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Analysis of Genes Involved in Safflower Flavonoids Biosynthesis Based on

Safflower Transcriptome in Different Flowering

Liu Xiuming'?, Zhang Yu?, Yao Na', Cui Xiyan,Wang Liyong', Dong Yuanyuan', Wang Nan', Li Xiaowei'?,
Li Haiyan'?*, Li Xiaokun'**

("Ministry of Education Engineering Research Center of Bioreactor and Pharmaceutical Development, Jilin Agricultural University,
Changchun 130118, China; *College of Life Sciences, Jilin Agricultural University, Changchun 130118, China)

Abstract 454 sequencing technology was applied to sequencing transcriptome of safflower samples of
early flowering and full-bloom stage, respectively. We obained 577 664 and 562 930 Clean reads fragments, with
average length 427 bp and 436 bp, respectively. 40 139 genes were expressed in early flowering in transcriptome.
39 768 genes were expressed in full-bloom flowering through differential expression analysis. 28 316 genes were
expressed simultaneously in these two samples. Massive annotation information related to metabolic was obtained
through COG/KOG analysis. Among them, 24.681% was highest in annotating as basic functionality. Safflower
flavonoids metabolic pathway was found and verified by Real-time PCR in KEGG Pathway analysis. Quantitative
PCR analysis showed that the CHS had the highest expression level in the flowering period of two safflower var.
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21 A¢(Carthamus tinctorius L.)J& T4 F} X1
T, 2T B2t gerh gy, BE vl LAE G & A
ZiH, Wnl DU F 4R RHOR A5 . 20 AR A0 24 1
B2, WHRW, e S EEE. TRIRE. 5
R B 2R RS Y R T
R, SR SR A e B BRI EE R
Z—, HiiC g LA 55 2 2 M iife S04,
ZUAE ) T EE DN OE TS MAHE, DRIk, 9 vz Ny H T
ML Priaf. PUmsE e,

# 5% 2 (transcriptome) Bl # 5% 5 T i mRNAY)
VPR, SRR USRS DR ) 5 HA AN ) B PRI A, A R BT 1)
DI RERE R - B 3 s A A g — o B ot
U715, M AR R IE Y. S E B Ress
15 ERAR YW 2 1) O, LD A 2R oAl N T —
AR R RIS ARTT s e S 21 22 AN AT URIF 9 2 5%
HREA TP RN BE R ) AR K 1A 4k, A ] BL T
B SR A R) S AT A R SR DAL A RS DRI AT ) T g
GEREIO, ASAN PP A 2 TR R N v 1 i 2
R e R, AR SR PR HER R
AR BHEZ, &G T SR IMERA Y
BRI, H T, 45400 7 V2N RN AR
il AN AR 7/ L S (B e SRR SR8 7S
RMWARIE o AHFFTE N L6 A0 e e sk 2H 1047454
W, 3R1G T REEdE, JH2H T a0 m B & kit
rP R DG B S AL, DU A 20 4 o I A A 4 A g T 45
IR NI 5T 5 5 i«

1 BRI
1.1 #8

A SR AN I P T B AN £
(Carthamus tinctorius L.), SEE PR 2L E I
SIMUBEACIIAE I o ZLAERI R T 35 MO R AR
N 3% 5 W TT R 2E S LR SO SE R S,
B, 3 0] T I AE VIR S AL R AR AE I, 1]
MR RET, H a5 T80 *CLRA7# T -
1.2 RNAHJ1REUR cDNASLEEHIE B

RNA$EUCR L Trizol-plus /7 ¥%(TaKaRa/A 7)), %
FPolyATtract® mRNAZ . 3 i (Promega A )¢ Jik
mRNA ) 73 & TAE. K3 2 J5 FImRNA#% f{Reasy
RNA Cleaning Kit(Qiagen/y w7 )EAT# 4, 50 ik 72
AR L R E U W] AT, 19 2] I mRNAEAT Ag-
ilent 21002E405 v 3 HT R4 0 M. K HIReasy RNA

Cleaning Kit%} 3k 154 (K] Fragment/ ™ #4701, AR
(FImMRNAY BEAR, P390 e S i (MMLV) AT BE AL 5 | 4 i3t
AT 5%, A5 HicDNA B — 4545, 5614 uL RNA,
A2 puL N6 Radom Primer(400 umol/L), 68 °C/K#F
10 min/G A2 pL DTT. 2 uL dNTP. 2 uL MMLV
RTase. 6 pL 5xFirst Strand Bufferf12 uL H,O, &S 44
FUA30 uL, 42 °C/KHE30 min. RMNEEHE, W ik
SN H IS ul 10x DNA Polymerase I Buffers
1 uL DNA Polymerase 1(10 U). 1 uL RNase H(6 U).
13 uL H,0, FAFH 450 pl, 16 °Cl 2 he [V 5¢E
)5, K HMinElute DNA Cleaning Kit[F[ W =4, H
TP W TAEZRFCAL S B AR A TR A
A AT R 2L DN e, B i 454007, 45400 Rk 1
Roche GS-FLX | FF A B 7 GS FLX Titaniumiz 71 &
TEI o
1.3 Unigenes 553X 5 R 27

Zebase calling 4144 Wl 7 15 21 1) I 4 B4t e 4k
B EAR, SRAG K B 5 PR Araw reads, 45 2R DAL
PR A AR, 20 M i R HL L4 i fastaks 2 1)
SCAF, A7Aifi MyreadsF A1, FRIUK T H-RKHIRoche 2 #] 1)
sffinfo. XM In-house developed program ¥ addptor
J7 5 & 4% 3k, IF K Htagdust(http://genome.gsc.riken.
ip)!' Seqclean(http://compbio.dfci.harvard.edu)!' " 4§
BB 4G e ) R A AR BT P A1(<50 bp). %K
A BB Y 4 5505 G e 51 2 B, B85 A9 20 8 51
Aclean reads, J& £ [ 53 M # FKs 5& T-Clean reads%l
5. Lvg s v AT HMira™, CAP3(http:/seq.cs.
iastate.edu) 55 7 41 P R AT AT D%, AT 3RS s/
L7l
14 ZERREREREDH

Unigenes”E FEA H1 ireads #% H >k & 7R Unigenes
TEZREA I F 0L+ 12, 8 3 RPMAIRPK M M #E 47
FrUEAL AL 2, RPKM A — J= 11 22548 ks 4 0y Jm 2211
IIRTRE G e K VA — A5 9% Eh 4 060 =21f) Unige-
nestF hy 7 57 3 1A ) Unigenes, 1Mij 1% 20 26 %) {5 =23F
HFDRM& 1F{EH<0.001#Unigenes A i 3% 7= 5+ K 1A 1
Unigenes.
1.5 COG/KOGH&EETE

COG/KOGH Iy 3R 3R AT (K HE D 7 ) 24T H
AR B B, 52> COG/KOGH F# AR
KAMEEA, ZEE ST R LK
AW BAT SE BEIE D 21 1R Gt £ LR R G O R
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Table 1 The primers for Real-time PCR

e 195" —3")
Gene Primers (5'—3")
18S rRNA F: GAG AAA CGG CTA CCA CAT CCA A

Unigene rep_c37404
Unigene rep_c21005
Unigene rep_c32019
Unigene c16845
Unigene rep_c20979
Unigene c16567
Unigene s48497
Unigene c27184

Unigene rep c21224

R: TCG TTT GAG CCC GGT ATT GTTA
F: CTC CGG TTCTCT CTG TAAT

R: ACC GCA CGT AGC CTG GCG GT

F: GGC CAC TAT CCT ACC ATC GA

R: ATT GCT CGG ATT GAT GCC GGA G
F: CTT GGC GGT GTT TGA TAAAGA
R: CCA GAT GCAGACAATTGGT

F: AGATCT AGATCT GGT ATC G

R: ATG GAG CAA CAAGCT CAATT

F: GTT CTT ATT TGT TTC TAA G

R: GCAACATGT TCCAAC GGTTGCT
F: GTA GTT CAT CAAACAACTC

R: TTG GAT AGC ATG AGC AAG

F: GTATGC GTG TCT GTG TTT CA

R: ATT CAG CAA CAG TGA CAA

F: GTA CAT CAA GCCTCTATC G

R: AGA GTC AAG GTG GTT ATG

F: GTG CTG CTG GTT ATG GTG GTG A
R: AGC TTTAGT CCATGC CTG T

FT R, AR )5 K5 Unigene F1ICOG/KOG Y 45 [ BE AT
ELXT, Tl Unigenesw] BRI DIfE, Fxh A e 7326
Hiit, COG/KOGYER K Hiblastx.
1.6 KEGG Pathwayljjsgi ¥

KEGG Pathway(Kyoto Encyclopedia of Genes
and Genomes Pathway)7d Bk flblastx 5 GenMAPP

2.1(http://www.genmapp.org/)*"’; KEGG Pathway &
Pathway ) {2 2 11 & A2 20 M, TR 3 ML DA = ) £ 4
J b AR A A e A D RE B 5 . KEGG Pa-
thway AJ 4 3 RN AW AL I D R LA TR 23, T
TR HE R 2 5 W A i ()0 B, BRI SRR DR A
R R AT N SR X, RIEKEGGTE R L AE
HE—3015 3| Unigenes 1) 2. 3 11 & £ ) Pathway i B
1.7 £IE%eR4E N F &R 8930 E

oA TR UE £ A A I 7 s 2H W0 e 45 IR R HE T
NI S5 20 H 3145 [ Unigenes H BE A LIE HL 94 Unigenes
(unigene rep c¢32019. unigene c16845. unigene
c16567. unigene s48497. unigene c27184. unige-
ne_rep _c20979. unigene rep c21005. unigene rep
c21224 Flunigene rep c37404)1¢ 11 K 57 M 51 Yk
1), BATHGE BPCRIMT. K70 & A 5 P rh i)
RPKMEAT LU, ff o e s L P (R HERA TR . FOt e
HPCRX MW AK AU F: Primix EX Taq 10 pL, Primer F
(10pmol/L) 0.4 uL, Primer R(10 pmol/L) 0.4 uL, Dye
11(50x) 0.4 uL, cDNAFEHR2 uL, HO 6.8 uL, & &R
20 pLo RHIPIEPCRY L. 55— FAH,
95°C 30s; 55 21 95 °C 30's, 62 °C 30 s, 303
S V45 W A Real-time PCR 19748 il 28 47 it
2 UL S S AREAR AN RICHE, T H AN AR

R2 ARFEFAPRESHERASH CRIBERIRIERF

Table 2 Sequence in flavonoids metabolism of safflower from transcriptome

4540 )7 Pk ik Unigenes
Unigenes in 454 sequencing

Differentially expression

PSiE A%
Key enzyme Code
Chalcone synthase 2.3.1.74

Unigene c16567 (2)
Unigene _rep_c22629

Unigene rep_c21289
Unigene ¢9855 (-2)

Up-regulated

Down-regulated

Unigene rep_c33061 (-2)
Unigene _rep ¢32553 (-2)
Unigene _rep c30381 (-2)

Chalcone isomerase
Anthocyanidin synthase

5.5.1.6
1.14.11.19

Unigene c13467
Unigene rep_c31854
Unigene c27184
Unigene _rep c32431
Unigene c5812
Unigene_rep_c20891
Unigene ¢c20381 (2)
Unigene s42103 (2)
Unigene ¢2096
Unigene _rep_c32424
Unigene c9873
Unigene _rep c35725
Unigene s48497
Unigene_rep_c33425
Unigene c20561

Up-regulated

Down-regulated




1210

W RIE T . AN RIE B W THE 72K B H (38 KA
18S rRNA W Z 5L K 2 [A] CefE 2 [ () ZE (B TF 5, 115
A2 e,
1.8 LA EYE KEXEERIZHE

TELT AR IR e s 4 I 7 45 R 3R 43 (¥ Unigenes, 4%
BNLLAE T A )G R AR, T I s A e 5 2R
H150#T, XTKEGG Pathway & 45 f 72 53 15 0t #dk
BRI LA S D AEY)E AR R R, AR A
PR ORI RS B, B LR L A
B R AR () — HE G R RE DR 1 5% 1% Uniegenes(£2),
IR e PE 5 |1 )i AT Real-time PCREGHIE .
1.9 dHEREENEREXERNRIEDH

PLLT AR 1 PR A dt ety 20y fIt 20 =570

A, 20 B AEE W WITE I A I S v Ik
AT HHRE 38 543 Mo NI TE A 1 v TR) i B, BA18S
rRNATEN N Z, Bt Re e e D1 (3R3), AT 206 €
HPCRAMT

2 #R
2.1 Hm/ERKRNARRE

h T ARAT R AT AR A R, AR SUERE T T
TeJa 51 dYEAWITEI, JFAE )G 285 dfE ok Ak (B
1), TIRXPEAS I SHECAE IR i 007 . SR U &
RNA 1 € FiiNanodrop 200073 Y6 Y6 /5 1+ HEATRNA MK
FERTI, FARTE 1 124 png/ul, DasonsoHI EEAR 411.96,
Dol FLAE K 1.92, Ui ] B B I RNAKRE T 4l 5 58
e GBI B Rk IR L VAR R B, WLk &S A A ]
(1128SAI8S 4 Al BN, i Bt 4 e B 5(1&12), 16
JITRAFRNAFRE i S BB, v T — 205 .
22 BRRAYFEFERFEEER

WAL AN AR 170 1) 5k 43583 4401567 8845%
JEH, LBRARIUER . RFF(<50 bp). B AAFIEE KT
FNEE5 G P51, s ZAERI A6 AR RS AL 30 43 3k A5 H
T HTHIST7 664F1562 9304<Clean reads )}y B¢, H:°F
YK B 43 1) 427 bpAl436 bp(£4). 1f FIMIRAPE

R3 RNAXEEPCRI|H)
Table 3 The primers for Real-time PCR

B R 51953

Gene Code Primers (5'—3")

18S rRNA GAG AAA CGG CTA CCA CAT CCAA
TCG TTT GAG CCC GGT ATT GTT A

Chalcone synthase EC2.3.1.74 TTG GAC CAG GTC GAG GAA AAA
AAG ACA CAA GCG CTC GAC ATG

Chalcone isomerase EC5.5.1.6 AAG ATA CTT GGC AAT GGT TGC G
CGG TAT GCAACA TGC CGAA

Anthocyanidin synthase EC 1.14.11.19 CAG CCC AAT CAAGCT TTT GC

TGC CGG TGAAGG AGAAGA AA

A: HIAE); B: HEAEW]
A: the early period; B: the full period.

Ell REFIER SR IETEMR
Fig.1 Safflower flower phenotypes of different flowering period
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Table 4 Sequencing output and assembly

Hdugiit WAL REAEI]
Statistics of data Early Full
Low quality 50 67
Short reads (<50 bp) 796 928
Contamination sequences 2785 2 694
Vector sequences 2145 1265
Clean reads 577 664 562 930
Average length 427 bp 436 bp
bp
2 000 28S
18S

1000
750

500

250

100

B2 LIS RNAR) K E
Fig.2 Total RNA from the flowers of safflower

B3 =RRIEERGIT

Fig.3 Gene expression statistics

A0 & Ab B (I Clean reads) ¥ 41 3EAT PEFE, 3K
#3Unigenes/¥41. & 1F3k£351 5911 Unigenes, JLH
HeK i Unigene &5 109 bp, T3 K E 4679 bp.
23 EFFRIERBRYEDT

4 UnigenesfEFEA [FIreadsilll it RPM AR PK M1

Gene expression level

8 - ® Up-regulated
B Down-regulated
B Not different expressed

log (full expression)

-2 0 2 4 6 8
log (early expression)

E4 HRERRERBXMESF
Fig.4 The bitmap of correlation and different expressed

genes in two groups

HHAT A — b b 28, JL A % 02 55 = 2 Unigenes A
25 RIBFE N, 15 B4 51 =2 HFDRA& 1E{1<0.001
h 3 2E R RIA RN o AR IX AN b BEARHE, TEVIE
WIERT340 1394 FE R, HEAE 3R 1939 7684 LA, 7E
PR A I U [ ISf 2 TA R IR DR A7 28 316 1K (&13).
JRas rh, AR R IR 22 S 308 A LI 4, 3L,
S YR SRR ) AT R R B R = )
LR (8 22 7 F B2 O AR e M R IK), W (A1) A
TR EFAEZNRIEILN. MPLREN, %57
AR 34 4644, Jorh ERHIED 18 0434,
THED 16 4214,
2.4 COG/KOGIIgE TR

N T AR R D ReE R B, K=
318 HE N ) A6 W RN & 8 W T Unigenes i3t 17 COG/
KOG X ([E]5), 45 KRB, PIASFEA b B 21 & A
IhREA P R B A — B, Wi B 2
2.5 KEGG Pathway$ #f

X} T4 I Unigenes EATKEGG Pathway & 4737,
R B2 AL A P AR AR (El6), [ HE 2
W AR A A S AR BN B, A aRoR B
N, SRt Ron NIRFE . RN e s AL 25
LU RIT S0, 464 g rp BAT 13 T e fer
TG S P AFAE 40 (0 B W 15 b 1) DX el 32 DR (O
FroR), B3E 2 /R Wi A I (chalcone synthase, CHS; EC
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Fig.5 COG/KOG distribution of two samples
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Fig.6 Representation of the metabolic pathways for flavonoid biosynthesis in safflower transcriptome



N . . . - . - TN R
HF5 W55 LLAE(Carthamus tinctorius L) R FFAEIN W1 10 s 20 00 e e B0 5 B SR BE A FR 300k 1213
Unigene_rep_c32019 Unigene_c16845 Unigene 16567 Exnressi
Expression - Expression - Xpression
= 0.10 30 EERlevel = 09 350 e==mlevel - 08 25 == level
5 0.09 25 —&—RPKM 5 08 300 ——s==RPKM 3 0.7 ——s— RPKM
£ 008 07 50 = 06 20
7 007 20 o 7 06 2 2 05 15 2
g 006 § o g 0s 200 5 o g EE -
2 0.05 15 52 2 04 52 S 04 52
5 004 z 50 150 24 5 03 10 2
£ 003 0 g8 £ 03 100 22 £ s 2e
3 002 5 032 5 02 50 = 5 - 05 %
& 001 = 2 o1 = Z 01 <
0 0 0 0 0 0
Early Full Early Full Early Full
Unigene s48497 Unigene c27184 Unigene rep c20979
Expression i 12 Expression
3 0007 2 i) 5 0018 25 g bSO 300 ey evel
5 0.006 10 —=—RPKM 5 8'812 ,o —=—rPKM 2 0 250 —m—RPKM
£ 0.00s £ Jon ’ 5038 200 e
2 o g o s 2 Z £
£ 0004 .g _ g 0010 7B £ o6 150 25
5 0.003 52 g 0.008 0 22 g E2
2 0.002 04 &2 2 0.006 g5 o 0.4 100 §5
S 0001 s e e 5 0.004 05 2% £ 02 0 3
© Q 2 0.002 2 2
0 0 0 0 0
Early Full Early Full Early Full
Unigene _rep_c21005 Unigene rep_c21224 Unigene rep c37404
Expression Expression Expression
3 035 300 e jevel 3 00 100 gy level g 016 %gg === level
£ 030 250 —=—RPKM = 0.5 W —e—gpkM 2 g‘i;‘ 160 —=—RPKM
=] =} 9 .
7 0B 200 2 7 04 g 2 010 oz
5~ 5~ 5~
g 020 150 § 2 203 50 5o £ 008 100 5 2
5 015 E s 0 FZ o 0.06 80 =
2 100 %2 2 02 3 g w0 2
£ 010 5= g 30 4= £ 0.04 o
= 0.05 50 < 5 0.1 20 2 2 0m 40 2
e ~ 10 < U 20
0 0 0 0 0 0

Early Full

Early Full

18SHE R AN Rk 8 4 1. Early: #14€39; Full: M4 1.
The relative expression of 18S is 1. Early: the early period; Full: the full period.
[E7 {%iZunigenesAIReal-time PCRIEIE
Fig.7 Real-time PCR validation of the selected unigenes
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Fig.8 Reletive expression of the key genes from the flavonoid synthesis in safflower

A v B PRI 9 5 DT 43 S A ] e S5 AN e A S
ATRIIN, eh 7 RT BAE I 19 BE DS e 4 4 35
S AR TR 2K = I 220, BRunigene s48497F
unigene_rep_c209797% H) 4 I I AH XS 2k & v T
A LAA, HAth P i 3 55 DS 7 2 4 U1 1) 26 08 5 08 1y

2.3.1.74). & /K i 5 ¥4 B (chalcone isomerase, CHI;
EC 5.5.1.6)f1 1t 5 % & ¥l (anthocyanidin synthase,
ANS; EC 1.14.11.19).
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HEATRT-PCREGIIE 1) 45 KL W], A /K i 5 ¥ (unigene
c16567). £ /K Wi 5 #4 [ (unigene c27184) 1L 7 2%
& U (unigene_s48497)H 1) =Mt 58 R34 T 45
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