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Cloning and Functional Analysis of Nonspecific Lipid Transfer
Protein Genes nsLTP2-1 and nsLTP2-2 in Lavender

ZHANG Xiaxia, CHEN Lingna, YANG Yang,ZHAO Jingru, CHEN Yongkun
(School of Life Sciences , Xinjiang Normal University /Xinjiang Key Laboratory of Special Species Conservation and

Regulatory Biology/ Laboratory of Plant Stress Biology in Arid Land, Urumgqi 830054)

Abstract: Non-specific lipid transfer proteins (nsLTPs) play a crucial role in the transport and secretion of
lipids in plants. In this study, two type Il nsLTPs were cloned, namely nsLTP2-1 and nsLTP2-2, and analyzes it
with functional analysis from Lavandula angustifolia. The analysis of sequence characteristics revealed that the
nsLTP2-1 and nsLTP2-2 genes putatively encode 119 and 117 amino acids, respectively, which exhibit
conserved lipid transfer proteins (LTP) domains and 8 highly conserved cysteine residues. The phylogenetic
analysis revealed that these genes are located in separate branches and share the closest genetic relationship with
Perilla frutescens, a member of the Labiatae family. The analysis of gene expression showed that both genes
exhibit high expression levels in flower buds, with minimal expression observed in leaves, stems, and petals.
However, notable disparities in expression were observed in the calyx, with nsLTP2-1 and nsLTP2-2
demonstrating higher expression levels in mature and young calyxes, respectively. The expression of these genes
in flower buds and leaves was found to be stimulated by heavy light, while their expression in flower buds was
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also induced by abscisic acid. Additionally, the expression of nsLTP2-1 and nsLTP2-2 in leaves was found be
triggered by methyl jasmonate and ethylene, respectively. The subcellular localization of the yellow fluorescent
protein (EYFP) fusion protein demonstrated that both nsLTPs were localized on the cell membrane and cell
wall, indicating they may be related to the transport of secondary metabolites. Following the overexpression of
nsLTP2-1 and nsLTP2-2, tobacco leaves were subjected to Nile red staining, after 485-543 nm excitation light
excitation, the fluorescence of leaf glandular hair was more than that of wild type. This observation suggests a
potential significance of the nsLTPs investigated in this study with regards to lipid synthesis and transport. These
findings provide a fundamental basis for elucidating the role of lavender lipid transfer protein in lipid and
terpenoid transportation.

Key words: Lavandula angustifolia; non-specific lipid transfer proteins; hormone treatment; abiotic stress;

gene expression ; subcellular localization ; Nile red staining
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W T A E R AR A K S T L
AEEAEM . T, AW RY], JHEE (Nicotiana
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REM PO . T A B L DR 4 7 915 5
YETE T nsLTPHERI G 164 WG, R T 24 EHE
A B A A 21 S SRR R AR 1Y) nsLTP HE R iE A7 50
B, AR E 9 R AR & A1 43 il 4w 44 A msLTP2-1 Fi1
nsLTP2-2, 23k Fp AR (2H ZURr 57 3R 35 41 i &
BLFNJE % 2L gL 8 43 T, A Ay i) B 36 4K 52 nsLTP 7E 1
Wy i e iz v I ) R R 1 A RORS b BT 4 T
RIS %

L RS
1.1 iKEeAr#t

HAR R U 2 SRRSO, B o, BE mT AR
IRBE AL AN , AT A 7 e T B AR R
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Table 1 Information of primer sequences

5|¥) 4 FK Primer name

1E 18] %41 Forword sequence(5'-3")

JZ [t £ 41 Reverse sequence(5'-3")

nsLTP2-1 ATGGAGAAGGCAATGTGGTTGG GCGAACCGTGGAGCAGTCA
nsLTP2-2 ATGTCGAACTCAGTTAAGGTTGTT TGTACACTGCTGCAGTTAACATT
Actin TCCCCATCTACGAAGGTTACGCACT AGCTTCTCTTTGATGTCCCTCACGAT
qnsLTP2-1 CCGTCGTTCAACTGCTGCCAAGC GCAGTCAGTGGAGGGGCTGATCT
qnsLTP2-2 CTGTGTGCGTCTTGATGGTG CTTCAGCTTCGTTACGCCCT
NtGAPDH TGGGTGTCAACGAGAAGGAA TCTGGGTGGCAGTAAGGGA

1.2.3 nsLTP2-1FAnsLTP22 £ 5 B ZE ST
HHE 4 1 H. SignalP (https: //services. healthtech. dtu.
dk/SignalP) . TMHMM (https://services. healthtech.
dtu.dk/ TMHMM) . Plant-mploc (https : //www. expasy.
org/Protscale) | InterProScan (https : //www.ebi.ac.uk/)
4353 nsLTP2-1 Fl nsLTP2-2 [ 2 [ 254 |15 i 2544
S, 720 i 2 57 R PR S 2 AR SR A R A T T s 7E NCBI
(https: //www.ncbi.nlm.nih.gov/) i) BLAST F&Jr 47
IR F S5 K 2R, nsLTP2-1 Al nsLTP2-2 15 %8
7 (Perilla frutescens) T2 (Salvia miltiorrhiza) I3
i (Paulownia fortunei) 1 H. M- [ . 5 (Buddleja
alternifolia) W) FILTE 58 & L 43 51 F 2% nsLTP2-1 F
nsLTP2-2 [] Y i) 28 ZE R 7 4] - %2 7 (PEK 6769357
PEK6769360) .J1Z (SA57804313 ,SA57804433) .ifd
il (PAK3473096, PAK3474776) Fl H. I i fa &
(BUKA836308 . BUKA366618) , i F§ DNAMAN #I
MEGA 11 3453 50l 47 ke PR RN 22 1R (W] 951 471 L
Xt , K FH AR 42 (NT, neighbor-joining method ) , #4) 4
Z GV, Bootstrap {EH 15 B 4 1000,
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WO\ o5t 4l B PE F (GenBank % 5| 5 K
PRINA892961) H3KHL nsLTP2-1 Fl nsLTP2-2 K& [H 1
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By 223 B BE R[] 1) 6 8 B A7 25 S B E M Oy
Mo R 7 A 328 5 DR AN [ 2R AR IR A i
4 W O EAE , e B AR A R R R AR B AR, T
B 9% 3 N B 3R (22~28°C, JG BE TR 16 h, JE iR
10000 Ix) , PelUk 25 J5 10 AR KA AE R B IR 2T 4
1, 43 1647 100 pM 758 % (GA, gibberellin) | fiit
7% 12 (ABA, abscisic acid) | ¢ #ij ig H fig (MeJA,
methyl jasmonate)'™*' | 2, F| (Eth, ethephon) DX
40000 Ix 3856 54555 4 CARHR T i 4b 5, 4F
ANREFR 3 Bk, LAIG TR 7K Wi 4 35 R AR by oxsf BE 4k

PR 12 hJ5 RAEXT R I FEE At B MR- 0.1 g, 78
W A PP A G 7E-80°C M AR AT . RNA $2:HUR S
SR 7 YRR 1.2.1, R T 82 I 2 5 i PCR (qRT-
PCR, quantitative real-time PCR) , D 3 4 B Actin
(Lal3G00013) R NZFEH , 519453518 qnsLTP2-1
FqnsLTP2-2(% 1) , /3 AT AE 8 A vh nsLTP2-1 F
nsLTP2-2 SEIR (W 323k & o J AR 3R FN 5% 1 5 R
SYBR Premix Ex Taq i £ (TaKaRa) 36 15 5E1 T,
gRT-PCR J Jif f& % 10 uL: qRT-PCR Mix i &
5.0 puL, #i# DNA 1.0 uL (100 ng/uL) , b Fi#E514
£ 0.4 uL (10 pM/pL) ,ddH,O 3.2 uL. S L N
95°C AL 30 5595°CAM: 3 5,60°CIE k 30 5,817
40 NMER . SHLRIBEH N IREY¥FEL,
qRT-PCR J& [A] AR X A it {277 i k47, R
T-tests 22 H H 5 (P < 0.05) 73 Al 35 A B[] Ab BRAE
IR Rk 22 5
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FEAR o qRT-PCR 43 B F IR A A G S o 1k ()
124, N = % A & M MW 5 W GAPDH 3
(NtGAPDH) (3 1) o FEEPUEE -4 0.1 mg/mL
A JE R 21 (g R ) YRR Y4 8 10 min, Rl i
EHIEIPIRINEE &M, L0 BIMEETE 485~543 nm
OGN MER, o BIHE g e A& indg W
RIS JE B 41 SRR Y L A RN AT A g 4T
G FLI IR AR

2 HER59H

2.1 nsLTP2-1F0 nsLTP2-2 BEEF &R F 55

I JE R A B Bt 514, AR R LR 2 v
P48 H T 350 bp A2 A5 B nsLTP2-1 Fll nsLTP2-2 5
R B, 5 BRI RNEEL (& 1) . Z00)F 5 Kk,
nsLTP2-1 Fll nsLTP2-2 3[R ORF 4= 143 5] 4 360 bp
#1354 bp; f# F InterProScan #XA4F i , nsLTP2-1 %
5119 N IL R , 8 A XS 43T i 4 12.33 KDa;
nsLTP2-2 4 117 P2 3L 08 , & FUAHXS 4 F i it i
12.47 KDa, @it DNAMAN X} nsLTP2-1 FlnsLTP2-2
SR P B HEA T ET, PS5 D A AR AL R 49.31%
HA 1794 M RIS , A 15 AR 2052
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Fig. 1 Cloning of nsLTP2-1 and nsLTP2-2 in lavender

2.2 nsLTP2-1#AnsLTP2-2 B EHIF I EHMHHT
F| F Plant-mploc %X {4 15l nsLTP2-1 ,nsLTP2-2
HE 1€ DL AE 20 B RE RS 5 K, B T 2R KM R
P8 T, TG 45 #4350, nsLTP2-1 19 Fa 2 1t
nsLTP2-2 f§5i . Z LR P 530 s 2 N s
TUR nsLTPHH , & A 8 i EEORST 9P D2k
F, HAT 3APRSFAS AR, 53 512 o- T8 #0055
(AAI, alpha-amylase inhibiting units ) . i fif i 2 1
(SSP, seed storage proteins) LA} g 4% # 5 H (LTP,
lipid transfer protein) . 2~ [ BB 1K (07 S LA
T2 5, R B2 IR 2 1R (Thr) % BR Ak A7 5 i B,

nsLTP2-1 2 147 12 /> 95 24 2 1) il 12 1k 07 mi
nsLTP2-2 VAT 61>, B 1 2R = G 45 F 0 ) 4%
TREBZEAH , nsLTP2-1 Fll nsLTP2-2 3 % il 44 oo 14
o-SETEFTCHLINE i, & A i B-FE A
2.3 nsLTP2-1F1nsLTP2-2 EAKI L EF 5 LLXFF0
REHL DT

H) FI NCBI Xf nsLTP2-1,nsLTP2-2 ) 44 55 iR J7
SIHEF T BLAST KR 5 Huxt, A B 54855 JH2 A
FE A B nsLTP AR o I MEGATL
Xt & FE R 4 WE AT EE X, 45 R SR nsLTP2-1,
nsLTP2-2 Y5 A 8~ JELRSF 1Y~ e 2d BR Ak A i 42
(2), O A il s X B 2R RE g 3 1o (2 F 85 1
JiT -2 1 LA R B L - AR A BEAE 2 5155 %
Gl R G b AE R R, nsLTP2-1 FlnsLTP2-2 43
R F A 5332, T BEAELAE N 4 AR s 24~
nsLTP ARSI T332, JAT SAS7804313 13 F
—M3 3%, nsLTP2-1(La07G01538) 5 PAK3473096,
BUKAS836308. PEK6769357 8 1E [6] — 43 % I ;
nsLTP2-2 (La07G01539) & 1 W] 5 PEK6769360.
SA57804433 . BUKA366618. PAK3474776 7& [ B 7
T3 b UAEIAHF T ) 24 nsLTP2 JE [K HoA 22
5o DL RZERE AR nsLTPs 5 RN RIER
LRI s (1 3) o
2.4 nsLTP2-1FnsLTP2-2 EFEEXRERAFHR

HRIRIED T

nsLTP2-1 F1 nsLTP2-2 J R 75 38 AR FL AN [a] 4 2
Wl ek 22 AR (1 4) , nsLTP2-1 EHAEAETE
AL Rk (K 4A) , nsLTP2-2 FBAEALE F
e p ik (K 4B)  eMEM B AEREfZE
JUTPARRIE . EAETE AL nsLTP2-1 ()3
K S T nsLTP2-2; AL AL  nsLTP2-1
OE Sy = lE i
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2 5 DR A5 Ah B P e [0 A7 S 2 22 5 (BT 5) o FE
L6752 N FE R B R 52 Z R A AR 7% iR
FROGER S T AT R IR 5 2 A JE DR T 52 1 i
JEM WY, nsLTP2-1 % T 5 1 %1755 (K 5A) , 1
nsLTP2-2 &k g4l (1 5C) o FEM R, 2 43k
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FES (F 5B) , nsLTP2-2 ¥ 26 Fsd G B £ S
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nsLTP, {H'E 12 5 5 A A [7] 20 414 3 1) R A 4%
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La07G01538 : 58
La07G01539 : VKWL 54
BUKAB836308 : GKTM@ v k 57
BUKA366618 : KLSNMVANVMVILVCIEMYWVALA--PDAEGST 56
PAK3473096 : 777!W 54
PAK3474776 : 50
PEK6769357 : 60
PEK6769360 : FKVLAAAVCVCEN 55
SA57804313 KATaQLFLAAI—KV AALA-PPHAER 58
SA57804433 : TKVHLAVVVCICNVGVISQ—HHAVG‘ 56
vVve v v
80 100
La07G01538 : C LP : 116
La07G01539 : : 111
BUKA836308 : : 115
BUKA366618 : : 113
PAK3473096 : 112
PAK3474776 : : 107
PEK6769357 : : 118
PEK6769360 : : 112
SA57804313 : : 116
SA57804433 : PRI ALK LG-VNSQYIR : 113

V7R g 8 A A BRAR SRS A57 5,

V show 8 conserved sites of cysteine residues

B2 nsLTP2-1#AnsLTP2-2 EAKSEFFL3T
Fig. 2 Multiple sequence alignment of nsLTP2-1 and nsLTP2-2 proteins
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PEK6769360

Paulownia fortunei e LA
Buddleja alternifolia  HINTFA L
Lavandula angustifolia FEACHL
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Salvia miltiorrhiza &
Paulownia fortunei FAAE A
Buddleja alternifolia  FW 0 R
Salvia miltiorrhiza VAR
Lavandula angustifolia FEACHL
Perilla frutescens PN

* La07G01538 Fll k La07G01539 43517 nsLTP2-1 # nsLTP2-2
* La07G01538 and * La07G01539 represent nsLTP2-1 and nsLTP2-2, respectively

3 nsLTP2-1#AnsLTP2-2 E A RGHL 4T
Fig.3 Phylogenetic tree analysis of nsLTP2-1 and nsLTP2-2 proteins
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FEE
2.6 nsLTP2-1F0nsLTP2-2 EEMITHRES
A 2o B A 2RO e A i DR A R R 43 1 3 B
nsLTP2-1 Fl nsLTP2-2 5 3 R A /R 45 5 bk , 48 qRT-

PCR 73 H7 S 73~ e J5 DRA ok 119 39 308 o 2o Y 2 8
(7), #B BRI RAS T nsLTP2-1 (E TA)
nsLTP2-2 (& 7B) £l FRIKMHE . A T WL 5L &
ST IREZEAL S R B g T e B AL
25 485~543 nm LG I, A] DLEFAE AL (WT) A
2L AR R M R IR B A L X I8 (1 8) ,
Ui B BB B A M IR 2R A S B R IR 1 Je B 4L
gia It HEPARIAA L nsLTP2-1 Fl nsLTP2-2
S SINPGRER SR A1) S SP S TIN5 s
nsLTP2-2 % K& DM L i 7 1) 2 G AE I 3 1 235 4
A, UL nsLTP2-1 Fl nsLTP2-2 {E5E BL N B ) NG
KGR 3 s b R DR
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Figure A and figure B represent the relative expression levels of nsLTP2-1 and nsLTP2-2 genes, respectively; Calyx 1 represents the young calyx
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Fig. 4 Expression analysis of nsLTP2-1 and nsLTP2-2 in different tissues of lavender
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A and B refer to the expression of nsLTP2-1 in flower buds and leaves under different hormonal and abiotic stress treatments, respectively; C and D

refer to the expression of nsL7TP2-2 in flower buds and leaves under different hormonal and abiotic stress treatments, respectively;* and ** represent

significant differences at P <0.05 and P <0.01 levels, respectively
5 nsLTP2-1F1nsLTP2-2 B R EALEAME THIRIZER
Fig. 5 Expression patterns of nsLTP2-1 and nsLTP2-2 genes after different stress treatments
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