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Abstract: [Objective]The objective of this study was to analyze the distribution, structure and evolu-
tion of PEBP (phosphatidyl ethanolamine-binding proteins) protein family in peach (Prunus persica) ge-
nome by bioinformatics. Moreover, the function of PpTFLI gene belonging to PEBP family was also
analyzed. This study provided the theoretical basis of regulation of flowering time by using molecular
technique in peach.[Methods]The peach PEBP proteins were identified from peach whole genome in
phytozome V12.1 database using six reported PEBP proteins in Arabidopsis (Arabidopsis thaliana).
Several sorts of informatic software, including GSDS, Protparam, Expasy, DNAMAN, MEGA 6.0 and
PlantCARE, were used to analyze the chromosome location, gene structure, physicochemical properties

of protein, multiple sequence alignment, the phylogenetic tree and the cis-acting element of promoter in
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PpPEBP gene family, respectively. The PpTFLI was cloned by RT-PCR and the relative expression of
PpTFLI in different tissues of ‘Zhongyoutao 14" was detected by quantitative real-time PCR (qRT-
PCR). The overexpression vector of PpTFL 1 was constructed and introduced into Arabidopsis using flo-
ral dip method by Agrobacterium-mediated transformation. Different transgenic lines and the relative
expression of PpTFLI and AtLFY1 were verified by PCR and qRT-PCR, respectively. The flowering
time and phenotype of five transgenic lines were observed. [Results]Five PEBP protein family genes
were identified from the whole peach genome and unevenly distributed on chromosomes 2, 5, 6 and 7.
PpPEBP proteins were all basic amino acids and hydrophobic proteins, four of which were unstable pro-
teins except PpBFT. Five PpPEBPs owned similar gene structure, all composed of four exons and three
introns. The PEBP consensus motif and critical amino acid [Tyr85(Y)/His88(H) and GIn140(Q)/Asp144
(D)], which are responsible for the function of FT/TFL1, were present in five PpPEBPs. The results of
evolutionary analysis with other seven plant species showed that PpPEBPs could be divided into three
subclasses, including TFL1-like, MFT-like and FT-like. Two monocotyledonous plant species, rice (Ory-
za sativa) and maize (Zea mays) tend to be clustered together, while PpPEBPs was clustered together
with another five dicotyledonous plant species, including apple (Malus * domestica), grape (Vitis vinif-
era), cotton (Gossypium raimondii), strawberry (Fragaria ananassa) and Arabidopsis. Meanwhile, the
PpPEBPs and MdPEBPs were firstly clustered together due to peach and apple belonging to Rosaceae.
The cis-acting elements of promoter analysis showed that five PpPEBPs promoters contained elements
related to light signal, abscisic acid and gibberellin. And the number of light signal was the most. The re-
sults also indicated that PpPEBPs were affected by environmental conditions and several hormones,
such as light, temperature, drought stress, gibberellin, abscisic acid, salicylic acid, etc.. The coding se-
quences (CDS) of cloned PpTFLI were 519 bp, which encoded 172 amino acids. The results of qRT-
PCR showed that the expression of PpTFLI was the highest in apex of ‘Zhongyoutao 14’ and signifi-
cantly higher than that in other tissues. While the expression of PpTFLI was the lowest and had no sig-
nificant difference among flowers, young leaves and fruits. The tissue expression results indicated that
PpTFLI expression was tissue- specific. Five transgenic Arabidopsis lines with PpTFLI verified by
PCR were obtained. L1 and L2 delayed flowering for 19 d compared to wild type, while L3, L4 and L5
failed to bolt after continuous cultivation for 10 d. qRT-PCR analysis of different transgenic lines indi-
cated that PpTFL1 was indeed expressed in five transgenic plants, while the expression was significant-
ly different among different plants. The relative expression of PpTFLI was the highest in L4 and signifi-
cantly higher than that in other plants, which was the lowest in L1. Moreover, the relative expression of
AtLFY1 in WT was obviously higher than five transgenic lines. And the relative expression of AtLFY]
in L5 was lower than other four transgenic lines, which had no obvious difference. Based on the results
of phenotype and qRT-PCR analysis of different transgenic lines, it was suggested that 7FL was a key
gene involved in repressing flowering and maintaining the inflorescence meristem by preventing the ex-
pression of LFY.[Conclusion]Five PpPEBPs classified into TFL1-like, MFT-like and FT-like subclass-
es were identified from the peach genome. PpTFLI expression had tissue specificity. Overexpression of
PpTFLI resulted in delayed flowering in Arabidopsis. 1t was suggested that PpTFLI was involved in
the regulation of flowering, which provided the theoretical basis of regulation of flowering time by us-
ing molecular technique in peach.
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4 GSDS (http://gsds.cbi.pku.edu.cn/) 2 fil] F [K] 45 #)
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PrimeScript™ RT reagent Kit i 71 & (b 50 % H = 4E
Wi RO K H % 5% O cDNA, PR B 5% 45 21 1
cDNA Jy #E# 2 47 PCR §™ 1§ . PCR S B0 14 5204
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L5 % 1 uL, ddH,0 #b /& % 25 uL. PCR X
M FEF N :98 'C 3 min; 98 'C 105,55 'C 155,72 C
40 s,35 ME#H ;68 “CLEMH 3 min, 4 ‘Cfrf7. PCR
=448 ] SanPrep #: 2 DNA Ji RIS 77 & ( i A
TOHAT VIR R . 1814 ™ 3% $2 %2 pClone007-T
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1hs (3R HL200 uL IR T H AR EER
(1 LB 55775 I, 37 ‘C1EI B 1R 37 8~10 h; (D FHME T
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Table 1 Primers used for cloning, expression and functional analysis of PpTFL1

514 Fx 514F 5 i

Primer name Primer sequence (57-3") Application

PpTFLI-F1 ATGGCAAGAATATCTGAGCCTCTG T

PpTFLI-R1 CTAGCGTCTTCTAGCTGCCGTTT Gene cloning

PpTFLI-F2 CCGCTCGAGATGGCAAGAATATCTGAGCCTCTG ALK

PpTFLI-R2 TGCTCTAGACTAGCGTCTTCTAGCTGCCGTTT Expression vector
PpTFLI-F3 GACAGATATTCCGGGCACCACAG LIk

PpTFLI-R3 ACGGCAGCGACAGGAGGACC Expression analysis
PpGAPDH-F GACTTCATTGGTGACAGCAGGT el 25t

PpGAPDH-R CGGGATTTAGAGAGTGGATGC Constitutive control in peach
AtLFY-F ATAACGGCAACGGAGGTAGTGGT LI

AtLFY-R TGTAACTCGCTCCTGATTTCTTCGC Expression analysis
AtUBC-F CTGCGACTCAGGGAATCTTCTAA PR TF N 23

AtUBC-R TTGTGCCATTGAATTGAACCC Constitutive control in Arabidopsis

1.2.4 pSAK277-35S::PpTFLI1 it % i &4k E A
F Primer premier 5.0 % 11 & Xho 1 Al Xba 1 H§1)
P75 5149 PpTFL1-F2 1 PpTFL1-R2 (5] ¥ 7 %1 W,
F 1), LI IE #5 1) pClone007- PpTFL1 J5i fii Ay 1
B HE4T PCR 4 3 , PCR X M. A& & Fll J= B2 F2 7 [F]
1.2.3. 4% PCR =W U1 12 181 WL 28 2 e A %t I
JF 5 B BRIA 1.2.30 K /5 1F #ff 1 BH P B8 9 32 BT
Ki, 8 NEB 2w (1) BR i 14 ] 116 Xho T F1 Xba 1
X} pSAK-277 BAR AT GV« BV I AR R
FI (pSAK-277 3 AK)15 pL, Xho 1 1 pL,Xba 1 1

pL, Cut Smart Buffer 1 puL, ddH,O #b & & 50 pL,
37 ‘CH§Y) 4 ho E§U)IL1¥ 724 H SanPrep A2 PCR
PER AR B (AR IO REHT = atifh, 20 C
TRAF o 3z f I NEB A & ) T4 JE BB 47 3% #2
KB SR R ANR - pSAK-277 #4441k 77 4 2
uL, H 2L 3 ul, T4 DNA Ligase Rcaction Buffer
(10x) 2 puL, T4 % $2M 1 uL, ddH,O #b & % 20 pL,
16 ‘Ci#EHE 10~12 ho  FE Ak ERARCR BH 1 5 A I 7]
1.2.30 Al JG 1% 1 B V4 BT Rz 9 T 20 °C £}
17
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YEB AR RE 7R, 55 75 2 B VE IR, B R (G
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15 P77 Silwet L-77) # & 2 18 W ODgw= 0.8~1.0,
FHBEAE VL A AUL R T+ 0, A SR 38 1 2T WX T AR
To B ToARIUFE I b7 I TS, fEB 1 TAE & W
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%2 PpPEBP Xk
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MR AE K 2 3 A A i), R EUL B+ 1t v F CTAB
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PCR 43, PCR Jx B4 2N BiAR P 2 1.2.3. Xf
22 PCR Aar il 52 BH M PR RE AR T AR ) 3R 47 WL 5% 5 DAL
B T UBCHER A N S (519 W3R 1), 43 59 % B 4R
U0 BF 4 A AR 32 AT qRT-PCR 23 #1 (PpTFL1 F1 AtL-
FYD, RMNAR R NFRT 2 1.2.5.
1.3 HEFHITS SR

FIFH SPSS 17.0 # Ak xt #dim dh AT W3 M40 #ir . 2R
H Excel 2010 #4755 e i HFIAE K

2 HR50H

2.1 HEPEBPEREREZLEE

I B o AT, AR SE IR A At s e S A
PEBP Z Jti 3 K, 43 5 PpTFL1 (Prupe.7G112600)
PpFT(Prupe.6G364900) . PPMFT(Prupe.5G230900)
PpBFTPrupe.2G291900)F1 PpCEN(Prupe.6G128400),
Hrf PpBFT.PpMFT Fl PpTFLI 43 ST 55 2.5 F17
Stk b, 1 PpCEN F1 PpFT 35 [ 61 F 45 6 5 4
ok b . PpTFLI A PpMFT b5 X K FEAH [ , 1 4
519 bp; PpFT~PpBFT 1 PpCEN % i X K HH [ , 1)
525 bp(£ 2.

REBREAMER

Table 2 Physicochemical property of PpPEBPs

R R S > TR o E TR e NP BK RS
BE EEERD gy SRR SR TR AR g TR
Gene Gene ID CDS/b Amino acid  Theoretical ~Molecular Instability Aliphatic index Average of hydro-
P number pl mass/Da index P pathicity, GRAVY

PpTFLI  Prupe.7G112600 519 172 8.52 19 425.14 45.07 73.02 -0.292

PpFT Prupe.6G364900 525 174 7.72 19 593.22 42.11 79.37 -0.352

PpMFT  Prupe.5G230900 519 172 8.79 18 813.74 41.63 84.30 -0.072

PpBFT Prupe.2G291900 525 174 8.82 19 703.49 39.11 70.52 -0.430

PpCEN Prupe.6G128400 525 174 9.52 19 543.42 40.43 79.43 -0.321

X 45 52 B 5 ANk PEBP R RR 03 ) 85 14 i B
T R IEAT 23 #r , 45 S R, PpTFL1 A PpMFT 4 i
S IHEFR ¥ H N 172 PpFT. PpBFT #1 PpCEN % % &
FEMRBU A %4 174, PpPEBPs 2 [ (145 H N 7.72~
9.52, YN E LR . A DT E N 18 813.74~
19 703.49 Da, AN f2 € 18 800 39.11~45.07, % PpBFT
AACAFREAREUN T 40, NFEE D, KR4 MR
AFEE B o %KM T 38 5K e A

FUAE , U6 B Bk PEBP &5 [ 5K R A 52 35 R i 7K B
(£,
2.2 HEPEBPEREREERELEM

X % 58 B 5 ANk PEBP 5% J 5 [R 147 35 (K] 45
P43 HT, 5 BB IR , 5 A PpPEBP BE IR 45 M AHARL, 241
ANHNE TR 3N TR H 22 e T AR v
Gt X AN 5043, R ARk PpPEBP 5 iR BRI AT
B R (E D
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173
173
171
173

ZMAMAREKYLE FT/TFL T RE RIS B MR AT 41 Tyr85(Y)/His88 (H) Al GIn140(Q)/Aspl44

Consensus pattern. The consensus pattern of PEBP family; Triangle represents amino acids Tyr85(Y)/His88 (H)and GIn140(Q)/Asp144(D).
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Fig. 2 Multiple sequence alignment of PEBP gene family in Prunus persica
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Table 3 Predicted cis-elements in the promoter of the PpPEBPs

JfE SR TRESFHK BIEMRLHEANSS R S R

SrAEHGUR ERKFEMR KBIRINE  RIERRATR ARERMR

ilf]e Circadian-  Drought Defense is Low temperature- Meristem- Auxin- Salicylic Abscisic Gibberellin-
related induced-related related to stress  related related related acid-related acid-related related

TFLI 8 2 1 - 1 2 1

FT 13 1 - 1 - - 1 1

MFT 11 - - 1 1 - - 3 1

BFT 19 - 1 - 1 5 1

CEN 11 2 1 1 2 8 1

2.5 PpTFLIwfERIFRIXHHKITE
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U R B AT S B I L, 52 e i BOA PpTFL 15
AL, Ho B BER /NN 519 bp, ik 172 AN EE R . FH
BRI P9 V) B XRo 1 A1 Xba 1 %4 PpTFLIYI T , 541
[FIBE VI 510 pSAK-277 AR 5 , X3RS IR

T IR A B v B AT TR VA PCR A FPReIE , 285 4%
B, PpTFLI 2 RE5 3 T pSAK277 #ifk (K 4-B).,
2.6 PpTFLI‘B4RIEDH

qRT-PCR &5 KW, PpTFLI (ERE 252 V0 i
A A VRS ERIK HRREERER
(El5). PpTFLIEZERMIREERE, HEEST
HARF AT 5 F A AR A ; ZE 76 L g A SR s
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Fig.4 Cloning of PpTFLI and T-DNA of pSAK277-35S::PpTFL1
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Fig. 5 Expression analysis of PpTFLI1 in different tissues of peach
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Fig. 6 PCR identification of PpTFL]1 transgenic
Arabidopsis
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Fig. 7 Phenotype of transgenic Arabidopsis with PpTFL1
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Fig. 8 The qRT-PCR analysis of PpTFL]1 in transgenic
Arabidopsis
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