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De novo assembly and transcriptome characterization of Penthorum chinense
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Abstract: Objective In order to obtain the reference sequences and relative expression of transcription genes and study the genetic
base of active ingredients in Penthorum chinense, which were useful for researching functional gene to P. chinense . Methods In this
study, by performing Illumina Hiseq 2000 and de novo assembly, the transcriptome of whole plant was sequenced, the data were filtered
and assembled, and the unigene was compared and annotated. Meanwhile, the genes related to the synthesis of metabolic pathway of
active ingredients in P. chinense were analyzed. Results Totally, 40 005 442 valid short sequences were obtained, and 42 306
unigenes were spliced by de novo. Also, a total of 518 open reading frames (ORF) were obtained by ORF analysis, and 75 ORF of them
had transcription factor domains. In addition, by performing KEGG pathway analysis, 33, 32, 59, and 68 unigenes were found to be
involved in the pathway of flavonoid biosynthesis, steroid biosynthesis, terpenoid backbone biosynthesis, and 2-oxocarboxylic acid
metabolism, respectively. Conclusion The datasets provided in this study will contribute significantly to genetic improvement and
study on the genes related to biosynthesis pathway of pharmaceutical active substances from P. chinense.
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PR3 53 5 B LRI AH DA I 6 1) ik
DR 0 R ET R P AT 00, (ORI 7 25 R
ISSR FRIC % AN [ UL B HEBEAT T SR04

okl (RNA-seq) W7 @050 AEWILERE & i
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SR MF i 2 oe ik, KILT KE5 A HRAER
W5 BORAE AR SR I R AHA TR R A
FEARAEY), A RREANLE] FERAE R
Il g 5 R 55 0y T 0T 9008 LR 99 o A 50 R
[llumina Hiseq 2000 X & i B BRBEAT T e s 41l
Fe, ARG 5 AT U806 A S B RS B
h LT B 2 H S PR O AR 6 A L AR A
B v AL BT TORT ™ R AR AR A R AR
1 #MRE5AEZE
1.1 FFREAMNF

FE il 2 DU A8 AL R 27 e 22 U VR ) 6 ook 3
WEFTITIE T 4 DU )1 A8 RAEY) WA v 2 23 2 v 8
LT 2 5 T A, % R DY 1K 22 53 4%
8 WHEARSE Penthorum chinense Pursh, » 1 HUE
UL 2 5 3 AR F RS R WE UM R, LRI T
KRFE, SRR A AR VR VR DR AT T80
‘C# M. /0 RNAqueous” Total RNA Isolation
Kit™ 3R 7 & 2 A7 FE S I 8 RNA Hlidg . A
RNACIean XP Kit 1 RNase-Free DNase Set il &
AT Ak . 445 IS RNA 217 mRNA )& 5,
SRIGHIE SO, S Qubit® 2.0 Fluorometer Al
Agilent 2100 BEAT BTHEAGIN, SO i G A% 5 24t
A ZE A HEARA A F A lumina HiSeq 2000
BEATI R, SR XG5 2, GRS 125 bp,
ARG = 6.34 Gb.

1.2 MFHERALE

F# A FASTX-Toolkit (0.0.13) it & J5i 45 ¥4
YRR L (reads): 2% reads i (Q) K
F 20 WIHE LT 5 BN T 50%0) reads; 2<FR 37U
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Hrh Q=-10 log error_ratio; XFR¥ELTFH; 2:fk
EAABIIIEEOR T 5%I1) reads; LBRE/NT 20
17 A B reads 1 ribosome RNA reads.
1.3 BERAHHEAR

WFEHEF CLC Genomics Workbench(6.0.4)H3 15!
[ scaffolding contig 53T de novo ¥, KH
word-size=45, H/NESFKE =300, NH CAP3
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A hmmscane #2755 Pfam 454 208 2 b AT L)
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unigene HEAT I SHE CORF) Fidl, iEFHH K H
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H hmmsearch #2J7X] i 1) ORF ifiid HMM 4544
55 PlantTFDB"* 1y 5% N -7 45 Wy BR3gE A7 Ll X, %
ORF HEAT 4 55 PRI - Pt
1.5 GO ###1 KEGG i@k 574

# unigene /745 GO (gene ontology) #(#
FEWIHEAT blastx Hoxt (E<1Xe™), %4> It
a1 Mo A 4 C cellular
component). L FE (biological process) BE1T 4
. W KEGG KAAS 7148 pathway Lbxf 4347 T 5
X} unigene 31T KEGG (kyoto encyclopedia of genes
and genomes) LGS 73 H7 .
1.6 ERREEENH

FIFH RPKM (reads per kilo bases per million
reads) ARifEP%} reads 7 7 REHEATHE R IA B
2 FERESR
2.1 HERANFRFFIER

FAFF ) mRNA 25 )5 R 200 bp 4
ACEE, @it Mumina Hiseq 2000 il &l 7, 3&
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JEILAFE] 40 005 442 SABINRILIT . TIPS
9474 bp, EIETFREL 634 Gb, 40 de novo HHE,
#3211 contig 1150 625 4~(=200 bp), MK JEL147.38
Mb, “FHKEE 936 bp, N50 2 1342 bp; 1581I4014A
unigene 7143 143 4%, BB 47.53 Mb, K
& 1102 bp, N50 A 1566 bp; N CAP3 Hf#iAx)
W4 unigene FATHHE, FIFHZ unigene 4y 42 306

AN(Z=300bp), MK EL] 47.34 Mb, P 1119 bp,
N50 24 1601 bp, GC LLfIA 39.58% (K 1),

7E &L unigene H, BT LU A4S B %2 1) unigene K/
k) 400~600 bp, 3t 16 461 4% (38.91%), KT 1000
bp I unigene A 8 689 4%, 1 20.54%; KT 2 000 bp
B 6 084 4, 7 14.38% (& 1), unigene #4A K

F1 FIHHRER

Table 1 Statistics of sequence assembly result

EgdliieS i MAKEbp  N25/bp  N50/bp  N75bp  SEHKE/bp BEKKEb GC/%
contig 506254 47375784 2241 1342 691 936 18210 39.60
HIUf unigene 431434 47532326 2507 1566 804 1102 18210 39.60
5% unigene 423064 47339926 2550 1601 824 1119 18210 39.58

N25 AR A MBI HE T, ARG MBREE L, 2 RIS HO% B R A B IREE B ) 25% N TR S R e SRR BE s NS0 N75 W AU T k4t vt

N25 length means the size of the contig, which selection criteria was the added length of the contig and contigs longer than it equal to 25% of total

contigs length; N50 and N75 are similarly defined
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Fig. 1 Frequency distribution of sequence length
2.2 unigene KT EFE

P PF A3 210 unigene J¥ 415 Uniprot. Nr.
Pfam #4i FEREAT LT (R 2). 42 306 /> unigene
EEX 25 R 87, 7E Nr 208 122 T A7 24 935 /> unigene
ARG VL RO S, VEREEL] 58.9%, AU AE
60%~80%IM i %, 295 46%; 5 Nr Hdfi 45 K
L, 7E Uniprot 045 2 4 25 046 /> unigene 3K 15
[FIJRVC AR R, TEREEL] 59.2%, BRLLXS i)
HIEL Nr Hls W& 2, F Uniprot 24 15 T 7598 LA
60%~80%MANBLE 5 25 2 A Eda LEXS 45 3
3 107 113 84— 8N s), R ]
REAE D) A ) R 7 MR8 o Pfam Hod 2 —
HEAZBENRES, Wi Pfam 804 2 LEXT, %
unigene PEAT B A KK MRS, £ Pfam 4 %
A 9 544 4~ unigene KA VR ICECAS &, RS LL A
22.6%.
23 KOG iIB5H%

I H rpstblastn R4 H unigene 5 CDD %k 2

%2 unigene RITHAEFHE

Table 2 Function annotation of unigenes

Bl BPSIBH EREEE ERHE%
Nr 42306 24 935 58.9
Uniprot 42306 25 046 59.2
Pfam 42306 9 544 22.6

BTN (E<1Xe™), HHT KOG Lhfigsr 21,
14 138 /> unigene #7T R 2] 25 Fit KOG 4328+ (]
2). HAF 54 S P A 1) unigene %, 4 16.0%,
HREMBER B, AR, HMeEa, &
11.2%, FROGE—RDIRERT, 17 10.4%, 41iEizs)
7% unigene /0, 15 0.02%. 7 2 043 4> unigene
HARFENTNRE, 7 4.4%.
2.4 ORF M FAgE R E F i

FIFH EMBOSS (6.4.0) -getorf X 745 [ unigene
HE4T ORF #till, JLit43%] 518 4~ ORF. il
hmmsearch F£ 7%} fiH ) ORF 5 PlantTFDB 4% =%
DRl F G5 AL g AT Lex, &5 R WoRIEH 75 A~ ORF &
HHFER TR (R 3). JLRIE] 20 FiA[EZE
MR T, L ERZ 08 NAC R 73k 29
A, BTSN T 38.7%, HRJE WRKY 264
KR 194y, ST ek 118 25.3%, HAR I
KRR PRI D, W 1~5 14
2.5 GO RIS %E

¥4 unigene [741 5 GO H¥s FEREAT Blastx LLXT 73
M, &5 12 960 /™ unigene 2% I HERE 0 H 3 KK
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Table 3 Prediction of transcription factors

AP2 1 GATA 1
ARF 1 HSF 1
ARR-B 1 LBD 1
bHLH 2 MIKC 1
bZIP 1 MYB 2
C2H2 3 MYB_related 2
C3H 5 NAC 29
CAMTA 1 NF-X1 1
ERF 1 Trihelix 1
G2-like 1 WRKY 19
AINLALS . T IIRERVESI IR (), Hohdl

M2l 4y unigene 57 31.0%, 4> T-ZIfiE unigene [
23.3%, W) FE unigene (5 45.7%. 7EiX 3 KT
Aesr ALl b, B>k 55 AN Thfedl. H It
e f 2 1 Dy g 40 40 ) AR L B AT 8 561 A
unigene, 455 IIAER 7 208 4™ unigene, i ik
P27 6 948 4> unigene, EALTHTELIREST 6 456 1
unigene. VCHACHE/DITIREA 7l A Mz 4i
HMEETA Sy HEERRRE, ¥HAT 1 A unigene BT
Bie (& 3).
2.6 KEGG iIRfs %

¥4 42 306 /1> unigene J 741317 KEGG BRI 7347,

Ll 2] 246 AABERAT. WEDhREER I 2
(AR A S (2 382 AN IRAAR A il % (1 426
M PUAERYTUEY G s (633 AN ARIER
B FRCEYIRE (586 ) RS SN AL
TR w2k AR RUN Ty, o AR RS
WyJi 22PN A6 REBROX 4 283 B2 0 ST
RIRAACE =& AR AT ek 0 AT, 90
Brat F @R, 23547 33+ 68+ 59+ 32 MIIREILIA T
FUBCES BB AR W2 SASRA R 4 PR
ke (K.

TAEARVE Z WU W 0 B HAT AR SR P JH O 4
ER, P AR RO o i 9 2 B4R i 70 5 L ) R
(AP EP N TEAYNE 158 S SN ] % N /1
P L TR S I P SR A I 2 W 2R AR B ) 33
MR RIEEIATR U T (K5, 4iRER,
33 ML RPKM f it 5 AR R 0 7 Bl &
J%M (chalcone synthase, CHS) FE[X], £/ RPKM
k1460, BUEASEE M NAEE (flavonoid
3’-monooxygenase, F3’H) J&[ . A Bz 25 XU i
(naringenin 3-dioxygenase) &K\ 71 H- i 5 14 fify
(chalcone isomerase, CHI) F:[5, ‘E41f#) RPKM 43
A 184, 174, 137,

W KEGG B 47, it B2 B &l
B 3 A4 R MR EL N A Bl



¢ % Chinese Traditional and Herbal Drugs 35 48 % 28 213 20175 11 A * 4511 -
WLy B 4 4lsy W 57Dk
10 000
1 000
& 100
=
= 10
1
0.1
£ Gl A B 42 K L BN B O O B S e B R B 2 TR 1 B8 R £ S K R A S WK RO SR e K (T AR 3 [T SO AR 3 4 3 3 31 3
MRHAEARRARARAREAHEE R EREREE S B T T IR ) 22 4 24 <0 Y 5 5 = B T (T R S R R T SR T B BT i
RE CEZSELFERIEELE £#2 ER E FE vEHE SCEISRRXEZRZEODN MESNSIEMNESE
FE KERHEEWRHHE EF =4 H 7 ORER § Z2EN-IHE FLER HERREIREER
=2 ey R & pa B B FRESE . TR MR M-IRHS
= PEKRK HN < R g < =2 Mo® KREF
R§F G H F 4o
HI R’ w3
s & &
X
& 3 unigene B GO ER 55 %
Fig. 3 GO annotation and classification of unigenes
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Table 4 Biosynthetic pathway of secondary metabolites involved in major active substances of P. chinense
%1% ID HAz T o PZIE PR A FE IR IO ER iR R SR 7 AR R D RESE R PR A B H B2 R
k000941 I LW 5 1 12 20 33 EGIES
ko00100 [ EE W) 75 ik 19 31 32 T S IR
ko00900 ifi F& B 2R A= M) 17 ik 29 54 59 [N
ko01210 JRIRAR M 31 76 68 AR W
koO1110 XA &k 410 956 1246 —

FRY B S RAI B 25, — Rl P-75 A MEATT A
2ol — RVNMHEAL R B 25y, (AT E St F3°H
ML I A i e 25, =2 P-75 LA A 440t CHS
A0S AR B IC S A I, A A e 2t F3°H
MEALAR R A EL, AR e 2 — AN 1 A it
Feg, ol EFIRES 2 NS ECIE A B &
Mifg, BN 1R 2. X 3 MEIA K
@A, S5I)ETEERAA A E G O A
Pt BEEI-3- PR« 2B R AR 2 P 15 ol
iy, 38 Ik T B AT R X SO DR ) Ak B A

BORrF i g2 R LB 5l B ORIR =) 1
i EREY (Q-Marker) Y. BlJE, ARFFMX]
ARG F BAC R TE N BEA R AR AT DGR R AT
T M. A 116 A unigene WRET 2% A 1 i
(1) 19 AN OCHER I, XS KL 1) RPKM {HAE 10 LA F
07 50%7c A7, $Riik 2 120,
3 itig
3.1 Tllumina HiSeq 2000 =if = N F AR EIER
NI aEE R EE AN A

B A AR P BCA I BAR, IR AN B (1 B

B, DFEEOARSE) 2 0N B R 4T 5 ),
T A AE 25 R ) ) 66 2k TR R 9 1 SR AR Bk
2PN Fg P NS, P2, Sdead
2. =, WESEIATHSANT, Kt 200 £
NGRS B YRS SRR A AR AR DG IR L A
PASABHRHED 2 000 24, [F] I B4 tH % sk 4H
PRI 2R A (1) 2 T HLIE S . AR 2
A AT R ST R e S A R P ) R BRI A 0T AR
i, AHT9Y R lumina HiSeq 2000 i £ 55
G R B B S AT IR, R4S 40 005 442 447
RN, &3 de novo $HE, 1331 contig T
BEIL 50 625 4>, DI RERL A1 42 306 4.
7t Nr. Uniprot. Pfam £# 72 3845 AU VL ACAE 5
FIThBEFE RSy IE 58.9% 59.2%A1 22.6%. X 4L
SRS E YT — P U B ) A K R B AR AR
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Table 5 Gene expression analysis of flavonoids biosynthesis in P. chinense

unigene ik WS it PR R
YC-GHC no rRNA.1 (paired) contig 523 1460.43 K00660 chalcone synthase
YC-GHC no rRNA.1 (paired) contig 710 306.64 K00660 chalcone synthase
YC-GHC no rRNA.1 (paired) contig 2256 290.10 K00660 chalcone synthase
YC-GHC no rRNA.1 (paired) contig 2335 275.29 K00660 chalcone synthase
YC-GHC no rRNA.1 (paired) contig 3004 273.53 K00660 chalcone synthase
First_Contig740 185.20 K00660 chalcone synthase
YC-GHC no rRNA.1 (paired) contig 960 184.69 K05280 flavonoid 3’-monooxygenase
YC-GHC no rRNA.1 (paired) contig 3245 174.20 K00475 naringenin 3-dioxygenase
YC-GHC no rRNA.1 (paired) contig 6996 159.91 K05277 leucoanthocyanidin dioxygenase
YC-GHC no rRNA.1 (paired) contig 711 156.24 K00660 chalcone synthase
YC-GHC no rRNA.1 (paired) contig 517 137.03 KO01859 chalcone isomerase
YC-GHC no rRNA.1 (paired) contig 4824 130.48 K00487 trans-cinnamate 4-monooxygenase
YC-GHC no rRNA.1 (paired) contig 8564 84.76 K05278 flavonol synthase
YC-GHC no rRNA.1 (paired) contig 4417 69.13 K08695 anthocyanidin reductase
YC-GHC no_rRNA.1 (paired) contig 709 62.07 K00660 chalcone synthase
YC-GHC no rRNA.1 (paired) contig 3049 45.50 K05278 flavonol synthase
YC-GHC no rRNA.1 (paired) contig 9093 39.40 K09754 coumaroyl quinate 3’-monooxygenase
YC-GHC _no rRNA.1 (paired) contig 15808 25.98 K00588 caffeoyl-CoA-O-methyltransferase
YC-GHC no rRNA.1 (paired) contig 1486 25.64 K13082 flavanone 4-reductase
YC-GHC no rRNA.1 (paired) contig 9639 16.33 KO00588 caffeoyl-CoA-O-methyltransferase
YC-GHC no rRNA.1 (paired) contig 15056 14.33 K13065 shikimate-O-hydroxycinnamoyltransferase
YC-GHC no rRNA.1 (paired) contig 17459 14.33 K13065 shikimate-O-hydroxycinnamoyltransferase
YC-GHC no rRNA.1 (paired) contig 11507 12.87 K05280 flavonoid 3'-monooxygenase
YC-GHC no rRNA.1 (paired) contig 20811 7.48 K09754 coumaroyl quinate 3’-monooxygenase
YC-GHC no rRNA.1 (paired) contig 15940 4.70 K05280 flavonoid 3’-monooxygenase
YC-GHC _no rRNA.1 (paired) contig 22770 4.09 K05280 flavonoid 3'-monooxygenase
YC-GHC _no rRNA.1 (paired) contig 2942 3.49 K13082 flavanone 4-reductase
YC-GHC no rRNA.1 (paired) contig 25166 3.05 KO01859 chalcone isomerase
YC-GHC no rRNA.1 (paired) contig 27486 2.04 K05280 flavonoid 3'-monooxygenase
YC-GHC no rRNA.1 (paired) contig 30655 2.03 K05280 flavonoid 3'-monooxygenase
YC-GHC no rRNA.1 (paired) contig 25877 1.74 K00487 trans-cinnamate-4-monooxygenase
YC-GHC no rRNA.1 (paired) contig 22109 0.74 K00487 trans-cinnamate-4-monooxygenase
YC-GHC no rRNA.1 (paired) contig 40527 0.45 K00487 trans-cinnamate-4-monooxygenase

KAE 25 IR o )32 SrER . A S i i ot
T ORF S50 (1))7 T e s R 7], 3547 20
Rk TR 2], Hrh NAC K% . NAC 2K
Fesk N7 R TP, e, —H2
WFFT RS BN, 0 TR MK RE 43 AT 117 SR 151
A NACPPIER . NAC HRiED 12 5 k40 o ke e
Wi B K. MBS, AT NAC 2K
e, A TR S U SRR )
SEHPEREST, AR . R R B E
Fft I FH B85 St o 70 B R 7 28 S R AL

G2, SRR A YRV 2 2 R A
Y EZME RSy, B ATHROE 25 AR AR O
(K5 5% 74 MYB. MYC. WRKY . bHLH. WD40
B4 e KRR SAR B WRKY 28 5 750
ILRT NAC KSR T, X B 5 K118 7 51 F
Fak 5 AF B B BE VY A AR B
W EEAEH
33 REREEK

75 (VU R 250 ARUE) 2010 SRR, it &
ST B E—FRAR R SY DRI AT TR 3 A
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B 2 A OB B (R EAT T 20 M. I 20T KEGG
R AU % R B, TR R 3 A R 3 st
oA B e A0 B R P gl e AL, HOX LRI
ALK AR iy IR AR P IR M IE PRI RIL K Y
UE T B R R SRR . thAh, I T K
P46 S50 Ry SR AT AE AT SR I SE R R A A, X eI
DRI IR i R, e B 32 5 e R b e A v 1
B SE B B 1 28 3K WA -3-0- 7 B Ok B R
(UDP-glucose) &K, Hft f 22 1 & s (1 5 lid-3-0-
USRI L RSB (UGT78D1) JER4AE, X 53¢
R A H A R S R I B e AT A R —
B, SEEARE SRR (FLS) 7EM R 5 & o i
A, A ) A A IR AR OB
[Fi) IRt 2 B i 2K A R 15 5 LSS R A R 12 1 B
BE o TR B I SR SO R AR T S I 2
SR EZEM 7y, B ARSI R
A%, AW IS H] 2 4 FLS J741, HPsifER
FN Ik TEAT B AT 1% R SR NI R 36 5 T
SR o RESEEEDI O T 3 A i 28 2 LU S 1
Heor HEATIE S50/ Ui i se )y, 5
DRert e B s, 1EG1EA Q-Marker. AN
TEX AR NE Z AR RN e RARUE AR AT 2047, Ik
#3421 116 4~ unigene Z 512 &R XL
BARIR T IRRIIRISAT,  HRUR ) b A 2 B A %
AR, HAERNARMEAN (PAL). 4-7 R4
iy A EFENE (4CL). RAWFERR 4 58 (C4HD
3 AN AL S5 A TR AN AS T 2 AR HE R ) P-
T DA Ao PAL A ARIHTE B 5 1 AMELLEE,
R FE A FERAEHR A E I NPT, 2R NS
MY AEAE 2 85 DL G, JLk i R e e 1k
Wi N AN R PRI 5 o AR AR B e 2
12 4% PAL 741, Hrp FBRIENPHIH 2 4%, PAL
FGAN D 15t JE DR 2T T 4% ) 5 35 R BR PRI 5 7
A R BCY . CAH g 2 74 2RI I 4 2 M
PO N, 1% E T 41 3 P450 (CY P450) K
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