2024,37(2):16-26
http://www.lykxyj.com

DOI:10.12403/j.1001-1498.20230270

HHAESEHAMKEEE PsDFR
BahFiESES

faoo, =R, ¢ TR, KRB, BT

(1. PEMORZERFTE BB, FE GOl R SR MORRE & B A 9280 %, JLat 100091,
2. WRBRNBZADIERE, 1R $7i 250100)

WE.[BW ] OWHFHES ZH A ML N PsDFR 5 3h T 89 R AE e iF R i vk, At — w5
PsDFR Jii 3 ¥ 2158 S AEAE PHE @I b TR 2 Bt . [ 773% 1 DA SRAR R AL PHAE A v S B L R
41 DNA it , @i g B Bk si ke PSDFR R 8175 . I A Y5 B AL 434 37 17 51
AR TG HE . #E 5 MARRIK BRI 3h 715 GUS SN Rl & A3k, FEBRI B LB B, i
GUS 12Uk Y o RN TG AT U A3 AT i I 2l F T 1, RO BEER (ABA) . SRATRH R (MeJA). b
R 5 R [R) i se Ab B R v, [ 458 ] 5EReq5- 3] PsDFR 1% 1 687 bp (R 3 F)¥ 5 . 4 W15 B 244001 & I
PsDFR JRgh T &AL AO0MES . BARWRL . 3By S LUk S TCHF, XK/~ PSDFR Bk
AHEZEES . MRS LM 5 S AL RIS . GUS 414k e (o G MEA I I, Bl RS 377 4 BEY
HRL, R TIRMEZE N R, -1 623 2-916 X B TR g FIRTERA EEAEN ., MeJA FIBIRE AL HIXT % /5 3+
A BAE A BEMSIER, WEDCIR AR 3 FIE T R, 125 ABA W R A% L R XU T
-443 £-76 bp, [ £t | PsDFR R F& A 2GRS . RN . b i S 20 8V 55 3 K8 S5 =04 o
P, HIE RO IE TR DL R MeJA B 45 ; -1 623 %-916 bp [8] i X% T8 30 1% vk B oA =EAR ],
-443 %-76 bp 2 ABA L FEA%.C X, B A #E—2P 4878 PSDFR N2 W55 52 SHIHEETE
S FIRENLRSE S

KW ALY BEFEFR; PsDFR; Jash+; WERGH:; JashFistE

FE 5K S :S685.11 HRFRIRED: A M E4HE:1001-1498(2024)02-0016-11

0N A = 2R T
Forest Research

FE SR BAE Y S Z e IR, R 4%
W EE AR, EF R EY) RO R
TERY, A G RGERY, ZEEME 4-8 )5
fit ( dihydroflavonol 4-reductase, DFR) J& T i
W B i OC SR, T A — S B R A o T AR
RHoT, R R B 2D R AR RN
T LLORYR G R H R O3] 5 A0 R
Wi, SRR A A, BT, DFR
PR ) e R S Koo ag s Hr 72 W A & ( Lilium
Asiatic hybrids) P!, ¥ B ( Rosa rugosa

Wk H . 2023-06-30 & H . 2024-01-23

Thunb.) © Z 43¢ ( Ipomoea nil (L.) Roth.)
— @ 4L ( Euphorbia pulcherrima Willd. ex
Klotzsch ) ® h#4-#% ( Rhododendron delavayi
Franch.) P f1## £ 2 10 ( Gentiana lutea L. var.
aurantiaca (M. Lainz) M. Lainz ) "% £ ol 5% fe
VbR .

XA FFE I E 5 A B, DFR TE§%E 5 KK 1
IR e 2y, 2 B WMERE &
H AR RN R s b AR AR 5
KA m AW IEM 4 ( Gerbera

HATH . FRARBAILAIH (31972456 ); [EEE L &I H (2018YFD1000405 )
WA EHE, BRSO, PRSI, EEMI T A6 TR R, E-mail: wyancaf@163.com


http://dx.doi.org/10.12403/j.1001-1498.20230270

F24 JHHE, S

HPHER R H G RO PsDFR JA 8 55 i 17

hybrida Hort.) f£7 2 1 & it )¢ DFR B 3kik
¥R, HEL R SRR K 508 A R 2 1EAH
X, 737 (Brassicarapal.) W, SHEHFE
FREAHE Y BrDFR X v ki 2 91 i B9 4k g o U121
LW 1 ( Medicago sativa L.) " Kk P il 3¢
( Brassica napus L.) " fl14: ¥ ( Antirrhinum
majus L.) UV fr ) DFR LR A] 23 il 7+ 5% . 6
FH Y P R S AR AR Y I aa , B Sk kA I i
Ao
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eG4, HAW A E M LB ME. 5%
FB, PsDFR Feft PHEAIE i ok 5 B4 U,
AN N 5 K1 PsbHLH1 AU LN 2 5146
HETWEYAR, A5 i2H 1 PsGSTF3
HAE, SEERTNEE AR, 581
ST A LA i —B: DNA P31, A5 4l
EHERE ZMEE T, BEREESES
RNA A, 73 P 33k i 4 0 4 Y,
TEI R 8l T B A 3 PR (9 B 23 b A P2
s me AL P A HAT B

AT 58 F) FH G (4428 B vk A PHAE R v s
T PsDFR (g s+ 155, X E Hooikitd T
T oA, R T AR BE SR R B 1 3% Pk R
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1 MEE &

1.1 iKew

DL AE B 41 F) ( P. Suffruticosa ‘Hei Hua
Kui) AL A . T4 A A, g
EMOLRF2EIFEBE SR I PR, 8 A
If, ZWAREIRE, RAET-80 C AR KAE
K W ¥F % ( Escherichia coli) DH5a. 4% #F
( Agrobacterium tumefaciens) GV3101 Il H 1t
R AR AR A A . MWE ( Nicotiana
benthamiana ) B A= BUNA LI HRAE, 7 23 C.
16 h/8 h LG T A=K .
1.2 PsDFR RahFHIsEEFMIRCE R T 4o

Z A 50 R MR A 4k B A R 2 B Plant
Genomic DNA Kit 15 B 5 $& Bt B 78 ek A A0 J2E P9 21
DNA. MHEIREH C 7efER) PsDFR JE cDNA
%] ( Accession No: HQ283448) K Riili#k15 04
1 M % % 20 % s % ( Accession No:
PRJNA594258) , #| Jij 4= ¥y %% % f Primer
Premier 5.0 i it %% 5 5| ¥ PsDFR-FIPsDFR-
R (# 1), T PsDFR 3 [H ) gDNA 4K J¥ 5]
P, PR S 2R DNA #51, 18 shF T
AL E R 3 AR E R WY SP1.

# 1 PsDFR BohFREMFEESHTHERXSY

Table 1 The primers used in cloning and functional analysis of PsDFR promoters

Fi& G/ BN 1 (5'-3Y)
Usage Primer name Primer sequence
PsDFR-F ATGGAGGTAGAAAGAGTTCAGTCA
PsDFR-R TTACTGGGGAAGCTTGTTGAGCTT
_ PsDFRJZI¥5ilE SP1 CACTTCATTCTCAGGGTCCTTGG
Cloning of PsDFR promoter sequence
SP2 CCACAGGGTCAAATGGGTATCC
SP3 ATTCTCTGGATCCCGCACCGTG

PsDFRASGR K v Bk

Construction of PsDFR series deletion fragments

1301-PsDFRp0-F
1301-PsDFRpO-R
PsDFR(1287)-F
PsDFR(980)-F
PsDFR(507)-F

PSDFR(140)-F

tcctctagagtcgacctgcagTTGTCGACTACGGAAGCAG
ttaccctcagatctaccatggTTGCTTTTGTTTTTTAAC
tcctctagagtcgacctgcagTTTGAATTAGTTTGTTTTAAT
tcctctagagtcgacctgcagTTCGTCATCTTTCTCTTCCT
tcctctagagtcgacctgcagGAAATAACCACCTGCAGTT

tcctctagagtcgacctgcagCAGCTGGTGAGTTGATCACG

7E: 1301-PsDFRpO0-RFI5 % 1L 1 51 413 MIBC X4 38 7= A= AN [ FE I PSDFR A 3) 1 1 B
Note: 1301-PsDFRp-R and 5 forward primers were paired and amplified to generate PsDFR promoter fragments of different lengths
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SP2, SP3 (£ 1), ALK 41 DNA
M, %R TaKaRa /2 A ) Genome Walking Kit 1
W45, #ELHF R 3% PCR ¥4, PCRI™“¥4&
1% BrARHHEE R VKA I F5 L DI [T WAc s M 447
3 pMD-19T 84K F 5L R AT i DH5a 2%
AU, PR AT AR E R B AR TE TR R
i R PCR FIBURL B U %8 o FIVE SERE S, Z54E
ATAY A (B .

I 7E £k % {4 PlantCARE ( http://bioinfor-
matics.psb.ugent.be/webtools/plantcare/html/ ) #01
PLACE ( https://www.dna.affrc.go.jp/PLACE/?acti
on=newplace ) 4347 J& 3 ¥ 41 BT A % 19 98 42 5T
F, It TBtools FrfF2 il AR Tl 5
il TSSP 7EZ Ml ( http://linux1.softberry.com/
berry.phtml?topic=tssp&group=programs&subgro
up=promoter ) FHFE R IHHLA
1.3 AEREKFRIEFEHIEE

HR4E PsDFR JAgh ¥ 2K ¥4, &it 1 5%
3 0l 5 A RH R 38 2 0 U0 A7 R TR S 1 )
1301-PsDFRp0-F #11301-PsDFRp0-R (1), VA
(e8NS b R I T8 Ay X O i bu A [ /A EE
J7 %% PsDFR Ja 3l ¥ #4 # & pCAMBIA1301-
GUS Eik#Hilk I, #4E PsDFR Ja 3+ AR
TCHR S AAENL, I T 4 KRS R AR
Y1, 4y 9 4x 4 PsDFR(1287)-F . PsDFR(980)-
F. PsDFR(507)-F #1 PsDFR(140)-F ( % 1). LI
IR L ) PSDFR 421K )3 2l 1 1 20 J5 kL 45
#z, LA 1301-PsDFRpO-R HNtt R 10514, it
] J5 d 20 v, M TOARR B R B i By
pCAMBIA1301-GUS fil & Rk &k, &5, X&
A 5 IAFKERZ B, R 1687bp (-1623
£ +64). 1287bp (-1223 2 +64), 980 bp

(-916 & +64). 507 bp (-443 & +64 ) I
140 bp ( =76 = + 64 ) 1Y & 241 i i i 47 0 W
PCR FFFIIESS , HIT A s FBR Rk 54T
1.4 EARKRE R EER B RIE
T

KA AT 5 AR BE A 3Rl b ik
) I KL 3 ) e Ak B A FF T GV3101 o T )R
PCR Y IE/G , HL 2 mL #:50F 50 mL LB ¥ 4 1%
¥ (% 50 mg-L™" Rif . 50 mg-L™" Kan fI 25
mg-L™" Gen) Fid K 555 E ODgpo=1.0 4. &
O, FEE® (& 10 mmol-L™ MgCl,.

10 mmol-L™" MES #i1 100 ymol-L™* AS) & &
ODgoo Z455F 0.6, =iEEEHE 3 h I L5, H
2 mL 4350 5 5] 4~5 HH B R Rb . 72 h
Ja BUR YL 5 B R GUS Y @itk A 41 44k
et 70% £ Wi i 60 )5 A e 5t . DA ST
pCAMBIA1301-35S-GUS 75 # A4 g i - Sy BH A Xof
TR, ST R A B T R
1.5 AELIET PsDFR BEFH GUS iFHESHT

J53 8T PSDFR Ji s F X ARl (i 1, B
AR RS 2 o J5 PR B AR, X TE B T
A3 ISP NE AR S (MeJA, 100 pmol-L™")
FIBEYERR (ABA, 100 umol-L™) 3 - 1i &2 i /K
R, Hr MeJA Bl 5 T B4 % AN, LIRS
W K AR s B o IR, AR E 5 A, 4
P24 h J5HURE (45 12 h 3B INmEE—wk ). [FRF,
J TR S PR ERRE R R, XHRY 2d R
SRFREAR A A TS 55 5% 24 h G HURE, DL RS
7 24 h K 26 IR SR 12 h J5 FHOURE F Ad
B, BARESANEL . AN EREERTE,
HT-80 CIKFIRAE. SIHAZEEPI W, F
FHZENAT ORI GUS FilE

iz Ffl SPSS19.0 119 Duncan’s 31 &t 22 i 47
RS HT

2 HREHAHH

PsDFR BahFRERIR:IEATES T
DU FHIE R 41 DNA FE AR, FI R G kb
BkdiT 3 E X PCR G, P31 £KN
1687 bp MHMAE (E 1), Y58 2=mmgs
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: M: DNA 4rFhbrifE DL2000; 1,2: PsDFR J53hF PCR 4174
Notes: M: DNA marker DL2000; 1,2: PsDFR promoter PCR
amplification product

Bl 1 473 PsDFRZ3F#) PCR 1

Fig.1 PCR production of PsDFR promoter
from tree peony


http://bioinformatics.psb.ugent.be/webtools/plantcare/html/
http://bioinformatics.psb.ugent.be/webtools/plantcare/html/
http://bioinformatics.psb.ugent.be/webtools/plantcare/html/
https://www.dna.affrc.go.jp/PLACE/?action=newplace
https://www.dna.affrc.go.jp/PLACE/?action=newplace
http://linux1.softberry.com/berry.phtml?topic=tssp&amp;group=programs&amp;subgroup=promoter
http://linux1.softberry.com/berry.phtml?topic=tssp&group=programs&subgroup=promoter
http://linux1.softberry.com/berry.phtml?topic=tssp&group=programs&subgroup=promoter

%21

JE OBk, SE HPMER RS MOCHIEIN PsDFR JA 1 Mk Hr 19

RER, PsDFRIG 8T & A £ CAAT-box, ¥  4b. ¥R G4 5 BiF 16 bp &b — 4~ TATA-
SERRIGA AN T RIPEEIA SN ATG i 63 bp  box 45H) (K 2),

-1623
-1 553
-1483
-1413
-1343
-1273
-1203
-1133
-1 063
-993
-923
-853
783
-713
-643
-573
-503
—-433
-363
-293
-223
-153
-83
-13
58

TTGTCGACTA CGGAAGCAGA GTATTTTGCT GCTGCTGCTT GTTCTTGTCA GTGTGTCTGG ATACAGAGAA
TTCTTGTCAG TCTTGGCTAT GAAAACTGTAAGTGTGTTAC TTTATTTTGT GAICAATACTT CTGICAATITAA
GTTAGCCAAG AACCCTGTGT TTCATGGTAG AAGCAAACAC ATCAGTGTGA GATTTCATTT CATTCGAGAT
CTTACTAAGG ATGGTGTTGT GAAACTTGAA TTATGTGGGA GCAGTGAGCA GCTCGCAGAC ATTTTAACAA
AGCCTTTGAA GTTAGAAGCA TTTGAAAGGT TTCGAAGAAT GCTTGGAGTT GTGGCCAAAG AAGAAGTAAA
CTGAACTGTC TTCATCAGCT TCAGTTTAGG GGAAGGATTG TTATTGTTCG TTTGAATTAG TTTGTTTTAA
TTAGTTTGTT TGTTTGAAGT [CAAATIAACTC CTGTATTTTA GGAGAAGTTA GAATCAGTCA TTAAGTTTGT
TTGTGTTTGT ACGAGTCCTT AGATGAGTCG CCAICAATICTC AGGGTTGTTG AGATGTGGTT AAGTTTTTAT
TTCCCTGTAC G[CAAATIGGCT ATTTAAAGTC AGTTTGACAT GATICAATIAAA TATGAAAACA GAGATTTTTC
ATCAGTGTGT CCTTITATAAT AACAGGTTTG AGTCCAAAGT TTGAGTTTTT TGCCCTTTTT CTTCTCTGGG
TGGGCTTTTC GTCATCTTTC TCTTCCTCGG AGTCTGATAA GAAGACTTTC TTCTCGCGAT CGGCAAGTTG
TTTAACAATIG TGATCTGGAA TCATTCCATC ACTGCCAAAA AAATACTGCT CTGTTTCTGG TTCTTGCATA
ACATCATGGA [CAAATITCATC CGCTCGTGAT GGTCGTGGTG TTTTCTTTTG AGTCCATTGT CTGCGACGTT
CTTTACCTTC ACGAACAATIC CTTGCTTTAT TATCTATCTG ATTTTTTCTT AGCTCTTCAT CTTGTTGTAC
TCCCTGCTCG GCTGTGAACT CCTTCGGTGC ATTGGAGT[TATACTCTTCTC GATTCICAATIC TCTTTTTCGC
ATCTCTAGGG TTTACGAAGG AGAGGTTTTA CTAAACCTGA TTTTTCTACA GAAAGGGGAC TGTAACAGAC
TTGACGATTC TCCACCGTCC ACTTTTTAAT TTAACATCAG TTTATGAATA GGTTTACAAG GAAATAACCA
CCTGCAGTTT TTTAAAACGT GGGGTATGTA TTTTCAACAT AAATGTTCAT TTTATAACAA AGAAACTCTG
CAAACAGAGG AAAGAAAAAG ATTAACCATG GTGCAGAAGA CGGCAGGAAA AAICAATAGTA AATATAGGTT
AATTTTTTTAATATTATCTC CCTATTGTTT TTAAAATTAA AAAAGACCTC AAAAATGTGG GATGTATGTT
ATCAAAAATG CAGGGGCATT TTTTGTTCAT TAATTATAGG ATGAGGGTGA CAAAATGGTA GATGCACGTA
ACATCATCTT AATTTTATTC AAAACTCTAT TCGGAAAACG TGGAGCGGGT AGACAACTAA CAGCCCACGT
GCCAGCTGGT GAGTTGATCA CGTGATTGGG AAGTTAAAAC GTGTTAGATG GCTCACCTAC CCGTGTG[TAT]
[AAAACAAAGC TAGCATGAAC CCAAACACAG CCAAAATTCT ATTCTCTCCT CGTATCGTGG TTAAAAAACA
AAAGCAAATG

TE: CONFSSRIRALA, IXAIERRCA + 1; BT RN THRGRIAALE + 1 AL E; ATG NEIBEIALA; JTHEMNITSIA CAAT box 5 TATA

box

Notes: ‘ C’ represents the transcriptional start site which position is defined as + 1; Numbers indicate the positions relative to the transcription

start site_‘ATG‘ represents the translation start site; CAAT box or TATA box are framed

& 2 PsDFREERBzZFFI
Fig.2 The sequence of the PsDFR promoter

mk 2, B 3Piw, PsDFRIGENTRRE A M XL ARRIAT; & #1554 ¢t ERE;
DA 3 F o F TATA-box fil CAAT-box 4b, if41  GA L JC 4 GARE-motif fl TATCCAOSAMY;
TS5 RZEBHEY G SRR R Inr ST SEFIER F R w1 T/ TGACG-motif 45, 8 55 iie
INRNTPSADB fl K & I 45 o fF, A G-Box. Wi N o £ L & « 7K 4r W 38 A0 3¢ ma Ry JT 7
Box 4. GA-motif, GATA-motif. TCCC-motif .  ACGTATERD1 fil CBFHV; ik i& M L Jt {F
TCT-motif, GT1-motif. |-Box. SORLIP1AT il  CRTDREHVCBF2 Ll & 52 175 FlJp JELAA 1 2540 6 T
TBOXATGAPB %5, LI RZAMEEAPHAm AR 4 W box 55, {HAFEE M, HAMA/EHTFhZE
Julf. H, WMEWN TG ABA N T FEEd AR YA A 5& B IR 45 T R SR S R A
ABRE #1 DPBFCOREDCDC3; #iffi/rZ# %S & MYBCORE. MYBPLANT 1 MYCCONSEN-



20

Mok B B 5T

37 5
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Table 2 cis-acting regulatory elements characteristic of PsDFR promoters by PlantCARE and PLACE

JEFFRI% LA HEFE (5-3) ekt P
Element type Motif name Motif (5-3") No. Function
S CAAT 8 A BT A 3T X A e
CAAAT 3 Common cis-acting element in promoter and enhancer regions
B R B 7 A LR ARIG-30RE 0 B T T
Core promoter TATA-box TATATTAT i Core promoter element around -30 of transcription start
INRNTPSADB YTCANTYY 3 Inr Cinitiator) elements
25 600 1 £~ DNABCHR (¥ 85 43 e Ak
Box 4 ATTAAT 1 Part of a conserved DNA module involved in light responsiveness
Z: 5560 B ) o
G-Box CACGTG (T 8 Element involved in light responsiveness
; e R T
GA-motif ATAGATAA 1 Part of a light responsive element
; B e
GATA-motif GATAGGA 7 Part of a light responsive element
g B e N T
S iz TEE el merecor 1 Part of a light responsive element
Light regulatory ) R Tt
TCT-motif TCTTAC 1 Part of a light responsive element
i J6RE T
GT1-motif GGTTAA 5 Light responsive element
B LM e
I-Box GATAAG 6 Part of a light responsive element
Z: 5560 B ) o
SORLIP1AT GCCAC 2 Element involved in light responsiveness
Z: 56 0a B ) oA
TBOXATGAPB ACTTTG 1 Element involved in light responsiveness
ABATF 3 7T -
ABRE ACGTG 13 Element involved in the abscisic acid responsiveness
ARR1AT NGATT 14 A 53 R FE 5 FAH ST Induced by cytokinin
DPBFCOREDCDC3 ACACNNG 3 ABAf 3AHK TG Induced by ABA
A ERE AWTTCAAA 1 LI F AL TG Induced by ethylene
one GARE-motif TAACAAR 6 JEFWRLTLIF GA-responsive element
. ST PG i 32 76 1
TGACG-motif AACGTG 3 Element involved in the MeJA-responsiveness
SRR 8 6
T/GBOXATPINZ AACGTG 3 Element related to jasmonate signaling
TATCCAOSAMY TATCCA 1 BN 7585 %1% 5 AH 0 Induced by sugar and GA
FEFT 2 REARRE, GG WRKYREREF
W box TGAC 13 Inducer, injury and pathogen responses, combined with
WRKY transcription factors
TS ACGTATERD1 ACGT 14 Jii7K i 5 5 AH 5S04 Induced by dehydration stress
Stress response 27K R ST
CBFHV RYCGAC 2 Element involved in dehydration-responsiveness
R )3 e
CRTDREHVCBF2 GTCGAC 2 Element involved in low temperature-responsiveness
CACTFTPPCAT1 YACT 17 - 40 B 7 3R IA T4 Mesophyll specific element
7 471 %5 . s .
f%é&?iiiﬁc GTGANTG10 GTGA 14 e RIE M <04 Pollen specific element
expression lat52 5 H e K 5 g ot
POLLEN1LELATS52 AGAAA 10 Element responsible for pollen specific activation of /at52 gene
e A ORI T
MYBCORE CNGTTR 3 Element involved in the regulation of flavonoid biosynthesis
THAIMYBLS & ot
MYBPLANT MACCWAMC 2 Binding site of plant MYB, known as flower-specific
protein activating flavonoid biosynthesis
‘& Others MYBPZM CCWACC 1 168 R4 N7 S ok Induced by anthocyanin biosynthesis
MY C/bHLH 5547 1
MYCCON1$ENSUSA CANNTG 12 Binding site of MYC/bHLH, known as protein regulating flavonoid
biosynthesis
CARGCW8GAT CWWWWWWWWG 4 MADS-box 475745 &4 s Binding site of MADS-box
CIACADIANLELHC CAANNNNATC 4 BRI 8 e Element involved in circadian
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W 2SSEEDPROTBANAPA MIGTGANTG10 W CACTFTPPCA1 | NODCON2GM
ABRELATERD1 HIBOX CANBNNAPA B NTBBF1ARROLB

M ABRERATCAL M IBOXCORE B CARGCWSGAT ¥ OSE2ROOTNODULE

B ACGTATERD1 IBOXCORENT M CEREGLUBOX2PSLEGA Ml POLASIG1

B ANAERO1CONSENSUS IIINRNTPSADB B CIACADIANLELHC B POLLEN1LELAT52

B ANAERO2CONSENSUS ®MMYB1AT B CURECORECR B PYRIMIDINEBOXOSRAMY1A
ARR1AT B MYBGAHV n DOFCOREZM B rAVIAAT
ASF1MOTIFCAMV MYBPLANT u EBOXBNNAPA B RHERPATEXPA7

BgHD10S MYBPZM B EECCRCAH1 . ROOTMOTIFTAPOX1
BOXLCOREDCPAL MYBST1 B GARE10SREP1 S1FBOXSORPS1L21

B caaTBOX1 B \MYCCONSENSUSATM GAREAT B SORLIPIAT

B CACGTGMOTIF BNODCONIGM B GATABOX B T/GBOXATPIN2

M \WBOXATNPR1 GT1GMSCAM4 B GT1CONSENSUS B TAAAGSTKST1

BWRKY710S B XYLAT B GT1CORE W TATABOX5

E 3 PsDFREFHFIRXIERTHSHE
Fig. 3 Distribution map of the cis-elements of PsDFR promoter

SUSATZ 35 174 . X T £ 4 KW CACTFTPPCA1. 1E ¥y ¢ 5 ¥ 1% T 14
PsDFR fEHt PHET RATIAEW A T K EZAME  POLLEN1LELAT52 fil GTGANTG10 45 4% il 3k
., JERTRELERE SRR 2806 . MK (W1 #ERSEARERICH, 50 PsDFR fER YA
GA. ABA. ZJ&) MAEAW M (T8 A8 NIFRATTRERA —E M B R T

) SFZFERMWAT, b, 78 PSDFRJZNT 2.2 BEIFARGRK R BRBIRIEEHEEE

FP 90 v ad e BT PR A B RE S SR A 4R OT 5 A KGR B (B 4) 2R
G-Box
GA-motif
Box4 GATA-motif
ERE GT1-motif
G-Box ABRE
TCCC-motif TGACG-motif
TCT-motif GT1-motif CBFHV
DPBFCOREDCDC3 GT1-motif 1-Box ABRE MYBPLANT
GARE-motif SORLIPIAT ACGTATERD1 TGACG-motif MYCCONSENSUSAT
CBFHV INRNTPSADB TBOXATGAPB ACGTATERD1 MYBPZM
MYBCORE MYBCORE GARE-motif INRNTPSADB CAAT-box
MYCCONSENSUSAT MYCCONSENSUSAT MYBCORE DPBFCOREDCDC3 TATA-box
ATG

P4 o -76~+64

e« P3 ——| -443~+64

Y

-916~+64

P2

A

- P1 = —1223~+64

- PO »={ -1623~+64

4 PsDFRBEEhFRREFE
Fig. 4 Schematic diagram of the PsDFR promoter deletions
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PsDFR J& 3l W =CAE DT 25 58, S s 4\?1 F‘._. 5 %
R A5, 7 1623 bp (4 53 3 T8 14T 1% LA
A MBE, &3S . 1687 bp ( PO, -1623 = PO p1 P2 P3 P4 cK-
+64), 1287 bp ( P1, -1223 & + 64 ). 980 T CK*: PAPEXIAE (CaMV35S); CK™: M| i
bp ( P2, -916 2 + 64 ) . 507 bp ( P3, -443 E Notes: CK™": Positive control (CaMV35S); CK™ : Negative control
+64 ) f1140 bp (P4; -76 & +64 ), B 6 PsDFREsNFikkF BHRRENEELEER

I )5 20 1) 5 B 3R A5 1) PsDFR )i 8+
2K F5 PO ###) pCAMBIA1301-GUS % ik #;
b, B PCR FI P45 SEAIE I 12 7 5 & 28 e
TIRA R 35S RIS GUS AR E (K 5),
2 TR B 24 8 pCAM-PsDFRp0. L% ki Ky
Bib, AR Ik, LR PCR AT T 55
UE, 345 7551 4 AAFE - BE pCAMBIA1301-
GUS fl & % 35 # 1A pCAM-PsDFRp1. pCAM-
PsDFRp2. pCAM-PsDFRp3 il pCAM-PsDFRp4

(E5),

1234567 8 910111213141516 M 17181920

bp
2000

1000
750
500

250
100

£: M: DNA marker DL2000; 1~20: FH¥:7i[E PCRY H; 1~4.
pCAM-PsDFRp0; 5~ 8: pCAM-PsDFRp1; 9~ 13: pCAM-
PsDFRp2; 13~16: pCAM-PsDFRp3; 17~20: pCAM-PsDFRp4
Notes: M: DNA marker DL2000; 1~20: PCR amplification of positive
clones; 1~ 4: pCAM-PsDFRp0; 5~ 8: pCAM-PsDFRp1; 9~ 13:
pCAM-PsDFRp2; 13~ 16: pCAM-PsDFRp3; 17~ 20: pCAM-
PsDFRp4

B 5 PsDFREzFRERK R BRINEE RIZBEIIE
Fig. 5 Verification of PsDFR promoter and deletion
fragment fusion expression vector
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Promoter Functional Analysis of the Key Gene PsDFR Involved
in Paeonia suffruticosa Anthocyanin Biosynthesis

ZHOU Lin', YUAN Meng', Qi Yu'?, ZHANG Meng-jie', WANG Yan'

(1. Key Laboratory of Tree Breeding and Cultivation, National Forestry and Grassland Administration, Research Institute of
Forestry, Chinese Academy of Forestry, Beijing 100091, China; 2. Shandong Academy of Agricultural Sciences, Jinan
250100, Shandong, China)

Abstract: [Objective] To analyze the cis-acting element and activity of the tree peony anthocyanin biosyn-
thetic key gene PsDFR promoter for further research on its function and regulation mechanism involved in
tree peony flower coloration. [Method] The genomic DNA extracted from the petals of tree peony ‘Hei Hua
Kui’ was used as a template. PsDFR promoter was isolated by genomic walking method. The cis-acting
elements of promoter were analyzed and predicted through Bioinformatics online software. Five different
length of deletion fragments were fused with GUS gene to construct promoter-reporter vectors, and then
were transiently expressed in tobacco leaves. The activities of deletion promoters and their response to dif-
ferent stress treatments such as Abscisic acid (ABA), Methyl jasmonate (MeJA) and light were analyzed by
GUS staining and GUS activity assay. [Result] A 1 687 bp sequence of PsDFR promoter was isolated.
The results of bioinformatics analysis showed that the promoter contains multiple cis-acting elements asso-
ciated with light signals, hormone response, stress response, and tissue-specific expression, indicating
that the expression of PsDFR may be regulated by various signals such as light signaling, plant hormone
and stress. GUS staining and quantitative analysis of GUS activity showed that GUS activities decreased
gradually with decrease of the length of PsDFR promoters, and the region of -1 623 bp to -916 bp played
an important role on the activity of the PsDFR promoter. The GUS activities were inhibited significantly by
MeJA or dark treatment, and were induced obviously after light restoration. And core regulation region in-
volved in ABA-response might be located between -443 and -76 bp. [Conclusion] PsDFR promoter con-
tains multiple cis-acting elements associated with light signals, hormone response, stress response, and
tissue-specific expression. Its activity is positively regulated by light and negatively regulated by MeJA. The
region of -1 623 bp to -916 bp is important for the activity of the PsDFR promoter, and -443 and -76 bp is
the core region in response to ABA treatment. This study provides a reference for further revealing the reg-
ulatory mechanism of PsDFR response to environmental signals involved in tree peony flower coloration.

Keywords: Paeonia suffruticosa; anthocyanin; PsDFR; promotor; cis-acting elements; promoter activity
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