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Research progress on the temperature-regulated flowering of plants

LIU Juan, LI Li, LU Bingchen, DENG Pu & Al Xin
College of Horticulture and Landscape, Hunan Agricultural University, Changsha 410128, China

Abstract Flowering is an indispensable stage in the life cycle of plants. It determines whether a plant can
successfully produce offspring and is closely related to human life. Plant flowering is under the control
of environmental factors, such as temperature, light intensity, and day length, among which temperature
regulation is particularly important. In recent decades, scholars at home and abroad have studied the
molecular mechanisms of plant flowering regulated by temperature in depth, and the research results have
seemingly changed with each passing day, revealing many paths of temperature-regulated plant flowering.
In this review, we systematically summarize the research progress of temperature-regulated plant flowering,
including temperature sensing, vernalization, and environmental temperature pathways, and describe recent
research hotspots regarding temperature sensors, flowering promoting factors, and flowering suppressing
factors in detail. First, recent studies revealed that plants primarily flower via multiple key genes associated
with histone modifications, cold-induced transcription factors, or temperature-sensitive genes that respond
to temperature signals. Real et al. proposed four temperature sensing pathways based on vernalization and
ambient temperature pathways: months (L), days (S), hours (C), and day and night clocks (D). These pathways
are collectively referred to as the LSCD adjustment model, which reveals the distributed thermal sensor input in
VIN3 expression. Second, the main flowering inhibitors include SVP, FLM-3, FLC, the FRI-C complex, SPEN3,
KHD1, miR156, PEP1, and PEP2. The activity of these negative regulators is offset by a group of flower-
promoting factors. The flower-promoting factors include PIF4 (under SD conditions), FCA, the PRC2 complex,
COOLAIR, COLDAIR, COLDWRAP, miR172, and FT. Third, the expression of FLC is inhibited by the FLC
antisense transcript COOLAIR, and this inhibition is maintained by COLDAIR and COLDWRAP, and FLC is also
regulated by the negative feedback of FT and the interacting protein FD. At the end of this paper, we discuss
future processes that should focus on flowering mechanisms that result from temperature-dependent alternative
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splicing, protein modification and degradation, or DNA encapsulation around nucleosomes. More importantly,
more attention must be paid to genes that respond to long-term and short-term temperature changes under
natural conditions and genes that are related to late twitching.

Keywords flowering; temperature sensing; vernalization pathway; molecular mechanism; environmental

temperature pathway
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Fig. 1 The formation of a repressive chromatin loop at the FLC locus
(revised according to Ref [59]).

1609, fES R R, HE LA R R R (LT 4
ZARPhyAFIPhyB, ¥t 52APhot1fIPhot2, F&1E 1 2 CRY1
HMICRY2, 24102 ] TUVRSEE) &2 M85 15 5105,
I IE AN [ 38 42 U 4% COJE A ¥ 5 s Al v /K7, HCOE
W EEIEFTH 6. BT, B2FA1ANFLCH#
g 8 FTRERM 1 L3R 3k, W B 1A A 7F 1o 4 B Bl 4 i
FFAEY. FLCHMAZ FTHI SR R Y, A F S 7~ BLeg T i
FTEAL & BIFLCINI B3 ¥ X4, #iFCOOLAIRKI KX,
M0 FLCHI 2K BRI 1, o B 1R A 41 2 e 5 N 1°°)
RIL, WAERFTSH HAREAFDA FLC U R & 12,
AXTE FLCI 5" 5 3 20 T X 3 A A FH 1 AN A& FLCIY 3 i3 31
T3, AW T FTXEFLCHY 3415 57 F COOLAIR.

3 MRREIREF

BATEMMERCEH TENERIVAR, R0, BRI
T JUEE AT 2R 55 38 8 VA 35 F A2 I 18] 59 40 T B 775 B 1 .
VFZ W AR s T i S A A T AE (K 8 44 AL A0 4 1 e
PRI IR P () I B B R WA A ) T AR I T, IR EOR R 2
(2 R 2 . RAE M RORIL: E#sh14.2 CF,
VINIZKF LU € 1914.2 CHE sy, HLFLCTR T MR F2 AR 5 18
#914.2 “CK, Xt E B VINIM 7 @244 7 FLC V. VIN3K)
LSRR 2 B W BT, A E R R, R AR, VINS
B SR JKOPAE 273 B AE P, 3 3 it B Y A 5 2 CCAT
HVIN3E# T 4545 I VINSI % 5 FiRcY Xyt gk
B, VIN3M ST 56 R FLCHI IR 428 2 L A f ol B % 15 ok
HEAT T, PREUR B B8 38 1 A5 361 VIN 334 4% 5 A ST 1 i 7
FEBOR AN FLCRIE P2 A Fom. I JLAEWE 7T R BLSVP-FLMA
HIF AW mIRNASFIH2A . Z 78 B 55 I 13 i 4% v ke 8 24

H, W28,
3.1 SVP-FLMi#HIFIE &4

IRI5 I A A T A 52 2 2 B R 15, Hp SVPEL
FLM Je 3 [R5 DR 2 3 S AR FR VO, SVPJE — Rl R I8 3
BT, 4ifd— MMADSEDNAL & H, 1F 5 TR ME,
B E5FT. SCOTER & 8 T ok 45 & kM mam I ie, A
F R T FCARFVE it %F SVPIIHH K 2 i3 55 18 7% 1
PR, FLMJZFLCHI 2% 01, B FLM%% 5 — % B R -85 #2
: FLM-BHIFLM-6 "™, HiF4E %8, SVPHFLMILE R T
TERIY, FLMASVPIL [ 2R ik, F H 3 ik & (A HAE FI % Bk
SVP-FLME 4 %", Balasubramanian M £¢ 2| FLM 5 422 5
2l R 8 I B AR AL AR Ak, FLM-BFIFLM-O 1% BY 35 52 I i
PRI T A R S Heh EARIE R (16 °C) EEAFEFLM-B5Y
AR SR, MRS IR S R (27 °C) X EAEAE FLM-6 7* 7,
FLM-Bid R IEHEE T ZEMFE S, FLM-01 & ik hpid 1 JF
7 SRR BE T FLM-O 8 3 R 1 R 1, 10 EL b 7268
E AN R SVPE AR, #E— L K T A SVP-
FLM-BEEWIMEE, R/ T SVP-FLCHI$ i, {2k T IT
. HEAGE T, FLM-Bid £iE, 8T SVP-FLM-BI=E 1,
i 7 FFAE, HSVPEFLMI) I K 2 5 SO M5t i A
BRSO SRT, BARA ARG SVP X EAE M T FCAMFVE T
T AR 8 B, R 87 AR AR R 34 A 1 R 4 T 7O
3.2 miRNAs: miR156F1miR172

Ak, 24 microRNAs (miRNAS) 12 153 4% 5 i i 45
T T AL 4%, MIRNASAE — 2 1 21-224 4% 1 18 41 1 1 3E 4
BRNANGF. B FE M, miRNAsEHEY) & G 1A
A7, miRNAF miRNAZE K 7E 40 i 4% P 4 RNAZ 5 il 11 5%
% JEmIRNA (primary miRNA, pri-miRNA) , 4R 5 4% 1% %
W) EEDrosha RNaselll 85 Vi K f& 70-80 ntff) B &k Je IR &k
I ATA miRNA (miRNA precursor, pre-miRNA) , [ J& #
I R 21-224N 6 17 R 1 48 XUEERNA 7879 Bt miRNA
L FHRNAE ST E AR (RISC 1, A MES
i P G ) (R o A S O S S R IR ER.

PN E E I mIRNAS F R B miR156 FImiR172, /& 44
W e R A K T A B A K i U 0 B B 4 5 Y. miR172 1
mMiR156/15% 1A 52 A & 1 4% : miR1567E4) Pk R IA,
W 25 FEL A B SATT Rk 2. AH I, miRAT 214035 14 it 25 4 1 47 1%
BN N, Tao% N KB, 7616 'CF, miR1561E KA N T
SPL3, M iEiR [ HEYIFHF1E, 3+ H &% 1A SVPRIFLM-O B
5miR172af8 31456, N TmiR172( K&, MiiA BT

FlE (HT FCA ——— & (LT
FLM-5 miR156 FLM-B miR172
SVF’TFI-'V'-6 SPL3 SVP-FLM-5  AP2-Like
12 FT<—l &

E2 MEIREXFEREIAET. &7k XL 7 3R (2 gk A,
LR H AN R R BRI, TR RN R TS

Fig. 2 Regulation of flowering time by ambient temperature. Arrows
and block lines denote activation and repression, respectively. Dotted
arrows and block lines indicate a lower effect of this regulation. The font
size indicates abundance.
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