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Transcriptome Analysis of Anthocyanidins and Their Synthesis

Regulatory Genes in Gynura bicolor Leaves
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Abstract: In order to explore different anthocyanidins and their synthesis regulator genes in Gynura bicolor
leaves, we sequenced the transcriptomes of 2 G. bicolors including the purple leaves and the green leaves in
control by Illumina HiSeq 2500 platform. At the same time, previously reported 6 kinds of anthocyanidins
were detected by HPLC and 6 differential expressed genes were identified by the RT-PCR. The aim is to re-
veal its unique anthocyanidins and key gene information for its synthesis and regulation in G. bicolor. The

results showed that: (1) 14 unigenes related to anthocyanidins and 34 unigenes related to their synthesis
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regulator genes were obtained. There were 6 differential expressed genes from all of these genes between
the 2 G. bicolors with purple and green leaves, which were 4 significant down-regulated genes including
pelargonidin (¢11692), cyanidin (c42112), anthocyanidin synthase (¢38551), flavonoid 3-O-glucosyltrans-
ferase (c9064) and 2 significant up-regulated genes including dihydroflavonol (¢35961), flavonoid 3-O-glu-
cosyltransferase (c20283). (2) The up or down-expression trend of these 6 genes agreed very well with the
testing by the RT-PCR. However, the expression trend by transcriptome sequencing was more significant-
ly different than that by qRT-PCR. (3) According to the HPLC detection, the result showed that there
were not 4 kinds of anthocyanidins such as delphinidin, peonidin, petunidin and malvidin in G. bicolor.
However, the purple leaves had significantly higher content of cyanidin (62. 21 mg/kg) than that in green
leaves (6. 86 mg/kg). At the same time, the content of pelargonidin was below 0. 43 mg/kg in 2 G. bicol-
ors. So this study inferred that the reason why the levels of the 2 kinds of anthocyanidins including cyani-
din and pelargonidin were decreased significantly in green G. bicolor was the 4 anthocyanin synthesis regu-
lator genes involved in positive regulatory genes like an anthocyanidin synthase and a flavonoid 3-O-glu-

cosyltransferase, negative regulatory genes like a dihydroflavonol and a flavonoid 3-O-glucosyltransferase.
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B 0 A R A B 4 Sk 0 5 R I o 3 DA ARAS:
B T Y . TR Y TR A A A B
LA HINEE REN ALK (unigene) [,
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Table 1

The qRT-PCR primers for the 7 selected genes

B[4 )% %1 Primer sequence (5'—3")

% 1D P& B
Gene name 1F [1] Forward 2 [1] Reverse
C24593 N2 HH Actin CGGAGGATAAGCGGGCATG ACGTATCAGTCACTGCAACC
SRR 2 5 (LT — - 2 i
C11692 REZER 3,50 N _FAcHMm CGCTACTAGCAATCACAACG GTAAACTCAGCACCTTGGTC
Pelargonidin 3, 5-O-malony ltransferase
% S0 o () Ak 2 A
cagiig  REHE S ZOWERERMABN ATCGTGATCATTAGTTGGCTC  AACTGACTTGGCTAAGCTCC
Cyanidin 3, 2-O-glucuronosyltransferase
35961 AR AR ACCAGAAGAATTCGAAACAGC  AGCGTATGCAAGCATCAACG
Dihydroflavonol 4-reductase
b = g ot i
38551 JC (AT 3 RIS ‘ AGGTATCATGGACCAAATCTC  ACTTCTCGAGCCTCATCAAG
Leucoanthocyanidin dioxygenase
2Kk Gl 3-O)-
C20283 J B i 5 (}ﬂi‘%%$§@§ . . ACCGATTGCCACATGGCCTC ACACATCTCTCGACCTCATC
Flavonoid 3-O-glucosyltransferase
e T 3 () S
C9064 FEHR 3-O-BEIL R ACTGGTGTTCGAATCGGAGC CAGCCTTGCACACATCTTCC

Flavonoid 3-O-glucosyltransferase
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RNA, ffi i Transscript 11 all-in-one first-strand
cDNA synthesis supermix for qPCR (one-step gD-
NA removal, %5 AH341) #1472 # 5 cDNA, 2 §%
R MR R K FEEFEL LA ENH. R
SYBRGreen Je L #E17 qRT-PCR 73 #7 , 454> & [H 1
BEAFEAM P IRE 3 IR EE

1.2.5 #BFRFTHEN EH B2 FEEX
FEN 45 60 g, WhK 2 5 min, KIE W E H & 200
mL, % 2 5 5 R E A BRA R 3T ik 6 2K
BT R ook, Bt A A HPLC ZHE4E 1 2005
it Aglinge C18(4. 6 mm X250 mm X5 pm) ; 7R
35 Ciibpedt 10 pLs K 88« af WOG K 530nm,

2 AR5

M &5 Rt
X 2 A AN R REAS 5845 K 58 5 S W O o3

2.1

Br LRI 6. 70 Gb T ¥ i35 45 B i T i )7 1
ILE 2. 28 Gb. B3 Q30 1 43 FL#BAE 89. 65% K LU
b ZHMEEIERTG 54 733 K PAILNFE X S B L
HEKEAE 1 kb KL ERA 12 961 &, A PpEEH
718 3 Swiss-Prot, Nr, KEGG, Pfam, GO fl egg-
NOG SE5048 Fe L X 24 31 538 Zf B JE DR # 14 B
FIMHXER (R D,

2.2 HBEEHRTHEXER

2.2.1 Pg#HXER  FridkalE B R ILH % E
if Pg HEPRIK &, L8 11 4 Pg MG 5L H 4 (5
BGR3, XERIEEBEETREKEAN T 225 ~
1 633 bp, B AITFEM 75 M 4 € 48 15 K% b FPKM {H
1 0~9. 59, i % BER 0~33.10, FEik 11 St
fErh, LIRS A 4 A b 11692 FE T
T80 5595 K2 i) FPKM {E Ry 2. 31, 1 % i v
K0, Lh BRI FETE Swiss-Prot 4l 2 v 34 7 B

R2 TREMEEMIRIAXAERZERSN

Table 2 Information analysis from annotated unigenes by anno databases

— (300~1 000 bp) (=1 000 bp)
I 1 5T 5 B35 ) 1 B Swiss-prot annotation 21072 8976 8 848
FETCA TR A B JBE 1 B¢ Nr annotation 30 388 13 316 12 146
A TR 2 TR 2 A A4 B R 4 TE B KEGG annotation 11 594 4 805 4813
& A 5 F 5 EE B Plam annotation 21 998 8 819 10 575
B A PRIE B JE 1 B GO annotation 18 194 7756 7198
1 7[RRI RE AR F 4 K E B egeNOG annotation 29 728 12 897 11 997
BT A Bl 5 T B SR AL annotated 31,538 13,868 12,22

3 UANAREEBEEESW
Table 3 Information analysis of 11 pelargonidins
B RKE # ik FPKM FETCA R R R Nr
it 1D Nucleotide
/bp LRI G, bicolor *f BE CK FEH Gene VG FC 4 Ff Matching plant
31068 225 0 0 KA RESE 9 Hypothetical protein E.#¢ Erythranthe guttata
¢39380 308 0 0 KA e 1 Hypothetical protein ERW Populus trichocarpa
¢45015 307 0 0 KA 4 % 1 Unnamed protein deRimiME Co f fea canephora
4535 882 0.44 1.58 K4 Unnamed protein FORLIIE Co f fea canephora
20143 397 0.95 2.94 Izigrfoi(ﬁ;)SSif}Sﬁ}:mﬁ?lﬁi%Finsfemse B WK Sesamum indicum
49337 357 1.17 0 KA fe®E I Hypothetical protein F ¥¢ Erythranthe guttata
c11692 313 2.31 0 KA RESE 4 Hypothetical protein E#¢ Erythranthe guttata
33382 1288 3.78 2.42 KA 4 % 11 Unnamed protein FUkiMIME Cof fea canephora
c29458 1 348 8.1 11.11 ?ci%ﬁ%}%aﬁﬁg?acetyltransferase + 5 Solanum tuberosum
c25225 1633 9.3 6.95 KAir 4 % H Unnamed protein FRiME Co f fea canephora
c31068 1514 9.59 33.10 KA 44 % 11 Unnamed protein FOREMME Co f fea canephora




812 [LE I | - N7/ = S

39 &

B RAFEE 3.5-0-N B4 # B8 (pelargonidin 3, 5-
O-malonyltransferase) , fit UC B (%) 4 Ff &R & — 5 41
(Salvia splendens) s T AE Nr 45 )JEh B F 20143
HERRRZZER 3,5-O-8 Bt 7% #2 1 . ot DT e 47 A
2 RE (Sesamum indicum) ,

2.2.2 Cy#HXERSW FrdEralfE B pitR
it Cy JePIAG R AR 3 45 Cy AHIC HL LA
FRGE D, X 3 A HUEL R TR T 8 K B 4 i)
219,430 F1 470 bp. BEATTTE M5 10 5 (0 55 75 K %
i FPKM {f43 %124 0,0, 41 F1 1. 06, ifif % FE ¥4 0.,
MIZEE R AT 3 4 Cy I H B AT
LU 42112 Z R RAM B, A X 3 FKH
SE TR Swiss-Prot B 2 b 5 BB R 445 R
3, 2-O-75] %5 W5 W 12 % #% 8 (cyanidin3, 2-O-glucuro-
nosyltransferase) , it UG it (1) 4 Fh &R /2 4f 45 (Bellis
perennis) MMTE Nr B85 FE b WA 2 DERBRIR A

SR 3. 2-O- 1 %) W 0 1R % 7 Tl . v VT TG ) b L 2
K%

2.3 BFEREHTHAEERDN

2.3.1 DFREXEBFEESHT FriEBIEE MR
R f DFR JEPIAG Z, 23875 10 45 DFR HLEE ]
BAEE (RS, X 10 FHRIENKEETRKEN T
291~1 510 bp, B AITHE M35 10 48 {0 5 75 K 26 h FP-
KM fH ) 0. 32~39. 58, %F # >l 0~59. 08, FEiX 10
AL, LI 8 AN, FIHER 2 4, Hrp
RiLEEFWP R WA LR 3596, HAEIZ 2 Ff
B RZE R FPKM {H 43 54 0. 32 F1 3. 39, iX
10 25 P L R 7E Swiss-Prot 80 R A 2 KR 1E
BEE5 A (22302 F1 ¢24512) 51 41 B 3] UDP-K
¥iE i (UDP-D-xylose synthase); 7 & Wi & N
DFR J [, By DS BC 5 9 B4 55 35 91 28 (Gerbera hy-
brida) (2 2R VB T8 (Medicago sativa)

R4 3INMKREREHEXERSH
Table 4 Information analysis of 3 cyanidins
A PR K B £ ki FPKM AR TUAR R B Nr
It 1D Nucleotide
/bp K G, bicolor X IR CK A Gene VB ) Ff Matching plant
c7115 219 0 0 K144 % 1 Unnamed protein FRLME Co f fea canephora
» , / AT 3,2-O A TR P e B
chd7dl 130 0.41 0 Cyanidin 3,2-O-glucuronosyltransferase A Bellis perennis
RIEHHR 3, 2-O-F %5 Wi T2 5% 7 il P . .
cd211z 470 1.06 0 Cyanidin 3,2-O-glucuronosyltransferase WA Bellis perennis
£5 WAZSEMB 4-EEBEESN
Table 5 Information analysis of 10 flavone 4-reductases
WA R K F ik FPKM JETUA B A B P Nr
I fi 1D Nucleotide
/bp LK G. bicolor Xt # CK FE K Gene VCFC#) A Matching plant
¢35961 501 0.32 3.39 KNI REE 1 Hypothetical protein E #¥¢ Erythranthe guttata
PR ot R A S D ! ”
c8177 291 0.91 0 Cinnamoyl-CoA reductase WA Populus euphratica
¢36355 466 1.08 0.76 AN AEHE 1 Hypothetical protein JIl Z& Morus notabilis
10296 1287 1.26 2.63 KA 1 Hypothetical protein E #% Erythranthe guttata
) — SR ot
c13376 1453 2.9 3.17 Dihydroflavonol 4-reductase £ K% Gynura bicolor
c22764 1175 3.84 8. 43 A Z 0 JEE Anthocyanidin reductase %% Vitis wvini fera
e e
) TEUH N P A3 D il T i o
c22302 1 304 13. 24 21.38 Dihydroflavonol 4-reductase Al a] Theobroma cacao
o TR TR A0 IR o
24512 1436 33.96 38.22 Dihydroflavonol 4-reductase A A] Theobroma cacao
c26781 1510 37.74 49.13 éi%ﬁﬁ?ﬁoﬁfﬁr{%umase JWHL Nicotiana tomentosi formis
c18297 1096 39. 58 59.08 AT R AR 5 A H B pomoea trifida

Dihydroflavonol 4-reductase
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ot (Arabidopsis thaliana ) . % % (Vitis vini f-
era) B¢ T3 B (Dianthus caryophyllus) F1 4 i &
(Antirrhinum majus) SFFHY % 1 ZAERAKE. A
A HIEHFEAE Nr 504 b A 6 258 € S DFR 5
P CELAE 1 AT 250 I ) BT VT IE 1 49 4 365 T
Al (Theobroma cacao)?2 S5 AR & . 275 K% (Gy-
nura bicolor) %% . M 5. ( Nicotiana tomentosi for-
mis) FH 2 (I pomoea trifida ) Z Y & 1 5k B 5
%
2.3.2 ANSHXEFEELW  FrikBEEIE R0 sk
PRI ANS JEPIAG &, 2315 5 45 ANS B[
HEAm B (R 6) . 3X 5 SRR H IR K EE A T 333
~1 861 bp, H.7E M5 1 48 (4 5 75 K% h i) FPKM
HR 1.35~15. 76, Xl 0~13. 07, fE3X 5 &5
SRR T BRI 4 A, Hoh Rk & 2% 5 W WY
A TR 38551, Hofe iz 2 F R K3 iy
FPKM {# 43 5 1. 35 F1 0, X 5 4% 8 3k A 7 18
Swiss-Prot $t#g [ 38551 B & SRG1 & H
(Protein SRGI)Ab, Hifth 4 2585 iy ANS B [A L fir
VG T (54 90 Fh A0 45 35 R (Malus domestica) (3 2k B 3L
K5 FE 22 4 (Petunia hybrida) (1 P3N 5%) 2
FRAR Y . i AT BB R AE Nr 58l 2 A7 3 458
i DFR B [A] L B UE C 64 1 A0 435 56 5 K28 (2 R B0
FEH ) AW (Populus euphratica) (1 5 R H
)% 2 R
2.3.3 3GTHXBEESW ik BafE Sk
WgE s 3GT R, kAT 17 5% 3GT HILH
BEEGR D, X 17 FRERBEETRKEN T
218~1 659 bp, HAE M 751 5 {0 5 9 K% h FPKM
fHR 0~75.86,%F Bl 0~116. 88, FEiX 17 St
I, LR 8 A, TR 6 A4, Hrh ik it
S RAY A 20283 LA EE R LA K 9064 T i
B, H c20283 7E1% 2 Fh 55 K ZE b i) FPKM {H

A35ISh 0,22 A1 5. 13,1 ¢9064 () FPKM {H 43 51 K
1.45 f10, 3% 17 Z&AHE 3GT (U f% 2 4~ UDP p§3%
FeREME c11302,c9064 I 2 A~ 1L 22 My 3-O-2f 3| bl 5k
FEFS R 34208, ¢18390) 7F Swiss-Prot 48 J& # i
VC TR B W) Fh A 45 B % (Fragaria ananassa) (13 555
B PRI (2 SRR R 42 48 (2 SR IR A
R 4 3 FiAE 95 76 Nr B8 2 b 3 16 &k
SGTL G 3 MIEH R -OME LB R I f1 1 4>
UDP-H 5% B Bl , BT VT IE (9 ) Fh AL 45 0] H 2% (He-
lianthus annuus) (6 ScBARER ) (LT KK (3 KB
KR M1E SE A (Saussurea involucrata) (2 4% B
FER RS 7 PR .

2.4 RIEEREZEME qRT-PCR 1

X2 RZETT = 1 o0 LA A i P v 22
FeRIR I B 40 Pg AHOCH G (¢11692) \Cy #HC
0 (c42112) \DFR (¢35961) , ANS (¢38551) A &
3GT(c20283 F1 c9064) # 47 gRT-PCR 7 #1 . &5 - &
MR ), FIRFETE 2 Fi 595 K25 () R 1k 3
CEIR BT IRD 5 7% S e 45 R 8 2V & . B 5% 5
ZH 0 P A 0 3] 1) S 3k e 2% A R qRT-PCR £
ST L T
2.5 TEERFHITH HPLC &

FH HPLC #4754 KX % b Cy,Pg.Dp, Pt,
Pn J2 Mv %5 6 25463 & 1 I 5E » 45 SR R K il )
Dp.Pt.Pn J¢ Mv % 4 K HF R 0. [FE KD
Pg &AL T 0. 43 mg/kg, MM 45 R & & Cy, Hi
BFHEOAEBERENGTRERERS THEGEE O, It
R i) &5 L 5 2 S A T i GBI R R A R 2V A

3w

EEAERPE T EWREFESAETR,
B H T g 50, R A AN R TR RO AT
o T SR I L 2 LA oy 2 5 b AR A T BOH I 4

R6 SHNUEBREHUEBEESN

Table 6 Information analysis of 5 anthocyanidin synthases
W R #ikH FPKM ETCRE A EARE Nr
iy 1D Nucleotide
/bp WK G, bicolor Xf | CK FE A Gene VC B ¥ B Matching plant
c38551 333 1. 35 0 iﬁﬁﬁliﬁaﬁfﬂg%ioxygenase W Populus euphratica
20414 783 1.62 1.1 3 4 Anthocyanidin synthase 48 R 3E Gynura bicolor
c20414 372 5.17 2.57 £ £ A Anthocyanidin synthase P KK Gynura bicolor
30532 1 861 8.97 12. 63 KA e H Hypothetical protein WA Jatropha curcas
c27150 1 344 15.76 13.07 KA 4 % 14 Unnamed protein FRLME Co f fea canephora
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Table 7 Information analysis of 17 flavonoid 3-O-glucosyltransferases
A R A B # ik FPKM AT TR AR Nr
ity 1D Nucleotide
/bp LRI G, bicolor *f 8 CK LN Gene VL H) A Matching plant
cl1571 218 0 0 UDP i % UDP-glucose EELE Saussurea involucrata
cl1649 371 0 1. 10 UDP 7% # UDP-glucose [a] H 2% Helianthus annuus
c43683 259 0 0 UDP #;j%j 4 UDP-glucose 1] H %% Helianthus annuus
c9535 267 0 0 UDP % %j B UDP-glucose [a] H 2% Helianthus annuus
c20283 1036 0.22 5.16 KA fig sk 11 Hypothetical protein TE3E I Citrus clementina
¢33906 457 1.11 0.78 UDP #;j%j 4 UDP-glucose ] H 2% Helianthus annuus
FEHE A 3-O-Wl B 5% B g Lo g .
c11302 692 1. 38 6.04 Flavonoid 3-O-glucosyltransferase £ K Gynura bicolor
| KU 3-0-BEAEAEI TS 5 Antirr i s
c9064 241 1.45 0 Flavonoid 3-O-glucoyltransferase LA 7 Antirrhinum majus
FAE T 3-O-Mi 3L 56 5 W e o35 .
c34208 842 1.82 3.69 Flavonoid 3-O-glucosyltransferase B K% Gynura bicolor
HH R 3O LB i SR
c2197 933 1. 86 0.59 Anthocyanidin3-O-glucosyltransferase 2k Sesamum indicum
) . T HR 3-O- ML R o o
c16831 1491 3.95 8.03 Anthoceyanidin3-O-glucosyltransferase Fehn Solanum Lycopersicum
c13657 445 4.11 3.14 UDP 7% # UDP-glucose [a] H 2% Helianthus annuus
- ; JHER 3-O-WE L B
. BN Y & b o S
c18390 1659 4.16 23.23 Flavonoid 3-O-glucosyltransferase £ K% Gynura bicolor
20824 1036 4.56 3.65 UDP 7 %j B UDP-glucose EEL Saussurea involucrata
c26561 1570 6. 29 16. 29 UDP Wi kL5452 filf UDP-glycosyltransferase  #if 3§ Stevia rebaudiana
‘ , W E 3O MBI S e
22258 1 630 16. 24 10. 67 Anthoceyanidin3-O-glucosyltransferase EFKk Sesamum indicum
c32631 1327 75. 86 116. 88 UDP 7 Zj# UDP-glucose [a] H 2% Helianthus annuus
%8 NERFTEPREFEMNKHKEE PCR 3 #7
Table 8 qRT-PCR analysis of 6 differential expressed genes
RS FE i [SEE-975] it 1D it 1D it 1D Fiifh 1D it 1D i 1D
Method Sample Actin C11692 C42112 C35961 C3855 C20283 C9064
KL G, bicolor 8.08 2.31 1.06 0.32 1. 35 0.22 1.45
RNA-Seq *fH& CK 8.67 0 0 3.39 0 5.16 0
Fiki#a# Expression trend  faig Stable  Fi# Down F i Down 1% Up T8 Down 1% Up T Down
LRI G, bicolor 1. 95 10. 2 5.29 8. 26 0.71 3. 00 18.61
gRT-PCR  XfH¢ CK 1.95 7.7 1.78 14. 86 0. 14 10. 49 6.73
FikitaF Expression trend a5 Stable  Fi Down FiE Down 98 Up T % Down 8 Up T % Down
x99 EERHTHEHRASERER HHIE®ARM R — R A7 5 R A7 DU T
Table 9 The results of HPLC detection to W 475 24 0 & TR G g Lo 95 K BE M B A8 (4,

anthocyanidins/(mg/kg)

i Sample

REHZE Cy KEFEE Pg

LRI G, bicolor 62.21+0.88 <0.43
X} g CK 6.86+0. 14 <<0.43
HRIBAEDY, WL A 5T I IR AR G A P

TR B AR PR 5 AR KR

AEFE R -

[ Fsf o 1 fip WA A B ] 7 [N S B0 LB 4B T R L

R,
B, AT

TEEREMLERT

JCRN AT T

TE » AR A1 2 S 4 D00 P Al AR A A AR T B i iE

(¥ 6 Rl LT R T oCHE A

2 RAEH R H AT

450 R4 Pg ) Cy 1%
A B AT 1A 7 2
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MR R ZE T R IR B PEAC. [ AR EE SR A
WF IR RIEN L RZE P MT £ K, 1 MT &
¥ Cy.Dp LUK Pg 43 5% 46K Pn Pt LA K My, i
FEBFRIFEPAE Dp UK MT, It A Pt.Pn
DL K M, AR I 5 485 5 38 2k A DG 356 PR A 2R 4 R DA
KW RETIRMG LR LN, #F—2 >k H HPLC i#
176 AL A oo, 45 0 HOR I 2 5 7 o i A
K Cy, HEFEM MR A £ RET S EI B R
TR KL H Pe fE 2 P RZEM T AR
K [T ES A A T ) FE A A 2R e R X S A
D A DG RE PR R 45 2R — 3., R, DL B %5
AL R RIE R Pe & Cy X 2 K46 ZH oot
Y, HHA 2 AN FEH (i 5 c11692 Fi c42112) Fik &
8 2 AR T B 2S5 RZEIR A S 4R
HRK EHTEERE L2 MAEFER T OEE
B4 FIA 3 9 42 5 DR BF 9 7 T R A A S 2L 2
it o 4 O B B AR ) & B AL T R A LR E i T
¥ & ) DFR,ANS 1 3GT ix 3 25 64t £L -,
[FAf 254 qRT-PCR B E . 45 RAFRMAX 3 K
B LA 14 ANS 2 A4 3GT fil 1 4> DFR 4%
AT 2R A AR R L 2 25 S aRaA . Ik
IR R R RZE R 1A ANS AL A4 3GT IE

S 2k
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