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Plant hormone signaling is involved in regulating flower bud
size of daylily

MA Xiaoyun, FENG Mengnan, WANG Qiang, LI Yu, CAO Dongmei*

College of Horticulture, Shanxi Agricultural University, Taiyuan 030031, Shanxi, China

Abstract: To explore the role and metabolic differences of plant hormones in regulating the
flower bud size of daylily, we collected the flower buds from two daylily varieties ‘Datong
Huanghua’ and ‘Dongbei Huanghua’ at the young bud, green, yellowing, and yellow stages for
transcriptome sequencing. The differentially expressed genes (DEGs) were screened, and the
exogenous plant hormone spraying experiments were conducted. A total of 199 DEGs related to
the biosynthesis and metabolism of plant hormones was screened out at different flower
development stages of ‘Datong Huanghua’ and ‘Dongbei Huanghua’. These genes regulated the
biosynthesis and metabolism of six plant hormones: abscisic acid, gibberellin, auxin, jasmonate,
cytokinin, and ethylene. The DEGs associated with auxin were the most, which suggested that
auxin played a role in regulating flower bud development. The auxin response factor (ARF)
presented up-regulated expression at all the four stages of flower bud development, indicating
that ARF played a positive regulatory role throughout the flower bud development of daylily.
The experiments with exogenous spraying of six hormones further verified that indole-3-acetic
acid (IAA) significantly promoted the growth and increased the nutrient content in the flower
buds of ‘Datong Huanghua’, suggesting that IAA played a role in regulating flower bud
development. Our results laid a theoretical foundation for probing into the regulatory
mechanism of flower bud development of ‘Datong Huanghua’ and ‘Dongbei Huanghua’.
Keywords: flower bud; transcriptome sequencing; plant hormone; differentially expressed genes
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Figure 1 Flower buds from four developmental
stages of Datong and Dongbei Huanghua. A, B, C
and D are the young bud phase, green phase,
yellowing phase and yellow phase of Datong
Huanghua bud, respectively. E, F, G, and H are the
young bud phase, green phase, yellowing phase, and
yellow stage of Dongbei Huanghua bud, respectively.
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Table 1 Primers used for RT-qPCR

Gene ID Forward primer (5'—3") Reverse primer (5'—3")

ACT GAGCAAGGAAATCACGGCACT GGAACCTCCAATCCAAACACTGTAC

TRINITY DN44645 c0 gl
TRINITY_DN38959 c0 gl
TRINITY DN56407 c0 g2
TRINITY_DN45987 c0_gl

GGGAATAGAAAAGAAGAAAAAGCA
AATGAGAGGATCAGAGGCGA
GAGTTGAGGCTTGGCATCTC
TCTCAATTCTGAACCCTCAACA

TGACTGCAAGCAAATCAAGC
TTCAACAGAAATGGCAAACA
AGGAGGAGCAAACCACCTTT
CTGATTATGGCAGAGGGCAT

TRINITY_DNS53396_c0_g3 GTGTCGGTTTGGGTGAGTTT TTGTCCTAATCTCCCTCTCCC
TRINITY_DN60535_c1_g3 AGCTGGAGCGTCTGTTTGAT AACATTGCAAAACTCCCTGC
TRINITY DN61713 c3 g2 CCATTTCCTTGTATTCATTCGTC TAGAGTTTGTGGGAAACGGG
TRINITY_DNS50168_cl1_gl CTTTTTGTTCCCCCTTCTCC GCTCTCCCTCTCCCTCTCTC
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Table 2 Table of hormone spraying concentration
gradients

Hormone concentration T1 T2 T3

ABA (mg/L) 50 100 150

GA; (mg/L) 100 200 300

TAA (mg/L) 50 100 150

MeJA (umol/L) 100 300 500

6-BA (mg/L) 100 150 200

ETH (mg/L) 200 400 800
o g 130
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Figure 2 DT and DB flower bud phenotype and nutrient composition analysis. A: Bud growth of DT and
DB. B: Contents of protein, reducing sugar, soluble sugar and starch in DT and DB flower buds.
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Table 3 Summary of transcriptome sequences of samples

Samples Sequencing Total reads (bp) Clean reads (bp) Average read Q30 (%) G+C bases ratio
samples length (bp) (%)
DT-1 A 46 741 514 46 317 150 143.33 92.72 47.28
DT-2 B 52 626 008 52 462 550 139.06 93.19 47.16
DT-3 C 51420 096 51 189 538 140.21 92.82 47.54
DT-4 D 46 280 892 45 852 988 141.50 92.38 46.97
DB-1 E 49 593 366 49 409 032 142.16 92.31 47.33
DB-2 F 45938 584 45796 028 140.63 93.07 47.16
DB-3 G 53172 892 46 774 208 142.31 92.78 48.47
DB-4 H 39 689 346 39 525 636 142.83 92.64 47.01
F4 BIERERSIT
Table 4 Statistics of splicing results
No. >500 bp >1000bp N50 N90 Maxlength Minlength  Total length Average
(nt) (nt) (nt) length (nt)
Transcript 614 948 244 441 102 237 867 275 14800 201 384 947 244 625.98
Unigene 250 742 84 381 32140 738 253 14800 201 140 824 715 561.63
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Figure 3 Gene annotation ratio statistics.
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Figure 4 Differentially expressed genes at different stages of flower buds. A: Number of differentially
expressed genes at different stages of flower bud development. B: Venn diagram of differentially expressed
genes in different periods. AvsE: DT and DB at young bud phase; BvsF: DT and DB green phase; CvsG: DT
and DB yellowing phase; DvsH: DT and DB yellow phase.
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Figure 5 GO classification of differentially expressed genes. 1: Cellular process; 2: Metabolic process; 3:
Response to stimulus; 4: Biological regulation; 5: Regulation of biological process; 6: Developmental process;
7: Cellular component organization or biogenesis; 8: Multicellular organismal process; 9: Localization; 10:
Establishment of localization; 11: Reproduction; 12: Reproductive process; 13: Negative regulation of
biological process; 14: Signaling; 15: Positive regulation of biological process; 16: Multi-organism process;
17: Growth; 18: Immune system process; 19: Locomotion; 20: Rhythmic process; 21: Detoxification; 22:
Behavior; 23: Biological adhesion; 24: Cell killing; 25: Cell aggregation; 26: Biological phase; 27: Cell; 28:
Cell part; 29: Organelle; 30: Organelle part; 31: Membrane; 32: Protein-containing complex; 33:
Membrane-enclosed lumen; 34: Membrane part; 35: Cell junction; 36: Symplast; 37: Extracellular region; 38:
Supramolecular fiber; 39: Extracellular region part; 40: Synapse; 41: Synapse part; 42: Nucleoid; 43: Extracellular
matrix; 44: Extracellular matrix component; 45: Other organism; 46: Other organism part; 47: Virion; 48: Virion
part; 49: Catalytic activity; 50: Binding; 51: Transporter activity; 52: Structural molecule activity; 53: Molecular
function regulator; 54: Signal transducer activity; 55: Enzyme regulator activity; 56: Molecular transducer activity;
57: Transcription factor activity, protein binding; 58: Antioxidant activity; 59: Electron transfer activity; 60:
Translation regulator activity; 61: Channel regulator activity; 62: Receptor regulator activity; 63: Metallochaperone
activity; 64: Protein tag; 65: Chemoattractant activity; 66: Nutrient reservoir activity.
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Figure 6 KEGG enrichment pathways of differentially expressed genes in flower buds.
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Figure 7 Up-regulated and down-regulated differential gene expression of 6 hormones in the plant hormone

signal transduction pathway.
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Figure 8 Cluster heatmap of [AA-related differentially expressed genes. A, B, C and D are the young bud
phase, green phase, yellowing phase and yellow phase of Datong Huanghua bud, respectively. E, F, G, and H
are the young bud phase, green phase, yellowing phase, and yellow stage of Dongbei Huanghua bud,
respectively.
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Figure 9 The differentially expressed genes related to IAA were verified by RT-qPCR.
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under MeJA treatment. E: Flower bud growth under 6-BA treatment. F: Flower bud growth under ETH
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