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Cloning of Phytochrome Interaction Factor CsPIF3a and Its Response
to Light and Temperature Stress in Camellia sinensis
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Abstract: [Objective]l PIFs (Phytochrome interacting factors) are the core components in the photopigment-mediated photothermal
signaling pathway. Studying the function of PIF3 in tea plant (Camellia sinensis (L.) O. Kunize) provides important theoretical guidance for
alleviate light signaling pathways to avoid or mitigate the harm caused by adverse conditions. [Method] The CsPIF3a gene was cloned from
tea plants through homology cloning and subsequently analyzed using bioinformatics tools. Expression patterns of CsPIF3a across various
tissues and under different light and temperature conditions were assessed using real-time quantitative PCR (RT-qPCR). Additionally, tobacco

transient expression assays and yeast two-hybrid assays were conducted to determine the protein localization and transcriptional activity of
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CsPIF3a. [Result] The open reading frame (ORF) of CsPIF3a was 2 163 bp in length, encoding a protein of 720 amino acids. The predicted
molecular mass of the encoded protein was 76.97 kD. The theoretical isoelectric point was 5.70, having hydrophilic properties. The
phylogenetic tree analysis showed that CsPIF3a was closely related to Actinidia eriantha Bentham. and contained a basic helix-loop-helix
(bHLH) domain, an active phytochrome binding (APB) domain, and an APA domain. The secondary structure analysis of CsPIF3a revealed that
it comprised 18.17% a-helix, 6.80% B-sheet, 1.53% B-turn, and 73.51% random coil, with 46.87% of the regions being disordered. Subcellular
localization assays demonstrated that CsPIF3a was localized in the nucleus and presented transcriptional activity. Reverse transcription
quantitative PCR (RT-qPCR) analysis indicated that CsPIF3a was predominantly expressed in the old leaves and stems of tea plants.
Additionally, its expression was found to be responsive to temperature stress and correlated with light intensity. [Conclusion] CsPIF3a is

localized in the nucleus and exhibits transcriptional activity. In response to temperature stress, the expression level of CsPIF3a gene was

related to light intensity.
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PIZSA EPACE HEHAY cDNA AR, CsPIF3a-F
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2 163 bp, 4if% 720 2R (K1), Pl L=
NCBI (https://www.ncbi.nlm.nih.gov/) My, 5% 5%
5 XP_028108728.1 fl ¥4I — .

atgectttat cggagt t ctat agaat ggcgagagggagect t gaat ct get caaccgaagacaat ggct ct t t caact gat cgat ct cat ggaccegat aat gaget t gt ggaget agt a
MPLSEFYRMARGSLESAQPKTMALSTDRSHGPDNELVELYV

121 tgggaaaacggacagat cat gat gcaaggacaat ct agt agagct aggagaaact ct act aacaat t t t caat ct cagact ccaaaacat cgaggt aaagat ct agggaacaacgct aac
WENGQI MMQGQSSRARRNSTNNFQSQTPKHRGKDLGNNAN
241 aatttaaagatgggacgatttggggtaatggattctgttttggatgattttgcaacagaggttcagttaggggaaat gggat t ggaacaagacgat gacat ggt gect t ggt t gaget at
NLKMGRFGVMDSVLDDFATEVQLGEMGLEQDDDMVPWLSY
361 cccattgatgattctctacaacacgattact get ctgaat tat t gcccgaat tat ct ggt gt aact gt t aat gaget ct ct t cccagaat agt t t t geat cgat ggat aagagaaacagt
PI'DDSLQHDYCSELLPELSGVTVNELSSOQNSFASMDE KR RNS
481 ggtaaccagacaattaggggt t cacat tt aagt t t agagcaagcaaat gcaccaaaggtttcttctttagaagt t ggcgagt ct t t gagat cgaggagt ggccagt t caat ccat ggt ca
GNQTI RGSHLSLEOQANAPKYSSLEVGESLRSRSGQFNPWS
601 ttccatgaaagt caaacat t ggat ccat ct cttacat caggagt tt cgagt at aat t agcaat aat gccagcaat accaagcacggt gt t t gt ggggat t cgat t cagget caaget t ca
FHESQTLDPSLTSGVSSI I SNNASNTKHGVCGDSI QAQAS
721 ggacttcctaacat aaagact tcgggact aacgctagceat tatgaacttctctcatttttccaggecegeaget ctt gt t cgaget aat ct t caaaat
G LPNI TQKQDSGLPNTNASI MNFSHFSRPAALVRANLAOGN
841 gttggtgct at ggccact ccgggt acat cgggeacagaagt gat ggcgggt aagaat aagggt acaget ccaagt act ggcaat ct t get gat t ceget ct tct cgat t t gagt agt gga
VGAMATPGTSGTEVMAGKNEKGTAPSTGNLADSALLDLSSGSG
961 ttaagaaatgaaat gggttcccttaat caacgtaatttggt gccacct aaggt agat t caaaat cagt ggcagct gcact t gaggat t cacat accact ggacaat ct gaaget gt tt gt
LRNEMGSLNOQRNLVPPKVDSKSVAAALEDSHTTGOQSEAVC
1081 cgagaagat gt t gt t aagaat gacaagt caccaaaacaaat t ct t ggt t caact gcaaagact gt agagccegt agt t get t ctt cat ct gt at gt t ct ggcaat agt gcagagagaget
REDVVKNDKSPKOQI LGSTAKTVEPVVASSSVCSGNSAERA
1201 tctaat gat ccgaat ccaacgcat aat t t gaagagaaaat gccat gagact gacgact ct gaaggcagaagt gaagat gt t cagt aggt at getcct get
SNDPNPTHNLKRKCHETDDSEGRSEDVEEESVGI RKAAPA
1321 cgaggaggt gcagggt ccaaaagaagccgagcet gcagaagt gcacaat t t at ct gaaagg aggat t aat gcglgcatl cat gc
RGGAGSKRSRAAEVHNLSERRRRDRI NEK RALQELI PNC
1441 aacaaggt gg tcaatgcttgat agagtattt tcaaclccaaglacagatlatgtclatgggagctgggtlatalatgccaccgatga!gnacca
NKVDKASMLDEAI EYLKTLQLQVAQI MSMGAGLYMPPMMLP
1561 cctggaat gcaacat gt acat ccagct cat at ggcacat t t ct cacccat gagt gt t ggaat gggaat gggaat gggaat gggt at gggcat gggcat gggt t t t gggat gggt at gat g
PGMQHVHPAHMAHFSPMSVGEGMGMGMGMGMGMGMGFGMGMM
1681 gacat gaat ggt ggat ctactat gt gccct at gat t cagat gccccacgt gcaaggt cat t t ccegget cegegt ceacegeecat tt cggggecaget agt t t ccat gggat ggt gggg
DMNGGSTMCPMI QOMPHVQGHFPAPRPPPI SGPASFHGMYVG
1801 cctaaccttcaggettttgggeat ct gggt caaggact t gecat gt cagcaccacgt geaccct t ggt tcct tt ct caggagggect cct at aaat t caget gt ggaact gaat gect ct
PNLQAFGHLGQGLAMSAPRAPLVPFSGGPPI NSAVELNAS
1921  ggggt ggct get cct gt ggaagt t ccaaat t caget ccat cct caaact caaaagact t gagagagcacact aacaat acagat gecagt t gcccaat gaaccagacat ct ggt cagt gt
GVAAPVEVPNSAPSSNSKDLREHTNNTDASCPMNQTSGAQC
2041 caggcaaaaaacgagggttttgaacagt gtt ct gtagt gct t aaaaat gat caacct caagat gt cggcageagt gaagat gt t aact t gaccaaggaaaat gacat t gt accaggt ggt
QAKNEGFEQCSVVLKNDOQPQDVGSSEDVNLTKENDIVPGG
2161 gactga
D «
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Fig. 2 Deduced amino acid sequence alignment between CsPIF3a and homologous PIF3 proteins of other plants

2.3 ZAt CsPIF3a & & HEALA 9 H7
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MR LA . BIRITA, HARWRhn 3207
Y6 K ¢ P (grand average of hydropaticity) 3 7E
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2.5 ZFHtCsPIF3aZk @ B A L AALTRM 5 4547
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oA DX o A A SRR B O 3524, TEIRAk Ll
46.87%, CsPIF3a JCIPALFEEH R .
2.6 CsPIF3a =% % #) B = 28 4 #y Fm]
R AR A B, CsPIF3a 1 18.17% o-
BEE (o-helix) . 6.80% B-¥1& (B-turn) . 1.53% B-F%
fi (B-turn) H173.51% TCHLNEH (random coil ) 41
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JmPIF3 ARk J. microcarpa  XP_041007950.1
_‘: MrPIF3 it M. rubra KABI199165.1
CaPIF3 1763 C. avellana XP_059456869.1
QrPIF3 Bk Q. robur XP_050273354.1
ZjPIF3 & Z. jujuba XP_015874808.1
PaPIF3  RRMEH IR B P, avium XP_021830447.1
_l: PpPIF3 K E B P, persica XP_020422550.1
HbPIF3 R H. brasiliensis ~ XP_058000598.1
VVPIF3 H V. vinifera XP_010659764.1
DIPIF3 EiTF D. lotus XP_052204847.1
CIPIF3 Bt yhsg C. lanceoleosa  KAI8022635.1
RVPIF3 4 L4R7E R. vialii XP 058191728.1
AePIF3  FEB MRk A. eriantha XP_057494369.1
_‘: CsPIF3a 2t C. sinensis XP_028108728.1
AtPIF3 I A. thaliana NP_001318964.1

B3 Z# CsPIF3a & BRI 47
Fig. 3 Phylogenetic tree analysis of tea plant CsPIF3a protein

®1 AEEYH CsPIF3a S ERARN A 5 RIBU SRS

Table 1 Composition and chemical characterization analysis of amino acids of CsPIF3a among the different plants

SULME ANy ENeSRRE o P .
o i i AR AR AR HAEER  EEEEKE

ficL7) GenBank & 535 Number Relative Theoretical

Basic Acidic Aromatic Aliphatic ~ Total average
Plant GenBank accession of amino molecular isoelectric

amino amino amino amino hydrophobicity

acids weight/kD point

acids/%  acids/%  acid/% acids/%
ZM C. sinensis XP_028108728.1 721 76.96 5.70 11 11 3 16 -0.547
Wt M. rubra KAB1199165.1 739 78.80 6.46 13 11 4 16 -0.506
WIBk J. microcarpa XP_041007950.1 738 78.93 5.98 12 11 4 15 -0.551
[ikE C. avellana XP_059456869.1 744 79.75 6.05 12 11 3 16 -0.502
KHE Q. robur XP_050273354.1 749 80.23 6.05 11 10 4 15 -0.546
TR Z. jujuba XP_015874808.1 729 77.78 5.64 11 11 4 15 -0.553
IKEEW P. persica XP_020422550.1 729 78.19 5.67 11 11 4 15 -0.579
R EHEBE P. avium  XP_021830447.1 728 78.16 5.77 11 11 4 15 -0.584
RRIBH H. brasiliensis  XP_058000598.1 745 79.20 5.73 11 10 4 15 -0.555
Hi% V. vinifera XP_010659764.1 709 75.86 6.30 12 10 4 15 -0.598
BITFD. lotus XP_052204847.1 721 76.31 5.97 11 10 4 16 -0.511
BEMHEE C. lanceoleosa KAT8022635.1 627 68.01 5.64 11 11 4 15 -0.636
T BARTE R, vialii XP_058191728.1 700 75.50 5.94 12 11 5 16 -0.471
RIS Arabidopsis NP_001318964.1 524 56.99 6.11 13 12 5 15 -0.728
thaliana
BAEBEREA. eriantha  XP_057494369.1 723 77.24 6.56 12 10 4 16 -0.584

B (K5-A) . FFH SWISS-MODEL #4  H4 9 CsPIF3a
=gREsty, SR BN (K5-B), ZEEFEH M

Bl o-BR0E, B-Ir BRI B-FE AN, 5 T
LER BN S5 AR o
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FR RO T AR T CsPIF3a ) 5 b K H 5 630 345 14 1 17 7

El4 ZH CsPIF3a i BREH ST
Fig. 4 Analysis of the folding state of CsPIF3a in tea plant

5 CsPIF3a 4R 454 (A) =25 4544 (B ) Ftill
Fig. 5 Prediction of secondary structure (A) and tertiary structure (B) of CsPIF3a

2.7  CsPIF3a 3 3 28 i A5 o H7

BT CsPLF3a 25 FITEAS A A A 450 T B9 067
B, OFHME R R A R, WOBIL R Wi

BT OO AR . AR KW (K 6), YL 35s::

eGP 73 B AR 1) A0 B A1 i () 2R 2 0 (5 5 ¥ 5 o A
0H 240 R 40 LS A A LRSS PN, JE B P e 7 o 1
2L 35s: . CsPIF3a-eGFP Fll AR 25 28 K i A7 7 AR B
TRz Az . W CsPIF3a & E AL TAIMA%
2.8 CsPIF3a#: FZ &M FF A

WE 78R8, &4 PGBKT7-CsPIF3a Fl PGBKT7-
CsCBF3 (YEMPEYEXTAR) MR LIFERRSE (SD/-Trp)
=8 (SD/-Trp-His-Ade) 17773k ARG AE K
o- P FLBETT A LA WG PE . SRIm, #5447 25 2 PGBKT7
PR L (FF SR B X IR, e /D B SR 006 38k GALA
AD, AREFEAHFIIGEFREAE K . R CsPIF3a A
B SRIEYERIIRE

B 6 CsPIF3a fE L A 7E fi
Fig. 6 Subcellular localization of CsPIF3a

2.9  CsPIF3a e 7 Rl 40 4268 Gk 57

SEHT ¢ G RE i PCR &5 SR K, CsPIF3a 151
ML RiE E i, EMRTPREERIL (K8).
2.10 CsPIF3a 1 0% W38 F 69 KA o H7

ia FSERT 98 6 2 i PCR A0 &P A8 E(RIR
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pGBKT7 CsCBF3 CsPIF3a

SD/-Trp

SD/-Trp-His-Ade

X-a-Gal

7 BB ZLIGE CsPIF3a MFERiE N
Fig.7 Transcriptional activity of CsPIF3a verified by yeast
one hybrid

4or CsPIF3a

a

AHXF R IE
Relative experssion
[3S) w
=) =)

=3

0.0

% —n = Zat i3 E 3

Shoots  First Second Older  Root Sfein Flower

leaf leaf leave
ARVNE F-RERIRAE 0.05 K 22 57 2%
Different lowercase letters indicate significant differences at the 0.05 level
B8 CsPIF3aTEZMARBRARMPRIESH
Fig. 8 Expression analysis of CsPIF3a gene in different

tissues of tea plant

SR . R RS EARIENA KT CsPIF3a )36
KB, G5RFEW, CsPIF3a ZRRIES L, KR
SEH R EI  s TIRR ORI RE R (F9-A),
CsPIF3afERT 4 d, Z @555 FRE; BRHE3IXR
Gh, CsPIF3aZ ik st iRk, missen ik
ST AR ERAE (K9-B).
3 itie

K BH S HLBR T 1) A= Pty ke SR 1 ] By >k 1
P, fEARIAEE T, AR R, R,
PR, ' RN B A o S 3 e R ) A R 7

B 55t Low light intensity
B 555% High light intensity

A
40 CsPIF3a
aA
aA
£330} an
i g bA bA aB aB
g8
WS 20F bB
z2
m 5
=t cA cA
2ot
]
Time/d
B CsPIF3a
2.5
20 aA
= N aA
2 bA
i# & s bcA
g 12
H_E 5 dA bA cdA
= O
> - cB
= i«: 1.0
)
2 05 dB dB
eA eA

I} 1)
Time/d
AARTRARIE; B TR AR IR . RIE/ING - B3R AR )G B A R AR TR AL A+
X FRIR A Z A2 57 (P<0.05) . ARKE TR R AR RECR RIS A IS
IRARRS Rk 2Z ] 14 22 5 (P<0.05)

A: Low temperature treatment. B: High temperature treatment. Different lowercase

letters indicate the difference in relative expression between different days under
the same light treatment (P<0.05). Different capital letters indicate the difference
in the relative expression of the same number of days after different light treatments

(P<0.05)
B9 CsPIF3a7E3LBAME THIRIES T

Fig. 9 Expression analysis of CsPIF3a gene under light and

temperature stress

SRR K MR B R L R e K
b R I A R A e G IR, DB IR iR EOE
PR, T 3 v Bl e AR S5 A 2 X B 1 A
RETFHEARRBIZN . B, AFFEFEER IR
T 5 A SCEARR 77 HLH AT BT B AR
AW R EEIE N PE LI, I 4R S A A TR T i
T HYLEAERE SR UL R

Heff R HAEF T PIFs  (phytochrome-interacting
factors) A Jy— 28T DL S0 3R 8 U AR Y
bHLH ZWe 56 R, Rl 5wy ek i v i S
PR AR, BEE X PIFs (SRR KR A



2025.,41(4)

PERKHE S - ZSOERL 2 BRI T CsPIF3a 1 58 e XL 5556 R0 85 14 1 7 9

KB PIFs AU 2 S 5By e L s, 1ok
WA 30 K 3 A R HE AR 0. PIFS 2
PO — AR B L, A AT PAS S5H IR
HEAE e BRI E 2 11, TT LA phyA il phyB 9k
FETEVER LA U B A, eI e i (0 215
&SR] 2, H R PIF3 B9 ST AE P e
IR F B b, e A OB S IR
B> ARSCNAS AP CEFACR HvalER CsPIF3a
(TEA033210), 5L R IF 5 132 AE K B2 2l 2 163 bp,
oAt 720 A ILRR ; X CsPIF3a % 55 N 12 LR 4H 1
WA BRARPE R M 45 N, CsPIF3a )@ T2E7K
PERRT, —R . SR EEREI N LIEM . a-
WEE  B-PTBLEHI I B A . CsPIF3a R SEHEILM
ISR 5 B AL SRR 1 AL AR S Z AT, Sk
Tt . DT AR O Z AR IS . R ST 4
TR, CsPIF3afE 1% A | I~ bHLH Z5#43k . 14~
APB Z5 5 F1 11~ APA Z5#495K, J& T bHLH % 5% [H+
Fie, BHIZE CoPIF3 LE AR 2. A B oe s
R, EAALIEE N SRS, T
AEL49) 2 ) 595 058 Bt Do 2 7, AT D/ 3 5 A
P . CsPIF3a R [ IJC T AL LU B4 8,
T CsPIF3a 43550 W I a8 H 5 SRR B A ¢,
AL T i 0 CsPIF3a 26 1100 JCFE AL K ST R Y < 47 2%
LR IR R R R A O, FET i
A A — R R LE PR R, PIF3 SR Y 1
SRR K SRR A Y RS
SREIF ik 32 35 PIF3 HR Z I M4 2 4 ik A 2
WA WFIE KB, PIF3 1 mRNA L2 2R Z 6 45
fy, fHE M R e EEm P B8 b DePIF3
TEPET S R N R REE L ABA, 25T
ABA K8 A% B BT IR EERLE 2. A CsPIF3 T
Bl ot L 1 ok 25 R A3 B K A KA (R R P 2
70 R A SRR I ik 36 15 MdPIF3 A T 3
KPR T SZ A8 F1, S0 MAPIF3 7655 S RBIR R
K- B 0 AL R BB AT (5 5 Y PIF3 ZEIRIR
T S 4 A £ 5 6 e % DL T3 R CBFs/
DREBIs (1335, fiasstymbgm: ' 2,
CBFs 7EAR IR F A E )5 5 PIF3 HAE, {3k phyB &
FaEMe, {23F PIF1. PIF4 F1PIFS &AM, BS
COR [ ik, MBI B E PV wia

() CBFs-PIF3 B AERIL, AN AL TG &b b i B T A
PIFs XI5 5 4% MG ER, BB 1L T CBFs
M REs, CRIE TR e T AT v v
[FIE A REIE 3R . SR R T 250 CsPIF3a
FIRZHRGTRHE N HIREREMANERE, AR5
Jer i — T
4 it

M EFAERY RS CsPIF3a, JLITHIRAE
KR 2 163 bp, 4l 720260, A4 FHIXT
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