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W E. TFLI #NE THIEW O B 45 & % 1 ( phosphatidylethanolamine-binding protein, PEBP ) Z M 51, SHYIT
AT PIAHC . AIRE AR TFLI AW IIGE, AFRE T R E AR ERRE T | DBCa s TFL [R)E
FER DenTFLI1, I3 L3R4 A= WA B 43 B B 1 25 46 R0 200 A A7 T DA B 32 aA = 4307 o 45 SR 32 WH Bk fift DenTFLI
M cDNA £ 522 bp, %ifi% 173 A& MR ; DenTFL1 4 F 3NN CyroHi354N246024986, 7 F A 19.43 kDa, Hig
S (pl) K 7.82, BAEAFEAKIE, Z5MFa%E; DenTFL1 & AN S A (Z S INFIESBELE M5, TOI% 5 A8 AL T4
Mg, H M UTTHNE N E, itk 61.85%, B&H 23.70%MAEMEE, 14.45%0) o-lREE, —ZEg5mfials —
REEMFEAR —F, BRSP4 B R, DenTFL1 &4 PEBP {RSF&5 M5, AR & SEMR T4 Lo X Fn R 4s ik Ak
BT &, DenTFLI M5 &8CA R, BG4 B A [RIE I R4 o6 RGE B AP 5 — 3k, it fbie it
o mABGEAEMKTINLE R BN, BoAff DenTFL1 & FE 5 AT5G63440, LFY. SOC1, AGL24, AGL8 &Mk
AHAE, SR E R PCR 45 EKH, DenTFLI 3 HTERKA BERRIAE K kT B BE &N HLGER A ik, K 7eghiif
BRI ZE L AR TR I A R e, RSN PR LUK TR R 5 AR P 3R AR X R AL AT R B AN By
BAREmMFRRE (BRTREN 3.0cm WETFZAN), TERE G IR ICAIES ARG E T mRL, MAERXER
WIBIAFAE A T P R R IR B AN R . AR SE Rtk — 24878 TFLI1 SR TERK A ik A8 0 i — 2 B e IR .
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Abstract: Gene TFLI belongs to the phosphatidylethanolamine binding protein (PEBP) family and is closely related to
plant flowering regulation. To explore the functions of TFLI gene in Dendrobium hybrid, based on the transcriptome
data of floral in Dendrobium hybrid, a TFL1 gene was cloned and named DenTFLI. And the bioinformatic analysis
protein structure and subcellular localization prediction, expression patterns analysis were done to explored the func-
tional of DenTFLI. The results showed that the full length of DenTFL1 cDNA sequence was 522 bp, encoding 173
amino acids. Bioinformatics analysis showed that the molecular formula of DenTFL1 was Cg70H354N2460249S6, the theo-
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retical relative molecular mass of the protein was 19.43 kDa, and the theoretical isoelectric point was 7.82, and the pro-
tein was hydrophilic and structurally stable. Subcellular prediction showed that it was located in the cytoplasm, without
signal peptide and transmembrane domain. The secondary structure was dominated by 61.85% of random curl, also
contained 23.70% of the extended chain, 14.45% of a-helix. The three-dimensional structural model was basically con-
sistent with the secondary structure. The conserved domain analysis showed that DenTFL1 had a conserved PEBP do-
main and amino acid sequence alignment and phylogenetic tree analysis showed that DenTFL1 was closely related to D.
nobile and D. thyrsiflorum. The constructed protein network showed that DenTFL1 mainly interacted with AT5G63440,
LFY, SOC1, AGL24, AGLS. Expression analysis showed that DenTFLI was expressed in all tissues of different devel-
opment stages of Dendrobium hybrid, and had the highest expression level in the stems of young and mature plantlet and
the flower stalks, and had a lower expression level in the roots of young plantlet and the leaves and roots of medium
plantlets. Moreover, it had a high expression in different development stage of inflorescence except 3.0 cm long inflo-
rescence. It also showed high expression in 7.0 mm and 9.0 mm width floral bud and the tissues of fully open flower, but
expressed lower in the tissues of early development stages of floral bud. The research could provide a reference for the

flowering regulation of Dendrobium hybrid, and add relevant information for the study of TFL].
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(Orchidaceae ) £1fft/E Z4E LAYy, RAH
BOWE M E . MERAL TR LI, RS LB
S KA FRLH, AT X, Tk
FEI Rk ik SR = SIAE R, Bk fRHak AR
BURAEY K, BRAERIRKAT fifh 1 4% 2t A g 22
R GIAFKA A I ] B0, (R 2 AR R Rk A
Rl AR A 7 A S s BE R, ELAAR v R RIS M (A
R AT S . B MBI TR 7ERk SR, BN AESTIH
PR HIE AR A, R AT
H RS T35 KK, B ik B SR AEH AT 3555
KIEZEARM, SEUEITFIIRE S E IR, ™
HELA T RKA R A e o A AR A A A T R
A LAV SR BHE AT AR, E 2ot Ak 4551
R BRI A AR Y A AR,
Tk A k0 BAE R 2 52 e 7 Ml S e ) O B ]
R, WAL E SR BRCA BTN E . B
B TEWFRRRE, 275 F 5 ik
11 T BRARIBEGERY, 53500 45 Bk kA 1 = ik
Fie s TFAE 2 B BTk A 7 2075 A e i) DG ) R
Z—o HEOCTRA BT A S EE i 5 b
AAIEFEXT P PR AT SFAE I AH SC 1Y DenTFL1 A i
T FCRERNF IR 40T, AR R L 0 8 = 4 it
AR ISR

HE S A AR AR 4 E A 6
B A 1344% ( photoperiod pathway ), FHALIEE
( vernalization pathway ). H F &% (autonomous
pathway ). 73%; Ri&fe ( gibberellin pathway ). ¥
FiiE %42 (ambient temperature pathway ) FI4E

%1% (age pathway ) ¢, &R 42 1A [A] i
FEER RN SIS, JEFEE R IT AR (S S 1538
45— RN BAEANAEA ¥, I FLOWERING LOCUS
T (FT) 1 TERMINAL FLOWER 1 (TFL1) "', JF
FEVET R 7 Bl e L R A A, X 2
NHAT )% T PEBP( phosphatidylethanolamine-
binding protein ) FIEM A, RAF FTilike 3N 5
TFL1-like 3 PRTE P 5 T REBLH = BE IR, (2 —
FHEAREDREY, AR, FTlike 3%}
FEAE R B 3R T, T TFL1-like 3 PR I )
S IFAE R RN ZE LR IF R, FT & A 5 bZIP
A+ FD AL AIE L FT/FD AR &,
BRI R, (RH IR ITIFIE, 1 TFLI
FEHFRIRE), TFL1 &HAWAT LIS FD A4S,
{HJ2& TFL1/FD &A= A Al L B, i
HF G IF IR AE" 4 ok, JFAEImHI T
TFLI [R)RIER 9 & BAFAE Tt ok
JeARMST A AR KA R g 21 A6 S A e
to TFLI B RITERCA Mt b i VR FHAL BRI A B A
AR FE I TAC T K 5 55 S AU B0 e, e BBk fik
FFAE B EIE R DenTFLI, 43 AT F0N H 2R 45+ il
Rk 2%, Il St E R PCR 402k
DIk, MR T A6 I8 s 4R sk i B
WA -

1 MEE5FEE
1.1 #r

At =W.BHY: ( Dendrobium hybrid, Sonia
Hiasakul )2k H H [l # 4l Bb27 B Hois 1 H a F
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GEURHIE ST T AT 2= AR (B )o 3 ISR B4l
HIZE (YS), IR (YR), 4hdInt (YF),
HIT 2R MS ) T AR( MR ) TSI MF ),
BAZE (MaS), AR (MaR ), S
(MaF ) M HCARIAERE (Ped ). {EAK (Sta) 5B
7, [FIRFRERESHIN 1, 3.5, 7. 9em ML
Jf (1FB. 3FB. 5FB. 5FB. 9FB), H#&/rilK
1.3.5,7.9 mm {4 (1F, 3F, 5F, 7F,

9F ), UM EAE N 3. 5. 7 mm 4L HI5E 4T HAE
JME R (3S. 5S. 7S, FS). 4£i (3P, 5P,
7P, FP). J&M (3L, SL., 7L, FL), &#&#: (3C,
5C. 7C. FC) Ffedn® (B 1), HmBEARKRE
—H T, £ 48 h N 2 h R, R
FERPIEE 3 NEE, B SL 20850, it
BIFMARA T, T-80 CORFRAT &M ik
AT RNA BY$EH, R TekE Rk 5 .

A: RRIEZEWBIMAEL (1, 3.5, 7. 9mm) ; B: #HE.
A: The different development stages flower bud (1, 3, 5, 7, 9 mm); B: Floral organs.
1 PWHEEZPCREMR
Fig. 1 Sample for real-time PCR

12 FHik
121 % RNA #REBRE5 AR AHE MHH XK
RNAprep Pure Plant Plus Kit 5] & H& HURCA fift
RNA, KT AHA RNA #5550 cDNA, F
—20 CUKFERAEE o LA =0 FHOBRKA sk St 4
32 DenTFLI FEP P8 AR , 4di A Primer
Premier 5 #{FBcitg1¥ (% 1), MR RIIE
£ cDNA fE AR AT PCR 74 . I [t
FIGxr B Bk AT s, A GB0E A5 2 1Y
JBE [T 7 1 5 R F T 52 25 4 i DHS a1 32 4%
PRk B Y5 EAT BRI PCR Rz, FFPkadke BHAE:
M .
122 Az &5 54 FH ExPasy-ProtParam
( https://www.expasy.org/resources/protparam ) 1F£&
A BT & R B4 BT 5 R ExPASy-protscale
TN 53 B 2 R SR 7K 5 FIH WoLF PSORT( https://
wolfpsort.hge.jp/ ) I Cell ploc2.0 ( http://www.csbio.
sjtu.edu.cn/bioinf/Cell-PLoc-2/ ) 7E £& %Kk 14 i Il
DenTFL1 4 H (93 4 g =& 2 ; #] ] SOPMA
(' https://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?
page=npsa_sopma.html ), SWISS-MODEL ( https://
swissmodel.expasy.org/interactive )7E £& 3% {4 Tl
EHMW Rk =g, FlH
TMHMM-2.0 ( https://services.healthtech.dtu.dk/
services/ TMHMM-2.0/ ) 7E £ 4 4 10 2 1 5 i

X; FJH SignalP-6.0 ( https://services.healthtech.
dtu.dk/services/SignalP-6.0/ ) 7£ 3 A4 Tl 25 F A5
FJIK; i NCBI HdlE/# BLAST T HiRMG
DenTFL1 & HFEWEFSI, IfH] DNAMAN #cff:
HEATHX 0T, (] MEGA-11 ${4a i R Ge it
(o

1.2.3  DenTFLI kR W kb A= FHDGRK
A1 AR L LU B4 RE o3 A B AT fift DenTFL 1 5E 1A
M 2H R R IB R IE . fEHInk EE W 1 2xQ3 SYBR
qPCR Master mix {7 &, CFX96 Touch {X#F#E1T
PSIGE 7 PCR AN, SEYGIE 3 IRAW) P A,

DenTFL1 JEF (AIXH Rk w274 IR HH

DenTFLI B[R W56 & PCR 51 L3R 1, (]
A B-actin FEPIAE NS T4 R0
Origin 2024 {4l &

&1 5I¥HF7
Tab. 1 Primer sequence
Gl BN 519F5 (5-3") JHi%
Primer name Primer sequence (5'-3") Function
DenTFL1-F  ATGGCCAGAGCAGTGGAGCCTCTT [N 7k

DenTFLI-R  TTAACGTCTCCTAGACGCCGTCTC
q-DenTFL1-F GTGGAGCCTCTTGTTGTTGG qPCR
q-DenTFL1-R TCAGTGGTGCCTGGGATGT

p-Actin-F GTCAGGGACATCAAGGAGAAG

B-Actin-R TGGGCACCTAAATCTCTCAGC
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2.1 DenTFL1EHE®=E

PIFKA fBHEED cDNA WA, Bt ks
Y1, PCR BLII¥ ¥4 H I DenTFLI (] 2),
27345 522 bp T,

22 DenTFL1ZHWEWEEFES

AL M 25 SR /s, DenTFLI 2B A0
173 MEFEMR, 4 FiEH 19.43kDa, X5
A Cg70H1354N2460249S6, RIS EEHL S (pl) N 7.82;
Y I O AR L B B ( Arg+Lys ) A 2, w il H
faf R FR I B ( Asp+Glu) R 20 4~ S FR1E A
BT R (13.3% ), HKCOM R &R

(9.2% ); HEHAANFRE REGE 39.91, HEWH ER
FEE S . S CEAKMEEBE ( GRAVY )
-0.257, 4 DenTFL 1 & )& T KEACE 3),
3 57 45 ¥ B8 2 ( CDD ) B &5 SR R,
DenTFL1 % [1)& T PEBP M4 1% . SignalP 6.0 i
M2 B 7R, Sec/SPI N 0.0004, HEKRIE A S
[t4 0.9996, %7~k DenTFL1 & A e A A (55
Jko TMHMM 2.0 353 i 8 F AN &5 5 B 2
P, e AR T AR A . ] WoLF
PSORT il Cell-PLoc 2.0 7 Z& 5 T 2% S 44 % 7
DenTFL1 & [ ] GE & v T4 M5 .

DenTFL1 K 3 MR AR, Ho JoH
£ (random coil ) 5 e, N 61.85%; HiIK
JEAE S (extended strand ) , 5K 23.7%; a-12
Ji€ (alpha helix ) 7 lANA 14.45% ([F14A) o fiff

' SWISS-MODEL {4 L VG B B f5 /=5 1 7K #
PEBP Zji% 0s02g0531600 & 1 A AR AR, 74 2]
TFL1 a5 (K 4B) , 5045
FA—3, DenTFIL [ =R Z5H b [RIFE & A5
EAibpwIIIESIIIE
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M: DL2000 DNA marker.
B 2 DenTFL1EE# PCR ¥ &7
Fig. 2 PCR amplification product of DenTFLI
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Fig. 3 Hydrophilicity/hydrophobicity analysis
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A: Prediction of secondary structure, the yellow, purple, blue indicate random coil, extended-strand and a-helix, respectively;
B: Prediction of tertiary structure.

B 4 DenTFL1ZEHALZHTN
Fig. 4 Structure prediction of DenTFL1

23 DenTFL1 ZEHREFIILNMRGEEZET
ST

i i NCBI B FE A R H B A1 5 DenTFL1
EAFERFES], I DNAMAN 88 Hik 4y

[E 6 PE L%, & B8 DenTFL1 J¥ %1 5 4 804 i)t
(KAI0496869.1 ). EK{EA it (KAL0910461.1 ),
Masdevallia wendlandiana ( QLM02222.1 ), 3C.(»
2 (ATU44253.1), &I~ (KAG0489005.1) 45
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(K 5), BB R EAMLITIEE . KRGt b 2
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SbTFL1

INIYE S PIPNRIG T HRFINFV L FISOK &R oky
Consensus fg ev yesp p gihrf fvlf gk r

R, KA DenTFL1 548U B0 HE %% R i
T, HUWOEERIEAR, SmEE, MESEEXRRE
i (& 6).

NTREFA I ET.PVEAVY FNAORETARRR NN 173
TREF ARSI ET, PVHAVY FNAORE TAFRRRYSH 175

NTROFA T‘T.PVHAVVF‘NAORF‘.TA - .. 173
BITRIFADANNT €T, PVEAVY FNAORE TAL .. 173
§TRIEFA] T‘T.PVHAVVF‘NAORF‘,’T‘A - .. 173

AAVYFNAQRETANRRRIEN 173

B 5 DenTFL1WEEEEIEXt

Fig. 5 Comparison on amino acide sequences of DenTFL1

80 | Sorghum bicolor XP 002442808.1

?3_|";S'accharum hybrid cultivar QKD77169.1
100 -Miscanthus lutarioriparius CAD6270552.1
55 -Panicum hallii XP 025826987.1
{Phoemlx dactylifera XP 008788083.1

100 -Elaeis guineensis XP 010907126.1
Vanilla planifolia KAG0489005.1
Apostasia shenzhenica PKA57329.1
Masdevallia dlandiana QLM02222.1

Oncidium hybrid cultivar ATU44253.1
Dendrobium thyrsiflorum KAL0910461.1

Dendrobium nobile KA10496869.1
® Dendrobium hybrid

Bl 6 DenTFL1ZEBMRGHMALK
Fig. 6 Phylogenetic tree of DenTFL1

24 DenTFL EAEEMKZHTNS o
FIIH STRING 4K {4 %F Bk 4 fft DenTFL1 #47

F 5 HAE ( protein-protein interaction, PPI) 4%
F9% . DenTFL1 & EMRT 5 5#Ur I+ AtTFLL £
IR S, BTN 69.1%, {&8) AtTFL1 &A1
FEHEAEMLZ XS DenTFL1 9% (A B AEEEENLH
AT B (& 7), RIERE N 0.891, PPI
w8 PHN 5.57e-05, nlfg5 DenTFL1 {77 H.AH
TERME A 10 4, 7512 AT5G63440(0.963 ),
LFY (0.938). SOCI (0.931), AGL24 (0.924 ),
AGLS8 (0.907 ). CAL (0.905), F6I1.13 (0.888 ).
DECOY ( 0.875 ). AT1G64880 ( 0.866 ). VIN3
(0.852), GO BH4r#r#E W], DenTFL1 ) HAEHE
HEBS 57 H SR ey, IWIRE &
BIWIE A AL & E W IE ) i SR it

B 7 DenTFL ZEBE{EMLETN

Fig. 7 Interaction network analysis of DenTFL

25 DenTFL1 ERERFRIEFESH

FEEGE DenTFL1 R FERKA it il 22548
P, AW XTRCA AR R F B B R R 4121
ANFEEB BT . et Ll AR & F BB
A PRI IR AT T . AR A B W B
IR R LR R PR T 25 R, DenTFL1 3
e A i B I BEAS R AL SR I Kk, 78
I FBA T 28 | e s Rk, HUOR A
BREARFNZ H A, TRl p2E L AR R
R (K8 ),

TEF AL ) ket (B 9) R,
DenTFLI #EAEIF KRB MA N BIAFRIE, EK
JE 1 om WAL R G B, 25 ek il
TRE, FERKE 3 em WAL RIB BRI, 25
Tk R EFF, 7ERKEE S, 7. 9 em BAESFH
PR ENERLRE., A5 NKEBNELE T,
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Fig. 8 Expression analysis of DenTFLI in different
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Fig. 9 Expression analysis of DenTFL]I in floral
and flower bud at different development stages

FEN}FikE Relative expression

40

35

30

25

20

15

10

FT'JF

DenTFL] FEAEAME BRI ERL, Hf
7 mm EAARAER R B A e, HIRE9m
HARMAEAL

TEAE 2 B, 58 4 JF A 25 1 45 A R AL
DenTFLI FEARFHWEHF 3. 5. 7 mm L4
MITERE o TEARBARE, JLABYBAE s 2 R i
SR FE R, YT, SR E
LR R E BT, HEB&ETF 3. 5. 7mm B4,
HrhfgmnRibs i (K10 ),

R HT DenTFLI TE 48 h JE I N Rk A1k, Bk
BB R i i g 38 i AT 3R IR M . DenTFLI
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Fig. 10 Expression analysis of DenTFLI in floral organs at
different development stages
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Fig. 11 Expression analysis of DenTFL1 within 48 hours in leaves
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WAL B R A Y BN AR B, Rk
R F A6 st 300 % 1 H 0 A 33 IR B SR e A A
JEEA R Y B R K S MO B L) e
HEPE RO, FFAERY G . TFAE A T 1 4%
IS A b 52 M) WAL AL A I 6L, T 30 A A A 4
FOAEAE T FIFAE . W P T A 2 4 v AN E Y
BHRTFBeZ — W FFAE TR B 5T AL b 2 T
AR RS LR . TFLT B[R B 9E S 45
L 1) TF A6 I ) B AR 205 4y mb oy ok ol B € 21
TFLI BAE7 o3 E R B ) F 2 A+, ol
3 IERTT AR ) P2 SESR Y MATFLI-1 F
MATFLI1-2 FEAC5 T3 e v 8 R iVl A%, 72 S
IF S F Ak S TR P AR | Y R AR A g
PhTFLIa/c # S8R T e e ek iy
DITFLI-1 1 DITFLI-2 ‘53U 548 RE I+ I A6 4k
B AR, JRAEMEIE T TFLL FIRY R
B S IR T, SIRBFSIFER. mit
e, AR vE BE AR )t DenTFL1 R TE IR 45
WA —EMER . ABFE B it =1
BEDYE 5t Fl b i h 43 8BS Y DenTFLI JEH, Hias Kol
522 bp, 4t 173 @AM . 8@ & AT
WKL, DenTFLI1 3:H5 48U ( KAIO49-
6869.1 ). BRAE A (KAL0910461.1 ) H i [R] P
PR C R HE AT — Bk iem,
DenTFL1 PRI 783X JLAN 9 F v () Ty i HL A5 A A
P o FIFHAYE B 5 R 081 DenTFL1 & A9 5
AR PRAGME BTRD A AR AT, HE LA AR R 2R
KEH, HAEAES MRS, 8Tk
Ay PEEE 1. DenTFL1 & 0] REE 7 T 40 it
TRIERRN = R TN 45 R R DenTFL1 &
I 5 22 B G RN i 2544 o

KW TT A2 Z R iR i, A W —
MR G, o a3 2R E
MIFAEGE SR F o FEREP ST, TFAE 3 ] A
TRk, WYL, 27, R
PR PRI eIk, S FFAE i Ak,
i AL PN 7 2 TR BRI, DT 58 A i
BT, i TFLL — AP AEMHIA T, Fk
Fff DenTFLI B %5 & H R FEM AT R,
TEG IR P AR m k&, s TR
ZJE, FRXEUIR TR, S HEFEED
AR KT SRR BREA 2 R R

P TE 3R B AR ( Platanus acerifolia ) P8, [
P B W ( Hevea brasiliensis ) . =16 0
( Gentiana triflora ) VR RIREAETE . W
A TFLT W RNRIE DenTFLI [R)FEEA
A BT ER DIGE

Je0R DITFLI-1.DITFLI-2 {E R IF i ki
HBLT A6 4 S 22 (380, I HLIG S R DL g 5 v
(4 AtAP]. AtFT. AILFY $:[H ik 0 E FEE,
TFLI JHIERIEHBR T HA MBI AN TIREZ
A, AR Z Mkl T S 5 EBEEYIES
AL E KB 6, WS AGAMOUS #: A
T RE HAE I SR A0 B T AR B b AL P &
FHBY 5 4GAMOUS. LEAFY L[ B AR F R
AL A LU AR P 3 5 2 S A P 40 g
IFRIFER R A £ B 5 FT BAR TR
MBS ( Fragaria vesca ) R EAEEPY, BH
AR R A T 25 S R, DenTFL1 & 115 LFY .
AGL24, AGL8 “EfrfEMHEAEM, IFH GO H4
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