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WA R AEAE A 2 REVE TR it R b AT S 8E ] . DELI(DP-E2F-like 1)FE N J& T E2F ¥ 55 N 1 5, 1% FE I LE )
AT AR E B R A R R R A KR B R R A S AR . AR, B AT MG ST AL RIVEEE R DELL A
EINREWE AR IE . AT AL CAZG B AR 43 70 AR AR H 28 (Chrysanthemum lavandulifolium) J9i\8 , 2% L5
F*DEL1 & T4, w3 %58 7 23 IR AR CIDELL. CIDELI &5 WANMESF 5 f 38, @ Ar T 90 d% . 38 3d RT-
qPCR 43 HT CIDEL1 75 H AR 25 i S IR LR PR TS R 3R 0A 10 A B0 i R R TR Hp i ik b v, FLUOR 25
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AR, SO T AR AR /N o FE T XU RE IF A(DEL T G378k Je FL Il AR R IR B O3B, AR AR SE T % CIDELT 5
AtDELT 52Ty ARF I RIE R, — 7R R 40 H 5 R 59 5k sh R I AL ARV 5 Thee . 400 % FUEYE 2B CIDEL]
TR A 4 B 43 BN (A R 5K R 2 5 TR R T A T A R
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Heterologous Expression of Chrysnathemum lavandulifolium
CIDEL1 Gene Affects Petal Morphogenesis in Arabidopsis thaliana

ZHANG Mei', LIU Bo’, WANG Ya-hui', ZHANG Peng', WANG Zhi-min’,
BAO Zhi-long', MA Fang-fang'"

1. College of Horticulture Science and Engineering/Shandong Agricultural University, Tai’an 271018, China

2. Agricultural Technology Extension Center of Zhucheng city, Zhucheng 262199,China

Abstract: Chrysanthemum is a typical species of the genus Chrysanthemum with capitula as its ornamental parts. Its
inflorescence development is controlled by a complex gene regulatory network, in which cell cycle regulators play an
important role in the formation of inflorescence diversity. DELI (DP-E2F-like 1), a member of the E2F transcription factor
family, has been demonstrated to play a significant role in cell cycle regulation and plant growth and development in
Arabidopsis thaliana. However, there have been no reports to date on the biological function of the homologous gene DEL!
in Chrysanthemums. Using Chrysanthemum lavandulifolium as the experimental material, a model plant for molecular
research in the Chrysanthemum genus, this study clones and identifies the homologous gene CIDELI in Chrysanthemum
lavandulifolium, with reference to the DEL1 protein sequence of Arabidopsis. CIDELI contains two conserved domains,
localized in the nucleus. Through RT-qPCR, this study analyzes the expression pattern of CIDEL] in the roots, stems, leaves,
ray florets, and tubular florets of Chrysanthemum lavandulifolium. The results show that CIDEL1 exhibits the highest
expression level in the ray florets, followed by stems, leaves, and disc florets, while the lowest in roots. Heterologous
overexpression of CIDELI has no significant effect on the rosette leaf morphology of Arabidopsis thaliana, but it
significantly inhibits the growth of Arabidopsis thaliana petals, resulting in a reduction in petal area. Based on the phenotypic
analysis of Arabidopsis thaliana AtDEL] mutants and their complementation lines, this study confirms that CIDELI in
Chrysanthemum lavandulifolium and AtDELI are functionally conserved homologous genes, both exhibiting similar
biological functions in regulating cell division and expansion. Cytological evidence further indicates that CIDELI is
involved in regulating petal morphogenesis in Arabidopsis thaliana by inhibiting cell division and promoting cell expansion.
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Table 1 Gene information of DELI in Arabidopsis thaliana and Chrysanthemum lavandulifolium

FEH A FEH 1D BRI faa XA T ii/Da AFHLAT NGV ¢ MEWi K mKTE
Gene name Gene ID Number of amino acids Molecular weight Theoretical pI Instability index Aliphatic index GRAVY
AtDEL]  AT3G48160.237 403 45 460.61 7.77 57.32 70.17 -0.746
CIDELI CHR00012952 368 41192.89 8.69 39.07 83.53 -0.487

2 BRI S HHE DELI M ZREM DT

Table 2 Secondary structure analysis of DEL1 in Arabidopsis thaliana and Chrysanthemum lavandulifolium

X} & Relative content

HHR N ;
- a-15E e p-e ffi JCHLI A
rotein
a-Helix Extended strand B-Turn Random coil

AtDELL1 42.66% 5.16% 0.00% 52.17%
CIDEL1 43.92% 4.71% 0.00% 51.36%

B

E2F-TDP j
e ~
’\.
E2F-TDP [

¢
L

1 H% DEL1(A) 5#@87F DEL1(B) K& AR = 445497500
Fig. 1 Predicted three-dimensional protein structures of DEL1 in Chrysanthemum lavandulifolium (A) and Arabidopsis

thaliana (B)
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100 E Cynara cardunculus var. scolymus E2F transcription factor-like E2FE
Lactuca sativa E2F transcription factor-like E2FE
Ziziphus jujuba E2F transcription factor-like E2FE isoform X2
100 — Gossypium hirsutum E2F transcription factor-like E2FE
Gossypium raimondii E2F transcription factor-like E2FE
100 (—Actinidia eriantha E2F transcription factor-like E2FE isoform X2
Actinidia chinensis var. chinensis E2F transcription factor-like
1007 ® Chrysanthemum lavandulifolium DEL1
Artemisia annua DP-E2F-like 1
Camellia sinensis E2F transcription factor-like E2FE isoform X3

Camellia lanceoleosa E2F transcription factor-like E2FE

Camellia sinensis E2F transcription factor-like E2FE isoform X4

Daucus carota subsp. sativus PREDICTED: E2F transcription factor-like E2FE isofom X2

Enigeron canadensis E2F transcription factor-like E2FE

Helianthus annuus putative transcription factor E2F-DP family

32

28

100

100 \
39

Tanacetum cinerariifolium E2F transcription factor-like E2FE

Nicotiana tomentosiformis E2F transcription factor-like E2FE

Lycium barbarum E2F transcription factor-like E2FE isoform X2 Lycium barbarum
Solanum dulcamara E2F transcription factor-like E2FE

Datura stramonium E2F transcription factor-like E2FE-like

B 2 HWDELI ZEEMARGK X B2
Fig. 2 Phylogenetic analysis of DEL1 protein in Chrysanthemum lavandulifolium
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Fig. 3 Conserved domain analysis of DEL1 protein in Chrysanthemum lavandulifolium

DAPI

p358::CIDELI-GFP

P35S::GFP

GFP

[& 4 H%5 CIDEL1 E B A HE R & T 40A8 E i

Fig. 4 Subcellular localization of CIDEL1 protein in tobacco epidermis

£ : CIDEL1-GFP & A )40 € A7 (A) s GFP 2 #ARx E(B) .

Note: Subcellular localization of CIDEL1-GFP protein (A); GFP empty vector control (B).
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Fig. 5 Relative expression levels of CIDELI gene in
Chrysanthemum lavandulifolium different tissues
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Note: Different letters indicate significant differences of
genes expression in different tissues (Duncan test, P<0.05).
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