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Genome-wide identification and expression analysis
of HSF gene family in lettuce

CHEN Li !, FAN Shuangxi %

(1.Hunan Vegetable Research Institute, Changsha, Hunan 410125, China; 2.School of Horticulture and Landscape, Beijing
Vocational College of Agriculture, Beijing 102400, China)

Abstract: Using the whole-genome data of lettuce, 35 LsHSF genes were identified from lettuce through bioinformatics
methods, and named LsHSF1, LsHSF2, ---, LsHSF35 according to the distribution order on their chromosome. Their
physicochemical properties, chromosomal localization, evolutionary relationship with Arabidopsis, protein conserved
motifs, tissue expression levels, and expression levels under high-temperature conditions after melatonin treatment were
further analyzed in this study. The results showed that subcellular localization prediction analysis indicated that, except for
LsHSF11 and LsHSF17 located in chloroplasts, and LsHSF34 located outside the vacuole, the rest of the genes were
located in the nucleus. The 35 LsHSF genes were unevenly distributed on 9 chromosomes. Protein conserved motif
prediction analysis revealed that all LsHSF genes contained two closely related Motif 1 and Motif 2. From phylogenetic
analysis, HSF proteins were divided into three groups: A, B, and C and could be further subdivided into 14 major
subfamilies. Tissue expression level analysis results indicated that HSF genes exhibited specific expression patterns.
High-temperature treatment could stimulate the expression of HSF gene family members.

Keywords: lettuce; LsHSF gene; genome-wide; high-temperature stress
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FhSEBOR N AR TR 235, G VA ST 28 1 (HSP)
Lo ik E ALY (APX) Filik 48 AL S i (CAT) . I
A, —SER O A RIE T IR % R - (HSF) 7
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FURE 0 T FNAR N 4 it 27 1,

HSF BRI K GAEAE Y R AR, XS]
TEREMPIR AR KT A5 S AE R i
B ERV R HSF A5 LA L ARSI RESE,
WA HSF & 5 HSE 4545 N &K% DNA
AR (DBD), WAk, SRS K E LR SR
S SRR LS F 3R (OD), Bl HR-A/B X521,
WAL, BRI N5 X (NLS) . A% R
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W, C&Mfie T 3FRAIMMY) HSF, HE 1 K AL
42 B 1 2015 2% C231,

HAr, AL FHAM )y e 2585, HEF
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FUEE, JEXEHIEAYERT , JEOEN RERT
KE PRI AR LA mil il T
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1 MR5ERFZ
1.1 ##

PR R R B U A S5 AR S39, FhF-r
[ 22 (AL 50) A BRA Al 448, 7RI s R2A i =
PEATAES . e 300 ka5 H IO MR+, ik
TESE AR B R . JERWIh 16 h/8 h(OB/ig), ik
HEFFLE 200 pmol/(m? s), i EHERFFE 20 T/15 T(H
17%), FXZEE K 60% ~ 65%.
1.2 7
1.2.1 Ziga®

RN W A= I T O e TN N i = R L
35 T/30 T(H/M), XA 20 T/15 T(HIK). H
TADES I e FEAS RIS [8] g i) R AU AR, SR T AR
A B F R R] (6. 9. 15, 18, 27 d)AYM F #Ef T A
%, HIRAN AN RkR Sl C6. C9. C15. Cl18. C27;
TR AN kR G6, G9., G15. G18. G27,

1.2.2 AREBFEAE

ETRALFIITF IR . T 9:00 FH/NEIIE 55 2k K
(ST HEZ) AN 100 pwmol/L il PR VAV (SE B 21 ) W 7E A
PRl 3 diti 1 IROMERRE R, Wi 9 Uk,
TE T — WM AT o BURE 5 2B S sr BVscEE
WA, FHAE 80 T FRAE, #&H.

1.2.3 RNA—seq &-#F

KJH RNA-Seq £, BEATHE 418 4T,
Rl SES R o G Ol S

1.3 LsHSF WEEREARER

T ME SR HSF L, DL TAIR 334
(https://iwww.arabidopsis.org/) =%, M Phytozome
v12.1.6 %t ¥ JF (https://phytozome.jgi.doe.gov/pz/
portal.html) T kA5 32 3 P 4 RN P4 i i S, fifi
F TBtools $£H CRBRx JL[H (1) CDS J¥ 41l fIZE 117
H124 i Ff NCBI RefSeq 1 BLASTp 4 7 [RI P4
R, Ry THESSR AR YE, N T RERE E
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FFES, %A BLAST {RSFEs i &2 7 vk
i, DA SR & A Byl K
FH EXPASY T HL T & 1455 1 51 (4 AH X 43 o e
A5 1261, ffi F] WOLF PSORT il LsSGRAS &[]
4D IV 200 Jf A3 271,

1.4 LsHSF EAMRGAEITE DX

iz i MEGA 7.0(https://www.megasoft ware.net/)
XHURE ST FIAE B HSF & P A 7 LA, A
AR AR, SRR B b B
XS PP h B SR BE AT AR . S T ORI 2
PSR TEEME, #6177 1000 ¥k Bootstrap HRAERE,
FI AR BGE BT (NI EEH R T A S HSF 2R L &R
SR B, PG THRIRIT AR HSF REKE R
% . K& F FigTree v1.4.3(http://tree.bio.ed.ac.uk/
software/figtree/) 11 Adobe Illustrator 2019 CC %%}
R R BWEGHTESomILE, LA PRI R R
Al
15 BEEZMSERTER. RELXENIH

iz ] TBtools i3 B4 GFF3 Sy %k
[Retf); {#H MEME v5.1.1(http://meme—suite.org/

tools/meme) /3t LSHSF #& IR RLF ;. SR NJ
D7 A A SRR R OT (1) R G0 & B 128290

1.6 LsHSF EFEFEMENM. EEMERIT
HETE Phytozome HHRAS A4 LR 415 8,

I e LsSHSF JEAE & YL afk By o, IF
YL AR E N E . BIFSE LsHSF i [R] f) d 42 4K
A A RIS, PTGy A B S SR Y R R o
FE o A SR A R IR LsHSF SEA,
TEAUREIT(TAIR 118 release 10)HEH 2H £ 38 A
FERERSCE, 33 TBtools k4 il 34k at a2
ST IR,

2 HR55H
2.1 43 LsHSF EFEMLE

WIS XHURS ST HSF e 81l [RIR M TR 2, Y
FE HAE SR 35 4 LsHSF LR (% 1), 205k Hemr
“} LsHSF1, LsHSF2, -++, LsHSF35,, [ali, % LsHSF
TR G ) — BE R AR AE HE A T 00, &5 R A,
B/MRFER LsHSF24 4 217 D& HEPR (aa), ek
B3N LsHSF34 £ 544 % IR (aa), XS4 F
Jii &l 25 281.36 ~ 63 085.53, pl il 4.73 ~9.42,
S i T A SV 20 f < o7, PRl LsHSF1L i1 LsHSF17
TENAEM SRR, LsHSF34 sENiAEmi, HAbHE N
TEAMAR . [FBT, fFAEVT AR BT P JER LsHSF3,
LsHSF4. LsHSF5. LsHSF6. LsHSF25. LsHSF26.
LsHSF35, LsHSF31, LsHSF32, LsHSF30.

R #%

#1 HELsHSFEEER
Table1 LsHSF gene information of lettuce

mMRNA % FEHAR B EAFEK e SBA WX FEE  WAE
rna-XM_023872704 LsHSF1 LOC111876179 363 7.35 40510.55 YA
rna—XM_023875871 LsHSF2 LOC111879412 244 9.42 28 091.02 A%
rna-XM_023877089 LsHSF3 LOC111880674 361 5.04 41610.18 YA
rna—XM_023877090 LsHSF4 LOC111880674 361 5.04 41610.18 A%
rna—XM_023880236 LsHSF5 LOC111883906 325 6.07 36 973.50 A%
rna—XM_023880237 LsHSF6 LOC111883906 309 6.38 35090.30 A%
rna—XM_023880435 LsHSF7 LOC111884117 471 481 52 305.44 A%
rna-XM_023881951 LsHSF8 LOC111885709 281 5.22 31 646.33 YA
rna-XM_023881969 LsHSF9 LOC111885729 344 7.65 38 421.94 YA
rna—XM_023883075 LsHSF10 LOC111886829 335 5.20 38519.20 A%
rna—XM_023883146 LsHSF11 LOC111886909 332 473 36 935.92 EENEN
rna—XM_023884937 LsHSF12 LOC111888821 359 4.98 39297.79 A%
rna—XM_023888702 LsHSF13 LOC111892644 382 5.30 44 625.68 A%
rna—XM_023890282 LsHSF14 LOC111894201 354 5.69 40 872.60 A%
rna—XM_023892917 LsHSF15 LOC111896944 439 5.23 49 336.39 A%
rna—XM_023896933 LsHSF16 LOC111901068 347 5.12 39518.03 A%
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rna—XM_023900149 LsHSF17 LOC111904380 357 5.00 41274.41 EENEN
rna-XM_023902328 LsHSF18 LOC111906573 379 5.35 43 294.68 A%
rna—XM_023903337 LsHSF19 LOC111907540 233 5.47 26 715.92 A%
rna—XM_023904503 LsHSF20 LOC111908706 310 5.65 35474.12 A%
rna—XM_023910339 LsHSF21 LOC111914642 371 6.08 41 963.63 A%
rna—XM_023910939 LsHSF22 LOC111915264 358 7.77 40 451.56 A%
rna-XM_023912141 LsHSF23 LOC111916475 273 7.66 30 189.83 A%
rna-XM_023912967 LsHSF24 LOC111917279 217 6.60 25281.36 A%
rna—XM_023914180 LsHSF25 LOC111918518 350 5.30 40 362.07 A%
rna-XM_023914181 LsHSF26 LOC111918518 339 5.05 39 025.50 A%
rna—XM_023914202 LsHSF27 LOC111918551 270 8.96 30 276.44 4 A%
rna—XM_023916367 LsHSF28 LOC111920803 256 5.69 29 302.96 A%
rna-XM_023917268 LsHSF29 LOC111921682 329 6.13 37898.88 A%
rna-XM_042897033 LsHSF30 LOC111897870 307 5.82 36 032.95 A%
rna-XM_042897034 LsHSF31 LOC111897870 307 5.82 36 032.95 A%
rna—XM_042897035 LsHSF32 LOC111897870 307 5.82 36 032.95 4 M A%
rna—XM_042897683 LsHSF33 LOC111885729 369 6.63 41 626.75 4 M A%
ra—XM_042897846 LsHSF34 LOC111882864 544 5.99 63 085.53 WL

rna—XM_042902543 LsHSF35 LOC111918518 399 5.05 39 025.50 A%

2.2 LsHSF EFEEREBHR EWS T

AR Ara R (B 1), 35 4> LsHSF &[54y
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Fig.1 Distribution of LsHSF in lettuce on chromosomes
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Fig.2 Phylogenetic tree of HSF protein in lettuce and Arabidopsis
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Fig.3 Phylogenetic cluster and gene structure of LsHSF members
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Fig.4 Gene expression profiles of LsHSF members in lettuce
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Table 2 Relative expression levels of LsHSF member genes in lettuce
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