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ABSTRACT

Aims: Foxtail millet (Setaria italica) is a typical short-day plant, and its photoperiod sensitivity severely re-
stricts regional adaptation. This study aims to identify core genes involved in the photoperiod response,
elucidate the underlying molecular mechanism and provide a theoretical basis for breeding widely adapt-
able varieties.

Methods: Foxtail millet cultivar ‘Jingu 21’ was grown under long-day (LD, 16 h light/8 h dark) or short-day
(SD, 10 h light/14 h dark) conditions. The second leaf from the top was sampled at 21 and 45 days after
emergence. Total RNA was extracted using a plant RNA kit. RNA-seq libraries were prepared and se-

Es  2025-12-22 f8E  2026-06-07
BE EZRESHRIRI(2023YFD1200704) [ 5K H SRR 2 4 (U24A20382) 1L 7 48 B J & 001 Rl 48 495 4 i T H (2021 -
01140601027)H11L1 V544 BF 75 AE 20 H €375 H (2024KY316),




782 TP A B 244 www.plant-physiology.com

quenced on an lllumina NovaSeq™ X Plus platform. Differentially expressed genes (DEGs) were identified
with [log,(Fold Change)|=1 and adjusted P<<0.05. RT-qPCR was performed to validate the RNA-seq data
using the reference gene SiH3.3. Gene expression was calculated using the 27 method. Functional an-
notation of DEGs was performed using the ‘Xiaomi’ reference genome, followed by gene ontology (GO) en-
richment and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses.

Results: A total of 3 771 and 4 514 DEGs were identified in the SD21/LD21 and SD45/LD45 comparisons,
respectively, with 1 297 common DEGs shared between the two stages. KEGG and GO analyses revealed
that the DEGs were significantly enriched in pathways such as photoperiod response, porphyrin metabo-
lism, and secondary metabolite biosynthesis. Under SD conditions, florigen genes SiFTa and SiFTL9 and
flowering-promoting factor SiEhd7 were up-regulated, while under LD conditions, flowering repressor
SiGhd?7, circadian clock gene SiPRR37, and multiple SiCOL genes were significantly up-regulated.
Conclusion: Notably, eight key heading-date regulatory genes—SiMADS14, SiFTa, SiGhd7, SiPCL1, SiFTL9,
SiCOL9, SiHd1, and SiFPFL4—were differentially expressed at both stages, suggesting that they may con-
stitute core regulatory components of the photoperiod response. This study provides a theoretical basis
for clarifying the molecular mechanism of photoperiod regulation in foxtail millet and for breeding widely
adaptable varieties.

KEY WORDS: foxtail millet (Setaria italica); photoperiod; heading date; transcriptome; differentially ex-

pressed genes
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PRESSION 1 (TOC1)4 i (Alabadi%$2001; Park %%
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Table 1 Primers for RT-qPCR

SD45 5 LD45H L, # 7 R IAFE N £ =18 54 514
A, ALFE2 020 L iRAI2 494 FiREE ., ZRE

RV SESSETAS)

BT R E

LGP H1(5'—3)

51 P 5 (5'—3")

Si9G37480 Seita.9G378800 ATGGCCCGTACCAAGCAAACT
Si4g07330 Seita.4G067600 AGCTCTCAGCTAATCAAGACAC
Si9g09160 Seita.9G088900 GCTCGTGGAGAAGCAGAAAGG
Si5g32220 Seita.5G317600 CATGGTGTTTGTGCTGTTCCGAC
8i9g22570 Seita.9G231000 GCAAGTCACCTTCAGAAATACAG
8519202890 Seita.9G020100 GCCAACCTTATTAACGACTTTAGAA
Si2g38170 Seita.2G383000 CTTGAGCGTTATCAGCGTTACTC
Si2g01630 Seita.2G002300 GGAAGCTCTACGAGTACGCC
Silg30530 Seita.1G301300 ATCGTTGTGGTTCACAGCCT
Si7g03550 Seita.7G025600 GAACAAGGTGCTGGTGCAC
Si5g09890 Seita.5G093000 AACATGTTCCGCTCCATCGT
Silg28080 Seita.1G275400 GACGGTTTTACGAGCGGAGG
8i2g33790 Seita.2G335600 CCCTCTCCCTCTCTGTCTCC

GGATCTCACGGAGGGCAACAGT
GCTAGCCGTTTATTACACACACC
GACAGGGTAGCTGCTGATATTTG
CCTTTGGCAGTTGAAATATGTGG
TTCGAAGAAGTGTTGAGTTGGG
TAATGCTGGCCACAGGGAACTA
AACAGTTGCCTTTGACTCTTCTG
TTTGGCCTTCAGCTTCCTGT
TATGCCCAGTAGCCCCTGAT
GCGGACCTCGAAGTT
TCGACCTTGACCTCCTCCTT
GACGAGGGCTCATCCGAAC
GCGAAGTAGACCCCGATCTT
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Fig. T Comparison of phenotypes and heading date in foxtail millet under long-day and short-day conditions
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ABARIRAR IR 69 LLAR, AR R B AT R F) G B B4 T 60 -F 340 AR 0, B8 BRI B R mMA . 3R £ & ) AR B £ (standard

deviation, SD, #n=32) Students' &35, **** % - P<0.0001 .
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Table 2 Quality analysis of sequencing data

b W B A 3L H/Gb Q20/% Q30/% GC/%
SD21-1 23010 358 6.87 98.28 93.53 53.63
SD21-2 23 884 514 7.14 98.26 93.52 53.71
SD21-3 24833018 7.42 98.29 93.57 53.09
SD21-4 20 824 996 6.22 98.29 93.51 52.49
SD21-5 23 859 600 7.13 98.38 93.93 52.40
LD21-1 19 975 298 5.97 99.59 96.25 53.63
LD21-2 22421222 6.71 99.46 96.13 53.40
LD21-3 19 782 071 5.92 99.58 96.19 53.48
LD21-4 19 687 428 5.89 99.64 96.18 53.62
LD21-5 21 740 576 6.50 99.47 96.04 53.54
SD45-1 22 465 185 6.69 99.14 96.14 52.50
SD45-2 21565322 6.43 99.10 96.04 52.98
SD45-3 22 380 485 6.68 99.03 95.61 52.91
SD45-4 19 766 061 591 99.06 95.75 56.61
SD45-5 20 423 633 6.08 99.07 95.89 52.95
LD45-1 20 031 565 5.98 98.95 95.47 54.67
LD45-2 20 692 074 6.19 99.02 95.69 54.71
LD45-3 21306 352 6.36 99.04 95.75 53.21
LD45-4 20 975 325 6.25 99.07 95.86 53.23
LD45-5 20 975 247 6.26 99.03 95.67 53.85

SD21442 H #821 d, LD21A K B 1821 d, SD45H42 B 1845 d, LD45 A K B BB45d. 1~5AH5KAMFEE, TH.

B15 R A5, TFE). SiPRR37 (Si2g43940/Seita.
2G444300). Si3g06260/Seita.3G055700. SiFTa
(Si4g07330/Seita.4G067600) M SiHYS (Si5g12620/
Seita.5G122900). F At = R SiFTa 5 4 ) %h
17y SIiPRR3 75 E 5 H MR AT R 3ak B, (3
SR 7 SIHYSE K H B T RER &
X R AP B 5y 5 O0AE 5 B i 1R e B AR
b, FEILRITE T e R ik . SD45/LD45
rh e B K ) 2 DR R B 2 124 SiwD40 (Silg-
12060/Seita. 1G117200). Si2g28940/Seita.2G-
286100, Si3g09660/Seita.3G091600. Si3gl7540/
Seita.3G177300. Si4g07330/Seita.4G067600.
SiHY5 [F] 5 & K (Si4g21470/Seita.4G224000). SiGI
(Si5g13330/Seita.5G129500). Si5g15810/Seita.
5G152500. Si8g14530/Seita.8G140200. Si8gl15190/
Seita.8G146900. SiPhyA (Si9g11420/Seita.9G-
113600)F1Si9g31360/Seita.9G318000 (3). Y%
VRSIPhyA . A=) SRR 5 58 R SiGI VL J il AE 3

5 [A Si3g17540/Seita.3G177300 F1 Si4g07330/Seita.
4G067600%5 555 H 2% A4F ~ 1A, S [EE 4
TR 8. #H 2, Si4g21470/Seita.4G224000 5
SiWD407EK H 24 T Frek m A, B efln]
REAE N R 72 5 e i fE . DL kg
TR, BRI IE B AR T O B N A
FAZ Oz, FoaE kb R H RS R R T
5&K B N HHF X PR DU Y 2 18 1)
ST, AT SI2 ERE AN [R5 J 3 1 el A e ] ) 6
R
25 KIEARBREHTERREERMGOEESE
S

XKL R H RS N2 i 22 S Rk B A
HATGOE 4401, 45 REWISD21/LD21 % 5 K ik
RS54 o7 Dhae a7 o ml A
2209, 2 222F012 3557, ixX ¥ 7 B LR A 24
2071GO% HA, & HE B AR, 5T IhEesl
4 L 2H 55 43 ) 5 61.92%. 28.57%. 9.5% (£ 4).
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#=3 K. HHBEGT21845 dATHRPERRIEEE
Table 3 Differentially expressed genes in foxtail millet leaves at 21 d and 45 d
under long-day and short-day conditions

ZE S AL I KR BT T Log, (FC) K ThaE
SD21/LD21 Si8g07090 Seita.8G066600 -20.95 KAV ReE A
Si9g22790 Seita.9G232600 -17.28 ARENThREFER
Silg34000 Seita.1G336200 -8.30 JERMEE I A% B oK S
Si525270 Seita.5G238400 -8.15 RADIALISE [
Si7g01770 Seita.7G009200 -8.07 MHEA
Si3g20670 Seita.3G211300 18.50 KA e LA
Si5g32220 Seita.5G317600 9.94 FTL9
Si0g17300 Seita.4G090400 8.26 ARENThREHER
8i9g22570 Seita.9G231000 7.59 EHDI
Si9g32770 Seita.9G329300 7.57 Je il AR e | e
SD45/LD45 Si6g05450 Seita.6G048900 —8.40 B-fis P K M
Si5g17400 Seita.5G169400 -8.30 12- 58 M) — I 0 i il
Si3g01460 Seita.3G004800 -8.19 FH 2573 S AL P
Si7g07520 Seita.7G056100 -7.69 GRUBEEE RS2 IR 2 5 1R/
TRa B
Si5g03160 Seita.5G021400 -7.67 e IR G A A S E
Si2g01630 Seita.2G002300 11.74 MADS-box 15
Si5g32220 Seita.5G317600 11.07 FTL9
$i9g28370 Seita.9G287300 10.46 BoMERER
Si2g10820 Seita.9G386100 10.35 il £ 2 P450
Si9g36680 Seita.9G370400 9.49 3 - A [ T ot

W F AR, AR & LR/ TRBEATSH AR, f 2o RFHA BB RS,

SD45/LDA45 % w RIS F R Z 5 AW 2. 120
Ae FIZH M0 26 4 73 A2 665, 2 TT9RI2 8214, &
K H BB N4 368, =38 & 7 il N 61.86%.
29.14%. 9.00% (#5). WAk, AW FEFH2 225
NGO H @244 a1 L[] & 4L B IE B, = 4R R
BRI IGO% H EZ W Jnii AU . SR L5
S FINREFHI19MGO% H 224 i 2 () L A &
LR R, HhE ERERSNIGO%H FEW
K NADH I S % . ATPEEE LSS 40 i 4 7
H31510GO% H 224 b 41 18] 3L 7] & 45 21 i3
%, HrhE £RERENGO% B R EW K&tk
WP, REEAIESE. XU E SRS AR
FHAEE BB VIO w2k &S SR W
TR R AR, TGRS 5 766 B B e &
FEC B A A A RN B AH S AR U 1) A2 A
U1 2 BH Y J 30 AT Bl I A 4% SR A AR S AR Ak 3k T R
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Fig. 2 KEGG metabolic pathway enrichment map of common DEGs in foxtail millet at two stages
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Fig. 3 DEGs in the circadian rhythm metabolic pathway under the combined SD45/LD45 photoperiod condition
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Table 4 GO enrichment analysis of DEGs in SD21/LD21 group (top 5 terms)
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Table 5 GO enrichment analysis of differentially expressed genes in the SD45/LD45 group
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Fig. 4 Heatmap of core DEGs in photoperiod-responsive pathways
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