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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, 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
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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, while
exhibiting comparatively reduced levels. 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 two genes in flower
buds and leaves was significantly inhibited by the treatment involving gibberellin and methyl jasmonate. Specifically,Dark treatment
and gibberellin treatment significantly inhibited the expression of the two genes in bud and leaf. In the buds, abscisic acid and light
treatment induced their expression, In the leaf, methyl jasmonate and ethylene induced the expression of nsLTP2-1 and nsLTP2-2,
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, revealing a notable increase in the
quantity of lipid droplets present on the glandular hair head in comparison to the 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 word: Lavandula angustifolia, non-specific lipid transfer proteins, sequence characteristics, hormone treatment, abiotic

stress, gene expression, subcellular localization, Nile red staining
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1.2.1 #E1E RNA $2BUR cDNA HIE R

Gy CAFEARH 5O 2 5 AR . 4O s A ROAE = . e R AR rh uddkl, M RNA SRR
U PRRECS AL RNA, 7006 EEVE B IRBE A R BE A1 RNA 5881, {1 EasyScript®
One-Step gDNA Removal and cDNA Synthesis SuperMix % % cDNA.

1.2.2 EIRE nsLTP2-1 #1 nsLTP2-2 EE R =%

PR E A R4S S (GenBank & 5|5 PRINAG42976) [131th nsLTP2-1, nsLTP2-2 #:[A cDNA 4K
B, WitEstEsiy (R D ¥ HE B, PCR ML A 94°C FiAs 1 3 min; 94°CAEME 30s , 55°C
Bk 30s, 72°CHEMH 1min, i4T 35 AMEHR; 72 °C & IE{# 7min. PCR F=¥H DNA &t RIVGAF & (-

WA T 4itk, fEH 2>Seamless Cloning Mix (_bifgAE To) Jog% v b 2 FRIAEAK, B e RS TIF 452
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Table 1 Information of primer sequences

K A R 5| ¥ ) %1 Primer sequence (5'-3")

Gene Name 1iF 1 Forword J% [ Reverse

nsLTP2-1  ATGGAGAAGGCAATGTGGTTGG GCGAACCGTGGAGCAGTCA
nsLTP2-2  ATGTCGAACTCAGTTAAGGTTGTT TGTACACTGCTGCAGTTAACATT

Action TCCCCATCTACGAAGGTTACGCACT AGCTTCTCTTTGATGTCCCTCACGAT
ansLTP2-1  CCGTCGTTCAACTGCTGCCAAGC GCAGTCAGTGGAGGGGCTGATCT
ansLTP2-2  CTGTGTGCGTCTTGATGGTG CTTCAGCTTCGTTACGCCCT
NtGAPDH  TGGGTGTCAACGAGAAGGAA TCTGGGTGGCAGTAAGGGA

1.2.3 nsLTP2-1 7 nsLTP2-2 £ 5 BF 54
B M fF % T H  SignalP ( https://services.healthtech.dtu.dk/SignalP ) .  TMHMM
(https://services.healthtech.dtu.dk/TMHMM) . Plant-mploc Chttps://www.expasy.org/Protscale) . InterProScan
Chttps://www.ebi.ac.uk/) 73 % nsLTP2-1. nsLTP2-2 [FJAR 4544 B B4 s e W AR M e 067« PR~ 45 4435k
SEHEATTRI;  A NCBI (National Center for Biotechnology Information) () BLAST F& 5 3T & S BR {1 <7 45 1)
AR, 1 H MEGALL #3472 LR [FIR 7 51 E vt , SR 48412 (neighbor-joining method, NJ) , Bootstrap
HE Y 1000, HEE RGN .

1.2.4 EFEIRE nsLTP2-1 #1 nsLTP2-2 HIFRIEE S #f



TR AT TR AR
Journal of Plant Genetic Resources DOI: 10.13430/j.cnki.jpgr.20231220007

ML SR (GenBank %5154 PRINA892961) H3KEL nsLTP2-1 Al nsLTP2-2 £ [X 7E # 4K # 6 Ff
AN RIS PR R P ik B FPKM AR, SR S 35 5 22 43 onf S R ) F) 0k B kAT 22 5 S MR AT A
A 12 FE R AN R AR AR e SERRAE 43 A 100 uM AR (GA) ISR (ABA)
HKFTHE B (MeJA) MIZM (Eth) KFLM4EA 3 AN H A A K I SR k™™, DUIC B K it i 14 25 A
AR IR A FR AR IR AH s A 2355 LA 40,000 Ix 580G, IEESEFR. 4°CIRIR. T FhiE a2 12 /N e R4
TR, fERH PEE A, FHTE-80°C N {47, K RNAprep Pure £ £ Byt s RNA $REURT &

CAERAD $RBURE LA RNA, FE{#H PrimeScrip™RT X714 (Jb5X TaKaRa) #4335 cDNA. FIH

SE 526 E & PCR (Quantitative real-time PCR, gRT-PCR) , PAHIAKE Actin (La13G00013) K AN,
IrHTAETE I Frvh nsLTP2-1 Fl nsLTP2-2 R A ) RIA B, [ M A& R A2 SYBR Premix Ex Taq a7 &
PITRET (TaKaRa) . FAHLFRIERIA 3 AN EELE, SIMIE 1. qRT-PCR HEA [#Hx i & 18 F
2MCTVRISIFEAT, FIFH T-tests £ H WAL (P<<0.05) 43 Hr MAK B AN [ AR BE S 1] (B R IA B 25 5
1.25 nsLTP2-1 #1 nsLTP2-2 IF AR E i

H nsLTP2-1 F7nsLTP2-2 73 il 4 B Pk inh R IE Bk pSATE-EYFP-N1 b, S48 n MY T 4 7%
HEH (EYFP) , EAHBMIMKM4 N pSAT6-EYFP-nsLTP, A NRIFHIRGEMA k. FARI BRIER
A3 2 3R B AT A R A 3Rk 1081, 2042 °C AR KT 77 24 /NI R, i A8 G 4B (Image View) 7F 514 nm
(IR G IS 7 2k R ) s A
1.2.6 nsLTP2-1 #1 nsLTP2-2 BYTHAERAZ

¥ nsLTP2-1 Al nsLTP2-2 /3 Bl #EHz B K IAF Mk PEZR-K-LN I, BEMAF A4 PEZR-nsLTP, #;
WEALIT W EHAL05 JAFELAFM, RALFEN 85 R 20 87, Sy RiE)s, @
i QRT-PCR 73 nsLTP2-1 1 nsLTP2-2 % [RIAH X 2254 2 %5 78 AL BRI, qRT-PCR 73 #r S 2 Al B AE N
VAR 1.2.4, WS EERIEHEER GAPDH 2, 51 W3 1. HREFER R 2 CRgE)
et A I AR E P R A 45 4180, B9 R (Image View) 7 485 nm-543 nm #0506 T WL, ¥ 2
B 5 IR 4 A R AL U A W SRR IR B IR
2 EREHH
2.1 nsLTP2-1 #1 nsLTP2-2 £ [F 52 & K2 -5 S04t

P B R BT 51, AFEACRERE BRI ZH ™ 3 H T 350 bp /245 ¥ nsLTP2-1 Hl nsLTP2-2 5& [ Jv B,
5 HERFAIR/ANCES (B 1) o S5 FYAE, nsLTP2-1 J[H ORF 4K 360 bp, HEM YT 119 e HEEL,
FXF 4> 5B 12.33 KDa; nsLTP2-2 2[5 ORF 4Ky 354 bp, Zht 117 MR, HHX/r T BN 12.47

KDa. PANFERE AN 49.31%, EA 179 MHFEGEEE, (VA7 15 MHFE LR .
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Figure 1 Cloning of nsLTP2-1 and nsLTP2-2 in lavender

2.2 nsLTP2-1 1 nsLTP2-2 BIFFNEHI S 1

FF Plant-mploc %45l nsLTP2-1. nsLTP2-2 £ (& M fEAMIBE, fATE(S 5K, JB TRk mmit &
MR, TCESIELE I, nsLTP2-1 fRRE P L nsLTP2-2 RY5&. ZIEIRFFFI T fon B A 1458 T 1 nsLTP 45
H, B 3 /AMRFER B2 o MBI (AAD | FhP#KE S (SSP) LURRHBER (LTP) .
EMTIBERRAAT SABAFEZE 5, FER IR 2R (Thr) BRI AR, nsLTP2-1 A 12 AN#H 2R (Thr)
IBERRIGAL T, nsLTP2-2 1A 6 Ao B8 (1 ORI =R S5 TR ) 45 ALK W, nsLTP2-1 I nsLTP2-2 - E (¥
ZER O a-MRBE RN G i, B8 T DR - A
2.3 nsLTP2-1 F1 nsLTP2-2 B R Gk 347

MM NCBI % nsLTP2-1. nsLTP2-2 HJZ L7547 BLAST R 5Hxf, KIEETF (Perilla
frutescens) . F+Z (Salvia miltiorrhiza) . ¥4 (Paulownia fortunei) I H M5 (Buddleja alternifolia)
AR S E . fEH] MEGALL X & EEIR 7 7 HEAT EEXS, 45 HEIR nsLTP2-1. nsLTP2-2 #4478 AN LR ~F
FE PR R A B AL (B 2) , O HOE R ix BB 4R R i (2 ik 2 1 57— B 1 o DA KB - IR AR LA
M2 55 55309, RGBSR, nsLTP2-1 Ml nsLTP2-2 4} TRANY 32, ALE MK BAE N 4 M)
P 2 A nsLTP #8434 T W43, R SA57804313 M F—AM4r3C. nsLTP2-1 55 PAK3473096.
BUKA836308. PEK6769357 J 7 [Fl—4r % |5 nsLTP2-2 %5 {4 Ul 5 PEK6769360. SA57804433. BUKA366618.
PAK3474776 AR~ b, BEIARTFN 2 A nsLTP2 FEH B4 2 57 . MR RGHLIEE R, #AK
B nsLTPs [F s TR RHI S AR E i (B 3)
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. 20 ad * "7 &0
La07G01538 : ERACWLVIAVIWAVAALA- PPQA$ & C 58
La07G01539 : VEW,LAVAVCV AFEN-——HADG;N-NeQ 54
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Figure 2 Multiple sequence alignment of nsLTP2-1 #A nsLTP2-2
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Figure 3 Phylogenetic tree analysis of nsLTP2-1 and nsLTP2-2
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Figure 4 Expression analysis of nsLTP2-1(a) and nsLTP2-2 (b) in different tissues of lavender
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Histogram mean =standard error. T-test was used to analyze gene expression differences (* and ** represents P <0.05 and P <0.01, respectively.).
Flower bud and Leaf stand for bud and leaf, respectively. ABA refers to the application of abscisic acid, DB refers to the imposition of darkness, GA denotes the
administration of gibberellin, MeJA signifies the application of methyl jasmonate, Eth represents the treatment with ethylene, Drought designates the exposure to

drought conditions, LB denotes the exposure to light, and 4°C represents the exposure to cold temperatures.
5 nsLTP2-1 # nsLTP2-2 ZE AR EAL B T HIFRIAER

Figure 5 Expression patterns of nsLTP2-1 and nsLTP2-2 genes after different stress treatments

2.5 nsLTP2-1 #1 nsLTP2-2 & X &Y ZRAt E i

WO R A A RIAM nsLTP2-1 M nsLTP2-2 7F ¥ 2 £ J% 41 i b B i R IA 1 45 R 2R,
EYFP-nsLTP2-1 #l EYFP-nsLTP2-2 = B A fE A0 M AN A fu e (&l 6) , TRFALS nsLTP JEE 1) (Empty)
FOCAF T AELHMIAZ 20 AN 20 B o 447 7041, W) nsLTP2-1 Al nsLTP2-2 FE K 3 7E4H L BE A4 L i _E K
FEAER

5\ \Q \\ o\ \\ \\‘
\ \
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“~ ‘-i. \' N\ . \
nsLTP22 [\ QAAN \
\ - \\,‘:\‘\ \ \ \ .

\

& 6 pSAT6-EYFP-nsLTP B4 & T 4RAEE L
Figure 6 Subcellular localization of pSAT6-EY FP-nsLTP fusion protein
2.6 nsLTP2-1 A nsLTP2-2 EEEIThEE D4R

I P R IR L R AR AR, 0 BIEEL nsLTP2-1 Al nsLTP2-2 #43E Kk AR % 5 £k, £ qRT-PCR 4
PRk R PR R A B B AR (B 7)) , REIIIERAS 1 nsLTP2-1 A1 nsLTP2-2 i Kk JH % . ¥
SERRE P 28 B Y5, RSB (Bright) FUWEGLEFAE T 5 EE LR bk R IR ERCR AL A RE B
EXS. 4 485 nm-543 nm WUREIUR G, AT ILEFAE RS (WT) 2 ANMEERRRIBE R A IR B A R4 (X
B, SRR IR W IR R AR IR R B A 4G R (HEEAERIAHLL, nsLTP2-1 1 nsLTP2-2
SRR A 2 IR B SRR T, R nSLTP2-2 % 5 R H S iR 6 (1) 58 6 TR I R T B 46 73 A
YE I nsLTP2-1 A1 nsLTP2-2 £, Kk AR 55 I g2 & BRAN 70l A4 D) e
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Figure 7 gRT-PCR detection of nsLTP expression levels in wild-type tobacco (CK) and transgenic tobacco
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Figure 8 Nile Red fluorescent staining of transgenic tobacco leaf glandular hairs
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WEATHE AT REAE 4R MU BE EORIEAER .

DA RIRIE S CAESE, nsLTP 7EZH MU BE TR pil2-251, 40 A 5. s o AR o A B8 ek B A 28, 8
BRI E T LMEHETE 88 BRI R A UL S o il Za B, JE A B ERTRE. EFEY, CiEsiRE
HRE RIS ANLTP3 F1 AnLTP4 JE[K1 2 5 mk A BE R 70, FESRIRPEAL S 70 i Y. 1RSI
BHE# R (Mentha piperita) A7 FIAMHE nsLTPL 5/~ 3% & VEFRmk LISt 5m R . A7 ) 2 AN B
nsLTP2 FEAEANFE R EIHARAEE fhmgeik, H e BEMiES, £, 2t el FARE

s M HEARE LS BAE A R RV AR R EZ P, I 2 A nsLTP & B A S AL =2 i & it 2B 4% K
W IE R AEE o AR R, A B R A o3 ik 2 I A Jo (280, i SRR AR o W 2R AL B e, R
WEFe T, % nsLTP2-1 Al nsLTP2-2 JEIHB 22 Je B 4L Gt J . 2 A %% 35k TR 5 bk % i v 1) R B Sk
HBF AR A LRI A, REie nsLTP2-2 ik Do M sk IR B % AR /0 A A M v 3R, AT L nsLTP2-1
M1 nsLTP2-2 7] BELE AR SN AL S S B X Wb vh RSN - o AR SR IE e M2, nsLTP A LAY I
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