurum Chinese « 58
Sl (8L 4 e Sl e e b3 e (200l
L0 sl sSole ISl s b ke LA el
«,S (Centella asiatica) _,lii, ol oLS .(Sui et al. 2011)

53 e gla03 ST S ol Ol 31 6,503 ein sl

by SOl edms LI gl Jls sde KEGG oL s bl 0lis 31 S psi Ses 5 53 05 ISl s 53 805 a5l =) Jsi

EC s P Ny 03 05 5 anlid Ko et
. HMGCR; hydroxymethylglutaryl-CoA reductase 21724, 43134, 46370, 87803,
[EC:1.1.1.34] (NADPH) 17049 (2) K00021
[EC:1.1.1.267] dxr; 1—deoxy—D—xquIose—5—phosphate 44875 K00099
reductoisomerase
[EC:2.1.1.100] ICMT; protein-S-isoprenylcysteine O- 55995(9) K00587

methyltransferase

16455, 25492(2), 38901 (2),

[EC:2.3.1.9] acetyl-CoA C-acetyltransferase 41178, 42255, 45391, 57396 K00626
[EC:2.5.1.12.5.1.10] FDPS; farnesyl diphosphate synthase 45915 K00787
[EC:2.7.1.36] mevalonate kinase 23196, 28766, 54851 (4) K00869
[EC:2.7.1.148] iSpE; 4—d|phosphocytldyll(—ii—a(sl‘;methyl—D—erythrltol 36615 K00919
[EC:2.7.4.2] phosphomevalonate kinase 56695 (3), 89833 K00938
. ispD; 2-C-methyl-D-erythritol 4-phosphate
[EC:2.7.7.60] cytidylyliransferase 42987 (3) K00991
EC:4.1.1. MVD; diphosphomevalonate decarboxylase 43442, 1047 K01597
C 33 diphosph | decarboxyl 3442, 104780 0159
[EC:2.3.3.10] hydroxymethylglutaryl-CoA synthase 43372 K01641
[EC:2.2.1.7] dxs; 1-deoxy-D-xylulose-5-phosphate synthase 30805, 443;2532222650586’ K01662
[EC:4.6.1.12] ispF; 2-C-methyl-D-erytsr;rrlli?]:iseA-cyclod|phosphate 37821 KO1770
EC:5.3.3. idi; isopentenyl-diphosphate delta-isomerase 41437 K01
C:5.33.2 idi; i I-diphosphate delta-i 3 01823
[EC:1.17.7.1 gcpE; (E)-4-hydroxy-3-methylbut-2-enyl-
1.17.7.3] diphosphate synthase 47244 (6), 21529 K03526
. ispH; 4-hydroxy-3-methylbut-2-en-1-yl diphosphate 39578, 51891 (5), 52395, 56344
[EC:117.7.4] reductase (3), 29238, 37220 (2) K03527
[EC:25184 SPS; all I-diphosph h 29285, 53359 (3), 93590 K05356
25.1.85] ; all-trans-nonaprenyl-diphosphate synthase , 3),
EC:1.8.3.51.8.3.6 PCYOX1, prenylcysteine oxidase / farnesylcysteine 45249 K05906
| i idase / f 1 i

! Unitranscript
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lyase
[EC:2.5.1.58] FNTB; protein farnesyltransferase subunit beta 46353 (2) K05954

. FNTA;protein
[EC:25.1.58 farnesyltransferase/geranylgeranyltransferase type-1 52762 K05955

2.5.1.59] !

subunit alpha
[EC:3.4.24.84] STE24; STE24 endopeptidase 29865, 31133, 42894 K06013
[EC:3.4.22.-] RCEL1; prenyl protein peptidase 42839 (3) K08658
[EC:1.3.1.83] chlP; geranylgeranyl reductase 34364, 54127 K10960

. DHDDS; ditrans,polycis-polyprenyl diphosphate 29713, 36819, 48242, 51498,

[EC:25.187] synthase 54915 (2), 72424 K11778
[EC:4.2.3.27] ispS; isoprene synthase 50287, 77104 K12742
[EC:25.1.125.1.10 . . 28035, 30279, 42603, 44310,

25.1.29] GGPS; geranylgeranyl diphosphate synthase, type 11 74796, 91376 K13789
[EC:2.5.1.1] GPS; geranyl diphosphate synthase 35063 (2) K14066
[EC:3.1.1.] PCME; prenylcysteine alpha-carboxyl 43496 (4), 53520 K15889

methylesterase
[EC:1.1.1.216] FLDH; farnesol dehydrogenase 39038 (2), 560 K15891
[EC:2.7.1.-] FOLK; farnesol kinase 48929 (3) K15892
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