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Abstract: In higher plant, biosynthesis of anthocyanin and apigenin share common precursor. In this
study, petioles of non-purple celery, ‘Liuhe Huangxin Qin’ and purple celery, ‘Nanxuan Liuhe Ziqin’
(selected from ‘Liuhe Huangxin Qin’) were used as materials for anthocyanin and apigenin biosynthesis
research. The expression levels of anthocyanin and apigenin biosynthesis related genes (AgPAL, AgC4H,
AgCHS, AgCHI, AgF3H, AgF3’H, AgDFR, AgANS and Ag3GT genes)were also detected using qRT-PCR.

The results showed that anthocyanins could not detected in the petioles of ‘Liuhe Huangxin Qin’, and
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0.0523 mg - g' FW in ‘Nanxuan Liuhe Zigin’ . Amounts of 0.0172 mg - g' FW apigenin in ‘Liuhe
Huangxin Qin’ and 0.0124 mg - g FW apigenin in ‘Nanxuan Liuhe Zigin’ were detected each per gram
fresh materials. qRT-PCR results showed that except for AgFNS gene, the expression levels of AgPAL,
AgC4H, AgCHS, AgCHI, AgF3H, AgF3’H, AgDFR, AgANS and Ag3GT genes were significant or very
significant higher in the petioles of ‘Nanxuan Liuhe Zigin’ than that in the petioles of ‘Liuhe Huangxin
Qin’ . The expression level of AgFNS gene in the petioles of ‘Liuhe Huangxin Qin’ was 11.69 times
than that in the petioles of ‘Nanxuan Liuhe Ziqin’ .

Keywords: celery; anthocyanin; apigenin; biosynthesis gene; expression analysis
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Fig. 1 The phenotype of ‘Liuhe Huangxin Qin’ and ‘Nanxuan Liuhe Ziqin’
The petioles of marked by red arrow were used for qRT-PCR.
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Table 1 Primers sequences used for qRT-PCR of anthocyanin and apigenin biosynthesis related genes in celery

g Em5Y (5'-39 KI5 (5'-3D JiBt/bp
Gene Forward primer Reverse primer Size of the fragment
AgPAL TGATGCAGGGGAAGCCTGAATTTA TGAGGACCAAGCCACTGAGGAGAT 211
AgC4H TATCCCTATTCTTCGCCCTTTCTT CTCGTTGATTTCTCCTTTTTCCTG 199
AgCHS GGGCCTTACCTTCCATCTTCTTAA GGTCGCTCGCATTTTTTCTTCCTT 199
AgCHI CACTTGTCATTCCTTCTTCCTTGC AACTGGTCTGCCGTCTTGCCCTTC 153
AgFNS AAGGCGGCTTTACTATCTCCACTC CACCTAGCACCATTAACTTCTCAC 177
AgF3H AGGCGTGTGTGGACATGGATCAGA CCTCCACAGGCTGAACAGTGATCCA 192
AgF3’H AGATGTTGTTGATAGCGAAGGTGG CTTGAAGGTAGGGTAGTCGTGGAA 233
AgDFR GGAATGAAGAAATAGACTCAACAA GCATAAATCAACGTCAGACCAAAG 179
AgANS CTCTTTCCTCCTCGTACCTTTGCT CTTCGGTGTTCTTATGTTCCCCTG 151
Ag3GT TGTTTGGGAACTTAGAGTCTCCTT TATTGTAATGCTGGTGGTGATGTA 193
AgACTIN CTTCCTGCCATATATGATTGG GCCAGCACCTCGATCTTCATG 210

1.6 HUEELT

icrosoft Exce 1TER% E R R E T, B KR P<O. <0.01,
i H Mi ft Excel 2007 4 Bm A WA AT, WK P<0.05 A1 P <0.01
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ONEEOET M AN E S MRS E SR 0.0172 F10.0124 mg - g FW (£ 2).

*2 UBERMEXRR

Table 2 Anthocyanins and apigenin contents in the petioles of

‘Liuhe Huangxin Qin’ and

‘REELT M CEEASER HRREE

‘Nanxuan Liuhe Ziqin

’

i3 7%/ (mg-g' FW) JE3E %/ (mg- g FW)
Celery Anthocyanins Apigenin

NEFHO T Liuhe Huangxin Qin 0 0.0172 £ 0.0013"
BN 47 Nanxuan Liuhe Zigin 0.0523 +0.0024™ 0.0124 £ 0.0015

*: P<0.05; **;

—_
Fr

2.2

P<0.01,

HERMAREZENEXERER

T AR S B K R 3RS AgPAL. AgC4H. AgCHS. AgCHI. AgFNS. AgF3H. AgF3’H.
AgDFR. AgANS 1 Ag3GT %5 10 N 516 £FHF RGN . % 3 Bon, BMRBIMIEH ZM
FFR A B R HERIHE T AR 41, 5 HAR TR MO I 1K) 2 HE IR Fr 41 BT AT AR & 1 — 30
Pk (Identity = 80%) RURAKMI E{H (E-value < 3¢*).

3 FREFRWARERPERENEERFT S EERMMHSERFT LE

Table 3 Comparison of celery anthocyanins and apigenin metabolism amino acid with other species of Apiaceae

JT3% Celery P JEFHEY) Apiaceae % B
K Kl AMHRa R RERGAT M e p
Gene Length Amino acid Species Amino acid No. Amino acid
AgPAL 2151 716 W13 N Daucus carota BAG31930.1 715 96 0
M5 Angelica sinensis AJW77399.1 718 95 0
WX Petroselinum crispum 1W27-A 714 94 0
Wit Angelica gigas AEA72280.1 699 94 0
AgC4H 1521 506 WK Ammi majus AA062904.1 506 97 0
WK Petroselinum crispum Q43033.1 506 97 0
H1E Angelica dahurica AJD22263.1 505 95 0
5 Angelica gigas AEA7228.1 505 94 0
W% N Daucus carota XP017252948.1 506 92 0
AgCHS 648 215 WK Petroselinum crispum D16107.1 398 97 0
% N Daucus carota XP017244106.1 391 96 0
AgCHI 795 264 W% N Daucus carota AIT52345.1 244 89 3¢
AgFNS 1068 355 REEN Aethusa cynapium ABG78791.1 355 94 0
RREE /T Conium maculatum ABG78795.1 365 93 0
W5 Petroselinum crispum Q7XZQ8.1 365 93 0
W% b Daucus carota XP017240664.1 357 92 0
BER Cuminum cyminum ABG78790.1 365 92 0
M4 Angelica archangelica ~ ABG78793.1 364 92 0
AgF3H 1110 360 WK Ammi majus AAXZ21539.1 368 90 0
W5 Petroselinum crispum Q7XZ77.1 368 89 0
Wi Pimpinella anisum AAX21535.1 365 89 0
W13 N Daucus carota XP017240662.1 366 88 0
N2 Anethum graveolens AAX21540.1 366 87 0
KRBT Aethusa cynapium ABG78792.1 368 89 0
AgF3’H 1578 525 % N Daucus carota AIT52346.1 524 85 0
AgDFR 996 331 W% N Daucus carota AAD56579.1 332 80 0
AgANS 1278 425 W% N Daucus carota AAD56580.1 402 87 0
Ag3GT 1359 452 W13 N Daucus carota AKI23632.1 452 87 0

23 AHARMATREERNAREZEREXERRIENSH
PN E B PCR 45 R E W], T AgFNS 4b, AgPAL. AgC4H. AgCHS. AgCHI. AgF3H. AgF3 'H.
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Fig. 2 Expression profiles of the biosynthesis-related genes of anthocyanin and apigenin biosynthesi in the petioles of

‘Liuhe Huangxin Qin’ and ‘Nanxuan Liuhe Ziqin’
*: P<0.05; **: P<0.01.
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QRIS B S AL R IRIEY), nT CAE— 2000 2 T 3 R 2 g e A = i 2 AL sk . A
o AR A, WETUIE T 2R B ARSIR R T S SE e, & T S s oR R R TREFBE, A
HIMEE 5 56 £ (Nakatsuka et al., 2010; Kumar & Yadav, 2013; Nodaetal., 2013).
AWFRARN) FIENERT RAATE 7 EER BT, A LT Z MR, RB]
REST SR ARADN e A1), B T E R A AR R . BRI 0e T ZRT R R S BT s
H 5 AT ARG R ORI T 5T 45 5 (Martens & Forkmann, 1998; Gebhardt et al., 2005) AH{L.

AR T s A (Jiaetal., 2015) BEIHR BT TIETE 26 HUHCHE R,  HIX ek
PRIAE A58 €0 7 S B i LA WP AP A — 8 IR K. TR T IR SRR R A R ACT AN G, 7
AR SR A H B A RAIRL R o ARIE T 9 6 2 5 PCR J7vk, WIRAE T e i £ 4k
FHOGIE AR AR SR AT NG RUL T MR AEAE R, (HRIAIKA Il 2 B i 2 K T3 3¢
IR Ag3GT 71AE 2 €0 ) S A Hh I8 S Ik T8 (0 )78 .

HIAXE 3GT HIWFFEER M, 2 A IR B, BERs Ao 1Ak (o FP A0 A A 75 % (Ban et
al., 2009; Liuetal., 2009; Chenetal., 2011). %MK L% (Kobayashi etal., 2002). 5
(Kovinich et al., 2010). £[3¢ (Ban et al., 2009). {54 % (Wei et al., 2012) FIZL ABRIE
Bk (Montefiori et al., 2011) AP 2K E . {675 HZ ARG I IHALEER (41 CHI. DFR Rl ANS %5,
T I LN B, B Re Al i AR b & AR 2 58 2 1948 75 % (Nakatsuka et al., 2010; Wei et al., 2012;
Nodaetal., 2013). AWFFLH, 3¢ 3GT HRFRIEBIE O TR FIENGET WA &,
{H A AT R ACUHR IR LK (4gPAL . AgC4H . AgCHS AgCHI . AgF3H AgF3 ’H. AgDFR 1 AgANS)
RIKEAL FEANGET M. CFEEANGERT AT R S R BT R, nTheE
e FZ AR IE AR HAE 45 5.

B NATTATE AT I3 E Ry, BRABR AR = ST R SIS T 2 — o B 5 PR AR R 43 (A4 T

(Yanetal.,, 2014), | ZHFII7 %P5 4% (Han & Row, 2011; Lietal., 2012b). Aj AMIHFSY
KW, AgFNS ZRio sl & e, A dmhD A0 T8 2 O IR GBI IR, 70 A 3 vp IR 3R S A N e v
(Gebhardt et al., 2005; Yan et al., 2014). JTEEA ST RO AR IRDI 584 X R
(Martens & Forkmann, 1998; Gebhardt et al., 2005). A fg T AgFNS A& @ 738 P AR
KRIBIKEAIRT R 7, AgENS B AR, Ad SR S e AR S v LS s b 5 =
Fe AWFREE R, Fr3E RO oL N AgFNS, 7RISR B R ONEHOE TR RIA =
WEETROTE FMENEET

-
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