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Abstract: Phytochrome interacting factors ( PIFs ) belong to the basic helix-loop-helix ( bBHLH ) transcription factor family, they

interact specifically with the active conformer of phytochrome ( PHYS ) photoreceptors in the nucleus and are decomposed. PIFs participate

in various signal transduction pathways to regulate plant growth and development, such as repressing seed germination, promoting seedling

skotomorphogenesis and flowering time. As an important part of the regulation of intracellular signals, PIFs are widely involved in the signaling

network mediated by external environmental factors (such as high temperature, light ) and internal hormones ( such as auxin, cytokinin,

brassinolide, etc.) . When the light signal and temperature change, PIFs are involved in auxin synthesis, transport and signaling to regulate

plant growth and development. This review mainly introduces the advances of PIFs involving in auxin-regulated plant growth and development in

recent years, and prospects the future research direction.
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PIFs fE NN S0 “Axel” ', 2 HEREfE
SHAEYIH R S5, AR i & T IR
S /IR 25 i BRI S R S A O AR KRR —
FHEYIS R, Z5EMERKENZ DN, ik
Ef . m AR, DARGR IR AR AR 2
J A, JRIERIONZE A A A, PR EMIAR A TE L. BIF
FERI PIFs GBS HHERKRME . BRURES
AR A KRKRE
1 EHEREERFRAEERKEER

m5|E -3- 2,8 (indole-3-acetic acid, TAA ) H—
FIRRRAERK R, BEER (Trp) MRBUREM G
MR R AR L R A I -3- PR (indole-
3-pyruvic acid, IPyA ) B2 E @AM RS I 3
WARRKRG AR, 16 IPyA 2, Trp He A
IR A FE A (tryptophan aminotransferase of
Arabidopsis, TAA) #E1EA IPyA PO AR S 2ok I
B YUCCA (YUC) #f IPyA fi 1L 7 TAA "', PIFs
FEGE A IPyA B A KRG Rk
B, LG m LG AR IR, PIF4 BUR,
fie itk TAAT 2235, 8 Trp iEALTE K IPYA, 275 IPyA
5, A2 2 248 R A Bl PIF4, PIFS Al
PIF7 W2s B4R YUCS ., YUCY SFIEI Rk, 4
PyA AL TAA, RVEAE KR AR (] 1-A) 1575
BB B, BR T YUC X IPyA JE4TI TSN, —
PR A iR — WE R B B (uridine diphosphate-
glycosyltransferases, UDP-GTs ) UGT76F1 t123X%} IPyA
FRAERZIR, R TPyA BEIEALTIE AL TPyA- B4 HESS &
Y IPyA-Gle, 1551 YUC HEAL IPyA JE BT TAA S 4 1l
WA RK R, S 5ERKIZDEPERRT . o
FERIL UGT76F 1 [R5 52 BG5S s, 75 pif4
AR, UGT76F1 Fikit B, BRI,
PIF4 B %5 UGT76F1 Ji3 8 145 & A ¥ UGT76F 1
B, WK ZNAE (E1-A) U iR
ST, PIF4 2 45 6 A RIK &R T i o —
FEREAB®RRZE @l (tryptamine, TAM) i&
oo PIFA g it (5 i iR 42 P B AL I 2K [N CYP79B2
ik, B OERMEIIE BUEI -3- L5 (indole-3-
acetaldoxime, IAOx ), fE A K KA AL (] 1-A )[ 13]0
5T R BUAR LU 2156 /38 2156 0 g L i PIFs FRR,

RMAERRAGR, FEEEY IR, 52HKk,
LHNEREE 1 PG PIFs (2R A, Il A K &R
MGG, SRR T RIS . TESEM B (UV-
B) TR, UV-8 fliil PIFs ik, FHPUAEMRELBILr
o6 TG T B IR . $A6EZ K UVRS
(UV resistance locus 8 ) x4 UV-8 1816, S pli sl
IS ER T 1 (constitutive photomorphogenic 1,
COP1) MEAEH, FIRORSEBGERYERF HYS
(LONG HYPOCOTYL 5) & H [q] J& ¥ HYH (HY5
HOMOLOG ) 1 &% 5%, 4 il 2% 5 % (gibberellins,
GAs) W4, 53 DELLA &Mk B FHE, E—
AN PIF4 1 PIFS B 235, N6 A K &2 1A .
[, UVRS LA E S PIF4 F1 PIFS Z54, il
KZGm, TS (K 1-B) 150
2 AFEREERFREEKERIEZ
KB E $ir (polar transport, PAT) &4
W ZARAE S BT LT 1 0 76 PAT W, AR
Rl IR E esh i ik A4, somad A K E
P AR AUX/LAX ( AUXINT/LIKE AUX1) P
A P, G A E 6 B SN R A PIN ( PIN-
formed ) iz % 21 AH 2B 21 it [22723]0 K 2l i PIN
TT AR B i R S AR R A R SR AN R Y
FHE IR . Dimasih . PR LB, PIFT 78
R BIL0E /e e U R, {23k PIN3 F1 PIN4 1
Fik, HFrrh e R RIEE R IR, (2RI
AR (& 1-C) 12 PIFs AALAEAR Ho 91 415 / 3
U REARKRZ, Emik TR, E5
T, PIFARER, fEmm AR RWwE, IR
R ERGEEMAN, BiE PIN3 MR AR K Ris ki
BRR, [FEF PIF4 W20 8 1 PID( PINOID )
FOREIR ik, HE98 PIN3 Bilfk, fif PIN3 E(i7E
AN E, e KRR AL (F1-E) P
3 AHBEREEEFRAEERKZESES
AR ZIHIRFARKE /BB LER (AUX/TAA )
54K R A F (auxin response factor, ARF) J&
AR ZF TS O AN F T, AUX/TAA
fiE 5 ARF 454, FHMi ARF 36, #k—B3mii 4=
K& R B 5% 12, PIFs 3@ 3 4% AUX/IAA
DL ARF RIS 5ERKEWE S KK
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PIN34 (@D J_ * l + J_
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TEES AUX/IAA # l
ARFs
AUX/IAA,PIN3 IAA17/ARF6 TEMEk @D TS FHR

A ARHBIZIG /2T 0 PIFs BUSE, PIFS fiEift 7441, YUC & CYPT9B2
W35, M UCT76F 1 INF3E  IAFEAE R SR INE G B AN PIFs ik,
AR R, WETRMM ; C . IRILBIZE /IR T ., PIFs Y5
AR RIS RE S S, WEAYAERKKT 5 D BUH Piks Xk, %
A KRGS o @i et PIRg BUR, P A KRR A M. sl
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R ER R H

A : Low red/far-red ratios promote PIFs accumulation. PIFs regulate the auxin
synthesis by promoting the expressions of TAAI, YUC, and CYPT9B2 and
inhibiting the expression of UGT76F1. B : UV-B inhibits PIFs expression. PIFs
regulate the auxin synthesis to influence hypocotyl elongation. C : Under low red/
far-red ratios, PIFs involve in auxin transport and signaling to regulate plant growth
and development. D : Blue light inhibits PIFs expression to regulate the auxin
signaling pathway. E : High temperature promotes PIF4 accumulation to regulate
auxin synthesis, transport and signaling transduction. F : Natural light inhibits the
expressions of PIFs. PIFs regulate the expression of lirSAUR gene in different organs

of plants to affect plant growth and development

1 AHEREEERFSE5EKENER. SATESE
SEAEEMERELS

Fig.1 PIFs participate in auxin synthesis, transport and
signaling to regulate plant growth and development

b PIFs H5AE R EMOCILHH S T4 &, Wil IR
M (1E1-c) O

PIFs NXTEAR FL BT 7 im0 R A K &
RS, FEOLMEE TS ERRGFSRS
RS, SR, EmmIRAMET, PIF4 LR
HMEHEERRZEGW, HEERREE, EREK
SR UEAE K &R /N RNA (small auxin up-
regulated RNA, SAUR) FEH I SAURI9 Fik, fili
TR (18 1-E) T8 S JUAERRSER IR, PIFs fE
% B 4220845 SAURs A% 557 W) lirSAUR, I HAE
TR R IR 22 50K, REIAAR YIS [ AR
Ko BRI, PIFs R, BRog A Hil iy
lirSAUR, fii lirSAUR % 5% B8, ek mt4 . 1
TE T IRAhrR, PIFs BEAR, S 00 RRKEAR, il
LirSAUR (915, PRI T i Kos gz (1 1-r) B
WFFER KB, 766 T CRY 1 i i # PIF4 (1) %
RIEPL RSB0 TR K, CRY1 BB S
PIF4 M EAEF, #0 PIF4 (3eik, [RIEF CRY1 tin]
LI COPLAHEAEA, i PIFs il [N F HFR1 (2K
FIRRRRS 254, S PIR4 ik, MIIRZNA TAAT9 .
1AA29. YUCS 53R 5E (& 1-D), il ikdh
,fEFt/Q [32733]O

K F G S S REZ 3 PIFs AIEAbIE R 1P
s . FEMR LML / merefmia gt~ , AR
FUWRE S, SR, AR Rk R GG i sg
M A K 2 O R T R, AR gk T
L, 28 w2k K E M st DURE 761K H Bl
2106 /L P R R B A K R F 5. 7EIR
L2 /3B 216 F, s R A A GA20 Ak
fifi ( GA-20 oxidase, GA200x) Fl GA3 AL ( GA-3
oxidase, GA3ox) MyMEFLAE J13E 9, (2if GA WG
B GA YR BE 93 0 2L DELLA 2 1100 M A% .
DELLA 25 & —Fpit st BHiE K, vl LAifilvr 25
SEEFINETE, A F5H R E NER (brassinosteroid,
BR) i EAEHER) BZR1 ( brassinazole-resistant 1)
Ko [R5 3 A BES1 ( bril-ems-suppressor 1), ARF
I PIFs 2 17400 i ef S [ 5 DELLA #1 —
HH L BZR-ARF-PIF/DELLA ( BAP/D ) &K A1k,
BZR 1/ARF6/PIF4 3 11 17551/ 22 1 [7] 14 4 56 DR A v
MAEAA, I F e AR PR R T A e i S
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WY AR KT ERE . ZRIMRIE &
B, PIF4 TE i T ol MR A KRG . s
R, R NI A K, R PIFs SIREEAHSC,
FIL, BEE - ES - A RERBEERR, BRE
T2 IR b ) A 45 o6 R 2 A 5 9 ). B
T B ARBRA, PIFs 25 4 K Z R A
WAk B B4 B AR 1 I OB, T A AR Y
U I S N E S

& % x ok
[1] Wang YH, Maruhnich SA, Mageroy MH, et al. Phototropin 1 and
cryptochrome action in response to green light in combination with
other wavelengths [ J | . Planta, 2013,237 (1) : 225-237.
[ 2] Jeong J, Choi G. Phytochrome-interacting factors have both shared
and distinet biological roles [ J ] . Mol Cells, 2013, 35 (5) : 371-

380.

[ 3] Pham VN, et al. Phytochromes and phytochrome interacting
factors [ J | . Plant Physiol, 2018, 176 (2) : 1025-1038.

[ 4] Lau OS, Deng XW. Plant hormone signaling lightens up : integrators
of light and hormones [ J | . Curr Opin Plant Biol, 2010, 13 (5):
571-5717.

[ 5] Jing YJ, Lin RC. Transcriptional regulatory network of the light
signaling pathways [ J ] . New Phytol, 2020, 227 (3 ) : 683-697.

[ 6 ] Brumos J, et al. Genetic aspects of auxin biosynthesis and its
regulation [ J ] . Physiol Plant, 2014, 151 (1) : 3-12.

[ 7 ] Korasick DA, Enders TA, Strader LC. Auxin biosynthesis and
storage forms [ J ] . J Exp Bot, 2013, 64 (9) : 2541-2555.

[ 8 ] Kasahara H. Current aspects of auxin biosynthesis in plants [J].
Biosci Biotechnol Biochem, 2016, 80 (1) : 34-42.

[ 9] Stepanova AN, Robertson-Hoyt J, Yun J, et al. TAAI-mediated
auxin biosynthesis is essential for hormone crosstalk and plant
development [ J ] . Cell, 2008, 133 (1) : 177-191.

[10 ] Tao Y, Ferrer JL, Ljung K, et al. Rapid synthesis of auxin via a new
tryptophan-dependent pathway is required for shade avoidance in
plants [ J] . Cell, 2008, 133 (1) : 164-176.

[ 11 ] Mashiguchi K, Tanaka K, Sakai T, et al. The main auxin
biosynthesis pathway in Arabidopsis [ ] ] . Proc Natl Acad Sci
USA, 2011, 108 (45): 18512-18517.

[ 12 ] Won C, Shen XL, Mashiguchi K, et al. Conversion of tryptophan to
indole-3-acetic acid by TRYPTOPHAN AMINOTRANSFERASES
OF ARABIDOPSIS and YUCCAs in Arabidopsis [ J | . Proc Natl
Acad Sci USA, 2011, 108 (45 ) : 18518-18523.

[ 13 ] Franklin KA, Lee SH, Patel D, et al. Phytochrome-interacting factor
4 (PIF4 ) regulates auxin biosynthesis at high temperature [ J | .
Proc Natl Acad Sci USA, 2011, 108 (50 ) : 20231-20235.

[14 ] Sun JQ, et al. PIF4-mediated activation of YUCCAS expression in-
tegrates temperature into the auxin pathway in regulating Arabidop-
sis hypocotyl growth [ J ] . PLoS Genet, 2012, 8 (3 ) : e1002594.

[ 15 ] Fiorucci AS, Galvdo VC, Ince YC, et al. PHYTOCHROME
INTERACTING FACTOR 7 is important for early responses to
elevated temperature in Arabidopsis seedlings [ J | . New Phytol,
2020,226 (1) : 50-58.

[ 16 ] Chen L, Huang XX, Zhao SM, et al. IPyA glucosylation mediates
light and temperature signaling to regulate auxin-dependent

hypocotyl elongation in Arabidopsis [ ] | . Proc Natl Acad Sci USA,



2022.38 (10)

BREHESE O OO RN T2 5 RFER N ER LT 33

2020, 117 (12): 6910-6917.

[ 17 ] Chen L, Huang XX, Li YJ, et al. Glycosyltransferase UGT76F1 is
involved in the temperature-mediated petiole elongation and the
BR-mediated hypocotyl growth in Arabidopsis [ ] ] . Plant Signal
Behav, 2020, 15 (8) : 1777377.

[ 18 ] Hayes S, et al. UV-B detected by the UVRS8 photoreceptor antago-
nizes auxin signaling and plant shade avoidance [ J] . Proc Natl
Acad Sei USA, 2014, 111 (32): 11894-11899.

[ 19 ] Tavridou E, Schmid-Siegert E, Fankhauser C, et al. UVRS8-
mediated inhibition of shade avoidance involves HFR1 stabilization
in Arabidopsis [J].PL0S Genet, 2020, 16 (5) : e1008797.

[ 20 | Adamowski M, Friml J. PIN-dependent auxin transport : action,
regulation, and evolution [ J ] . Plant Cell, 2015,27 (1) : 20-32.

[ 21 ] Péret B, Swarup K, et al. AUX/LAX genes encode a family of auxin
influx transporters that perform distinct functions during Arabidop-
sis development [ J | . Plant Cell, 2012, 24 (7)) : 2874-2885.

[ 22 ] Petrasek J, Mravec J, Bouchard R, et al. PIN proteins perform a
rate-limiting function in cellular auxin efflux [ J | . Science, 2006,
312 (5775) : 914-918.

[23

[

Dharmasiri S, Swarup R, Mockaitis K, et al. AXR4 is required for
localization of the auxin influx facilitator AUX1 [ J | . Science,
2006, 312 (5777 ) : 1218-1220.

[ 24 ] de Wit M, Ljung K, Fankhauser C. Contrasting growth responses
in Lamina and petiole during neighbor detection depend on
differential auxin responsiveness rather than different auxin
levels [ J ] . New Phytol, 2015, 208 (1) : 198-209.

[ 25 ] Park Y], et al. Developmental programming of thermonastic leaf
movement | J ] . Plant Physiol, 2019, 180 (2): 1185-1197.

[ 26 ] Szemenyei H, Hannon M, Long JA. TOPLESS mediates auxin-
dependent transcriptional repression during Arabidopsis
embryogenesis [ ] | . Science, 2008, 319 (5868 ) : 1384-1386.

[ 27 ] Pucciariello O, Legris M, Costigliolo Rojas C, et al. Rewiring of
auxin signaling under persistent shade [ J ] . Proc Natl Acad Sci
USA, 2018, 115 (21 ) : 5612-5617.

[ 28 ] Jia YB, Kong XP, Hu KQ, et al. PIFs coordinate shade avoidance
by inhibiting auxin repressor ARF18 and metabolic regulator
QQS [J ] . New Phytol, 2020, 228 (2) : 609-621.

[297] Xi YL, Yang Y, Yang J, et al. [AA3-mediated repression of PIF

proteins coordinates light and auxin signaling in Arabidopsis [17].

PLoS Genet, 2021, 17 (2) : €1009384.

[ 30 ] Buti S, Hayes S, Pierik R. The bHLH network underlying plant
shade-avoidance [ J | . Physiol Plant, 2020, 169 (3) : 312-324.

[ 31 JSun N, Wang JJ, et al. Arabidopsis SAURs are critical for differential
light regulation of the development of various organs [ J ] . Proc
Natl Acad Sci USA, 2016, 113 (21) : 6071-6076.

[ 32 ] de Wit M, Keuskamp DH, et al. Integration of phytochrome and
cryptochrome signals determines plant growth during competition
for light [ J ] . Curr Biol, 2016, 26 (24) : 3320-3326.

[ 33 ] Ma DB, et al. Cryptochrome 1 interacts with PIF4 to regulate high
temperature-mediated hypocotyl elongation in response to blue
light [ J ] . Proc Natl Acad Sci USA, 2016, 113 (1) : 224-229.

[ 34 ] Bou-Torrent J, Galstyan A, Gallemi M, et al. Plant proximity
perception dynamically modulates hormone levels and sensitivity in
Arabidopsis [ J 1. ] Exp Bot, 2014, 65 (11) : 2937-2947.

[ 35 ] Hisamatsu T, King RW, et al. The involvement of gibberellin
20-oxidase genes in phytochrome-regulated petiole elongation of
Arabidopsis [ J] . Plant Physiol, 2005, 138 (2): 1106-1116.

[ 36 ] Gommers CMM, Keuskamp DH, Buti S, et al. Molecular profiles of
contrasting shade response strategies in wild plants : differential
control of immunity and shoot elongation [J]. Plant Cell, 2017,
29 (2): 331-344.

[ 37 ] Bai MY, Shang JX, Oh E, et al. Brassinosteroid, gibberellin and
phytochrome impinge on a common transcription module in
Arabidopsis [ J] . Nat Cell Biol, 2012, 14 (8 ) : 810-817.

[38] Feng SH, Martinez C, Gusmaroli G, et al. Coordinated regulation of
Arabidopsis thaliana development by light and gibberellins [ J ] .
Nature, 2008, 451 (7177 ) : 475-479.

[ 39 ] de Lucas M, Daviére JM, Rodriguez-Falcén M, et al. A molecular
framework for light and gibberellin control of cell elongation [ J ] .
Nature, 2008, 451 (7177 ) : 480-484.

[40 ] Oh E, Zhu JY, Bai MY, et al. Cell elongation is regulated through a
central circuit of interacting transcription factors in the Arabidopsts
hypocotyl [ J ] . eLife, 2014, 3 : €03031.

[41] Oh E, Zhu JY, Wang ZY. Interaction between BZR1 and PIF4
integrates brassinosteroid and environmental responses [ J ] . Nat

Cell Biol, 2012, 14 (8 ) : 802-809.

(wHERE FH#)





