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Characterization and function of short-chain dehydrogenases/reductases in
hydroxysafflower yellow A biosynthesis pathway

WANG Lunuan, WU Jianhui, HE Beixuan, ZHANG Yanjie, GUO Meili( Department of Pharmacognosy, School of Pharmacy,
Naval Medical University, Shanghai 200433, China)

[Abstract]
especially hydroxysafflower yellow A (HSYA) biosynthesis. Methods

Objective To explore the function of short-chain dehydrogenases/reductases (SDRs) in safflower flavonoid,

SDRs involved in HSYA biosynthesis pathway were
screened based on safflower transcriptome database and metabolome database. The expression pattern was analyzed by qRT-PCR.
The overexpression vector was constructed by seamless cloning technology, then genetically transformed to the Yunnan Weishan
safflower strain by Agrobacterium gv3101. The transgenic T, generation plants were positively verified, and the gene expression of
Three SDRs genes
named CtSDRI, CtSDR2 and CtSDR3 involved in HSYA biosynthesis pathway were screened. Their expression in safflower from

corolla SDRs was analyzed. The content of secondary metabolites was assayed by UPLC-Q-TOF/MS. Results

high to low was corolla > leaf > stem > root. The expression level in corolla increased gradually with corolla development. qRT-
PCR analysis of corolla with positive verification of genome insertion sequence showed that the transcription level of C£tSDR3 in
corolla of T, positive plants increased by 2 ~ 3 times compared with the blank control group, and the content of secondary
metabolite HSYA increased by 7.1% ~ 16.6% (P< 0.05). Conclusion CtSDR3 may be involved in the biosynthesis of flavonoids,
especially HSYA, in safflower. It provides the support data for explaining the function of CtSDR3 in HSY A biosynthesis pathway.

[Key words] short-chain dehydrogenase reductase; hydroxysafflor yellow A; safflower
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O-gluciside) . Carthamin, J7°3¢ & (apigenin) . # %
# (scutellarein) , A EEHZE (luteolin) . R NZ R (D-
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T LIAEAETE EST e S 4 30%, 4544 —AQ
TP B AR 21 4 A 5o 44K I s 20 B3040 P2 i e 1
) HBFER P . FEH 5%, 3 B TR v
519, ¥ # 2x Phanta Flash Master Mix(Dye Plus)
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FExPASyProtParam T H(http://web.expasy.org/
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Transtart Top Green qPCR super Mix (It it 2424
], HED GRS R, LD Cr60s(K1634810) 1
AW SIRICH N, PEAT qRT-PCR S2 5, 45 R H]
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A AR AL KA AT T1 B2 S A0, PRECBH
o B TR AR AR BE 5% S B R, B2 U pMT39-
CtSDR3 J5U KL I V& VR ik % AT | GV3101 .
LBK+RIf - §i & BH 74 52 & ), B 1ml OD600 =
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LIABABHE, AR,

1 pMT-39 1 35 s Ji 8l 7 X 500 4 5+
519, 76 H B9 3E [ CtSDR3 Whseit 3ums 4. B
T, R & cDNA 55 —HE/E AR, 2x Easy Taq
PCR Mix (bt 4204, D HEFA R 4T PCR [
N, B2 S R AETE B 55007 . R&E CrSDR3 BHYEAE
PRAETE LA S pMT-39 25 2R % REAE BRI 165, #5 IR
IR qRT-PCR S AR R VAN CrSDR3 HE A ik
L3k K, ffi Ff UPLC-Q-TOF/MS ¥l CtSDR3 3:f
FEIR LN 25 AR KT AT B o A G ) e
DL HSYA AR A1) 8 A AL & YI1E R

ORI OE
1.7 RAREBARMERZ G KK

WRAE CtSDR3 1) FF i 15 132 4 K2 B 11 8 38 3 1A
pGEX-6p-1 LA} pET-28a J¥ 55 &, Wit Al B 20
TERETIPY . LALTAEAE T cDNA W, i w4
BLEHEAT PCR UV . PCR P28 e M5 AR o4
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2.1 ARHik
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34 H B PHIE B 27 Bk g5 R
contig325 41K 3t 1523 bp, JFHIEHE 1341bp, Fi
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HEMR . PCR LTRSS SR ANE 2 Fiios .
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FER G 263 N HEEIR, i 44 CtSDR2(GenBank
BSES: MWT792036); Contig2863 M 4wh5 339 1N,
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ARG CrSDR1 58] Cirsium japonicum (Q
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5/NG 5 Cynara cardunculus var. scolymus (KVI09
206.1) [F) P f i o Prot-param 4381 CtSDR1 F:[A
Jt g 8 1) 2 1 5 03 F =X C2230H3346N6060639S7, #H
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%%%@E@%Eﬁ%ﬁ C1 691H2614N442048189’ *ﬁ
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K 3 R, R UE 4 s, WAL E
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HULT AEAE B IV A 21 4645 AR e A T 20 #T,
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Wi CtSDRI £ 4% 56 P 1) FH X 2% 38 1 24 W AR v 11
34%. T CtSDR2. CtSDR3 1E AL H By AH XS 6 1k
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A1 Wik

4 B Rk B RO 3 PCR 22 5, Al
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AEAEAR T CrSDR3 BE IR ) e ik S A5 21 4 2 19
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() 1o 2R IS UE W] T W5 B R B CeSDR3 3 ik
LIAERIRR (K 7) , i3 UPLC-QTOF/MS 5 A &
BH P 5% i R 21 AR ZR A0 A 2 1 0 IR AL 0 HARE &

CtSDR3 [HPELLAE MR (B 6) o il qPCR X H W&, 4l 7 DL E 2RI &4 SR
CtSDR3 JER e AT AT, 45 R A BAMELL PR BIECsE BRI 2R (151 8), 43
9 CtSDR3
61 { #i Cirsium japonicum (QQH14901.1)
100 BT Lactuca sativa (XP_023728493.1 3)
100 INEHL Erigeron canadensis (XP_043636506.1)
CtSDR1
% W4 Tanacetum cinerariifolium (GEX20754.1)
%2 CISDR2
{ ING5E Cynara cardunculus var. scolymus (KV109206.1)
BRI E Nicotiana tomentosiformis (XP_009618143.1)
51— 21 Satvia splendens (XP_042000164.1)
El4 CtSDR 2GR EHLH
A 10 B 40 "
i . L RN
8 E l 30 ffiﬁ;ﬁ i}
g 6 o s D:I:Ilﬂsﬁ;qm
3@ = j;-%! 20 = IV
z 44 =
z E
5 10 <
1N @ )
CtSDR1 CtSDR2 CtSDR3 CtSDR1 CtSDR2 CtSDR3

5 BE®MEEETFRL (A) MARFER (B) KIFRIAKF

1
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Marker 13 14 15 16 17 18 19

5

Marker | 2 3 4 5 6 7 8 9 1011 12

p WTIWT2WT3WT4

Ee6 EzFEHMERRMEERKE
H: 1. CtSDR3 FEFFF Y S24E (ORF) X 47 ¥4 7= B ik ], a, b VK&K CtSDR3 FEH ORF X 5L PCR 7=#); 2. HAZ A A4 pMT-39 ik
EEVI= Pk [, a. b Ykl A CtSDR3 PCR 77#), ¢ VKi R pMT-39 ZiiK, d. e Tkl pMT-39 2t AbagiiA; 3. pMT39-CtSDR3 B 2H #h A BHM:
Al T U E f UK IR, a b YKGE N FEPESE AL T HI PCR 7285 4. pMT39-CtSDR3 FRIFEALAAT T GV3101, a. ¢ Fil e FKiE Jg2s (AR HRZE, b,
d A1 £ 3K R BAMESRE R YR PCR =45 5. 4146 pMT39-CtSDR3 [ ALY E PCR PP Ik [, 1 ~ 19 SHRREEEAIAR, p i pMT39-
CtSDR3 JSUhE, k A4S (14, WT A B A= BILT AEA AR
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9 XE LA WG CtSDR3 21 4% 5% i vk A= AR i 7= 4 B
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