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WE  #AK ¥ (Lavandula angustifolia)fE N4 5075 FEY), HAEK. BF. WA 22 EIEEW. srr R ke
AN TR 3 A B b o AT T S L AR B R B N 20°C A Z50°C, 35 7% 8 AR B I ¥4 3 (K 28 B R 4 F IR AL, IR &5
GRS EE . ATA R S B A PRGBS Y S A B . SR S A R AE T B TR R A A
ARG FE BN, IR IR T A e K A% IR 2% MR —10°C ¥R B 38 1 mT A7 M o F 90 R B0 7 A4 B B 7 TR 25 1 R g 0 2 % g 10 R TR
(LaFADs). 312 5& T v tb L K (LaBAM TR LaSS2). 1944 15 I R e 30 =F 5 2 (B I FE K (LaLEAS) K 74 4w i 46
B FE R (LaPODs), XL FE R 7E(R IS R RRRE, B 58K EA R BRI YR, 4R AR 2 M CARL B
. B4k, 150 mg-L™ KW G Tk B B A R R PR VR S, ATV M ARIRARA ). T ST T MO S E R IR R

5, RS0 T8 A% A D RE 7 M ATE [7) i 5 R B0 i

XA

BORE, RF, BRE, Aot BIEKERINFEER

gy, MRS, XFEF, JET (2022). FAE M AR S AR S > TR L] YR 57, 611-622.

IR B8 23 ¥4 38 (>0°C) R it (<0°C), R
HE RS AR T8 J1(Guo et al., 2018;
Liu et al., 2018; Ding et al., 2020). {HY4= K 1 [#H
A L AR Bt 358, DR VF 2 A DAL e Y 3R 2
A B AT BT LR B By DS AN B AR A 1) 3 B
(Barrero-Gil and Salinas, 2018). EAE4)3E MAK I i
B R A BTy - BL A, R L 2 A YK (cold
acclimation, CA) (Ding et al., 2019). A¥iI{kid &
KRB FEAH R R P 5 3RIE, W2 Pl iR 1
Flfig (fatty acid desaturase, FAD)JE[A . H i-3-i 12
H: 3% (glycerol-3-phosphate acyltransferase, GPAT)
FER . BITKE1 (B-amylase 1, BAM1)IE[A], FERES
fiF2 (sucrose synthase 2, SS2)3k [ UL K it i & &
1% H A (late embryogenesis abundant protein,
LEA)3E R il A (L ¥ B (peroxidase, POD): A, #
T 22 P g R AR ARk, A4 U B 5 A AR ARG iR
0« AR R 5 RO ¢ 1) 8 SRR SRS E ME TR T
o1 LLiBE G i K, Ao Pt A A BESE (John et al., 2016;
Barrero-Gil and Salinas, 2018; Wu et al., 2019).
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Guy&5(1985)W 7L A B, ¥ Yl I 72 A ik (R 3%
IR Tz, I JE ORI 2 (e S AW FURRE 1
XM I, Y MERIMGIR 21 2h RE L ] A 3R X,
T AR R Tk Jh 3 P R D% R A L ) — B A 27

FEM AR 5, > T O 32 A R AN [E] e i 2 3
U B R P (T 5E5E, 2021). HEYIBEERE AR
T A% T G R 7, ER Y R ik &
FERRMAE Y, TR A OCHRE IR () 3Rk J — RN A B AE A
i FE LLIK £5 IC 5 (Chinnusamy and  Zhu, 2009).
Ryals%(1996) & HlL/K % 2 (SA)EE L P 3k A3V R Gi it
¥ (system acquired resistance, SAR)id fEH K 1E &
KEZEMEH, Z2—MLRWEDDIEEER, 5%
Fh iy 85 {£ 9 (Ignatenko et al., 2019; Peng et al.,
2021). BeAh, W5 K ILSAT R R YA, AR
A5 47 AR BBE MR T A AN DR
P, BT E AR T SE % (Wang et al., 2018; Ig-
natenko et al., 2019; Duan et al., 2022).
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ZI AT Y, R BARIER 5T & ) (Al-Ansari
et al., 2021; Li et al., 2021). HAl, KFEA A
Yoy pORE 7T AR A R AR A, KR REAL
b HiuE B R EROK A, TR ER A — B 2
Y, BRI B FE AR A a2 A0 T MR AL S 7
7J1(Chrysargyris et al., 2016, 2018; Du and Rennen-
berg, 2018; Paraskevopoulou et al., 2020; Szekely-
Varga et al., 2020). 1M1 ifz: /& PR 1] 35 A& R AR AL 7 568
M XA AR AR a2 —, [ AR AR
M) 2 ARG AL X BIF 5 1 A TR AR B B o AT ST 4
BT SRAT R 1A T AR A e i, 3l el e s 4L M
(RNA-seq)Hi AR K AEMME B0 7k, nmiRE
M) 7 R U P2 PR - I B, 7240 T SR oK Dl e
B, DAY AR BP0 B At 4t R BB S0%,
AP BRI S

1 MR55EE

1.1 SCIGMR R AbTE

1.1.1 AmBALIE

UK 3 B 1T () 3 A ¥ (Lavandula angustifolia Mill.)
HiAKHaxun-Y-1, 7E12/NEFEHRE/ 27N BRI L AH X
FENT0% 1 N T A5 A5 46 (RGX250E, K 1 Z8 A%
BHWAF)FRIE, #iL20°C TG, 18RI
F0°CHTERE 7224/ 5 PR RBURE, BRIRELFE0.2 g,
W FAT . FTEURE A brid, RIS T A A
%, BT-80°CukfH{RAE, %M.

1.1.2 ZFREmasE

¥ I8 5 1 SEER A B R iR R IR 10K, IES3 KR
W25 mLAS [F¥ 11K 2 (50 100+ 150 mg-L™
SA), LLiE K AE J9xtHE(CK), 0°CTRA 15/ N Jq 5 2
—10°C4 M T E 3%, AFRH2/INI WL 51 YR PR I V5 55 1
W, ERRR L] B N S A SR . BURE T V(A
1.1.175,

1.2 HRANFMINGE TR

X BCI) L RNARE A BEAT RS, 4% J5 K A llumina
Hi Seq2500 F Gtill 7. Jii 12 J5 4 32 Fr 49 1) vy fod 5 11
Clean Data, #H Trinity# {44 BirG 45 7 51 Sk 20
%, BB PHEIG I Unigene, #E47 JE R R IAF 1 &
B0 #7 . F]HBlast. HmmScan. SignalPf1 TmHMMP

2 T A3 R 45 AR UniProt. NT. NRAIPFAMZE
B Fe b RS R, AR5 F Trinotate & & 13 3125 &
DIRETERESE o KW e i 45 (0 B 46 7 2 B4l $ 58 &2
NCBIJSRA (Sequence Read Archive)%Hf (& %
5 ASUB10367314, PRINA765132),

1.3 ERFTEEESH

Fllog,(Fold Change) (0°C/20°C) % 7~ 3k [A] f) 2 1A A8
1k, HDESeq2X} 7 7 % K [# {f P-value it AT /&% IE, 1t
1S HFDR (false discovery rate). %X |log,(Fold
Change) |21 H.FDR<0.051)3% X {f Jy % 57 ik F K]
(differentially expressed genes, DEGs), %DEGs
TGOV fE & % M KEGGIE I & 4 -

%} DEGs X H STRING %4 #% /% (https://string-db.
org/\fE& it A M2 BAEK], [AMEGA 7HAFH
ARG LA . 38 MEME7E £ X 3 (http://meme-
suite.org/tools/meme) Xt {5 5 77 3EAT HU 43 #r . M
NCBI 34 35 BLCDD hitdata ¢ fF, F|ff TBtools#x {
HEAT 2 /AL, 15 FTEL T B.EXPASY (https://web.
expasy.org/protparam/) LA &z WoLF PSORT (https://
www.genscript.com/tools/wolf-psort) 73 41 /7 51) ) 3 4
A 5T S T 4 B E A7 4B S o

1.4 ERFEEEMIIE

R 5 2 53¢ 2H B4 53 i 45 AR Pk 1k 6 1> DEGs A7 SE I ¢
Jt5€ E:PCR (quantitative real-time PCR, qRT-PCR)
WA, Bl WA R A2 ATk B MIX

=]

ijsio

1.5 HIBIEFRRONE

i A5 45 5 L 5 %64 (DDBJ-350F,  Fifg A3 f R} 224X
A R A ], KRR E 3 AR A
M5 % (relative electrical conductivity, REC). N —
% (malondialdehyde, MDA). #] %4 #¥(soluble su-
gars, SS)F A ¥ £ H (soluble proteins, SP) & & &
i E Ak P (peroxidase, POD)F 1 73 5 % 6
I E (TR N B E I H ARG PR A A ).

1.6 REHRBHITE
SRR AR A RORE, RIER2FE A F
PH, THEA TR
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1 qRT-PCRM TSI
Table 1 Primers used for gRT-PCR

A AR P MR B R A B 2 T B 613

Gene ID Gene name Primer sequence (5-3')

DN12834_c2_g2 LaLEA1 F: CCAAGGCAATCTCTGCTCTCA R: CTTTGGATCCGGAGCCTTTCT

DN11187_c0_g4 LaLEA2 F: TCTACGTCTTCATCTTCGCCG R: GCGTTGTAGTTTGCCAGAGTG

DN10094_c0_g1 LaERD10 F: ATATGACGACGCACCGACTG R: TCCGGTGCGTAATCCGAATC

DN14123_c1_g1 LaFAB2 F: CGACTTTTGTCTCCCACGGA R: TGTCCCATCTGGGTCGATCT

DN16955_c0_g1 LaPOD2 F: CATGGACTATGTCACGCCGA R: GCTCGAAGAAAGCAATGGCA

DN18853_c0_g2 LaBAM1 F: CCCACGGCGAGAGAATTGTA R: TTTGAGCGATGGGGACGTAG
GADPH F: TAGGAGGTGGCAGGACATCA R: CCCTTTACCCGTCACGTTGT

R2 HHAFIERS R
Table 2 Symptoms grading of plant chilling injury

I.‘e.vel.s gf Standard of judgment
chilling injury

1 Leaf present green and there are no symp-
toms of chilling injury

2 Only the edge of the leaf is yellow

3 Leaf withered and yellow part of < 50%, the
green part is more

4 50%—-100% of the leaf is dry and yellow, with
less green

The whole plant is wilting
The aboveground parts dried up and died

A FEIEH=(1%S1+2xS2+3xS3+4xS4+5%S5+6x%
S6)/( 4 Bk Kix5)
Arh, SERE A FEHEK L

2 BRSW

21 BEEETHEREERIGEERE

T b X 20°CAN0°C Ak )64 A F I 1 B AT 3
S, $£354938.3 GblfIClean Data, Q30%# 3 ¥
5y HN93.25% K LA b A 5331576 7534 -Uni-
gene, HAKELET kbLL L1435 7874 . X435k
3 BJUnigene 17 Th g 7 B8 (K 3), JL3K4350 4574
Unigeneid: B4 5, H 14 96.23%1ENREHE [ H
R, (54#5Unigenef163.26%, fEKEGGHUE &
HA R R 3 ) R R R A D

22 ERFEEENFESESR

FEO°CALEE T [ MIAC . ALk 3118 892 DEGs, H
14 809DEGs L1, 4 083/~DEGs i, #1452 |-
VAR L G IR P8 ; HL 5 20°CARFL T iy A
AALL, bV R 1 A2 A i 2 K ELPAE S /N ().

&/3  EF DAL Rt
Table 3 The statistical result of unigene functional annota-
tion

Number of Percentage of
Database annotated annotated
unigene unigene (%)
NT 32797 42.73
NR 48554 63.26
Uniprot (BLASTX) 37801 49.25
Uniprot (BLASTP) 25631 33.39
PFAM 22340 29.11
eggNOG 28488 37.12
GO 24430 31.83
KEGG 15496 20.19
KOG 28787 37.51

Group - Down-regulated - Not-significant « Up-regulated
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Figure 1 DEGs volcano map of Lavandula angustifolia lea-
ves under low-temperature stress (0°C vs 20°C)
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IR MG T BAR B T (UDEGsH GO fE - 2.3 e t4H%DEGS
HARBI G B, WM ARESFENFERE  pmm e F s b, S 7N S
(biological process, BP)fH>%; 4+ Ll fE(molecular SEPEAIEDEGs (I3A). LaFAB2%4 T AQHE 15 ;-
function, M) XDNAZi . Ca™ & tr REFIMEIN  ACPL:MAIAGT (stearoyl-[acyl-carrier-protein] 9-
AL 5 Bl 1M S 4 i 42 45 (cellular component, desaturase 7, chloroplastic, SAD7/FAB2), {EfiGiE T
COYEZ MMM AL sy, VARANN % ABBRIM ekt HAS LR K, LaFAD24wF5A12- B8 i i
SARSE RIS . A HLN [y DEGS/EKEGGH#E FE FZAEFIEE(A(12)-fatty-acid desaturase). LaFAD3%fi%
FEYERIEMBRE TS EY-E AR AR, w-3/ IR = A (w-3 fatty acid desaturase, en-
TE R AT RE A U B A R AR A S (1K12) doplasmic reticulum). LaSLD1%wH4A8-HE i 2 2 1 Al
Type
TR
W vF

mcc
Il KEGG

GO0:0006351 Transcription, DNA-templated -
G0:0006952 Defense response -

G0:0009409 Response to cold

G0:0007165 Signal transduction -

G0:0003677 DNA binding -

G0:0004672 Protein kinase activity -

G0:0016491 Oxidoreductase activity
G0:0005509 Calcium ion binding

'“ G0:0016021 Integral component of membrane -
= GO:0005634 Nucleus -
G0:0005737 Cytoplasm

G0:0009507 Chloroplast A

map04075 Plant hormone signal transduction -
map04626 Plant-pathogen interaction

map00500 Starch and sucrose metabolism -
map00940 Phenylpropanoid biosynthesis

500 1000
Count

o -

B2 (CiPrE N ERE M )y DEGsHGOS5KEGGHE 4 1% 1L(0°C vs 20°C)
BP: E¥piEidfe; MF: 7> T Ihfig; CC: Aifudlsy

Figure 2 GO and KEGG enrichment of DEGs in Lavandula angustifolia leaves under low-temperature stress (0°C vs 20°C)
BP: Biological process; MF: Molecular function; CC: Cellular component

A 6001 d20°c mo°C
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300 {
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FPKM

B3 A REREAR E R AH OGN 28 3 (R 0k 134 R b 2 AR ELAE G &
(A) ZHFRILRIAAL(0°C vs 20°C); (B) HHAMILEAF. FPKM: TN %% S AR 77 5 WS BB B

Figure 3 Changes in expression of cold tolerance genes related to membrane stability of Lavandula angustifolia and the
interaction network of these encoding proteins

(A) Gene expression changes (0°C vs 20°C); (B) Protein interaction network. FPKM: Fragments per kilobase per million
mapped fragments
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fiF(A(8)-fatty-acid desaturase); LaGPAT4ZiS H jii-
3-WR2-O-fit J 4 # 4 (glycerol-3-phosphate 2-O-
acyltransferase 4), XL ITEGRME T 2% L
WL, e 1 EE A R Fr A AN YRR R R 04 LL A
BETT DR RS PEANRR e T, 32 i AR (B FE 1
S A 2 A HFAB2. FAD2, FAD3. SLD1
I GPATA4 11 3 A< B il 2% W) # #U. ’ IF (Arabidopsis
thaliana) 54 FPe o 75 26 25 1) 2 (1 ) 45 FLA I (5 Fh i
IR BIAREREF R A, R AR R BAE X
RIMBRET) (KEI3B), FUIAFN AR I IR 2 A (7] A B
SETHAER R, HH P A HFAD2MFAD3 5 GPAT4

A AR P R a8 R A B 2 T B 615

AT AR AR

2.4

BERITMEADEGs

LaBAM1-1-24mh% FIBUE¥3BE1 (B-amylase 1, chloro-

A AtLEA4-5 IILEA 1
Lal EA12 S Dehydrin
AtERD10 —— - LEA_3
LaERD10 ~ ——wwr LEA 4
RsLEA e I svp

B LEA 2
PJLEAS — =
LaLEA1 ———
CLaLEA19 ——
LaLEA11
EDCLEAD.? ——T—
LaLEA16 ——
AtY3304 e P
LaLEA20 B S ———-
LaLEA3 ————
DclLEADS B — N
GhLEA_D-34 —_____——
LBLEA21 . __——
GhLEA_D-29
LaLEA13 — -
LalLEA17 S E
LaLEA22 e
AtY1465 —
LaLEA14 L
LaLEA6 ——
LaLEA9 e
LaLEA4 B R
LaLEA2 =
LaLEA5 —wr
LaLEA7 —
LaLEA10 —
LaLEA8 —T——
LaLEA15 “———
LaLEA18 —— —
5.I T T T T T I3'
0 100 200 300 400 500 600
== Motifi PKEKKGFLDKIKEKLPGYH
Motif2 TRPGAVAEVLKEADQMSGQTFNDVGPJDDE
=== Motif3 DKAGEYKDYAAEKAKEAKDTTMEKADEYKDYAADKAGEAKDATAEKAKEA
Motif4 NQEPIKYGDVFKVSGELADKPIAPQDAAMMQYAETQVLGQNQ
Motif5 CLLYIAJFAVFQTGVITLFSL
e Motif6  TVMKVKTPKFRLNSATVESFN
m=== Motif7 FNLTLNAELSVKNTNFGRFKYDDTTVYFYYGGAKVGEAAVPKGRAKARST
== Motif8 DLNSGVLTLSSRAKVSGKVEL

= Motif9

KIIKKKKSAEMNCTMDVNLATRQIQNLKC

Motif10 LQATLNPEFSVKNTNFGRY

plastic)Z 5 # A KLE M 57, LaSS29mt5 IF I FE &
fit2 (sucrose synthase 2)Z 5 A B 1) A& K5
Irf, X3 A EARIR A T B2 FIHRIEIE
B B BIKEGGHUE F Hh BOVE A A1 REREACWd 2%, i
A B By ATV YRR B AA KT, D AR P A o

A B g B IR i 16 A 9= ' 2 E (late embryo-
genesis abundant protein, LEA)Z &) KA 234,
Yn'5 NLalLEA1-23. H, Lal EA23%5 R A /K &
F, Bt 4 NLaERD10. #2341 LalEASSii 44
40U B T S5 AT 2R GE AR B DR ST G I 2R R
B, #@iREIRLaLEAsH S A 10 R 27 (K4). 1R
PE AR 57 45 #415 (conserved domains, CDD)J3#r, 234
LaLEAs1 #1244 J& TLEA_1. LEA_2. LEA_3.
LEA_4. SMPAIDehydrin/x /M f%, HAHLEA 110
Wi HFLaLEA12; LAE 2W ki B LaLEA4,

40

ol il

HHEKKGFLDKIKEKLPGYH

e R R

TRPGAVAELLKEADQMSGQTFNDVGPLDDE

Wsipelbal (T eleBiolT fhesol] gl

DKAGEAKDYAAEKAKEAKDTTMEKADEYKDYTADKASEAKDATGEKAKEA

gt AL

NQEF'IKVGDVFNVSGELANKPIAPQDAAMMQTAETQVLGQTQ

- ufflde b

00 CLLYIALFAVFQTGVITLFSL

”T [ s P

4’0 TVMKVKTPKFRLNSATVESFN

AT Ex.KNINEQﬁEK EBTLEFY Cﬁ elﬁégﬂék T

FNLTLNAELSVKNTNFGRFKYDDTTVYFVYGGAKVGEATVPKGRARARST

DLSSGVLTLSSRAEVSGKVEL

- K--KM CM,,TRQ. |

K1 IKKKKSAQMNCTMDVNLATRQ IQNLKC

i) T

0.0 HOLIAIVINAME TITUTIIN VIr
LQATLSGEFSVKNTNFGRY

N
c

n
°

B4 FARE5IEEYFILEAR B FILR 5T 5> 1 (A) K seq LOGO (B)

Figure 4 The phylogenetic tree, conservative motif distribution (A) and seq LOGO (B) of LEA proteins in Lavandula angusti-
folia and related species
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LalLEAS5. LaLEA9. LalLEA13. LaLEA14. LalLEA17.
LaLEA18#1LaLEA22; LAE_3 1 Jti it 5t 4 LaLEAT;
LEA_4 0 j# % 72 {45 LaLEA20; SMP V% i 51 A A7
LalL EA21; Dehydrinil &k 2 5 LaERD10. X6/
R A 7 55 2R o 28 1) 26 R A TR EORE AL 1 R < 2R
KAEBIY . Motift R A7 4 T-LaERD10, Motif2 X
1EE T LaLEA19+, Motif377 £ T-LaLEA3. LaLEA16
PL K LaLEA20 , i Motif4 R 77 1E T LaLEA21
LalLEA4. LaLEAS8. LalLEA9. LalLEA13. LalLEA14.
LalLEA17. LaLEA18¥1LalEA22+%; 47 H A i Motif
¥ 54T, 5'=3'77 AR IS Motif 5-9 F AN LT
LaLEA2. LaLEA7HILalL EA10& 45 # [ FIMotif i ¢ 5
HeAi, 5'-3"J5 K X HES FE Motif5. Motif6 fIMotif10.
HARBELEAEAMK N T100 (LaLEAT)-356

F4 FEARELaLEASKIEM LG R

(LaLEA20YNRFERR 2 R), 4y FHE 5% HEM A H Rk
tb, 410.9-37.92 kDa, %H mBER K, /r T4.64
(LaLEA19)-10.42 (LaLEA22)2 [i], FHFE AL HLEA
MR T BB 40 o A (R 4) . SEKMEF3 R BB
Lal EA44M5 R 58, Ui B 38 A BELEARE 44 2 55 /K 1,
LalEA4ZRIN sk P . R i 48 Hokk i 2 B 2 1 1 4
FeasE bk E, LaLEAT17/ R e Y=, LaLEAT6(1)
G M A AN TR E H8 BRI 15 B A e TR
LalEA2. LalLEA3. LaLEA5-8. LaLEA10. LaLEA12
FLaL EA15-213515 5L PR AR B iR e 1 Her,
LalLEA2. LalLEA3. LaLEA5. LaLEA19#1LaLEA20
FEE A TG4k, LaLEA7HNILaLEAT16:E g1 T
Y A%, LaLEA123: FEE T L8Rifk, LaLEAT7HI
LaLEA21 32L& v T 40 i )i

Table 4 Physical and chemical information of LaLEAs of Lavandula angustifolia

Gene ID Gene  omnoacas weight Teorel ety | Alphatio Instabilty - Subosluar
(aa) (kDa) (GRAVY)
DN12834_c2_g2 LalLEA1 100 10.90 10.32 -0.484 73.40 52.96 -
DN11187_c0_g4 LalLEA2 128 14.16 10.09 -0.088 74.77 22.26 Chloroplasts
DN13720_c1_g4 LalLEA3 264 28.68 —-0.933 59.73 14.27 Chloroplasts
DN9448 c0_g7 LalLEA4 193 21.28 10.13 0.123 92.49 43.01 Chloroplasts
DN10042_c1_g5 LalLEAS 176 19.78 10.52 —-0.463 83.01 34.04 Chloroplasts
DN20068_c2_g4 LalLEA6 122 13.28 10.07 -0.204 71.15 35.17 -
DN13618_c0_g1 LaLEA7 120 13.63 ~0.299 61.08 1635  Nucleus
DN7134_c0_g1 LalLEA8 208 22.93 -0.062 92.74 28.05 -
DN16104_c0_g1 LalLEA9 219 24.60 -0.357 72.19 41.89 -
DN9448_c0_g2 LalLEA10 132 14.84 10.06 -0.475 67.42 24.52 -
DN19299 c2 g2 LalEA11 320 35.11 -0.674 55.44 89.14 -
DN11058 c1_g6 LalLEA12 124 13.00 -1.085 41.94 29.73  Mitochondrial
DN17935_c0_g1 LalLEA13 228 25.24 10.37 -0.224 89.74 42.60 -
DN5364_c0_g1 LalLEA14 229 25.76 -0.035 90.66 40.29 -
DN13618 c0_g3 LalLEA15 134 14.75 -0.440 64.03 24.39 -
DN24875_c0_g1 LalLEA16 121 12.51 -1.135 31.98 32.24 Nucleus
DN9962 c0 g1 LaLEA17 225 24.75 ~0.036 9867 3553  Cytoplasm
DN10042_c1_g1 LalLEA18 203 22.61 10.07 -0.226 95.02 30.10 -
DN11740_c4_g1 LalLEA19 133 13.80 -0.514 72.56 19.99 Chloroplasts
DN11740_c4_g1 LalLEA20 356 37.92 -1.015 52.16 17.85 Chloroplasts
DN4252_c0_g1 LaLEA21 259 26.30 -0.167 82.43 30.36 Cytoplasm
DN6726_c0_g1 LalLEA22 204 22.22 10.42 -0.135 88.97 40.07 -
DN10094_c0_g1 LaERD10 155 17.51 -1.632 45.94 48.98 -
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¥ LaBAM1. LaSS2F1Lal EASS: 4t ] 7 11 b
5 AR R IR A B AT 0 1R AL, 2R
WIE|(K5), RINBkLaLEA4. LalLEA13. LalLEA17F1
Lal EA224M1224~DEGs i il FE (1 BRI Rk i .

25 HMELE§HERADEGs

K ] GGtree-MSA ¥ {1 X} 3 4K & POD 5 8 B F7 F1 bk
M5 (Nicotiana sylvestris) POD#EAT HEAL W AT #iAL,
45 ) [ 18 & 7~ LaPODs % [l ¥ log,(Fold  Change)
(0°C/20°C)fii K /IN(E16). H A< B POD -5 1) B 7+ Al Ak
B LG AR T SUARALEE A E) Y5, LaPOD61E20°C
TIVEARKE, E0°CH Bl Hm A, HHRE
A SZ ARG A 5 S

2.6 QRT-PCREIE

M R AR E 1 BE T KU A AR AH S DEGs H1
1 B 61> DEGs i 1T qRT-PCR¥™ 1, i} 5 0°CabH T
HAHEE T-20°CH R IL &AM, IF 5 5 Al Fy 45 2R
BEATREEE, 2R 738 BoR HAEO°C T & Rk, #
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Figure 6 The evolutionary tree of Lavandula angustifolia and it's relative species, and LaPODs expression changes under

low-temperature stress (0°C vs 20°C)

© 0 0 0O O Chinese Bulletin of Botany



618 Hi¥%4R 57(5) 2022

27 ARESFEFHTEREHRNEETL

B 5 R E PR AG, RN ARECE G N E ETH
#% MDA. SS. SPHIPOD &5k F7t)E T Mtash (&
8A—E). AN it N SAfS B B Fr B35 YR T
AR AL B P E—10°C R B8 A R RL R (1 T,
HAER S TR S, 150 mg-L™' SAKIZ M
ENCREAE, B EIRH L CKIERZ33.33% (KI8F).

28 itHg54ie
E IR 18 KT AR A3 B B e R BRI R ST
REMEAR IR L 240 PR 0 7 RP AR P B A 55, A1) 2R 3R A1k
S Ni(Wang et al., 2021). i FERE Y AE R IR G T8
] None

F150 mg-L-' SA

[0 100 mg-L-' SA
150 mg-L~" SA

>
-
o
?

Relative electric
conductivity (%)
N H [«2] [e]
L
o
o
(V]
i Q
(V]

30+ a
25+
204 b

SS content (mg-g' FW) O
o o o o
1 1 1
o
i (o
o

E 7000- a
2 6000- B
[T

{, 5000-

U
H
o
S
2

3000- ¢
2000+ d
1000+ f

20 0 -10
Temperature (°C)

POD activity (
(0]

o

20 [0 RNA-seq log,FC O gRT-PCR
15 4

10

, ﬂﬂﬂﬂﬂ

LaLEA1 LaLEA2 LaERD10 LaFAB2 LaPOD2 LaBAM1

Gene relative expression level

B7 A B 5E A R R AR il R IR IE /K T 3RAIE(0°C vs
20°C)

Figure 7 Expression of cold tolerance genes in Lavandula
angustifolia under low-temperature stress (0°C vs 20°C)

B 25- a

T —]— ab

I;2’20— b ' b

£ c c 2

£ 154

5

£ 104

Q

o

< 54

[m)

Z 0 : : ! .
20 0 -10

D 50-

= 0] a

o b

& 304 c

| | F%Hl@

v 204

g

g 104

o

o

U) 0 T T T 1
20 0 -10

F 10, —+-10°C 2h

%3 084 —4--10°C 4h

2 -=--10°C 6 h

2 0.6 l\.\.\.

3

£

< 04 ?‘\‘

£

£ 0.2

o

0.0 . . ; .

0 50 100 150

SA concentration (mg-L-")

B8 7EveHE HUREFA T AR T A KA B (A-E) MK TR (SA)R R T 1 Z2 i R (F)
MDA: 5 —F%; SS: Wi ENE, SP: AIiEIE & A, POD: AW ME. AFE/NG FEERIRA FIAL 1] % 7 2 3% (P<0.05).

Figure 8 Physiological changes of Lavandula angustifolia leaves under chilling and freezing conditions (A—E) and alleviation

of freezing injury by salicylic acid (SA) (F)
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nificant differences among different treatments (P<0.05).
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Physiological and Molecular Response Mechanisms Under
Low-temperature Stress in Lavandula angustifolia Leaves

Haijiao Lin, Jiaqgi Qu, Yinan Liu, Zening Yuan’

Key Laboratory of Aquatic Biodiversity Research of Heilongjiang Provincial, College of Life Science and Technology, Harbin
Normal University, Harbin 150025, China

Abstract The growth and reproduction as well as quality and yield of Lavandula angustifolia, a valuable aromatic plant,
are severely affected by low temperatures. In our previous study, a low-temperature tolerant lavender variety was ob-
tained. This study revealed the physiological and molecular regulatory mechanisms of L. angustifolia in response to cold
stress. The relevant cold tolerance genes were mined and analyzed using transcriptomic and bioinformatics approaches.
The feasibility of external application of salicylic acid to alleviate —10°C freezing stress was also explored. The results
showed that seven genes encoding fatty acid desaturases and transferases (LaFADs), three genes involved in the syn-
thesis of soluble sugars (LaBAM1, LaSS2), 19 genes encoding late embryonic abundant proteins (LaLEAs), and seven
genes encoding peroxidases (LaPODs) were found to be up-regulated at low temperatures, directing L. angustifolia to
synthesize and accumulate protective substances which maintained membrane stability in response to stress. In addition,
salicylic acid pretreatment at 150 mg-L’1 was effective in alleviating freezing damage to plants and could be used as a
low-temperature protectant. This study provides a basis for further understanding molecular mechanism of L. angustifolia
responding to low-temperature stress.

Key words Lavandula angustifolia, chilling injury, freezing injury, transcriptomic analysis, late embriogenesis abundant
protein (LEA)
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