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Identification and expression analysis of the HSP70 gene
family under abiotic stresses in Litchi chinensis
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Abstract: HSP70 protein, as an important member of the heat shock protein (HSP) family, plays
an important role in plant growth, development, and response to biotic and abiotic stresses. In
order to explore the role of HSP70 gene family members in Litchi chinensis under low
temperature, high temperature, drought, and salt stress, bioinformatics methods were used to
identify the HSP70 gene family members within the entire L. chinensis genome. The expression
of these genes under various abiotic stresses was then detected using quantitative real-time PCR
(qRT-PCR). The results showed that the LCHSP70 gene family consisted of 18 members, which
were unevenly distributed across ten L. chinensis chromosomes. The LcHSP70 protein
contained 479—851 amino acids, with isoelectric points ranging from 5.07 to 6.95, and
molecular weights from 52.44 kDa to 94.07 kDa. The predicted subcellular localization showed
that LcHSP70 protein was present in the nucleus, cytoplasm, endoplasmic reticulum,
mitochondria, and chloroplast. Phylogenetic analysis divided the LcHSP70 proteins into five
subgroups, namely I, I, III, IV, and VI. The promoter regions of the LCHSP70 genes contained
various Cis-acting elements related to plant growth, development, hormone response, and stress
response. Moreover, the expression of LCHSP70 genes displayed distint tissue-specific
expression level, categorized into universal expression and specific expression. From the
selected 6 LcHSP70 genes (i.e., LcCHSP70-1, LcHSP70-5, LcHSP70-10, LcHSP70-14, LcHSP70-16,
and LcCHSP70-18), their relative expression levels were assessed under different abiotic stresses
using qRT-PCR. The results indicated that the gene family members exhibited diverse responses
to low temperature, high temperature, drought, and salt stress, with significant variations in their
expression levels across different time periods. These results provide a foundation for further
exploration of the function of the LCHSP70 gene family.

Keywords: Litchi chinensis; HSP70 gene family; bioinformatics; expression analysis
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F1 #H HSP70 RIXH 5 HI qRT-PCR 3| #1F 5115 2
Table 1 qRT-PCR primers for LCHSP70 family members

Gene Forward primer (5'—3") Reverse primer (5'—3")
LcHSP70-1 CCGCGTTGAACGAGCATG TGTTGCTGCTGCTCTGCA
LcHSP70-5 AGCAGCTTGGGAGGGAGA ACTTCTCACATGCGGCCC
LcHSP70-10 CCCGAGGAGTTCCCCAGA TGGGCAAGGTGCTAGCAC
LcHSP70-14 AGCGGAGAGGGTGGTGAT CCCCACCGACGGTTTCAA
LcHSP70-16 GCCCGGTGTGTTGATCCA GGAGGAATGCCCGAGAGC
LcHSP70-18 CCCCGATTTCGATCGCGA AGACCTTGTGCGGATGGC
Actin CAACTGGTATTGTCTTGGATTCTG TCATCAAGGCATCGGTTAGA

PR A BR AR (M)A K. B8 2xSYBR
Green PCR Mix (Wi/H BT s A W0 F & A PR
H))iR L B 7 QuantStudio™ 3 Real-Time
PCR BI{Y #%(Thermo Fisher Scientific) I 43| 37F
AR . i, TR ERMNAT LeHSPT0s 3
SO . BN RL Actin™ ) U354
3RHEARELE R 27N LeHSP70s #Y)
FHXFE 5, f#FH DPS 9.01 B {70 #r 5L H 5
) (0 22 5 2% 1 (P<0.05), fdifH] SigmaPlot
14.0 BRI Rk 1

2 HERE4M

2.1 3% HSP70 FRik R R R4S E 2 47
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B, M L AR Y R B E AR IR o 4 R
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FHSYNT 7, MBREEA; S FREREK
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SEIRE R R ECH 86.49 V20 it RE 5 W & PR,
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%2 %% HSP70 RixH R HIEARER
Table 2 The basic information of LCHSP70 family members

Gene name  Gene ID Amino acid  pl Molecular Instability GRAVY Aliphatic Subcellular
number weight (kDa) index index localization

LcHSP70-1  LITCHIO14782.m1 571 5.31 61.85 36.33 0.025 100.42  Cyto
LcHSP70-2  LITCHIO16034.m1 654 5.31 71.77 35.37 —0.439 83.81 Cyto
LcHSP70-3  LITCHIO12388.m1 669 5.07 73.78 30.26 —0.435 87.44 ER
LcHSP70-4  LITCHIO13518.m1 623 5.62 68.88 30.73 —0.381 88.33  Cyto
LcHSP70-5 LITCHIO14011.m1 769 6.31 85.45 37.48 —0.385 83.04  Cyto
LcHSP70-6  LITCHI0O14019.m1 769 6.54 85.35 39.23 —0.395 82.80  Nucl
LcHSP70-7  LITCHI027744.m1 648 5.12 70.96 32.92 —0.393 83.72  Cyto
LcHSP70-8  LITCHI027751.m1 649 5.26 71.14 36.90 —0.412 82.22  Cyto
LcHSP70-9  LITCHI0O30681.m1 851 5.20 94.07 43.67 —0.440 77.31  Cyto
LcHSP70-10 LITCHI000642.m1 708 5.27 75.97 31.14 —0.331 85.90  Chlo
LcHSP70-11 LITCHIO01324.m1 682 5.62 73.22 38.64 -0.313 88.12  Mito
LcHSP70-12 LITCHI004272.m1 662 5.36 73.21 28.82 —0.315 93.96 ER
LcHSP70-13 LITCHI029583.m1 765 5.38 85.42 46.63 —0.342 84.88  Nucl
LcHSP70-14 LITCHI021878.m2 479 6.95 52.44 25.76 —0.200 95.66 ER
LcHSP70-15 LITCHI024869.m1 568 5.70 62.55 29.87 —0.438 84.00 Cyto
LcHSP70-16 LITCHI024871.m1 650 5.17 71.32 34.78 —0.436 81.95  Cyto
LcHSP70-17 LITCHIO18457.m1 648 5.10 71.20 33.88 —0.411 82.81 Cyto
LcHSP70-18 LITCHI019212.m1 808 5.97 89.66 43.51 —0.301 90.37  Chlo

Cyto: Cytoplasm; ER: Endoplasmic reticulum; Nucl: Nucleus; Chlo: Chloroplast; Mito: Mitochondrion.

Chrl Chr2 Chr3 Chr4 Chr5 Chr6 Chr9 Chrl0 Chrl3 Chrl5

o
I DU D D D B [ R B

n

Bl 1 74 HSP70 ZRIEM 5B R B IRE AL

Figure 1 Chromosome location of LCHSP70 family members.
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Figure 2  Collinear distribution of LCHSP70 family members. Chr1—Chr15 represent fifteen Litchi chinensis

chromosomes; 0—40 represent chromosome length, the unit is Mb; The genes connected by red lines have a
collinear relationship. The same below.
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Figure 3 Synteny analysis of HSP70 family members between Litchi chinensis, Arabidopsis thaliana and
Oryza sativa.
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Figure 4 Phylogenetic trees of HSP70 family members between Litchi chinensis (Lc), Arabidopsis thaliana

and Oryza sativa. The number of the branches indicate the bootstrap confidence values over 75%.
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Figure 5 Gene structure of LCHSP70 family members. The number represent the percentage of 1 000

bootstrap replications, only above 75% was shown.
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1 (nucleotide binding domain, NBD), J& HSP70
HE DR SRR ) LR 2 A8 35
2.5 FHFLHSPTO R R ZR LM R IE
FIRAE R T

LcHSP70 & [ 2 25 ny TN 45 2R WoR
18 4~ LcHSP70 & 1) 45 IITEAE o-12iE
(alpha helix). B-#7 & (beta turn)F1JGHL I 4 Hh
(random coi )% (£ 3)., H, o-125EMIICHL
W3 i B 7 L B 4 i R 33.63%-48.42% Fil
28.70%—41.25%, J& LcHSP70 & 14544 i) 3 5
Ry s B-HT & T i Hefilie /N, N 2.70%-7.93%.

LcHSP70s J&i sl =S AE o F i Tl 45 5
R (E 8), 184~ LeHSP70s 5 )1 i 2 000 bp
F 50 AT 2 A R e 1 2 B 43 A A K K 7
JOF L IS IO R B 0 3 3 R AL T
Hrp, MY A KK E m W ICHHE LeHSP70s th
i E] 4 F, AR LcHSP70s M1E7ESEA

&3 FHHSPT0 RKIERL R B —REHILA M
Table 3 Secondary structure of LCHSP70 family
members

Protein Alpha Extended Beta Random
helix (%) strand (%) turn (%) coil (%)
LcHSP70-1  33.63 22.24 5.78 38.35
LcHSP70-2  41.44 18.20 5.96 34.40
LcHSP70-3  45.74 17.79 7.77 28.70
LcHSP70-4  43.50 18.14 6.26 32.10
LcHSP70-5 46.29 14.43 2.86 36.41
LcHSP70-6  46.68 14.43 3.12 35.76
LcHSP70-7 42.13 18.06 7.87 31.94
LcHSP70-8 41.45 18.18 6.78 33.59
LcHSP70-9 42.07 13.98 2.70 41.25
LcHSP70-10 39.27 21.75 6.36 32.63
LcHSP70-11 45.01 19.50 6.16 29.33
LcHSP70-12 45.92 17.98 6.65 29.46
LcHSP70-13 46.80 14.77 2.88 35.56
LcHSP70-14 42.38 20.67 7.93 29.02
LcHSP70-15 48.42 16.02 5.99 29.58
LcHSP70-16 42.15 18.15 6.46 33.23
LcHSP70-17 42.59 18.21 7.41 31.79
LcHSP70-18 46.53 14.11 4.46 34.90
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— 6 Im  JC 4 (AE-box, G-Box, GATA-motif,
Box 4, ATCT-motif, Spl, TCT-motif, 3-AFI
binding site, ACE, TCCC-motif, I-box, GT1-motif,
MRE), 5 KA E FACH(0,-site) tHC AT
PFEGE D 14 A, 50 A ZU(CAT-box) MK Y
JUECE N 54, 2 5B (circadian) ¥ il )T
RN 4 A E W BICIFTE LeHSPT0s
R 5 B, oA ) B AHTIR F R R Lo
(TGACG-motif, CGTCA-motif)§ i i £ (54 1),
YR 2 B V% 12 W 1 TG A4 (abscisic acid response
element, ABRE), %Ry 43 A, A K 2 m Ly
JCIF(TGA-element, AuxRR-core)., 77 %F 2 M
JC M (GARE-motif, P-box)Hl 7K % B2 Wi 1 JC 14
(salicylic acid response element, TCA-element)fi")
el 6-14 /> g ol , 2 5RER
F(anaerobic induction, ARE)WJ JC/4- %N 47 1,
HR S 5 YIHNA MBS, LTR, GC-motif)fy
JoEE R 19 A, 5 0% N (TC-rich repeats)
oo b, O 3 4> iXSEEIRRY],
LcHSP70s e B A KA L R 5 7 A0 5
AR A R RE AR S AR
2.6 7t HSP70 KRR B VLA Rt RIE
MWESE LcHSP70s IBTELHRE, 55 5%
Y1 EHE PE X LeHSP70s 76 74 A AR R4 4L (AR L it
HEAE . WEAE . D7, R RE . BRFR R FIR
TP FPKM AT 087 45 R 2R (8 9),
LcHSP70s 775 A AN Al 1 2L A2 7 AS [ 2 B 1Y
ik, H, LcHSP70 K AEAEFh f A b
R KRB RN BRI 2, ¥ikH] 13 4>, K
TELIE 1Y LCHSP70-16 AH XS Fe 35 B iy ; 7EAR
HMEAEFIR B P A AR B R BE N A 12 4, AR
Tk R4 LeHSP70-14, LcHSP70-14
I LeHSP70-17, 4 J& TILFILE 7% ; 7ERT . MEAE |
5 TSR rp G Bk 1 Ak R R b, AR
A 1A, A FRIA R R S Y40 LeHSP70-17,
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Figure 8 Cis-acting elements in promoters of LCHSP70 family members.
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Figure 9 Expression profiles of LCHSP70 family members in 9 tissues. Different Roman numerals represent

different groups.
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IR T, 6 4 LcHSP70s F AR XS 21k f bl %5
Ab B ] B SE A R A | 5L B T - R -1

YL LeHSPT0s |22 5 E K &
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Al RE R B E IR E
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TR AR RS, ZEARHR 6 h B 24 h J5 AHAT &
IREORFNEAE, I 3.06-13.19 1% 1EE IR
BT, 64 LcHSP70s Ay AHNT #ik i S B« Je Tt
-V B B AR AR B, 6 AN SE DRI PR T ) 1o 15
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Figure 10 Relative expression of LCHSP70 family members under different abiotic stresses treatments.

Different small letters indicate significant differences at the 0.05 level; HT: Low temperature; HT: High
temperature; PEG: 20% PEG solution, simulating arid environment; NaCl: 400 mmol/L NaCl solution,

simulating the salt stress environment.
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WG, FEALFE 6 h 57 12 h J5 AR Rk Ik F
WEfE, FiR 14.34-19.90 £%, MTEIE(EF Y A
AR TR ZET2IHA T, 61 LeHSO70s
PR Bk s ipel T, YI7EAbFE 24 h iR FIEAE,
9% 9.08-18.07 fi%; 7EERMMET, 6 > LcHSP70s
() A X 2 3 1 AR AT < Je Tt - I AR i A
fhiay, AL 12 h BRI, FiE
4.37-13.92 %, M J5 fEALBE 12-24 h J5 36 A A
FREERY T . X EeZERERI], iX 6 > LcHSP70s
SRR . SR TR R P aa # EAA AN R R
w5 H A 2h 7 AR F oo A i 2 2R
FA -

3 W54 #®

HSP70 SR G E AR I 55 i B2
B, TZ5 S50 ER kB RSN A,
I A H HSPT70 [R5 05 1) 58 7 43 Bk Ay HiAt
W ST SRS SR . ASAIF ST AT A L R 2
RUSER T 18 4> LeHSP70s, HBE SHEIT
(18 ™M, B /K (Cucurbita moschata) (21 /)24
I E K (Zea mays) (22 P HHIE, (HE BT
JKAE@B2 M7, H % (Brassica oleracea) (52 M)
IR E(61 M) HSP70 JEA R, X Al g
JeH TYR R AR 25k . HSP70 2
PRI Ay 1 Ak Z2 A 55 D PR 15 ) o 18 > LeHSP70
SR B S5 S XS T o AR AT
TR RS, Wi S HIRe A DG, WA
Ji e (T 25 L W, LeHSP70 5k bt E 28
SEANLLEAH IR BT AN T, aX 5 Nz (Triticum
aestivum) I 45 52, W I LeHSP70s =
BELEAH TR P BT A LR . BRI A5 4y
Prigss, LeHSP70s N & 78R/ T 0-9 2
i), SR TEEA 1-10 4, 5 KkF (Hordeum
vulgare)®®! | % (Vitis vinifera) > 45 i 4% ¥ kH
L, KB HSP70 Z i b1 1Y) KL PR 45 AL 7 AN [) )
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Fifr b B RS E
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) R HOL A I () A9 SR 2% ¢ 2R L 5 BRI AR ) K
R AR, /R T VLR T BETE W T 5 F
R RIS F AR AL 2 )5 o S5 6 Rk
SR, RBEFAEFR TR LcHSP70s HAT
AEARLAA) J2 PR 254, TSI 7% A% 53 B LeHSP70-2 F11
LcHSP70-4 SM4 5 1 ANNEF, VIR G
Fr LcHSP70-18 #MA &A1 8 &+, Al L
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T--AI 545 48 1) A8 S ] B R L TR R Ak AT AR
H P 1R 25 R ke in s i B

] —# Fp A Ta] HSP70 FE A [a] Jz A [] ) Fif
HSP70 & A [l 7EAS [ L 425 B I ik A ek
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GIE( em), EIEST IR 5 Fhdl 4 () B K F
e, MAER AR LR RY . e,
SHSP70-10 il IHSP70-14 1EAR FlHe 25 1y AH X 26
KRB ESTHEZE, S, . L L
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DenHSP70-1 7E 4£ #1 it rp b # R 3k,
DenHSP70-3 X FE AR i i e 1k P2 AR 5% 5 75 Bk
AR 2 B R GR35 53 A & BE, LeHSP70s [F]
FEA B AL R RE, 1 LeHSP70-1
FEMS . R R R R AT s RS, mAEr
HMEAE . MEAE . D7 RRAR Hh AR X 3RR T AR
LcHSP70-7 7ERMP MY RiF & & T
ML HEAE . MEE . Fh . SRR AR
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P71 ; LcHSP70-13 7EMEAE . MEAE . T P FI SR
Wb ek, M. . SR SRR A
Fipf ARk .

SRR SZ 0 s P E Rt
WER R, MY 7 A Y 0 B, VK R
(abscisic acid, ABA)E Ayt ¥ 3% 35 Jply 3 0 1 )
HRHR A 4 DR, A R oy Xof AN [ 338 35 1) 0
A JRB4T B BRI 1 I 1 (ABRE) 2 %2 i 7 1R
AR, MR O R A 8 LA s A )
SR . iR, T8 BFESEPRa R,
SR FI R FH TiE (methyl jasmonate, MeJA)FE/ AW
Xt 30 A 3 P17 0 A 3R T 52 0 P AR R A
MYB 254G 37 55 (MBSt 7] DL 55 4 499 6+ 52
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