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Bk KD P AR, B EE, T EW SRR

Cha e AR B2 B P AR BIF 5 7 A e 131 363005)

8 F .2k Nlumina Hi-seq 2500 %% 55 47 =5 30 42 0 77, 74t 2 Bk 25 40 R SR 3 S o SO, I R T U e A L 22 e
N RE T FE S AR W5 B A ik AT i . WIFST 25 SRR W . (1) 43 I 3R A5 B B SE AE R SR 4 s 8 dis 7. 12 Gb fn 8. 14
Gb, B3 H 4 L (Q30) ¥k 5] 91. 0% L |, ()32 F RAFE KN (DEGs)1 336 4~ Hh L3R 319 4, F i3
10174, (RS IAREBEMIEE A 1 131 A4, GO ¥ 455 B ILE H AL 41 DDyRe/NE, R E W KA =2
A TEPE B — A A R RO A A FR S 0T A KOG [ T 472 A4~ DEGs, ¥ B 23 AN fg 425, Horh 5 v A A0 10 B 42 41
St R O F QK FAE 111 A 1 B 45 55, KEGG % 372 A~ DEGs 1 B 31 80 £ A1 8 % i, 3648 F3H.F3'5'H,
DFR,ANR,ANS.GT.LAR 3t 10 P X2 B3 K, Hh F3H.DFR 7E 8 #k 25 8 th % 90 %00 . F3'5' H, ANR,
LAR 7E B RKZE R e R0 W3 A0 ANS GT I 43 BIFEAE R S 29 e TR . (4 520 & 3 PCR
ST R H A 7 A2 R RINEN BB WA KA SRR ARBE ST ER e B O RWEEAGERE S
Mre W], # Bk 35 468 i F3SH . DFR.ANS.GT i3 # NAR #E 1k 75 B AE T R 115 S IE W0 NAR 33 F3'5"H K fi
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Transcriptome Sequencing and Differential Expression Analysis

of Flavonoid Metabolism in Flowers and Fruits of Okra

YAO Yunfa, ZHANG Shaoping, LIAN Dongmei, LAI Zhengfeng, HUANG Huiming, HONG Jianji*

(Subtropical Agriculture Research Institute, Fujian Academy of Agricultural Sciences, Zhangzhou, Fujian 363005, China)

Abstract; The cDNA of okra (flowers and fruits) were sequenced based on Illumina Hi-seq 2500 and were
analyzed by using the bioinformatics methods subsequently, such as sequencing assess and gene function
annotation. The result of research shows that: (1) 7. 12 Gb and 8. 14 Gb Clean Data were obtained respec-
tively from the flowers and fruits and the base ratios with quality values higher than 30 in reads (Q30)
were more than 91. 0% from both. (2) Compared the transcriptome of the flowers and fruits, 1 131 differ-
entially expressed genes (DEGs) were found, including 319 up-regulated genes and 1 017 down-regulated

genes. (3) Annotation analysis indicated that 1 131 genes were annotated. With GO function annotation
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classification, 455 functional annotations of these DEGs were divided into 41 function categories, in which
many function categories were mainly involved, such as metabolic process. catalytic activity, single-organ-
ism process, cellular process. Through KOG analysis, there were 472 functional annotations of DEGs, in-
volving 23 functional classifications. KEGG analysis showed that 372 DEGs were annotated to 80 metabolic
pathways, and obtained 10 key DEGs, F3H, F3'5'H, DFR, ANR, ANS, GT, LAR. F3H and DFR
showed up-regulated effect in okra flowers; F3'5'H, ANR and LAR showed down-regulated effect in okra
fruits; ANS and GT showed up/down-regulated effects in flowers and fruits. (4) The relative expression
levels of 7 DEGS wasin line with that of the transcriptional group by qRT-PCR. (5) Through the flavonoid
metabolic pathway, the research showed that anthocyanin were catalyzed by F3H, DFR, ANS(c¢83240),
GT (c82265/¢82004) from NAR in okra flowers; The formation of DHM was initiated by F3'5'H, then
produced flavonols by FLS; Partly NAR was catalyzed by F3H and DFR to dephinidin, then ultimately

went into anthocyanins and proanthocyanidins synthesis pathways. This study enriched transcriptome in-

formation of okra and provided reference for the purification and functional utilization of flavonoids in okra.

Key words: okra; transcriptome; function annotation; DEGs; flavonoid metabolism

WERk 28, L MIMETE 25 [ Abelmoschus esculentus
(Linn. ) Moench |, 5 & 3% B} (Malvaceae) fk 2% J&
(Abelmoschus) —AF 8 ZAE A H AR Y . e T3k
W E 20 4l 90 AR GI A B E N & LA
A, BRCEAEMIR IEE N EEIF KM ENASE
AR TR B R A R A
FEIF R EREIS A UM A & s R B A R
I E I R v ML I8 57 55 D38 7 Bk 28 it felt
an T & 5 HE A B O . M, [ YR Rk 2R
MF5E 32 B ARG H AR B TR 043 B2 3 D o3 A A
At OV AR T T H G 3 el ER R B 5T O T AA AR
55 5 Gk R 3E v 2 R ) B A5 S T RE N A K
AR R S w2

A (flavonoids) J& T A8 9 8 22 R A= A 7~
Yz — 248 2 DR (A-5 B 3 kR T
IR E A C6-C3-C6 JEmli & #y iy — 2tk &9,
BT AR S OPR B . TR 26
B P 5 AR B B oA AL Bl K R S5 T
BB LA A 1Y 2 SR 2 B 4y Ry A
(flavanols) . 5 T ] (isoflavones) . & [ (flavones) .
75 i B (flavonols) . — & # il (2H-flavanones) 5 78
%, % (anthoyanidins) & 6 Jo2kt |

B SR 2 I P B R R i S D 2 S AR A Y
AL A P BRI 0 28 0 B Rk SR it Rt SR N
SR LI AN A3 AT WD R T Bk R AR A W B
B AL B Al A B 5T R THlumina Hi-seq
2500 ey 38 5 I B R o AR HiE 8 Bk 25 A R Y e
ZH O B 2 e ) A8 3 A8 OC B B T 0 M PR T B
FRZEAE AR TS B 5 ML 3ERD OC B 25 e IR A
W I S B RK SR OC B R A B B R ) BE A IE L 35t AR o R

0 TR A5 4R B 5 S ik
1 MRF ik

1.1 Iy

IR Ry BBk R R R RKZE 3 S R T
AR A B 2% B 0 AT RO BF 5 I R R
201746 A 10 HFfAE.8 H 15 H JF f5 R 2 £ b
(FE/ R FE) . R4 R — bk 5 Bk 5 A AR 4B 2 ( 177
9:00) FURIETFIEIG 8 d) . fb 2 H AL B S B e 1
JEFBRRANTRAL . FEFRIERHR 3 EA L J5 7 RIME
FEF. BT —70 CHIEIKIE&EH.
L2 REHE
1.2.1 SEBENFREBEHE RPOIRKEEL R
SE B RNA, 43 51 % F Nanodrop, Qubit2. 0, Aglient
2100 BE AR RNA FE 5 1 21 5 v B2 A e Pk 45
M cDNA 3, F 4y 31 {# ] Qubit2. 0, Agilent
2100 1 Q-PCR Xt 3CFE (1) Jot i A7 Al . S A% S5
JH Mlumina HiseqTM2500 #4700 ., MFiEK N
PE125, A% A Bl - 2547 Bl i 98 . 25 Bk Reads
1k SN T 8, Trinity XF A7 204k
#E (Clean Data) #EAfT2H % .

P Reads 1498 K-mer JE., EBRE IR K-
mer 3 B /25 4038 (1) K-mer 15 S R 1 ] 79 35 10647 9
ANBAE FA B2 FE O Komer JE; #Xf Contig #E17 %
#1558  Br4E & (Component) ; %f 4 ) Component
F1 1y Contig #4# De Bruijn [& ; De Bruijn [& ik 47 i
b5 % IF De Bruijn [ 3815 56 A 741
1.2.2 ERFPKM Bt EEZRRESH KA
Bowtie " Kl 3 15 2] () Reads 5 803 P %045 (Uni-
gene) JEHEAT FEXT L MR 40 HE X 45 51 L 45 & RSEMY'® gt
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TR EAKEMG . FIH FPKM {H (fragments Per
Kilobase of Million mapped
reads)""" /R ¥t Unigene (IR IEFEE ., #H EB-
Seq #E4T 2 R F K41, R H Benjamini-Hoch-
berg J5 0 IR B 50 45 B 1Y 0 Ve PO AT AR
WE.RIEJG P (8. Bpfh & Bl (false discovery rate)
/NTF 0,01 H 2 5458 (fold change, FC) =2 R
G e AR . Hodh  FC R PR G (4D B FPKM
1) FAH
1.2.3 £2REFANDREEIRERGEEEEESHN
{#i | Blast 2 4% Unigene ¥ %1 5 NR. Swiss-
Pro, GO, COG., KOG, KEGG %% 4% JFE H. %t . 1
KOBAS2. 0 45 8] Unigene 7 KEGG #19 Ortholo-
gy, T2 5 R 17 41, ff 1] HMMER # - 5 Plam ¢
O34T . 3% Unigene WTERAG B R
PR R AR S T BE L O 22 S 3R Kk BE R (DEGs) X
L3 KEGG ¥ /% . 13 2] DEGs BQHHEE.
1.2.4 XHEMRBXBERERSHF FJHER
5 ER R R E Rk ZE AR AL 3 2 B (R R
Vi) | S T R o R RN A T 2R ) DG B ) AT AL
P A o0 2 BT ) o O B ik L 7E KEGG %4

transcript  per

JE ) e T B AR B AR

1.2.5 KEMRGPAXBEFSERERBIE W1 pg ¥
R ALl S S 0 4 RNA, R R b R & = %
e cDNAL A 59 (& 1,k A qRT-PCR
o) BBk 25 A R S 2 SRR A 5 2 A AR A OC 22
SRIKENZE3AELE it 8 M EH (14
W2 ERF AL S CtfE AR Rk,

2 RS0

2.1 HIEARESH

25 vy 30 D R B AR R R 3RS 15,26 Gb A
OB, A S AGEE R 7. 12 Gb SR FE R 8. 14 Gb,
BlE A LR B 91, 0% DL (R 2) . B e R
U GE R RS, MRS RIS (R 3) L B
SEARTES AL 154 721 S0 AR YR K
7 937.5 bp,N50 K 1 308 bp; iy B 5L K JF 41 (Uni-
gene) 2 3 1Y 65 436 45 Unigene, FH K &N 782,
32 bp,N50 K 1 215 bp,
2.2 Unigene If 8 £ 5%

%5 NR, Swiss-Prot, KEGG,COG, KOG, GO
I Plam #3085 (4 He 4T . %t Unigene 2 fig 1 B 0 17

F1 EHEHKEEPCR3Y
Table 1 Primers for real-time quantitative PCR

Ers EZ S TR B
Gene Name Abbreviation

8| Primer (5'—3")

1E [i] Forward JZ il Reverse

NZEEH )

84471 Intrinsi . / GACCATGCCGAATAAGTTGG ATGCTCTCCTCTGCCTTCTG
ntrinsic genes

55984 37%‘_/%%];%“3@@ F3H CGACCAGATCGAGATCCTAAG CCAAGAATACTGGCCATGAC
Flavanone 3-hydroxylase

82420 B 3 ’ 5/ 77&? 1L F3'5'H ACGAGTCCTTCGGCCTTGC AACAACGAGCATGGATCTGG
Flavonoid 3",5 -hydroxylase

76561 A SRR 43Rl DFR CATTGACGCAAGACTCGACG  CATGCCTAGAATCACCAACC
Dihydroflavonol-4-reductase
wEEIN fifs

(78393 LTI RILI ANR CATGTGGAAGATGTATGCCG  CTTAGCGAGTTCAGGTACAC
Anthocyanidin reductase
AETE F 3-O- Wi IE 54 B i

44799 Anthocyanidin  3-O-glucosyltrans- GT ATCGGAGGTATATGGAGTGG CCTTCATGGAGTTAGAATCTC
ferase

89149 OO IE LAR CAGTGAGCAAGCCGGTGAC AATGCATGACAAGTACTACAAG
Leucoanthocyanidin reductase
PIETEYN

83240 75 3 A ANS GGAATGTCGGCATGTATGTC GTGCGAGTTCAGTCTCTGTC

Anthocyanidin synthase

®2 BREETMHSET

Table 2 Statistics of clean data

N . N [ GC & & 3 43
i Sample %5 Number % Read 3 Base GC coni}i/% W%g‘/]{;[t
1. Flowers To1 24 166 557 7 118 160 132 45.01 94. 67
HBIYE Fruits TO02 27,209,021 8,143,851,148 44,12 93. 47
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il (F 4), 78 65 436 % MUK ¥ A, L3k 1S
39 245% Unigene 9 7E B 458, 5 5 3L T 41 4K
59.97% ., Hrh 5 COG %ud e L X}, 3545 9 366 4%
[ 7 371 s o 50 35 IR 91 B B 14. 31265 5 KOG %K
it e e X 3R AF 20 535 Z A IR T 51, i B LR ) )
SEL31.38% 55 GO $d e text . 4k 15 15 931 4% )
TP, L By 81 B8 24. 3523 5 KEGG #
P2 HE X, 3048 14 110 2 [RUE 7 51, o 2025 R e 37
SEL 21,56 %055 Plam $088 17 HEXT, K45 22 580 %%
IR P 51 7 B 3 IR 3 8k 34, 51005 5 Swis-
sprot S FE Lb T, 475 24 494 Z IR T 41, i SRk
P 51 5 80 37, 43% 5 5 NR 0 #is JE Hboxf, 3k 15
38 9054 [FIUR ¥ 41 , H B A 77 4 5 8k 59. 46 %%,
2.3 DEGs MiFik 5 ThaeiER

2.3.1 DEGs fft it DEGs ik . 3545 8k
A5 A JE DEGs 1 336 A, Ho ik & [ A i &
319 A AL 1 017 4> 4% DEGs HLEEH T 41
A BITEREF] COG,GO,KEGG, KOG, Pfam, Swiss-

Prot NR7 R 44 1 131 AP R 15 T B i
B H GO B4 455 4, COG 8 1% 281 4,
KOG #4472 4~ KEGG ¥4 £ 372 4>, Plam %
Pi ) 844 4>, Swiss-Prot ¥ #i& % 807 />, NR % ¥8 &
11234, Hort NR E5H8 28 7 B8 L s d5e i » 38 99. 29 %0,
2.3.2 GOIpgEE® GO RIEES N 3 K.
A B A ¥pa# ok 72 (biological process) , C 41 il £H ji%;
(cellular component) fil M 43 F 3 & ( molecular
function) , 4351 FH >k 4 i & PX] 9 15 7 ) i 2 hin 14 A&
Yy B2 BT BB W 43 1 D Re R B Ak Y 40 B A B
AL NP RKEE AR VR AT GO 4y K G BoR
455 4~ DEGs #IH3] 41 Mg/ E(F 5, £
iR DEGs™ Qi #27 B — A= 4 3 B 0 200 it
PR3 AT e /NS L R s 40 A Gy R
DEGs 7E“ 21 Jfl 21 437 . “ 4 i Fn 4 g 45 7 3 > 2 fg
AN L s o T D B B T DEGs 7E i 4R TR
PEVFI“ S5 GG E”2 ST RE /NS b A .

2.3.3 KOG feEFERE Mk B3 KOG $ds iy

®3 AERERFSW

Table 3 Statistics of assembled results

B X ] Bl SR A 37 B ik S T LA TR P 51 B i B
Length range/bp Transcript number The total ratio/ % Unigene number The total ratio/ %
200~300 22 735 14. 69 16 481 25.19
300~500 31 864 20.59 17 400 26.59
500~1 000 46 183 29. 85 15 604 23.85
1 000~2 000 40 518 26.19 10 994 16. 80
2 000+ 13 421 8.67 4 957 7.58
BB Total number 154 721 / 65 436 /
K JE Total length 145 051 189 / 51 192 070 /
N50 K & N50 length 1308 / 1215 /
S K BF Mean length 937.50 / 782.32 /
x4 BREFRFIERSITER
Table 4 Unigene functions annotated
M B K R M B K RE
Bi()i%i%rii%)?ﬁ:ﬁmse Uriiﬁ?a%i%ed Ui%g%nlﬁ En&g_th Ufﬁg)%nl? Errxg_th Per(Er?t};tgkzké/ %
(300<<length<C1 000) (length>>1 000) !
COG 9 366 3056 5463 14. 31
KOG 20 535 8 887 9 036 31.38
GO 15 931 6 800 7 065 24. 35
KEGG 14 110 6 342 5 634 21.56
Pfam 22 580 8 456 12 199 34.51
Swiss-Prot 24 494 10 784 10 651 37.43
NR 38 905 18 399 14 927 59. 46
T R R AT 51 5 39 245 18 574 14 941 59.97

All unigenes annotated
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Table 5 DEGs GO annotation
GO &% GO classify LA ¥ 51 %0 Number of unigene
A= W18 75 Biological regulation 113
A0 #5543 85 42 ) & % Cellular component organization or biogenesis 66
41 i3 % Cellular process 223
% % 14 72 Developmental process 67
A K Growth 29
e A H0id A2 Immune system process 7
FE {7 Localization 67
T W22 o iz 7] Locomotion 1
B;)(;g)cilfjl Rt 2 Metabolic process 287
Z 4= ¥k B2 Multi-organism process 29
LY 4= Wit #2 Multicellular organismal process 39
5 Reproduction 6
B 2k B2 Reproductive process 31
]38 ¥ % Response to stimulus 126
17 #2 Rhythmic process 1
551 % Signaling 30
B =) 53 #2 Single-organism process 295
i o Cell 172
20 o 3% $% Cell junction 10
0 1% 43 Cell part 173
g 4h 3 i Extracellular matrix 1
2 41 4> Mi4h X Extracellular region 36
C(SSE(L)Irlli;t LRAM X IR 7 Extracellular region part 1
23 K4y F Macromolecular complex 21
JE4E#) Membrane 93
JE 451 38 43 Membrane part 44
ML #% Organelle 112
2 i 4538 4> Organelle part 26
P E AL 1% P Antioxidant activity 5
454 15 Pk Binding 196
HEALTE P Catalytic activity 254
LT3R 75 M Electron carrier activity 7
fif§ 8 15 {5 ¥ Enzyme regulator activity 6
19 1 8 % 4 18R 28 4 I 7 3% 7 Guanyl-nucleotide exchange factor activity 1
5y F I hg
Molecular 4y T 5% 305 Molecular transducer activity 5
function
Wi BR 25 & 5 3 TR T1% ¥ Nucleic acid binding transcription factor activity 22
B IR T Nutrient reservoir activity 4
HH 4 5 N T 1% M Protein binding transcription factor activity 2
Z RGP Receptor activity 3
ZER0 43 F 3% P Structural molecule activity 3
12 15 ¥ Transporter activity 28
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A72 A~ DEGs #1715 & W 4325 30753 23 ST fg o
B, Hh o RE2E 5 R R(— B S AEFMD L 4815 96 4>
RS, 5 20, 33%0; OCGRAER =AW &
B s A AR, KA 67 B AR, A
14.20% s TUE 5 5 S HLED - 45 52 MRS A, N
o 11,01 % s QR A= AR ™= W1 1 & 1 % 2 AR )
WIS 44 DIEBGEE . L 9.32% ., HAME GURK
b AW is S5 (KGR 5O 4 i 3k 45 44 Fn 39
ARSI, HE 9. 32901 8. 26 % (K 6) .,

2.3.4 KEGG gEEEE % DEGs i i KEGG %
P PE LT (T A 372 AR R0 B, 40 0 & 4R
TE 80 A AR i % . IS M W I R A5 555 5 (39 ).
TE A AN HERE ARG (33 AN L IOBE | A 2 W I R 5 e (25
A VEEBRIAEY A (16 D) KERT A S

14 A A AR (14 4S5 22 Z A0 . AHT
T IR PR IRIE T b A ) 5 AR g SRR
B AR 2 S R A ) DG B R
2.4 XEMRHXBERERSF

¥ KEGG 2 B fC i A Ak 8 ot 70 i » 2%
Rk ZE A R 5 A i AR b L £ JK R G i (chalcone
synthase, CHS) 12 /R Bil- & e B 5 44 i (chalcone
isomaerase, CHD JENTEAL R TE I To 25 7 Rk
3-% bt B 52 L B (flavanone 3-hydroxylase, F3H) .
A W B 4-36 R ( Dihydroflavonol-4-reduc-
tase, DFROTEB AR ZE AL B AT 25 R B 2K 8
fiil 3',5' # AL (flavanone 3',5-hydroxylase, F3'5’
H). ft &% & ® i B (anthocyanidin reductase,
ANR) | Jo o 46 45 3 34 J5 i 2 ] (leucoanthocyanidin

F6 ERFIEEMRE KOG IheeER
Table 6 DEGs KOG annotation

COG Iiess KOG #3451 4 it
Function classification KOG numbers of unigene

A RNA 50 T.F& i RNA processing and modification 8

e {0 1A 25 ¥ A1 3 2528 4k Chromatin structure and dynamics 1
C fE V5 1Y 7 A4 F%5 4 Energy production and conversion 21
D iﬂjjg]ﬁ]ﬁﬂ PE 4 40 B4y 2L, Y o & 43 iR Cell cycle control, cell division, chromosome partitio- 1
E SRR ¥ 15 5 Amino acid transport and metabolism 29
F ¥ iR %38 510 Nucleotide transport and metabolism 3
G e K AL & W %% 12 510 Carbohydrate transport and metabolism 44
H i B iz 5 4% Coenzyme transport and metabolism 2
1 i 453z 50 Lipid transport and metabolism 27
J FHPE AR 45 74 B A= 4 i Translation, ribosomal structure and biogenesis 6
K % 5k Transcription 39
L &l EH 4 Ff1 15 & Replication. recombination and repair 8
M 20 i BE /40 B Y A= 4 & 4E Cell wall/membrane/envelope biogenesis 3
N g1z 3 Cell motility 0
0 ‘g’\iﬁiﬁif*%%%ﬁi V%32 AR T Posttranslational modification, protein turnover. chaper- 67

nes

P THLES T 12 518 Inorganic ion transport and metabolism 18
Q gl\f;]ﬁ 7= W) 1A % 5 38 A Secondary metabolites biosynthesis, transport and catab- a4
R — &I HETIM General function prediction only 96
S K€ Function unknown 16
T {55 FHLH Signal transduction mechanisms 59
U i 5T 32 iy L 40 6 L 052 $i Intracellular trafficking, secretion. and vesicular transport 7
\Y% B 1 HL ] Defense mechanisms 7
Z A 42 Cytoskeleton 99
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Table 7 Differential expression genes KEGG function annotation

% KEGG Hifig i #¢ B PR B B i
Number KEGG function annotation Number of unigene
ko00020 =G Citrate cycle (TCA cycle) 6
ko00040 5B | 7 %6 W5 I 2 %% 45t Pentose and glucuronate interconversions 25
ko00052 A FLBEC I Galactose metabolism 5
ko00260 H & W . 22 Z R M =& R0 Glycine, serine and threonine metabolism 7
ko00270 2 e & R 1 & R G Cysteine and methionine metabolism 5
ko00330 s 2 2 A1 2 B2 1835 Arginine and proline metabolism 8
ko00360 RN E BR L Phenylalanine metabolism 9
ko00460 S B AL Cyanoamino acid metabolism 5
ko00500 VE B F0 RE L5 Starch and sucrose metabolism 33
ko00520 S REBE AR R AL Amino sugar and nucleotide sugar metabolism 13
ko00564 H il #1518 Glycerophospholipid metabolism 5
ko00592 o W JBRFR A alpha-Linolenic acid metabolism 6
ko00630 TR AL Glyoxylate and dicarboxylate metabolism 9
ko00906 K N KA S K Carotenoid biosynthesis 7
k000940 AL B A= & i Phenylpropanoid biosynthesis 14
ko01200 /it Carbon metabolism 14
ko01230 LR i 4 W) A B Biosynthesis of amino acids 16
ko03030 Kitf B2 5 DNA replication 5
ko04075 Y% Z (555 % Plant hormone signal transduction 39
ko04146 i3 E AL W 1R Peroxisome 5
ko04626 FEH Y95 JiL W B AE Plant-pathogen interaction 7
ko04712 BT #— ¥ Circadian rhythm-plant 7

RS EBUEU RELEMAGXBEEZRREBR
Table 8 Expression of the key genes in flowers and fruits of okra
fiff Enzyme T #X Abbreviation # FPKM Y2 FPKM FEH# ik Genes expression K4 1D Gene ID
EC.1.14.11. 23 F3H 5. 20 0 Down 55984
EC:1.14.13.88 F3'5'H 0.12 957. 20 Up 82420
EC.1.1.1.219 DFR 944.09 0.28 Down c76561
EC:1.3.1.77 ANR 0. 06 953. 46 Up c78393
EC:2.4.1.111 GT 0 45. 37 Up 44799
EC:2.4.1.111 GT 162. 25 3.15 Down 82004
EC.2.4.1.111 GT 407.13 0.16 Down 82265
EC:1.17.1.3 LAR 1.46 433. 46 Up 89149
EC:1.14.11.9 ANS 133. 65 0.74 Down 83240
EC:1.14.11.9 ANS 0.12 260. 27 Up 94125

reductase, LAR) N 7E 85 fk 25 3 rp B 3 £k el CRYETh B W R, EAKEETE R YEh
3 mAb T & B 5 i (anthoeyanidin, ANS) | %] 28 AR R R P-F © &K -CoA (P-coumaroyl-
2L B B (glycosyl transferases, GT) 3 [K N CoA) F1 3 43 F N — B-CoA (malnoyl-CoA), ¥F
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CHS 1L T, 4 Bl A /R B (chalcone) , # /K Bl X AE
CHI £ H F JE Wi f2 2 (naringenin, NAR) ., it
BALSRFEY TR FER., BHAELT NAR #
F3H i 1k F A4 7= — & 1 45 M (dihydokaempferol,
DHK) ,DHK 7 DFR fE J &, 4 5L JC 8 K 24 35 1
I JafE ANS(e83240) fE I T~ A= il AE & R H ot 1k
TR 0 AE GT(c44799/¢82004) 55 i #o Ty i 4
FATR S A iR RE H A6 T 3R A SRk SR LM 78 F3'5'
HER ¥ NAR A4 % — & ## & (dihydromyrice-
tin, DHM) ,J57F FLS f 40T , #F A 85 B B AR 6 %
%, % 4y DHM 7 DFR, ANS (¢94125), GT
(cA4TIDVEHTF A= i K B K H JT (delphinidin) ,
KR R ITOUAE ANRAEH R i AR AL F R AU
wAE, o MR R T U fE LAR 46 T W i AR
HHERNWEL. BN GTANS 15 B Bk 5 16 Fl R
Jerh oyl 3 A 2 AR RBE I, HR KR TE
ANEH A BA W HAME,
2.5 KREMRBXBEFSEFERRIED

¥4 10 ik DEGs #E17 5¢ )6 5 ) i & (RT-
PCR) . H:i GT Al ANS & [H Bifi WLk Bt £ 45 L 1
Al 7 A, R FEIKXELE P 82420, ¢78393 Al
44799 3 A~ KL A FE ik & b 55984, 76561,
89149 il ¢83240 4 A~ He A K ik &t T ., DL B Bk
84471 B AN S HE A, #4T qRT-PCR B ik, H
L AL, 7 AP qRT-PCR 43 #7453 31 09 AH X 36 35
SRR KGR 2B ARk
R INEAE — 5 22 57 Ul W 2 B 3R 38 3% 19 20 A 45 2R
FLAR T FE Hodh DFR A ANR 35 R 43 51 45 55 1 A %
AL R TErh Rk, HRIAE2Z R,

@ 1¢ Flowers M 3% Fruits
L2000 973828 9058.62
2 10000} 1
3
=5 8000F
N2
RE 6000Ff
pol
=2 40001 °
= = S ° 3
g 2000r% 8 M =5 2% €3
TococMlle.” St e e,
0 1 1 1 1
1 2 3 4 5 6 7
72 R R I K DEGs

1. ¢5598452. ¢82420;3. c76561;4. c78393;5. c44799;
6.c89149;7. 94125
Bl 1 25 RIAHK qRT-PCR HX} ik
Fig. 1 The relative expression levels

of DEGs by gRT-PCR

3 4 g
i 1 lumina HiSeqTM2500 ] 5 4% AR #4 2 5
FRZE AL A JE e S A BN P AR TR 3643 AR 17, 12
Gb 1 8. 14 Gb A &84 . 5 A 43 (Q30) Hy35 F|
91. 0% LA I, XF Unigene #4172 RE 1 Bt . 7E65 436
SRHBE P g1, AR AE 39 245 4% Unigene (171 B
GEL, 5 I I Rk 59. 97% . i@ i DEGs 43
Mr. k45 25 S 3L 1336 A, o BESEAE 319 4,
TR 1017 A, RAGTIERIERIERE AL 1314,
GO B Ed% 455 4> DEGs T3] 41 D Isg/N 2 AL
Wt R RS R — A o R A M RS 4 A
/N i e de e s KOG BUdf 24 472 4> DEGs i
T AR 3AE 23 M ohfigsrds, Hop 5kt
RO E AT R O 1 Q K031 111 4> R &b
AR H 23,52 %5 3k KEGG B0 8 X L 0
372 4~ DEGs {82 80 £t il i% I, Hob & £ 7%
FORFENEAEY G BB AH 14 > DEGs, Fif i 28
B G B R IR A A AR AT 10 S DG B 25 S B IR
) 28 BT 5 A S B T RIF 9 A T A 1t AR
R AR 2 — 0 i AR TE 2 A IR,
HP_F 37 3 K Cearly biosynthetic genes, EBGs) 5
T Ui JE KB (late biosynthetic genes, LBGs),
EBGs ¥ %45 CHS, CHI,F3H.F3'H.F3'5'H %
FEE LBGs E % 4§ DFR. FLS, ANS,
ANR. GT.EtF 5 (Acyl transferase, AT)
L R B ( Aethyl transferase, MT) 4050 A fiff
R B WK G BB BOC SR (CHS .CHD ¥ 8 i 3%
X B EIK, X5 CHS 1 CHI [ 4 i X F1 25 ¥4 #5
T ORSE AEASFIRHE Y B AN R L U 4 B
WA SEYEA — 800 . BERKEE A R E R B AR
W% 2 h & M F3H, F3' 5" H, DFR, ANR, ANS,
LAR F1 GT ffAE 22 7435, Horp F3H,DFR 75 8 #k
FEAE PR SO . F3'5  HL ANR, LAR 7E # #k
FER ISP R W E FIHRON . ANS.GT W43 51 75 48
FURIER A FE ST W0 . NAR fF S 25 5 il
B G4y S R, IR ZE B i F3H \DFR,ANS
(¢83240) \GT(c82265/c82004) &A% .t WL 45 41 14, 1F
$EE-3-F H BT (pelagonidin-3-glucoside) ¥, X 5
B R MEUR LT BRI AT REA ¢, B Ak 28 L S )5
it F3'5"H FLS fi#fL 7 ¥ NAR 4 i 4 % (Myr-
icetin) 145, 4 NAR 7F F3H.DFR, ANS.LAR
TERF i AL Z 4 o0 (RIEIILEZD) MR E £
(BETILERZ) AR, W18 W, Rk e



2008 oodb M

L7/ 38 %

B OART R CGER -3 A ) o, R
Ml i (A M 2R 55 AL H R0 GRE LR R AL H
ROXBFILRRS FEXREMWY L. 755 ANS Al
GT FEHTE B Rk 548 L R h A 4E 2 98 DLRR W)
BRSP4 00 HE T GT (¢44799) .GT (¢82004) 7E
WAER TR R e RAEEEFIL.GT
(c44799) 7 vE B 5 R 3 vh e S Mk 1 i AL TG €8 R e
1 76 ANS 4 5l 78 8 i1 R 3¢ B & 3R 36, ANS
(c83240) A] i 15 i Bk 5 AL M1 (5, (3 €5) A7 ¢ . ANS
(c94125) Al REH SR FE B kgt o)A %, Bk GT.

SE 3k

(1] XTAR . F5E5 uRUN 55, SRR R i) ] &l
$, 2016,41(7): 280-283.

LIUJ W, YUM M, FAN S ], et al. Analysis of nutritional
components in okra flowers[J]. Food Science and Technolo-
gy 2016.41(7); 280-283.

[2] SREB.IR P, EWiE. 5. SRKEE R 200 A R I

CARAL RIS B R A LT ] SRR, 2007, 28(2)
283-289.
SONG SY, SU P, WANG L J, et al. Optimization of ultra-
sonic-assisted extraction by response surface method and an-
tioxidant activities of pectic polysaccharide from okra flowers
[J]. Food Science, 2007,28(2) : 283-289.

[3] W& B, BeIRam , av A oF 55 o TP A 7S -0 Bl IR] 2 IR

REEAE T BB A R gE L. & Tl B, 2015, (8)
290-293,314.
SHENG W, TENG J T, XUE J P, et al. Optimization of ul-
trasonic-microwave synergistic extraction of total flavonoids
from okra by response surface methodology[]]. Science and
Technology of Food Industry, 2015,(8): 290-293,314.

[4] BEBTAR, B2 dr, w5 RSl e 5 e 7] &
SRk, 2007,28(10) : 451-455.

HUANG A G, CHEN X H, GAO Y Z. et al. Determination
and analysis of ingredient in okra[ J]. Food Science, 200728
(10): 451-455.

[5] ZEMEHH. —Fh 88 Bk S8 AL 25 PO B H A 7 ], 102028068 P .
2010-12-02.

[6] M=z FBERFLLE.F BRERED RN R
BORLARLT]. t ARl 224, 2016,31(1) ; 27-30.

ZHENG Y Y, ZHENG H N, ZHOU H L, et al. Polysaccha-
ride accumulation in and extraction from okra pods [J]. Fu-
jian Journal of Agricultural Sciences, 2016,31(1) ; 27-30.

L7 Sk ERIE, ok O, 5. SEBKSE RN BT IR BME OC R R ik
WroTak )], 224, 2017, 7(6) . 49-55.

ZHANG S P, QIU S L, ZHANG S, et al. Research progress
of breeding and germplasm resources of okra [J]. Journal of

Agriculture , 2017,7(6); 49-55.

ANS R PR R RS ) R A RO R R BT
Pt — DI RERIE

M P e 3 A SR L R L TR i B R R
AR ZH ARG DEGs o 75U B 5Bk 28 46 2R %
285 RN R R AL B AR T 4ROk L B RK 2 IR A
BIF T AE [ P8k 52 58] 0 0 o 0 D31 o D i B
DIRE S AT B W WE A R B B2 A
ol BBk, AP E T kI R I R 4K
A W R AR R D 26 R A O B R DA v I A D RE
6 UE A5 4R 3t 3t AL R )

[8] m ®.xllik. 7 W, EACEMRHERSRIT] Bk
e Bh2E, 2014, (11D 22-29.
GAO L, LIUDF, XU L. Research progress and prospects of
okra[ J 1. Chinese Journal of Tropical Agriculture, 2014,
(11) . 22-29.

[97 2z F, W HEE N8, %, EKERE o $2 BOH AR 1 BIF 5
LI B &, 2015, (19): 72-75.
LIY, ZENG J M, ZHENG Q X, et al. Advances in the ex-
traction of functional components of the okral[ J]. Modern
Food . 2015, (19). 72-75.

[10] Edels. 25 WOX 8,55, BRKSE R W i 1k W I3 K m 1
GO RLT]. AR R4, 2015,48(11) : 134-136.,140.
WANG W T, GUO X, LIU C, et al. Research progress of
bioactive substances and processing of okra[ J]. Shandong
Agricultural Sciences, 2015,48(11) . 134-136,140.

[11] Asmifk. ERE,ESE. 5. &R LaY 6 Rk f X a )

AW R ] hE 2225k, 2016,41(22): 4 124~
4 128.
ZOU L Q, WANG C X, KUANG X J, etal. Advance in fla-
vonoids biosynthetic pathway and synthetic biology[J]. China
Journal of Chinese Materia Medica, 2016,41(22) . 4 124~
4 128.

[12]  fafE80. 7 ¥, BRVE AL, 55, S Ak & 9 00 25 W AC BRI 52
HERELT]. s E 2457, 2010, (21) ;2 789-2 794.

HEJ K, YU Y., CHEN X J, et al. Research progress on
drug metabolism of flavanoids[J]. China Journal of Chinese
Materia Medica ,2010, (21): 2 789-2 794.

[13] & 43,0275 ARAK T . 55, B2 Ak & W A 30 1 A
Wt R[)]. APk, 2008,28(9): 1 534-1 544.

YAN X, LIU H Q, ZOU Y Q. et al. Physiological activities
and research advance in synthesis of flavonoids[J]. Chinese
Journal of Organic Chemistry, 2008,28 (9): 1 534-1 544.

[14] SHIRLEY B W. Flavonoid biosynthesis. A colorful model
for genetics, biochemistry, cell biology and biotechnology
[J]. Plant Physiol. » 2001.126(2); 485-493.

[15] sk BRI, B = =0 55, 58 60 BBk 55 45 57 20 ) i ik () )
e KA Hr)]. BAe:4.2017,31(4) ; 643-653.



114 WeIB ¥ , G5+ T K SR AL 0 R G S N I B 2 i AR 25 S Rk e 2009
ZHANG S P, QIU S L, ZHENG Y Y, et al. Analysis the [25] PELLETIER M K, SHIRLEY B W. Analysis of flavanone 3-
anthocyanin gene of Gynura bicolor based on sequencing of hydroxylase in Arabidopsis seedlings. Coordinate regulation
transcriptome [ ] |, Acta Agriculturae Nucleatae Sinica, with chalcone synthase and chalcone isomerase [J]. Plant
2017,31(4) . 643-653. Physiology, 1996,111: 339-345.

[16]  ZEHIF Whim vk, SR 55, BBk S8 SR 927 S e W 2 43 [26] @20 . BT AET ROF 4 R 2 LB A LS A P HE
[1]. i%&*iﬁ%&, 2018,34(3): 121-127. BB R THAI] hELOL R, 2016.49(3) : 529-542.
LIHP, YAOYF, LIAN DM, etal. Sequencing and analy- DAI' S L., HONG Y. Molecular breeding for flower colors
sis of the transcription of the fruits in okra [J]. Biotechnolo- modification on ornamental plants based on the mechanism of
gy Bulletin ,2018,34(3) : 121-127. anthocyanins biosynthesis and coloration [J]. Scientia Agri-

[17] LANGMEAD B, TRAPNELL C, POP M. Ultrafast and cultura Sinica, 2016,49(3) . 529-542.
memory-efficient alignhment of short DNA sequences to the [27] HRE,EEFEHEGB/NY. RLUFTEEY SRR RIT].
human genome[ J]. Genome Biology ,2009,10(3) ; R25. el 224k, 2012,39(9) : 1 655-1 664,

[18] LI B, COLIN ND. RSEM: Accurate transcript quantification GE C L., HUANG C H, XU X B. Research on anthocyanins
from RNA Seq data with or without a reference genome [J]. biosynthesis in fruit[J]. Acta Horticulturae Sinica, 2012,39
BMC Bioinformatics, 2011,12. 323. (9): 1655-1 664.

[19]7 TRAPNELLI C, WILLIANMS B A, PERTEA G. Tran- [28] v, w1 H R, 5. M4/ A B K H R A SN
script assembly and quantification by RNA Seq reveals unan- 2RI B A AL AT LT ). B2, 2017.,44(2)
notated transcripts and isoform switching during cell differen- 245-254.
tiation[ J]. Nature Biotechnology . 2010,28(5); 511-515. NIU S Y, JIANG J F, FAN X C, etal. Analysis on molecu-

[20] F M. . 5BePr, 4. I T 52000 0 TE 1L 2% Ak lar basis of the color mutation in muscat rouge and Muscat
EEPE S HLT] WAL 2 4. 2017, 37(9): 1 720- Blanc Grapes [J]. Acta Horticulturae Sinica, 2017,44(2)
1727. 245-254.

WANG W, ZHENG W, XU X D, etal. Coloring mechanism [29] Waask M = tR B A A5, A B0 0 2 ) B L O
of mosaic leaves in Camellia reticulata based on sequencing of W HERELT]. B 25224k ,2018,45(1) : 177-192.

transcriptome [ J]. Acta Botanica Boreali-Occidentalia Sini- CAO Y L, XING MY, XU C]J, etal. Biosynthesis of flavo-
ca,2017,37(9): 1 720-1 727, nol and its regulation in plants[J]. Acta Horticulturae Sini-

[21] Bk 0% M, TS, 45, A ORT R e R A cas 2018,45(1); 177-192.

R 5k pil)]. WAL A4 4R  2017,37(3) : 470-477. [30] Wi st, LMK, A Mg HE , 56 R AR i 266 8 A 1 24 AR5 Q81
CHEN Q. ZHENG W, WANG T X, etal. Transcriptome a- Srik R[], R 224k .2016,43(2) ; 384-400.

nalysis of Gerbera delabayi based on high-throughput sequen- CHEN J J, PENG Z X, SHI M Y,et al. Advances in on fla-
cing technology and differential expression analysis[]J]. Acta vonoid composition and metabolism in citrus[ J]. Acta Horti-
Botanica Boreali-Occidentalia Sinica, 2017, 37 (3 ). culturae Sinica ,2016,43(2) . 384-400.

470-477. (310 Zhm>e, Bk ¥k, XBEESE, 4. 8RS 0 WA a9 428 BT 2 Rk

[22] B 4, BBk, FhANIE o 55 PR B i 8 i e SR 2 3 BT B ST AT TR SELT . B RRES, 2014,35(10) ¢ 121-125.

B 28 A i A A G FE R B 2 2 [T ] Wi VLAl 241, 201628 LI] X, CHEN X, DENG J Q. et al. Extraction and antioxi-
(4): 609-617. dant activity in vitro of okra flavonoids [J]. Food Science,
MA J, CHENG T L, SUN C Y, et al. Characterization of 2014,35(10): 121-125.

transcriptome reveals pathway of flavonoids in Ephedra sini- [32] 9 FL AR, 2Rk, 5. B Rk S AL T TR Y BE R RS 2
ca Stapf [J]. Acta Agriculturae Zhejiangensis , 2016,28(4) ; %&Hxﬂm g 1 B & Ak FJE)'JU]. o A . 2016, 16
609-617. (4) . 153-158.

[23] FORKMANN G. Flavonoids as flower pigments: the forma- SU P, SONG S Y, WU Q M, et al. Preparation of the fla-
tion of the natural spectrum and its extension by genetic engi- vonoid microcapsules of okra flowers and the antioxidant ca-
neering [ J]. Plant Breeding , 1991,106(1); 1-26. pacity in oil [J]. Journal of Chinese Institute of Food Sci-

[24] KUBASEK W L, SHIRLEY B W, MCKILLOP A. Regula- ence and Technology . 2016.,16(4) . 153-158.

tion of flavonoid biosynthetic genes in germinating Arabidop-

sis seedlings [J]. Plant Cell, 1992,4; 1 229-1 236.

(%% . REP)



