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1 E. B REMRLEE Chloranthus japonicus WRZEFEFAE BAFME. A% HEEENF T4 Hlumina HiSeq™ 2000
150PE HHATRATML LHFAN T /0. &R AN FILIRT 68 458 750 4= i & /741 (clean reads), Trinity de novo
HHEFRAT 56 096 1 unigenes, T3 K 801 nte BLAST 43 #T IR 43 I 25 773 (45.94%) 17 801 (31.73%)+ 16 082 (28.67%)
9 649 (17.20%) /> unigenes 7£ NR. Swiss-port. KOG. KEGG ¥ FEE2NER(E R, WHRN GO KA e, i
SYRSYTINRE 3 KIE40 /33, W 131 A KEGG FedeRUHER, HPaHs 16 MRAEREH @ . B 0dr3kE 170
MEES S5 . R iSRS G GER . IR, SR A TN RS FAE TS 1 887 AN M EY)
SRR 54 N FHE. 53 MISA #44 R IL 8 987 METHE L /¥4 (SSRs), HHAEEE SSRs HEm+E, H S5 94814,
BAZE N 66.2%, TIHZEES SSRs AHXTHED, 5 1.3%. 2518 T RNA-seq 7T IRAF MR BN 22 4% 40 M5 B ARHAE K i 28
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Transcriptomic analyses of Chloranthus japonicus by RNA-seq
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of Chinese Medicine, Xi’an 712046, China

Abstract: Objective To obtain the transcriptome dataset of Chloranthus japonicas. Methods  Using the Illumina HiSeq™ 2000 150PE,
arhizome transcriptome of C. japonicus was generated, followed by systemic bioinformatics analyses. Results A total of 68 458 750 high
quality clean reads were produced by the transcriptome sequencing. Trinity de novo assembling resulted in a total of 56 096 unigenes with
an average length of 801 nt. BLAST analysis indicated that 25 773 (45.94%), 17 801 (31.73%), 16 082 (28.67%), and 9 649 (17.20%)
unigenes were successfully annotated in the NR, Swiss-port, KOG, and KEGG databases, respectively. All unigenes were classified into
three major groups by GO, including biological process, cellular component, and molecular function, and then, grouped into 40 subgroups.
And 131 KEGG standard pathways were designated, 16 of which were defied as the secondary metabolism. Further analysis revealed that
a total of 170 unigenes were involved in the biosynthesis of mono-, di-, sesqui-, or triterpene. Meantime, 1 887 unigenes were predicted to
contain protein coding sequences. Totally 54 families of transcription factors of higher plant were identified. Using MISA prediction, 8
987 simple sequence repeats (SSRs) were obtained, among which the di-nucleotide SSRs were abundant with 5 948 (66.2%), whereas the
penta-nucleotide SSRs were relatively less, accounting for 1.3%. Conclusion The transcriptome of C. japonicus thizome was generated
by RNA-seq along with the identification of unigenes implicated in various terpenes biosynthesis, which will provide a fundamental basis
for secondary metabolism pathway dissections and their regulatory mechanisms in this plant species.
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i, HARWAE i WREMRZELH, HET (K
KRELY, WRE, T, R, A%, BAERECE.
TEIMLTE R BORARREITHAL, VA AFERZIR . S5 I
R ARG e A AR B2 A
YIRIENCNEE, DT IEA, fERALHA A
AEBERHAL. FEEF R R RE T T E S
T2 FEZE. HFERE. RIERAIERMENE
PP, AR R ME R B AR B &R
LB HRER RN E . LR R A L 1 2 e R
R A, 2R R R B R
[EE RN >SN 1 el 1 E 7 = AV A a7/
Mo Ak, REFRTEA 255 AL e AL 7 TH
HHPETEFARIED " Bt AR A
JPHAR SRR LG S SRR R A, Y 1 RS
BEA R 2541 5y 1 % s BRI R AR .

BN T4 AR ED RNA-seq, &Ll fg 5 B 4L
FH)— N B RGH 5,  RERETE I IR 4T 51 R A
RO T, WFFCREE &0 N T B R A AR
FRE. WA BEESRGER, SRMER. o
HESHE R, AT WK R e RE
KRB YA B A S S s R
T, RNA-seq 7F 24 FH R4 3 G 3k [R] 20 4tk py o2
Iz, BREASL R R e g A
2 PR e s AR A Dy o) B v 24 o % U 0 A
T T Al AR TR IR DS TEPERL > 2 FF,
HA W m TN . SR10, FE R A AR B =,
B 7 AR 2R S R IR A RS K ASHE LA
Fi RNA-seq #EATHREE FHE S LI T 43 b7, LAIAE R
HEESRME ERRAE, %25 FAE D) Th REJE R 4240
U AR IR R AR AT SR A5 HE T2 B8 (L TRtk 454t
1 #MR5AEE
1.1 ##

TEPIRRET 2015 45 7 AR A PE FX8 1K H
BELFI 114, 25 107°20134.8", £HF 34°1'27.5",
R 1 873.3 m, Z Bk o B2 24 Kk 2R 4 e a3
2RSS B IR E Chloranthus japonicus Sieb., HX
FARRAEARAR 2R AU S B T80 "CUKFI & .
1.2 RNA 25X ELE

K F EASYspin fH4%) RNA s $2 BUR 71 &
(Aidlab, HED Hill#4RAGARZEL RNA, BiflEpRER
13K AT NanoDrop™ 2000 439676t (Thermo Fisher,
EED KseEt:. HAA Oligo (dT) HIMLER = 4k
mRNA, AWM (fragmentation buffer)

mRNA FTWrHE A B, FHZSIRGERENLEY) (random
hexamers )& % cDNA 5 1 55 S8 )5 TN G234 . ANTPs.
RNase H 1 DNA polymerase I 5% cDNA 5 2 5%;
£:1d QiaQuick PCR iA71/& (QIAGEN, D 4fifljf:
N EB Sl 2 JEMoRImER . Il poly (A) &
FENFEEL, SR B ki seie ikt T i BEK Nk
&, BT PCR 4 B4R BRI 730
1.3 HRBENFEHE

FIH Nlumina HiSeq™ 2000 150PE X £ £k #E A
SRR SRS AT mE T . D s B R
ZHIE IR (base calling) ¥4k N 75 4 5 46 7
H| (raw reads), ZEHEVHAL i IERR 8 A TUAR AL 3
S5 #5192 5 i & /7 51 (clean reads), | H Trinity
W% de novo 2. Trinity HIHEF —EK
J¥EE (overlap) [ reads R EKIM B, BIfS
FIAE N K22 BefE N unigene.
1.4 HFRANREER

FIH BLAST #4 unigenes 5 & [ 538 & NR.
Swiss-port. & HFHERM K (KOG) 1 KEGG
OR #E R 5 E A G R ST (EE<
1X107), 35 5408 unigenes FL A % &7 71 A AL
PR A, #1153 unigenes VER G E . RHIE NR
RGNS, f#H Blast2GO #4452 unigene 1] GO
(gene ontology) V¥ ¥, H WEGO #ffxfprf
unigenes il GO TIRES K401, MM EINRIEY)
Tl () 25 IR Tl e 23 AT ARFAIE o
1.5 ZEBRGHE (CDS) FAZEFREFN

1% NR. Swiss-Prot. KOG 1 KEGG HIfIt 52k
JIi 74 unigenes J7 41 5 DA b8 i BLASTx HLxf
(EfH<<1X107) I 5E % unigene it X % IR
HICFH TR 5 —3) MRAERFY . FIH
ESTScan! il 5 UL %45 B XA (% unigenes
HIGRAS IX K 7 F0 77 1] o K BT 0 ) unigenes it 25
P 5 S 5 K15 % (plant TFDB) #EAT
hmmscan FEXT, 482 4% 5% K1 500 S H R
1.6 BEHAZEZFS (simple sequence repeats,
SSRs) 4F{EAL

{# ] MISA T.E. (MlcroSAtellite identification
tool) KEIllERZE B 5% 2 unigenes, %% SSRs Jfit
17480t
2 FERESH
2.1 SREBHRBLERERESN

S%H Tllumina HiSeq™ 2000 150PE =i & -
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BRTRZE AR LA T 2 7, 31531 68 458 750
2% raw reads, IXVEF“4E T 66 138 234 4% clean reads,
5 6320552293 MEEHREE, Q20 (HE=
20% ) Q30 (BlE & =30%) 73N 98.69%- 93.59%,
GC &N 45.01%, UiRNFi#E REF, clean reads Jit
k. Trinity 2253818 56 096 4™ unigenes, “F¥JK
¥ 801 nt, HKiAF] 14262 nt, HEHFN 201 bp,
N50 A4 1460 nt.
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Fig. 1 Length distribution (A) and reads coverage statistics (B) of C. japonicus transcriptomic unigenes

2.2 RZLEFER4H unigenes BITHEEEFE

fff i BLAST ¥ Af 5 unigenes 5 NR.
Swiss-port. KOG+ KEGG %544 3t AT — itk b
XA AT » X KR PR B ) unigenes #4 H #4748t
T IRAF R 28 BAR 25 4 5 2H unigenes I REIERE(E
B 859380, 25773 2% unigenes (45.94%) £ NR
e I LU D)5 BV ERE, fE Swiss-port. KOG-
KEGG 534 3R 15 FE 1 unigenes 4 H K IKH
17 801(31.73%)+16 082(28.67%).9 649(17.20%) .
7 408 % unigenes [RIF7EATA HUE PR, 2D
A1 R B R T L 25 861 5% (46.10%),
30 235 ZAARIRIGERE, WA 2,

DL NR 4 2 13647 9341, unigenes {3 F¢[A]
PREE R P Fh o A ] 2 Fras s LEARARUT 21 UL R
B BIYFh A, S Nelumbo nucifera Gaertn. Fr 5Lt
Blfi, N 7 072 % (27.44%); HUCNHIE Vids
vinifera L. 2 326 & (9.02%), LR Elaeis guineensis
Jacq. 1270 4k (4.93%), #E& Phoenix dactylifera L.
1218 %:(4.73%), 1JfHE Cephalotus follicularis Labill.
714 % (2.77%), W A] Theobroma cacao L. 821 %%
(3.19%), HARVLEIFILEHICE 2.04%~4.71%, LEH
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Fig. 2 Species distribution of C. japonicus transcriptomic

unigenes against NR database
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R NR AR5 215 3] GO TRk (K 3),

14 660 % unigenes #{F BRI EPEFE . 40 H 2 53 A0
ST UIEE 3 4 GO KA 40 AN/ A 7k
NP Ccell) FIHBEES> Ccell part) AHICIERFEJE
i, 15 936 Fl1936 2% HIZ 4L E (organelle),
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(cellular process), ¥ K& (3L 7354 2 036 &A1
1710 4%; NGERN (response to stimulus). AE4f
2 (biological regulation) & K & 73714 350+ 257
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Fig. 3 GO classification of C. japonicus transcriptomic unigenes
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HR R BAR 2584 5% 2H unigenes 2 5 KEGG i i@
BTN 5 KAy AHHEIEFE (cellular processes) 460
% W5 B 4 (environmental information
processing ) 308 2% . it AL {5 &E A4 #H ( genetic
information processing) 2 283 2k {4} (metabolism)

8510 £ AEHL RS (organismal systems) 334 5.

5117 % unigenes 3513 131 4 KEGG FrffCiHm#,
TR RE R R B R/ MR IR, aB T 11 MR
AR B IR 1, IXEE A A1 unigenes 2K
T 200 %LU E

£ 1 SREELHE T unigene KEGG @IS kit

Table 1 KEGG pathway analysis of C. japonicus transcriptomic unigene

Y5 AR 14138 % unigenes ¥ & 5 Eb/% D
1 A I8 % 1940 37.91 ko01100
2 AR =AY A 1015 19.83 ko01110
3 PAEREME R 465 9.08 ko01130
4 Z PP A AR 390 7.62 ko01120
5 R 325 6.35 k003010
6 T I B LA 293 572 k004626
7 TARAE YA 277 5.41 k001200
8 R ACEASY TR 248 4.85 ko04141
9 AR EY A R 238 4.65 k001230
10 LUESZIN 221 432 k003040
11 ML AR 202 3.95 k000230

KEGG g8 6 73 Hrik & 3 402 2% unigenes
H5IRNERE w2, V0L RS A1) & A
KI 16 NMRAEARGTEEE . 45REH (K 2), XN
R E BAREHERE (ko00940) R ERKZ,
A 126 45 18 4% unigenes 5 R E2E WRIE . MHEIE
AW (ko00960) A FHAHIR: 675K MR
YT S ARERE NS Y/ RS g8 ik e B PSR E 5

R E TR NS, IR O A el
KA G, AR DRB T REM L, 5
ity ik DL =R A YA i KEGG PR (R
2). 64 7 unignes FALEIRAE Y E AN E K
(ko00900); FRGEFRIED 4 2% B FIIRIE &M
G B EAR, W ZA B Y IR RIS AR A OO
20 26/7%1; 32 %k unigenes S5 —iERAEYIE L

F2 REELL R unigenes XENKIG KEGG BIERSIT

Table 2 Secondary metabolism KEGG pathways annotation analysis of C. japonicus transcriptomic unigenes

YT AR I8 unigene Z & i t/% B ID
1 KEEEYE 126 2.46 k000940
2 BERUAENIE S ER R 31 0.61 k000945
3 FEE W LE WA A 20 0.39 k000941
4 B, WRiE. mbhe A& R 18 0.35 k000960
5 FREREYE K 16 0.31 k000908
6 MEER WERI Y& K 10 0.20 k000905
7 WEREWE K 0.08 k000942
8 i ] P A 3 0.06 k000232
9 B T A T T (1) 2 A R 2 0.04 k000944
10 ERLA BRI DG AL 2 0.04 k000965
11 it AW SR LE DA AR 64 1.25 k000900
12 MG A R 4 0.08 k000902
13 T A8 RN i 0 e At 20 0.39 k000903
14 TR A R 32 0.63 k000904
15 S DR E K 39 0.76 k000906
16 £ 20 F0 =5 A A R 11 0.21 k000909
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(ko00904); ZKHAE M FRAEDE R (ko00906) 5K
MR AH 39 % P =nE K AEY S
(ko00909) KA 11 45, H, fFFaE804E1
WA Cacyclic) 7MY (germacrene), Fmhiddk
R h 1R 7 4. XIS BoAE— 2 R IEAR
2 A 2R 1 B A A RO B A AT e LR S i AT R
LRI .
2.3 CDS fAgEREF R
KR H SR 2 Fr 4 unigenes [ CDS #H47 %>
#r, @i BLAST Huxt3L3k#3 CDS ¥4 25 512 4,
FIH ESTscan 4 2 43 #3K 15 CDS /741 1 887 4~
SRR IR R A 54 AN FEMGE, o bHLH.
ERF. WRKY. C2H2. MYB_related. NAC. MYB.
707

bZIP 28 (5 Ak, 1 AR FERR 22 A BAR NS ok 2
gy fE (B 5.
2.4 SSRs 4¥EDHT

F MISA A4 X} #6528 unigenes 4T SSRs 4
Mr (£ 3), 7074 % unigenes H13tit 8 987 4> SSRs.
Hrp, ZHFESR SSRs HEHKFEE, A 5 948 4
(66.2%), AG/CT KRR Rm. =WHEER
SSRs &R Z , A1 2310 4™, 7 SSRs = &[] 25.7%,
Hr AAG/CTT EERMKERZ . VUBFEF 7S
FRER RN 394, 2174, K i 4.4%. 2.4%; T
TIE R AL, A5 1.3%. BE4h, iR B SSRs
HE R THENAE—ETN, HPEE 6. 7 K
Ptk flfm, =R S, 8 IRIMIKZ.
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Fig. 5 Transcription factor classification of C. japonicus transcriptomic unigenes
*F 3 R&EF K unigenes SSRs 7547
Table 3 SSRs analyses of C. japonicus transcriptomic unigenes
BERIUHE .
HE & w5 /%
4 5 6 7 8 9 10 11 12 13 14 =15
TR ES 0 0 1324 1042 882 661 547 315 87 52 221 817 5948 66.2
L E S 0 1166 534 292 78 8 97 21 14 10 6 12 2310 257
VYT AL 309 65 16 1 3 0 0 0 0 0 0 394 44
A E S 84 28 6 0 0 0 0 0 0 0 0 118 13
NIEEES 139 62 3 10 2 0 0 0 0 0 0 217 24
A1t 532 1321 1 883 1345 965 748 644 366 101 62 227 829 8 987 100.0
3 itig SR, MR R U AS, de novo H2E3R1S

BT mnd@ I R M ST (RNA-seq)
I AEIREA IR i RNA HEATI0 5, fEA R R 40
ST WS RITIDAAEE | S AREPA b DI EC Nty i, AR M. N
WF98 5 VR FH Mlumina HiSeq™ 2000 150PE i 5-F
B, AT ZR IR (8 Hh B 24 R AR R LI e S L

66 138 234 Z% = /i i reads Z 540%¢, JL13% 56 096
> unigenes, JPHIKE S reads 7 i XN A B
unigenes JPHIE BB A, B FE AW o sk A
R, WP R IR AR 2R B R AR AL

T SR ZEL DN A 0 TR AR B R G AR S
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BT RIS EAT reads 8. 203, unigenes
VERE K I 5y S5 AR AURI A Trinity BLAST.
WEGO. ESTscan %5 T H X H 2k B 44 5% 241 5 5134 T
TBEMDAE K. FET R —Z M54, unigenes
5 NR. Swiss-port. KOG\ KEGG xRN 5
46.10%, 325861 %741, HA 30235 2 ARVER,
x5 N2V B e U OV 2 R A ) s S AT
45 A, Ui T RNA-seq 25 M E: 40
KBTI ERFE TR — DRI 4T

GO 7R R R AR BAR ZE A S A KR I 5 2R )
R SR 5> A Ar T D REAE G KOG Dhfg i A
BRI AR FHRE R FRR, $Em R eiERm
HEmES, ARBFA IR 25 DA KOG 24EE,
YR LR F L S KOG Fptbie4sim . dE—20 %
LR IR RN 7 51317 KEGG SRR, &
B 131 MsifE KEGG T, XL H g2
R FR PR WS TR S R A H
AN, BRI 16 MRAERE KEGG A
I PR 1) unigenes Z 5 RN R I AW
WEREEY G R Hp, 170 MERS 5 Rk,
T AR =R SRS A S . R
LERAERW R LAER F, sk G
W) S f N R I — ST A TR
R AT R A B A R R R
TR IR TG w528, T F B S 2 R
WA E A G R R BB 2R, TRet T4
S22 JBAZ AT T il A2 B RS % 5 IR B4R A X [
Z. R, XERLEE BOVRERRE, S
PTG AR P T S5 T iR 43 AR B G B AT S
SO0 AT PR A B AR

o S A 1) 3 B R 2R 0K R 4 A R P 4 PR AR i o
FErp e v e 1E - # 3¢ [A-F- AP2/ERF. bHLH. MYB
A WRKY %55 I AE DA F 2 R . 2R e
AR R AR R e T AT A5 AR 2R
H5 unigenes ¥ s A 78 5 i S M A e 3 R 08 I
PlantTFDB 4.0 ' 54 M55, S5 AREHIE % D]
HH IR B 3% K 1 K% unigenes BB %, Ui IHHIZE
ERIRAR G5 R AR e 2 2% G SR .

B T AR B T RESE T AR R AR I 2
PRIZ 4 S LB WA 5T, IE W] & K EST-SSR,
SN R B e = ) S B T RN 1) A5 | P AR
AFFRIBERLZE T 7 074 2% unigenes ] 8 987 4>
SSRs {7 5%, ERE LML =R ANE, DIZEHRRIK

2, SUEHERES RN M EZEYKAE.
K BRI R 4 R — Y, R E R
SSRs H1 AG/CT KA kx%Z, =R EREE T
AAG/CTT HMin%, H5HEa NSV 1)
WU R B8 2 1A I U [R) o ] LK 2 348 SSRs
REETEUOEEBRMN TR NE, B
MEEFHA 20 .. KRR ILFEHN B GRS
FFEM SSRs, LR RIS AE 2 FEVER SR AL LA

FET RNA-seq MIHRE S AN T3R5
KEREEHEGEE, B 2500, LA
AT LSRR B . &S24 RS 3 LS 1 4 1)
AW R % S LR AL, R %2 A
WRIBAE S50 5 7 FIREAGHRAE, 9 BR 2R R 24 FH SR 1)
AT RFSR R 4 ) S R A

S Hk
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