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RFEFILE SR ENIAREI N TeCYC2cEH
B TFiEM S

', ka8, WNER BT, WEES, ank', mRa”
R 2 R, TR S R B 5 R 4 R 6K, BRI 4300705 225 LA A I
AT, Sl 663100; 2 H 3 ik A TR A AT, T 510863

WE  NESLTIFF% (Tagetes erecta)fd i = sk i 6 (b 7k R IF 4R S A6 88 B X RRIE TR OB R 45 2 R TeCYC2e 1 R 3 1
WP, ¥ CaMV35S)a 3l 5 GUSHE H 1 il & F A BARIBER 4 4k T 74510, TRARAREEY, WKL . 12 YLt (a5 5%
i (] X GUS T IR B I B AL AR RS . S5 SR B0, GV3101 B MRINIE Y R i, B ODgoo=1. 0B L R e o, 17
YR 16 ot [ ) 6 AU RO TE S 35 R, LS IR KON I EE RS TR 8] o ZE TS 1 5 S e i R ALk R, X TeCYC2cHE[F 1)
BN FIEMERATIR I . B T TeCYC2cEE K 371 735 bp/741, 1B it PlantCARETI ¥ e f: 43 A b B X R A 2 7 44
JEA TR AL, LIGUSHERF R EHERE, B AN HFHIEEIT AL B TR R, SRER, BaT&
O X3 A7 FATG LE—650 — —1 bp, H#EMZ X 35 P4 1 56w )82 0 £ 1F 7 3 T e & R 3R 1E, MipTeCYC2c (-1 735)F

pTeCYC2c (=1 406)FT A7 [ FEL A4 3% Wi 2RI IS0 5 Wy 32 7 1 T B AT #0630 1 Bl TR S DRI I Th g - 45 5 5 75 4 4E
e I I e AR AR R I SN TeCY C2e )3 Bl il M o3 A, T ik — 2D DR A 165 73 AR S 2R 8] 1A T RE B30 B AR Al «

KiEia

Ji75%4, TeCYC2¢, RzhT, Bitikik, GUSTEE:

SFWRIK, RE, XRR, BEF, WER, G, L (2025). /3775 E5E m RN A R I 8 57 K TeCYC2cE A

BB FiEE AT, YA 60, 875-887.

Ji75%j(Tagetes erecta)sR &%kl Jj %% J& (Ta-
getes), N—FA AR, L RKEH, WKL, [FE
MR SREU BRI E AR B, X574 (it
FFEBEERERE R E (ECHS, 2023). M RA
R H S5, 2023)FIMEMEA & (Al et al., 2016)%5 77
0, E BT S T EMRE RS ST
T 5 R AR AR R, (AL RGBTl
(2011). 7K1(2012)F1 4 e 25:(2023) 43 K FH B 7
Bk B SURE LR BN 3%, U735 T R4,
R ZE B O AN AR, IR1GIE SERIRE AR, (A%
R B R A A% . AL, T3 75 5 R Ak A8
K, WEFEANAU L, BEEDREB . B, A
5 5 A S AR B FE AL RORAE AR KAR S b2 BE R Y
PR (T 2545, 2020), % T /iR MBLH %%
TRl 2R £, OGS 74 4 J25 DK T A 1) Rl v ek

ks H 3H: 2024-10-02; #2532 H #: 2025-01-20
SEATH S AR5 4 (No.32172616)
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IOUFE . SRRE IR AE AR L, BRI G A0 PT 75 5 i (]
P SEELRT AMIE IS R ) ek, A BT IR IR i D e A
7. Godoy-Hernandez%%(2006) A B~ % Hi H 2
it (B-glucuronidase) Z& [X| GUS [ 1 #) % 1 # A pCA-
MBIA230112 % /3 7 44 (0 T iRl AR HHAIZE2e, 4l
U gt g B R GUSHE KIE BRI #1403 K 5 %
1K, AH AT FE A6 6 H R R I R A R

S RHEPDISRARAE TR 2 H IR . eSS
FRTEAEE S X FR . HESE AT B MEDIRTE K, WALAE
KB RCNHERHEY I s . BFARRIL, TCP#E 3%
72 5848 & B 1% (Hileman, 2014; Yuan et
al., 2020). fEXCFHHEMIE R F, J& T TCPH I T
FIRMECE 7y 3CAE i I A2 Hp R AR i 20 B K FE R &
HilF 1, 4 4 TCYC1. CYC2HICYC3= AT
(Howarth and Donoghue, 2006), HH1CYC2ifi#%1E
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MR FRIE R G « AE RN FHESS K B (Broholm et
al., 2008; Juntheikki-Palovaara et al., 2014). {H{E %
BEARI YA, CYC2RIER L 1 IREAN 55 1) K]
SR, RATCA R . B, mH2%
(Helianthus annuus)E H 8/~ CYC23E [ JF % X (Fa-
mbrini and Pugliesi, 2017), JE#%j(Gerbera hybri-
da) B FH 51 CYC2 2 [7] J§ % [Al (Tahtiharju et al.,
2012), M /i%E%ATHCYC2KFYEIERH (Zhu et al.,
2023), HAEA R i AN 6] 1) CY C23 £ Al 25 |
INERFRYE R B« HAET, KT CYC2eE: K 1) T Rett
T4 % (Broholm et al., 2008; Juntheikki-Palovaara
et al., 2014; Huang et al., 2016; Fambrini and Pug-
liesi, 2017), {EXF H g H R E D . AR5
TeCYC2c 4k A 1E 18 jd H ¢ 57+ 1% 51 R 14 (Zhu et al.,
2023), {HZH LS A .

FATTCA B ) b 1 R B R g i 5 B IR, AL
FFAGAE T e R I R AR R, R M TeCYC2e 4
IRl J 1)1~k 2k Rk BAR TR I 3% A 5 5 3 e ek, 43T
TeCYC2c/H ) FiEtE. AW FEN T AT
R ROB B JE 2 T iE PR PO BB R, AT IE
KB AR R 1 Dy e B2 5E Bl

1 MEERZE

1.1 SEEdR

Ji7#%i(Tagetes erecta L) 530 F: ¥ 154
i (it o LR 3 £, D AR ZE T T 2 BR A D)
FEFh T 3 5 R S A =211 (VIVIV) R &SR, 1E
IR E N25°C. B N60%- &AW A16 /N Y IE/8
NI FRIE S AR R R IR o AE T 2 A T IR AL T T I 5
2R, BN B T AR AR AR G K
FF RS2 400 B _Eig e AE YRR G IR AR, #
M GUSHE R 1) i KLDX2181G H He 4 bk 2l 2K
2 B 5K B 2 T R

1.2 BEFEESHERNE LI RIET

1.21 HRFE

X F [ 5 8 205 K4 CaMV 35S JH 1 #4151 & GUSHR
F R IDX2181GH A [, I A K% AT B (Es-
cherichia coli)&Z &4 DH5a. K #4b r= i Ai T
50 mg-L TR R R A A E IOLBE (k% Rt |-, 37°C

R IR 2/N JE AT VR PCR4 58 o W5 PR B VKI5 4R T
AW TRE (g ) Bt A R A =00 3 384, I HL 3 0
5 1E 6 I R . W 100 ng BH I ok, 3 I VR
GRaiE R W RS, RskmaT &
50 mg-L "B R K IR R MILBE AR 75 b, 28°CHg
B FRA8/NI o S TG TR A i IR 75 E AT PCR &8 €
(31944 HpCaMV35S-F: 5-TGAGACTTTTCAAC-
AAAGGGTAATTT-3', D2181G-R: 5-CAATAACAT-
ACGGCGTGACATC-3'), BkHLFH 1 7% M T %50
mg LB R R = LB B F dk , 28°CIRE 1%
FE16/8 o B %100:1 (vIV) I LN 2750 mg-L™
R R8s = LB A S 7 bk b, RIS RS FR8/ N
B E, A1 mmol-L" MgCl,. 10 mmol-L™
2- 1y ik 7, fi# 2 (2-morpholinoethanesulfonic acid,
MES) #1200 pmol-L™" 2. T 7 B (acetosyringone,
AS)JTC R K H B, FHIHHE M ODgoo [l 2 &iE1H, 28
JAFE28°CAF R 25 xgE OoiE A1/

122 REHEL

HET BRI (R IR S, 2023), BUK/NIK 3
SI G # 546 i T R, (2 YL 5E i,
B MBI SEA R, A RS 6 T A B . R Y
J&, MR KIHERmBRER, 58T S
FRIL b, iR IR E A R B

1.2.3 FHUEGHIFE
B AR S B B T - T 75 56 A e 40 il 8 TR VROUR BE
ODggo=1.0ff1GV3101. EHA105. LBA4404 =F 4 #T
WZY1050 80 5, et ETH A BB TSR aRi, =il
B R 1K G AT GUSEE IR i SR IA A, 4EitGUSH:
KB RIA K, A FIS3MER, F4HEE40
R A

PRIV P2 A 7 TR VRAS FE O Dgoo fEL 1 B 9011
0.5. 1/12, GV3101 MR H B kK, & GmT 1105 8h,
FREE TR KRG N 5 75 56 46 568 AT GUS kR SR ik i
W, Geitbret AR . AR 3HE L, FHE
240 AeTH

12 Y 18] (A 72 - 12 Yeis 1H) 5 B 810, 20, 30
40580, GV3101 412 G 1 bk, B K % ODgoo=
1.0, LRI KRG HEATGUSIE R RIEK I, 48ttt
AR BRI B3 R, ML EFA0 LT



LRI 775 5 AL T e R I P AR R O ST & TeCYC2¢ JE K R 8 s PE i 877

SR (A B L R A E N1, 2. 3
FI47, GV3101H 12 Y i bk, 147 £ ODgoo=1.0,
(Yt 11 1045 i, H 48 35 45 U 4T GUS S R %
R, GEt BRI AL R . AL B T A,
LT A0 H 1L

GUSIIN 2 3% 2= 15 (Bt 14 (0 16 768 20/ e (e 4
it %)% 100% .

1.3 TeCYC2cEEBEIFRMEDHT

1.3.1 IEHFETeCYC2cERARBEh TRIIRERLEY
BERESWH

LA 75 54 3 e e e, SR A CTAB I (] # 41,
2010)#2HELDNA . 7 ] TBtools ¥ 11 M 73 75 3 Fik K 21
(Tagetes erecta genome assembly: GCA_026213-
115.1, https://www.ncbi.nim.nih.gov/datasets/geno-
me/GCA_026213115.1/) 4 $Z il TeCYC2c % [l #2 4f
S L2 000 bp/FHIME NS BT 741, HPrimer
Primer 5.0 1t 4 34 517, 515 HR . LU 7%
DNA AR, 18 ] Vazymer £ Z Phanta Max Su-
per-Fidelity DNA Polymeraseif17PCRY 1. PCR/x
MR 94°CTHIAL 147y 5F; 94°CAL1E30%), 55°C
1BK30%p, 72°CaEfi24y 44, 35MEH; I /572°CHE
10538t . PCR/™I4IM 5 1EH ZTOPO# A, Ifir
BB A K i AT B 2 S A0 DHSa, 14 % PCR A
W5, K PE M 75 2 A T A TR (L)t A R
3w\ - F) F PlantCARE (http://bioinformatics.psb.
ugent.be/webtools/plantcare/html/) ££ £& % 4 1% 73 #r
Ji7#3 % TeCYC2c)a )it

1.3.2 HEPFREEHFE
B T PlantCARE il ({1 TeCYC2c K 2 51 1 A I
RAEFH OB, Wit 7 5% 5 3h B2k 7a [ 5256 .

=1 5175

Table 1 Primer sequences

PP 13X S ATY I, 35Kk A B
N RS I R A S, S IE R LR
1. LAHEH7 1 735 bp & 5 211 I TOPOF A i R A
t, I PCRY™ 3 345 A [A] < FE 1) 5" k2% i BL o
PCR™ Wl 2itb)a, 705 5 TOPOBAIES:, 25
I BR IR .2 1745

1.3.3 AEFEECUSILEHARE REERN
I FH 2 ST 10 73 75 2 46 ek Wk IR B Ak 7 0ok & A AN TR K
£ A B F i & BB ST 5 e e o L RE R
455 A8 e 3T GUS YL 8 AT GUS I K, Bk
IR 2 JeffersonZs (1987) () J5 5

1.4 BEESHH

X FMicrosoft Excel 20193k {4t 1T ¥m ab 3 .
SPSS (fix4<21.0, SPSSInc., Chicago, lll., USA)#E1T
77 7 43 #t (ANOVA) Fil Duncan’s £ & Lt ¢ (P=0.05),
K HGraphPad Prism (hz49.5, GraphPad Software,
San Diego, California USA, www.graphpad.com)Z:

2 ZR5iTe

21 RN EELFHRGFE

211 EHRAEBIR RN

I K WIGV3101 B bk 12 G fie /1 A iR (BI1A), GUS
FE IR I B 34k 2R 7£79.33%, &3 5 T-EHA105F1
LBA4404 j Ik (FL GUSHE I 1 A0 3353 51l 917 .33 % A1l
18.67%) (E2A), HILGV3101 bk N 5 %% 18 e bt
N} 54 A 1 B3 385 AR FF BT I ok

212 BERREXFEURERNINE
W I e A R v, — G AR PR S R PAY T YRR PR 8 T ]

Primer name

Sequences (5'—3')

Function

pTeCYC2c-F (-1735)
pTeCYC2c-F (-1406)
pTeCYC2c-F (-1000)
pTeCYC2c-F (-650)
pTeCYC2c-R

ACGACAATGAAGTTTGAAGACACAG
ATTTGAAGTTGCAACTCTGTCATAAAT
AACCATTAGGGCCGTGTCG
GGTGTCTTGGTAATTTTAAAAAAACG
TGTATTTTGGAATTGAAATGTGAAATAA

Promoter cloning

Promoter deletion fragments cloning
Promoter deletion fragments cloning
Promoter deletion fragments cloning
Promoter deletion fragments cloning
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e GUS 2k D] 1) B ) 3% A0 280 22 (1B, E12B), TR K
J& ODgoo B 7E0.1-1.0 2 [A] I}, B 2 B V3 2 1 488
B PR (42 A B8 71 5, GUSIE IR 11 % e 6 1b 2503 412
15 1H4O0DgoofH 1A FI2.00F, B4k 2% M F . %
HBEAT 77 75 55 4 76 Ik i B AL I, 3% B Y ODeoo H A
1.0,

2.1.3 REMEFEUHRARI

AT, A2 YLt 18] X GUS Fk K] I s} 5 4k 2R 6 &
EW(E1C). ZYrF B E 10, 20, 30F1407%
B4 [RIBE 2, 5 75 56 A0 e I I A Ak 3R T 3 2
5 (K2C),

A ,
y
Y X: |
GV3101 EHA105
B S
|
ODg=0.1 ODg=0.5
C ! at
' )
v Y
1y 2 /
4 /
10 min 20 min
D -
v \7
LT3 (
* (
1d 2d

Bl AFBEN AT T KT 41 E GUS St

214 FIEFEENE U R ARM

W B4k Jm BT A5 A e il SR B TR 1R, GUSZE A
I S AR R 2 T e LA #E (1D, [&12D).
Bt JL R SR (] A 3G N, GUSHERI I IR I i {2 3 15
WRAR . WOAT I A3 4G AE ek R I B2 AL, L SR N (8]
K.

2.2 TeCYC2cEE B TFiEMSR

221 AEHFTeCYC2cBEITFREFMIAR 7T H-HiM
MR 5 75 5% B R 2 P A1AE B stk TeCYC2e 3 8 74
#5149, it E HPCR Y KFATG Lii#1 735 bpit)
BEIT RS . B PlantCARETE £ F ) 5 5

LBA4404
P -~
J ' \ / Yy
. ’ / J
\ - DN
) ‘ (9
ODgp=1.0 ODggo=2.0
$ r ] ',ﬁ .
i ¥ N
{ [ \ ( |
£ )
30 min 40 min
;f )
%, )
f y | )
3d 4d

(A) SFHA A B ARAZ o T5 75 4616 T IGUS Yt (B) 4T BRI IR 5 (ODgoo) (2 4 5511 T IGUS YLt (C) 4F1HZ YL [F] 5% AF T IGUS YL 1

(D) 4FPFLs % ] 2644 F RIGUSHfh . (A)—(D) Bars=1cm

Figure 1 GUS staining of marigold (Tagetes erecta) corollas under different transient transformation conditions

(A) GUS staining of marigold corollas infected by three different bacterial strains; (B) GUS staining under four different concen-
trations (ODsgo) of bacterial suspension; (C) GUS staining under four different infection duration; (D) GUS staining under four
different co-culture time. (A)—(D) Bars=1 cm
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Figure 2 The influence of strain type (A), bacterial suspension concentration (B), infection time (C), and co-culture time (D) on

the transient transformation efficiency of Tagetes erecta corollas

Different lowercase letters on the histogram indicate significant differences at the P<0.05 level.

TeCYC2c/H B Tl ReAFIE R O R B . 45
REIR, %85 TS CAAT-box Fl TATA-box £
O Te A, S H ZROERIE R AR W BT ER
BEfhE me B e (£2). EAERKE, &FHHHE13
A2 5 50m R EOG R o, 3AMMEIECER N T
f£:CGTCA-motif. ABREHMITATC-box, 3/™FFi it
M TCFARE. MBSHILTR. B4k, G143 5%
i 2 A2 ) i TR 9% J0 AEMBSITRI AN 2 5 FOK I
T A AREHAT o

222 ReIFEERBEERFRIEHEEE

IS oA B ECAE o, IR R 3
FTEATG Li#650 bplX [A] Py, MIEATG ki1 735%1
650 bp X 7] 32 53 A [1) 2 A 0 2 i . (CG TCA-mo-
tif. ABREFITATC-box) LA K ¥ 45 1 3 i )82 e A4 (ARE
MBSHILTR). AERFL Ak 3R R0 30 55 oy 3 v 3

O R R Th A, 18It PCR Y FE$E154 MK 20 il oA
650. 1 000. 14067411 735 bpH5"ii Fi B, K H 45l
4 NpTeCYC2c (-650). pTeCYC2c (-1 000).
pTeCYC2c (-1 406)FipTeCYC2c (-1 735) (&I3). H
i, pTeCYC2c (—650) /3 81X & F Hmi B o4
pTeCYC2c (-1 000)J& 3 T & MeJAN B 61
pTeCYC2c (-1 406)/= 51 1E & A i N MeJ A
IS TCE SRR b, 10 T ABAN TR 4R 5 -5 S TG
¥, TMpTeCYC2c (—1 735) s o 3 HAHE+
B SR W BTG

223 AEKEBRHFERATGUSILEHELARER
FE N E

NIRWITeCYC2e)a 8h F A B s e e, #4544
AR FE 8 575 GUS I BR 1) filh & 26 38 3044 I 1t 4%
W HH R, LR IRIR 2 JFHTGUSIL e ta
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F£2 TeCYC2c/ash =1 o0 Hr

Table 2 Analysis of the cis-acting elements in the TeCYC2c promoter

Cis-regulatory

Sequences and position Number Description
elements
ARE AAACCA: -1359, -1296 2 Cis-acting regulatory element essential for the anae-
robic induction
LAMP-element CTTTATCA: —-1661 1 Part of a light responsive element

MBS CAACTG: -1712
TCT-motif TCTTAC: -603

Box 4 ATTAAT: —1420, 429, —-413, —409

ACE CTAACGTATT: —630

CGTCA-motif CGTCA: —1690, —1347, —1235, —797, 713
MBSI aaaAaaC(G/C)GTTA: —-633

GT1-motif GGTTAA: —1002, —67

ABRE ACGTG: —1349

TATC-box TATCCCA: —1708

G-box CACGAC: -1655, —1504

O?site GATGATGTGG: —981

AE-box AGAAACAA: —74

LTR CCGAAA: —1496

1 MYB binding site involved in drought-inducibility

1 Part of a light responsive element

4 Part of a conserved DNA module involved in light
responsiveness

1 Cis-acting element involved in light responsiveness

5 Cis-acting regulatory element involved in the MeJA-

responsiveness

1 MYB binding site involved in flavonoid biosynthetic
genes regulation

2 Light responsive element

Cis-acting element involved in the abscisic acid re-
sponsiveness

1 Cis-acting element involved in gibberellin-respon-
siveness

2 Cis-acting regulatory element involved in light res-
ponsiveness

1 Cis-acting regulatory element involved in zein meta-
bolism regulation

1 Part of a module for light response

1 Cis-acting element involved in low-temperature res-

ponsiveness

FGEPENE o T35 %405 Yt s K B, pTeCYC2c
(-1 735). pTeCYC2c (-1 406). pTeCYC2c (-1 000)
FipTeCYC2c (—650)1% i 4% 14 111 75 7 2 AL 7k 32 5e 4
P Rt (K4), RFANE ST B REIRZIGUSHE
(21K o 3 1 GUSHEEE I 5E 43 A [ BE JE 3 3
PE, 4 3 % B pTeCYC2c (-650) 1 pTeCYC2c
(-1 000) Jr Bt Ik ) GUS JE [Rl R A v M 0 . 2 %2 57
HIXAN G 87 A Boii 5.3 = TpTeCYC2c (-1 406)
HMpTeCYC2c (-1 735), MpTeCYC2c (-1 735)i 1t
BZ5E TpTeCYC2c (—1 406) (K4F). HtHEN 5 5
FHZ% 0 X IFALF—650 — =1 bp2 7], %X [8] N AFELEN
ISR ICAE, MPEE 3)F—1 000 — —1 735 bplX [d]
PN A7 5 R 8 3% R B e 3 O AR e, TE R BT
—1406 — —1 735 bp X [i] P} [F FEAAAE G N Z G 5k 5 -

2.3 T
WERT FIA M BB S, Wik T RE AT 2UE
AR A LA RCRAR R B S, & BT 40 B 5 L M 3aniE

B A7 2 A B R S5 DNAR BAESE, S8 E R )
FEHThRe A HER . HEl, ST ZMEYEE
340K & (Zheng et al., 2012). 3 7% & 55 (1 W
SRR T E AR, HAE R AN R, 16
T3 75 %51 ek o S B3 DR % i A A0 B T D 4R R A
gt RE R R BRI I T RE . ANHIE 7 DL T 25 46 18 el ot
FNER, M T AR BRI EE . (R YL [E]
N5 7 A 5] 4 B 2% 0F 5 e I8 28R PR

AN TR AT B BT R 28 282 5 i 471U 6k R I I 3 0k
MR EERER . FVESE(2023) K, 75 ETE (Medi-
cago sativa)i J H S I AR I PR (1) B By 3208 75 BLRE
JE B AT HLBA4404 . RIEHSE(2023)F LK B,
LBA4404 F1IEHA105 B #R A1 T 1 73 73 %6 "t GU S
i %A R 5 T GV3101# k. Godoy-Hernandez%:
(2006) A& B, LBA4404ALHT B /3 1) 75 75 % AN [F] A1
P GUSHE RIBE I #4240 R AFAEZ e o AW AR,
GV3101 ¥k T LBA4404 FIEHA 105 Fk A/ 5 1)
3 75 5 A T i I e A R T v o HEDIAS [RL AR AT B A 2
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A pTeCYC2c (-1735) "I" “ I II I -
ATG

-1406 -1000 -650

pTeCYC2c (-1406) " I ” I -
ATG

-1000 -650

pTeCYC2c (-1000) I I I [
-650 ATG

pTeCYC2c (-650) I -

ATG
GT1-motif -1002, -67  AE-box [l -74 Box 4 -1420, -429, -413, -409
TCT-motif -603 ACE -630 CGTCA-motif [l -1690, -1347, -1235, -797, -713
ARE -1359, -1296 ABRE I 1349 LTR -1496
LAMP-element il -1661 G-box [l -1655, -1504 TATC-box [l -1708
MBS [ -1712

2000

1000
750
500

250

100

B3 TeCYC2cH: R Ja s FHk i Bt it s B K s sh FAR R A B e b

(A) TeCYC2cEEH 5 3 182K v Bricitn = Bl (Box 4: il S yeft; ACE: Jtmi R yoft; TCT-motif: Jtua S soft; GT1-motif: Jita K
Juff; AE-box: JeMH RN L, ARE: RREIE FI0fF; MBS: TRi% S0, CGTCA-motif: MeJANH M juff; ABRE: ABAN N JLiF;
TATC-box: GAM R Juff; LTR: {REW SN ufE; B EE A lybp); (B) TeCYC2cH: R & 3 F A [ & v B o f& (M: DL2000
marker; 1-4: 73 5% pTeCYC2¢c (-1 735). pTeCYC2c (-1 406). pTeCYC2c (-1 000)F1pTeCYC2¢c (—650)).

Figure 3 Schematic diagram of the design of TeCYC2c gene promoter deletion fragments and cloning of different length
fragments of the promoter

(A) Schematic diagram of the design of TeCYC2c gene promoter deletion fragments (Box 4: Light-responsive element; ACE:
Light-responsive element; TCT-motif: Light-responsive element; GT1-motif: Light-responsive element; AE-box: Light-responsive
element; ARE: Anaerobic induction element; MBS: Drought induction element; CGTCA-motif: MeJA-responsive element; ABRE:
ABA-responsive element; TATC-box: GA-responsive element; LTR: Low-temperature responsive element; the numerical values
in the figure are in bp); (B) Cloning of different length fragments of the TeCYC2c gene promoter (M: DL2000 marker; 1-4:
Representing pTeCYC2c (-1 735), pTeCYC2c (—1 406), pTeCYC2c (-1 000), and pTeCYC2c (—650), respectively).
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Figure 4 GUS staining and GUS activity assay driven by the promoters with different lengths

(A) Negative control; (B) GUS staining under the influence of pTeCYC2c (-1 735); (C) GUS staining under the influence of
pTeCYC2c (-1 406); (D) GUS staining under the influence of pTeCYC2c (-1 000); (E) GUS staining under the influence of
pTeCYC2c (-650); (F) Determination of GUS activity driven by the promoters with different length. Different lowercase letters on
the bar graph indicate significant differences at the P<0.05 level. (A)—(E) Bars=1 cm

(1 RIGER AW BCR AR AT Re SR AP S . SO LA R BRI
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JGAF T SR A B K E BARTE B 0 EAIE T %M R g
X R R IA B A BT . AREREY, 7
F RIS LA T P K & R E ZREIEH, GA
A R B RAR A 22 T B 77 (Arabidopsis thaliana)
WHERE - EEAN SRS, HE o Rkt
AEHMEMAF (Goto and Pharis, 1999; Hu et al.,
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INTRODUCTION: Marigold (Tagetes erecta), an important ornamental and medicinal plant, has a unique capitulum cha-
racteristic of the Asteraceae family with distinct ray and disc florets. However, the lack of efficient genetic transformation
system has limited the research on the mechanism of floral organ development of marigold. Floral transient transformation
system offers a rapid approach to study the function of genes expressed specifically in floral organs. This study aimed to
establish an efficient transient transformation system for marigold corollas and to analyze the promoter activity of
TeCYC2c, which highly expressed in corollas, thereby laying the technical foundation for the rapid verification of floral
gene function.

RATIONALE: A fusion expression vector, incorporating the CaMV35S promoter and the GUS reporter gene, was con-
structed to facilitate the transient transformation in marigold corollas. The study delved into the effects of bacterial strain
type (GV3101, LBA4404, EHA105), bacterial suspension concentration (ODggo values 0.5-2.0), infection duration (10—
40 min), and co-culture time (1-4 d) on the transient transformation efficiency of the GUS gene. Based on this transient
transformation system for the marigold corollas, the promoter activity of the TeCYC2c gene was investigated. A 1 735 bp
upstream sequence of the TeCYC2c gene was cloned and four promoter deletion expression vectors, with the GUS gene
as the reporter gene, were constructed based on the distribution and quantity of elements predicted by PlantCARE.
Subsequently, these vectors were employed for transient transformation of marigold corollas to facilitate an in-depth
analysis of promoter activity.

RESULTS: The transient transformation efficiency in marigold corollas demonstrated that the GV3101 strain achieved
the highest infection efficiency; the bacterial suspension concentration, quantified at an ODggo value of 1.0, yielded the
most robust transformation efficiency; the infection time was observed to exert no substantial influence on transient
transformation efficacy; moreover, a co-culture time of 24 hours was identified as the optimal condition for the process.
The results of GUS staining and GUS activity assay revealed that the core region of the promoter was located at —650 to
—1 bp. It was speculated that the light-responsive elements within this region positively up-regulated the expression of
downstream genes, while the hormone-responsive and stress-responsive elements unique to pTeCYC2c (-1 735) and
pTeCYC2c (-1 406) might have an inhibitory effect on promoter-driven downstream gene expression.

CONCLUSION: This study established an efficient transient transformation system for marigold corollas, optimized
through strain selection and parameter tuning. The identification of the TeCYC2c promoter core region (—-650 to —1 bp)
and its regulatory elements provides critical insights into the regulatory mechanism of the TeCYC2c gene. The transient
transformation system and promoter analysis method lay a technical foundation for accelerating functional studies of floral
development genes in marigold, with potential applications in the genetic improvement of ornamental plants.
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GUS staining of marigold (Tagetes erecta) corollas under different transient transformation conditions. (A) GUS
staining of marigold corollas infected by three different bacterial strains; (B) GUS staining under four different concen-
trations (ODeno) of bacterial suspension; (C) GUS staining under four different infection duration; (D) GUS staining under
four different co-culture time. (A)—(D) Bars=1 cm
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