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Abstract: Phalaenopsis is the most popular Spring Festival pot flower in China. In order to accurately regulate the
flowering stage and excavate the key flowering gene in the production and cultivation of Phalaenopsis, this paper stud-
ied the effects of growth regulators GA; and 6-BA on the flowering of Phalaenopsis Big Chilli, and the PhPIF4 gene
selected from transcriptome data was cloned, and its bioinformatics analysis and response to growth regulator GA; were
studied. The results showed that PhPIF4 had a typical conserved domain of the bHLH_SF super family (c100081) ho-
mobox family. PhPIF4 of Big Chilli is closely related to Phalaenopsis equestris, followed by Cymbidium ensifolium, C,
sinense and Dendrobium catenatum. The protein encoded by PhPIF4 was localized in non-chloroplast organelles. GA;
treatment increased stalk length and the maximum stalk length of the treatment group was 200 mg/L GA;. GA;could
bring forward flowering 9—11 d. 6-BA significantly increased the number of flowers, and the treatment group with the
most flowering amount was 300mg/L 6-BA, but 6-BA had no significant effect on flowering time and stalk length. When
the two growth regulators were mixed to spray, the effect on flowering time and flowering time of Phalaenopsis was
between the two. PhPIF4 was closely related to the development of flowering, and its expression gradually increased
with the development of flowering. After spraying GAj;, the expression of PhPIF4 in flower buds, leaves and roots in-
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creased, and the increase was the largest in flower bud stage, suggesting that the expression of PhPIF4 might be affected
and regulated by GA;, and PhPIF4 might participate in the gibberellin flowering pathway. In this paper, the effects of
GAj; and 6-BA on reproductive growth of Phalaenopsis were studied, and the expression of PhPIF4 in response to GA
was investigated, which would lay a foundation for revealing the role of PhPIF4 in gibberellin regulation of growth and

development regulatory network.

Keywords: Phalaenopsis, PhPIF4; growth regulator; GA;
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( basic helix—loop—helix ) AL F K ¥, 7EMY)
ARKEFEPERR X4 EH, S5HPENZE
S AR K AT RN,
PIF ] i o B EOe A 21 2 b e 0 BRI 45
S FEAR, S54EWET NIERERGE S T
PEES A O B A% A b ST 1 ] L 1) B85 RS
WEL A FHE, PR AI, EEEZET,
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Read Achieve ¥/ H 5 5%": PRINAT783677,
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(T4: 100 mg/L, Ts: 200 mg/L, Te: 300 mg/L ) ,
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0.5cm) . M AL FT qRT-PCR, f#i | RNA
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PIF4(-): GTCAG CGGAAATAATAGTCTGT,
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2 ZERE5H5H
2.1 PhPIFAEERFY 9%
0 22 B PhPIF4 25 ORF 4K N
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S IEHFRIE (Asp+Glu ) 8 4~ fiHLFESE ( Arg+ Lys )
8 >, B WA RS 7L Sl P LT A1 30 h
FERERARN>20 h, 7ERIAFFERN>10 h, REE
EHUE 67.48, IRIATREUE 68.24, R TAREREA,
SRR -0.38, IR, HIGE S
5T Ko X H R R = A 451 1Y 230 b K B
PhPIF4 & [ HPOR NG th 2544 BT o5 EeAs R 78%, o-
BRJIE LU R 35%, B-FE 4R 0% (181 1) . il NCBI
D3l AT ORAFES A IR AT, R PhPIFA SE 1A 4fid
% HEm2 H A bHLH_SF super family ( ¢100081 ) [A]
TR & S ) RSP 254838k ( 18] 2 ) o %% PhPIF4
QIR FH 5 /N2 105 1185 >~ ( Phalaenopsis equestris,
PhaPIF4, XP 020586384.1 ) . # % ( Cymbidium
ensifolium, CyPIF4, QDL88406.1 ) =
( Cymbidium sinense, CymPIF4, QDH08906.1 ) .
A fil 2 ( Dendrobium catenatum, DePIF13,
XP_020694614.2 ) . ¥ 4# £ f# ( Dendrobium
chrysotoxum, DelEQ34, KAH0453999.1 ) #£47 Lt
X, 5 15 NYFh PIF4 g7 RGHELRT, 45
FW, KA PhPIF4 15 /)8 22 I B > 5 45 ¢ R 45
I, HOhEE | BLRARE (K3 .
2.2 PhPIF4 TE4AB6 E i 5 #7

TEBERT %4k 35S-GFP 25 2 AR i U R I I A=
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SETAE TS, AN . SRR A0 i
F AR TN 3] B B 1 20605 5, B PhPIF4 &
HaEM FAEM SR gt (K 4) .
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35S-GFP

35S-PhPIF4-GFP

BHLH_SF superfamily

PhPIF4 80
PhaPIF4 80
CyPIF4 80
CymPIF4 80
DePIF13 a0
DeIEQ34 : LI¢ : 80

EAIEYLKSLQQQVQ 6WMGSGMATMMEP IQNFMAQMSMGIGRG 6PTLNNLEQLPRVP

100 * 120 = 140 ki 160
PhPIF4 : EAMRHOPMPSELPANQIPMCPQSISHLREPNQIHNPQIPESFEPHFGFHHMQPSPOAMNLYGYGSQSARONOMRIAANREISN : 160
PhaPIF4 : LPANQIPMCPQSISHLRFPNQIHNPQIPESF§PHFGFHHMOPSPQAMNLYGYGSOS AEONON ANFESN : 160
CyPIF4 SANQIPLCPQT I SHLKFENPMHSSOMPESFHRHLAFHOTIQPS POAMNLY AYGS() NOLARTNSSESS : 160
CymPIF4 : SANQIPMCPQT ISHLKFPNPMHSSQMPESFFRHLAFHQIQPSPQAMNLYAYGSQ NOLARINSSESS : 160
DePIF13 : AANOMPMCPQFPFSHLRFPNOMNNSOMPESFPBHLGFHHLOPPPOAMNLY TYGSHLAOSNOMGEITNRSENL : 160
DelEQ34 : AANOMPMCPQPFTHLRFETOMHNSOMPESEPSHLGFHHLOPPPOAMNLY TYGSOLAOENOMGRINRSENL : 160

P Q A S

PhPTIF4 : MPTDGHRPDNLONGSN : 176
PhaPIF4 : MPTDGLFFDNLONGSN : 17&

CyPIF4 : LPTDGLEREGNLONGK- : 175
CymPIF4 : LPTDGLSEGNLONGK- : 175
DePIF13 : PTDGLPEDNFQONGK = 174
DelFEQ34 : PTDGSPDNFONGK-- : 174

B 2 PhPIF4 R EBFSSEMWFhtL 3t o4

Fig. 2 Comparative analysis of the PhPIF4 amino acid sequences and other species

Phalaenopsis ‘Big chilli’ PIF4
XP_020586384.1 PIF4 Phalaenopsis equestris
QDL88406.1 PIF4 Cymbidium ensifolium
QDHO08906.1 PIF4 Cymbidium sinense
XP_020694614.2 DePIF13 Dendrobium catenatum
KAH0453999.1 IEQ34 Dendrobium chrysotoxum
ONM31507.1 PIF4 Zea mays
4'— AEV57494.1 PIF4 Oryza sativa Japonica Group
XP 020416274.1 PIF4 isoform X1 Prunus persica
TKS18048.1 tPIF4 Populus alba
XP 014502838.1 PIF4 Vigna radiata var. radiata
JAU79606.1 PIF4 Noccaea caerulescens
XP 022569054.1 PIF4 isoform X2 Brassica napus
ADEO08788.1 PIF4 Arabidopsis thaliana
XP 023641032.1 PIF4 isoform X1 Capsella rubella
XP 010506154.1 PIF4 Camelina sativa

o1
B 3 PhPIF4 RG34
Fig. 3 Molecular phylogenetic analysis of PhPIF4
GFP Chlorophy II Bright field Merge

B4 PhPIFAZEBKITMAMENL (LEFIR: 10um)
Fig. 4 Subcellular localization of PhPIF4 protein (Scale bar: 10 um)
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23 AKFAFF GAITRIERI N

ANRIR BE GAs ALY N T 0 A >4 FEAE
JE, HAEIEET 9~11 d, [EXFIERMER IR
TR, AERE R K AL F 2 2 200 mg/L GAs, 4R
MR B GA; Ab B ) A4S K B 38 i 1 22 57 AN
3., 6-BA W W E NI L, ERRE
(AL FEZH 2 300 mg/L 6-BA, {H 6-BA X 7E 11
TEHRE K BTG 5 R FH o GAS Tl 6-BA TRA {8 B
Xif W A 2% S K R[] R A ) B R A T T 2 ]

g

24 PhPIF4 BERERIEENHT
TEME A8 R B, PhPIF4 LR 1EfE
2 AR KR AR (B 6) o 7ELE
ZErh RIS R AR RAERT AN, TR Rk B
Hn, MR PRGN %, FB % DBB HAH N
T 10 f50h o (HASTEMRFP a8 B op, X7
FB Wik mi K., WUl KM H GA; )5,
PhPIF4 SR TEAEZE | R A i 3R 08 1 344 B b
hn, HAE FB W3 N oK, R PhPIF4 JE A Y

(Es5) . FIKTTHESZ GA; 52 545
b

s A abl T 160
% 50 - g b T 155 a
5 g il = E 150 I
<o 40 b a e = S
~ 5 e = Z 145
[ 30F| = 3 = HE &
72} = E B = g 140
gor &l 23 s
B®0r| & B £ 130
R L= H | A sLL=E

T\T,Ts T T5Te TiTs CK T,T,T; T4 I5T¢ T;Ts CK T, T,T; T TsTe TiTs CK

A4t FE Different treatment/(mg-L™")

AIFAb#E Different treatment/(mg-L™")

AIFJ4bFE Different treatment/(mg-L™)

ARG FRE R 7R AL BRIE] 22 53 3 (P<0.05)
Different lowercase letters indicate significant difference among treatments (P<0.05).
B 5 #YMERKBATHXNIR=NEKE. LEFMFLR BN
Fig. 5 Effects of plant growth regulator treatments on the stalk length, flower number and
flowering date in Phalaenopsis.
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% B it #iDevelopmental stage % B it #iDevelopmental stage % B #iDevelopmental stage
B 30r 100 - gy 5 250 4 A
= 25+ B 9 [
. g 80 - - 20
®or m% T0r g
/ o [ wn (—
K5 5L X ‘& 60 ﬂg s 15
= 5 K S 50 i
_E = oo H& o
15} = > 40 = o 10F
< 10 BEE K> A
& s 30t 25
5| Mo20 S 5k A A A
oLd L A A g ola a & a 2 oLa
P PP P QP e Dy W T DX DD
FF & F T F & o F & F T F L F
Q 9 Q SRV S <
$ Q < P T & S T &
s N < N <

& B ifiiDevelopmental stage

& B i Developmental stage

& itiiDevelopmental stage

A: XTH; B: GA3 Ab#E. ARVNEFRER/RAE 27T R E (P<0.05) , RRIKEFRFR/RAIE 2 FHZE (P<0.01) .
A: control; B: GA3 treatmen. Different lowercase letters indicate significant difference among treatments (P<0.05),
different capital letters indicate extremely significant difference among treatments (P<0.01).

B 6 GA;EMER=E3F. MR FIRE PhPIF4A BEERAEXTLL
Fig. 6 Expression of PhPIF4 in flower buds, leaves and roots in Phalaenopsis under GAj; treatment
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ZRRTEADEE" . BT bHLH
Fesk ¥ 0y RIBBA B HEYE, 1 bHLH69 Al
bHLH92®", bHLH %45 [H T 5% PIFs A DLl
o 5 378 2T 5% W i A O (e 3R VR R AR AR W T
16, Hovb, PIF4 FI PIFS (355 EAWHEME, o
A 38 o 5 7 A L DR )RR B SR R AR LA 1 A
KANTFAERPY 32006 B S0 1 ' 6 2% BB ] L ied
SR RRALE S PIFs B A HAE, ] 5H
B AR, 5% PIFs & (Gl a2 Febe
0 % 0 W] LLGE 3 98 4% COP1 ( constitutively
photomorphogenic 1) -SPA ( suppressor of phy-
tochrome A ) E ARG, [4E520H PIFs & H
[ e PR 20 AR PIFs 193 357K F, PIFs fig
G EY P OHM CCALHY JH 311/
G-box X1, Z5AEMehiiET, AuFse ki
PhPIF4 K&K g fth 1) 2 Si M2 B A bHLH_SF super
family ( c100081 ) [m] 5 5 %Y €65 5 I ) B 70 {7 2%
P38, bHLH ZFGEARY P2 K AH S TR
W, S 5EYARLEL R 2T R,
HYEAF TAE S . Brast Phaa fk A R i
REEZAMEN . AW R PhPIF4 5k > 7%
RENFREEMC, WA KT LRSS /ZETM
£, (HESUBER MR ERNNEEXRA
it — WS 40 IE .

AR T AT S e M 2 AR AR . SRR R
BN S A T W0 22 A 25 oAb 5 T A i e
A KR P52 LA RO g & B 250,
500, 1000 mg/mL 2%z 3 AL FE 5 #5105 2= 28 151 73 )
PERIT 5. 9. 17 do AN, GA WA R = b o
LR | B R R RCREY | AT R B
55 R 4 A Y A FF AR ] BLANCHARD %8
WFE & BB 5 200 mg/L 5% 400 mg/L BA

(0.2 L/m*) AYAE AR HE AR AL BE AR ME R 3~9 d 3
BB AR, I E 0.7~3.5 MERF . £ 3~8
s<fb, {H BA Aig e 2B MAINEE S . BA+GA At
B AN ) SRR (4 48 7 RO S AR R0 T e Y
Wi, e aE B URF ST % PEOIME >= 48 Sh D 2048 X}
L A A R 3R 5 /N A6 i R A il R 41 B R
10 mg/L 6-BA I E I T AL ZF /AL |, M
25 mg/L SXTREERARRE . IR ALK
H1, 25 mg/L 1 50 mg/L 6-BA . 50 mg/L GA 4%
OB TR LA ] 3 R B Ak B A = 1) Bl
LA FRSCRAE SR R AEAE 22 57 0 ARBFSEALET XK
BT AR I, & GA KB T A6 K
&, HEAE IR 6-BA 1T S 5 1 i e = A i
X AEI R AEA K B TC R . 2 PR BS
R T Z# 22 0A]

) R AE S T 9 5 38 {7 5 e 0 P R A G
GID1.DELLA % A &% 45 DELLA & R
HAb PR T 24 GA TEANMAM Gk B 4 i B
GA L C usstik 25 GID1 454, ifis| & —
RYVKH R RN 5 SIS GA VR AR, GA
NWAS GID1 454, iXB GA W& K5 DELLA
EALE, HFEHMGEIE R, BT PIFI AEMS
5 24~ DELLA H %K RGA1 Fl GAI )G 3+
ZE SIS AT & PY, BT DELLA &
Fm L P06 PIF4 (&M, WA T ERT a], 7
ft= DELLA B Y &R LRI AL 2
BB GA F#f# DELLA [, 78 GA = otttk
W, DELLA EHE, PIF4 BYEHEGmH,
#il FT MR R L, FEOTHIERPY, Ak
FEH, WA KT ) GAs 5, PhPIF4 JE[RI1E 48
2 MRR T R R I, HAE FB
Fik Bk, W PhPIF4 JLH AU R IA T RESZ GA,
SN 5, (HREE R R RS PhPIF4, A2
W AR B FE P DELLA & & &, ffi DELLA &
M5 PIF4 A EAE, SEiMiE )T PhPIF4 3R
ki, AR — AR

PIF RERTEMEYAERK KT RS “KA” 1F
FHPT ARSCHIFFE T GA, 25 A K 3 790 it > A
FEAE KRN, 5T PhPIF4 JLPRm N o5 5 R
M F R, AR AR A KRB
MIVEFH2EE Jeml, #F—2 53 PhPIF4 fERER
AR E TR ML, R HIBR AL T R
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