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ABSTRACT

Background: Plants have evolved a sophisticated internal timing system—the circadian clock—to adapt to
the diurnal and seasonal changes of light and temperature. This system enables plants to maintain a dy-
namic balance between growth and defense responses. Pseudo-Response Regulators (PRRs) are central
components of the core oscillator in plant circadian clock, and play vital roles in regulating circadian
rhythms, photoperiod-induced flowering, and abiotic stress responses. Systematic characterization of the
PRR gene family will deepen our understanding of the molecular mechanisms underlying circadian clock
regulation in plants and provide theoretical insights for improving crop agronomic traits such as stress tol-
erance and yield.

Advances: PRR proteins typically contain a relatively conserved N-terminal PR domain and a C-terminal
CCT domain. Based on phylogenetic analyses, PRR family members are classified into three subclades:
TOC1/PRR1, PRR7/3 and PRR9/5. Although PRRs have been identified in rice, wheat, barley, sorghum, and
soybean, researches on the molecular mechanisms of PRRs in regulating plant circadian clock have been
conducted primarily in Arabidopsis. The core circadian clock oscillator is composed of interconnected
morning, central and evening feedback loops, with PRRs serving as key regulators. Studies have demon-
strated that PRRs play crucial roles in regulating plant developmental processes spanning from seed ger-
mination, hypocotyl elongation to flowering time. In addition, PRRs also modulate plant responses to vari-
ous abiotic stresses such as drought, cold, and salinity. Recent studies in wheat, rice and soybean have
provided crucial theoretical foundations for crop genetic improvement. For example, TaPRR95 in wheat
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functions as a negative regulator of flowering and thus represents a promising genetic target for enhanc-
ing wheat yield. Similarly, GmPRR3b from soybean negatively regulates drought response, offering a novel
candidate gene for breeding stress-tolerant crops.

Critique: Although progress has been made in PRRs research, several questions remain elusive. First, the
functional conservation and diversification of PRRs in plant species beyond Arabidopsis requires system-
atic investigation. Second, the biological functions, regulatory networks, and potential applications of
PRRs in plant biotic stress responses remain unclear. Third, the upstream regulators and downstream
components of PRR-regulated pathways have not been fully characterized.

Prospects: Future research should focus on three directions: Elucidating the functional conservation and
species-specific roles of PRRs across diverse plant species; utilizing gene editing technologies to precise-
ly manipulate PRR expression and evaluate their potential applications for breeding stress-resistant crops;
characterizing the core functions and regulatory mechanisms of PRRs in plant biotic stress responses to
expand our understanding of PRRs functions.
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Fig. 1 Phylogenetic tree of PRRs
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Fig. 2 Molecular mechanisms of PRRs in regulating circadian clock in Arabidopsis
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Fig. 3 Molecular mechanisms of PRRs in regulating plant growth, development and abiotic stress responses
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LRI, AtTOCLRERS B 2454 CBF3 1) Ja 814l
il A 5%, AT SO S R AR I VA 12 o AE VA AR B 2%
f°F, /KF&GH OsPRRI. OsPRR37. OsPRR73. Os-
PRR59F1OsPRRIS W IE /K3 .2 Eii. 1R
B (2016) W ¥4 W 18 ) 7 OsLHYFN OsPRRIT
Wi 87, BETM 23 T OsPRR37. OsPRR73. OsPRR59
HMOsPRRISIF)Z1k o
2.3.3 PRRs7EfEM0 Rz L piE R 9 1E A

bk 7 25 W2 A P, PRRsIEE A
Eh WA g B A 4% B LR FH(E13-E). 7 ShAb B 2%
R, U T prrd RARRIE K2 AR SR 2 1Y
B3 TR AR R APRRS B 45 30 5 R T 38
PR 25452013) 0 prr9/7/5 = 5ACARLE i 2R A0 3 R
T AR R ERT AR, B R &%
4 (NakamichiZ$2009), {1 H#EW| AtPRRS5. AtPRR7
HIAPRROTE I FE Wi M b mT g BA IR .
WAk, HE(Glycyrrhiza uralensis) )T 42 th 40 )5,
H_F 358 AR GuPRRS 1) 3R 15 53 R 1 (56 L i 4%
2021); 52 M, faift.(Nelumbo nucifera)%i it 4
L ¥ )5, NnPRRI~NnPRR7 ¥ 315 & ¥ 5. % LTt
HA NnPRR5JE R Rk & b T+ o8 15 38 (VE AR 5% 5%
2023), H i BHPRRSAE £ i A () Th g vl e LA
VIR F S . B ARPRRSTE 22 Rkt 4 2 i o7 26 ol
18, AE O ALE] R0 7T A TR, I PRRs7E
AR Eh o B % T B DR IR T 1
T —PIRE . W TR I, OsPRR73 /245
IKAE T 5 14 1 OGS ], 7E SR 38 R osprr73 AL
NSRS NPT L s e 0 R A o (AR k= e )
TR B &, KUEL 7 FOsPRRTIFHHE A
i FRBEHDACI0, $01#| OsHKT2; 115555, Iiiiigb
Y1 g ROSFINa IR 22, 3 5k /K el (14 T 6 14 (Weei
2021), X WU FTIESE T PRRs 5 /K A #6142
(&) B8 — BB R S ML, HERE T PRRs M4
i 5 AL A SRR, K ARG L E R A TR
B

3 RESRE
PRRs 5 5% 5 PR R A0 b O A% 0 ARG o

XTI K R MR ia M B+
EERFAEER . BROSAARF Y T
TR T PRRs I RERIBI 7T, (HATS A — Lok} 2% ] A
B R. EBEEYME I, PRRsiEN 547
b AR AZ O 2H 4> (INCCAL. LHY25) T i e 45 0] 2%
a5 Ath A= A O 3 DR AR ELAE D, R o R 4%
Y ERENRR R IE T, BRI S KA E Y
PRRs (1) T e Or 57 PERTAD R RE e il A g Tl — 20
WFt. KRG DEFEREIED T, PRRsIIWF
FERET A ITAE, WOsPRR37H10s-
PRR737] $iE iR 7K A& T £ A 4l A (Koo %52013; Liang
£62021; Sun%$2023), Hit KA Mk RS K Fg<db
C R v S N W Gy TR SR Y i v o N 3 T
W, A O R SRR X 3 B KA )
BRI B, UBAh, BHETOC T PRRs S 5 4 A
PO ) B AT 32 B h AR R A W e A, HL
PRRS7E I F rp 3F adi % 4 67 i 454 T e A=
Yl ae v i D RE U)K DL R E . R SR B 5T R A
5 ThD A 3t 2 — T 6 I R G R R R T O 4
PRRs[W3R15, BEmi$E THEY 0T A6 AP0 38 1 i
B — 7 IR NAR FCPRRSTE AW e A (1 Th g 5 1
FEWLH, #E— B30 EPRRs KR I L RERT 72 .
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