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Abstract: Taking Sorbus pohuashanensis ( Hance) Hedl. as research object, cloning, tissue-specific
expression, and expression in response to abiotic stress of its small heat shock protein 23.8 gene
(SpHSP23.8) were studied. The results show that the open reading frame (ORF) of SpHSP23.8 gene
contains 648 bases, which encodes 215 amino acids with a theoretical relative molecular mass about
23 800, and the gene contains one intron. The amino acid sequence alignment result shows that
SpHSP23.8 protein has the highest homology with EjsHSP6 protein ( accession No. AKP06201.1) in
Eriobotrya japonica ( Thunb.) Lindl. Based on the cluster analysis result of amino acid sequence of
SpHSP23.8 protein and small heat shock proteins in model plants, it is speculated that SpHSP23.8
protein is located in mitochondria. The tissue-specific expression result shows that the relative expression
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of SpHSP23.8 gene is the highest in stem, followed by fruit and root, and the lowest in flower. Under high
temperature, NaCl, and drought stresses, the relative expression of SpHSP23.8 gene in leaf of S.
pohuashanensis increases significantly. With the elongation of high temperature stress time, the relative
expression of SpHSP23.8 gene shows a tendency to first increase and then decrease, and reaches the peak
value under stress for 2.00 h; under NaCl and drought stresses, that of SpHSP23.8 gene all shows a
tendency to increase. Under high temperature, NaCl, and drought stresses, the expression tendency of
SpHSP23.8 gene in SpHSP23.8-transgenic Arabidopsis thaliana (Linn.) Heynh. is consistent with that in
S. pohuashanensis under corresponding stresses. It is suggested that SpHSP23.8 gene is involved in the
response of S. pohuashanensis to high temperature, NaCl, and drought stresses and plays a certain effect
in the adaptability of introduction and domestication of S. pohuashanensis.
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Table 1  Primer sequences used for cloning and expression of
SpHSP23.8 gene in Sorbus pohuashanensis ( Hance) Hedl.

519 JF51(5'—3")

Primer Sequence (5'—3")
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ATGGCTTCGTCAATGTCAATCC
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GAGCAGAACACGCTGGTAGT
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SpHSP23.8-TF
SpHSP23.8-TR
AtB-actinQF
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CACCATGGCTTCGTCAATGTCAATCC
CTACTCAACCTTAACCTCAAACACA
CTCCTTTGTTGCTGTTGACTAC
GCACAATGTTACCGTACAGATC
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Fig. 1 PCR amplification pattern (A) and its structure schematic
diagram (B) of SpHSP23.8 gene in Sorbus pohuashanensis ( Hance)
Hedl.
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Fig. 2 The ORF sequence of SpHSP23.8 gene in Sorbus pohuashanensis ( Hance) Hedl. and its encoding amino acid sequence

MASSMSILLKRAAAPAPTILSKLSNPIRSASVSPLVSRSFNTNSQVTSYDQDESSVPVGRSTADRSPSRR
hhhhhhhhhhh
RDLGSPFLSDVFDPFSPTRSLTQVLNMVDQFMDNPSLAGPRGGSRRGWDVKENEEALFLRMDMPGLDKED

hhh

VKISVEQNTLVVKGEGKDLEDEDGGTRRFSSRLELPPNLYKIDSIRAEMKNGVLKLVIPKVTEEERKDVF
eeeeectteeeeet eee

EVKVE
eeeee

h: o H2HE a-helix; t: B E5 A B-tumn; e FEHi%% Extended strand; ¢: JG
A Random coil.

&3
Fig. 3

Ak SpHSP23.8 EAK
Secondary structure prediction on SpHSP23.8 protein in
Sorbus pohuashanensis ( Hance) Hedl.
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Fig. 4 Prediction on phosphorylation site of SpHSP23.8 protein in
Sorbus pohuashanensis ( Hance) Hedl.
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Fig. 5 Prediction on signal peptide of SpHSP23.8 protein in Sorbus
pohuashanensis (Hance) Hedl.
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5 XP _ 009348586. 1) . # ( Prunus mume Sieb.)
PmHSP22 & H (H3'%5 XP_008238549.1) . #k

SpHSP23.8 MSILLKREAAPAPTILSKES \WPVGRSTALRSP D...LGSPELSD...NFBP g4
EjsHSP6 MSILLKREAAPAPTILSKIES \\PVGRGTADRSP 0 ...LGSPEESD...NFEBP g4
PbsHSP MSILLXKRESAPAPTILSKIS \\PVGRGTADMSP D...LGSPEESD...NFBP g4
PmHSP22 VSILLRRESA . . PILFSKES WPVDRSTTDRSP L ...FGPTEESD...NFBP 3>
PpHSP22 VSILLRRESA . . PILFSKNS 93 MWPVDRSTTDRSP D...LGPTEESD...NFBP 32
PaHSP22 VSILLRRESS . . PTLFSKNS QM PVDRRTTORSP L ...LGPTEESD...NFEBP 82
RcHSP22 ISIALRRESS. .PSLESKMENILINS F W SVDRTITS.SP DPIDVFDPEYDESRSEARS 87
EgsHSP LALRRAMEAARASSGVLSRMT HAE QMOVERRSDR.AV E..... PGEES...DVEBP 3i
FvHSP22 ISIALRRESSS.PSLESKME S RSFEN N SVDRSTISG.SP DPIDVFDPEYDESRSIARS 88
AcsHSP LALRRATEAS....LLKRMAR: AV SRS {CVDRRPDR.SI GS...GPSEES...DVNEBP 79
CmsHSP IALRRLAESS..... F RS ROEDSRRSG.SL LR...FPGEA....DNCBH 77

SpHSP23.8 ESPT.EH
EjsHSP6  [ESET.
PbsHSP ESPT.
PmHSP22 [ESET.
PpHSP22 ESPT.J
PaHSP22  ESPT.H
RcHSP22  ENCVEEH

{§GXOLEDEDG. .BT 166
GKDSEDEDG. .GA 166
{EGKDLEDEDG. .GA 166
Qe DXDSEDEEG. .GG 160
PDKDSEDEEG. .GG 160
{8§3DXDSEDGEG. .GG 160
N2 GKDPEDEEE . .GG (74

EgsHSP R HIGEXESEEEEEESG 169
FvHSP22 ENCVH H{GKDPEGEED. .GG 175
AcsHSP ESPT. PGEKESEDDE. .FG 166
CmsHSP  ESLN. {eARKESEYEE. .DR 162
SpHSP23.8 L KID 215
EjsHSP6 L KID 215
PbsHSP L KID 215
PmHSP22 L KLD 209
PpHSP22 L KLD 209
PaHSP22 L KLD 209
RcHSP22 L ELD 223
EgsHSP L KLG 218
FvHSP22 L ELN 224
AcsHSP 13 KID: 215
CmsHSP L CLE 211

Sp: TERAS Sorbus pohuashanensis (Hance) Hedl.; Ej; LA Eriobotrya japonica (Thunb.) Lindl.; Ph; EES Pyrus bretschneideri Rehd.; Pm: #§ Prunus
mume Sieb. ; Pp: Bk Prunus persica (Linn.) Batsch; Pa: KKFEHFESE Prunus avium (Linn.) Linn.; Re: H ZE4E Rosa chinensis Jacq. ; Eg: K% Eucalyptus
grandis W. Mill ex Maiden; Fv. BPEI%E F ragaria vesca Linn.; Ac: rh ALk Actinidia chinensis Planch.; Cm: B§JK Cucurbita moschata Duch.

6 ETREEF MR SpHSP23.8 B H 5 H &Y HSP20 & 5 9 [ iF 14 bk %
Fig. 6 Homologous alignment on SpHSP23.8 protein in Sorbus pohuashanensis ( Hance) Hedl. with HSP20 protein in
other plants based on amino acid sequence
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Pt. B Populus trichocarpa Torr. et A. Gray ex Hook.; At: W Arabidopsis thaliana (Linn.) Heynh.; Os; IKFE Oryza sativa Linn.; Sp: TR
Sorbus pohuashanensis ( Hance) Hedl. C1 ,CII ,CII,CIV,CV ,CVI. 433 g iim i I .10 (I IV, VA1 VI Cytosol subgroup 1, T, M, IV, V,
and VI, respectively; ER: PN R I i Endoplasmic reticulum subgroup; PX: of B AL W i A& I % Peroxisome subgroup; CP. IH- 234 Y i Chloroplast
subgroup; M T M1l ; 4351 HZRARLR I % 1T A1 1L Mitochondria subgroup I and 1T, respectively. 4337 I $4#& % /R 8 & R AL Datums in the branches

indicate repeats.

7 ETSEBRF ST SpHSP23.8 E A 5114 sHSPs Ayt (it
Fig. 7 Phylogenetic tree of SpHSP23.8 protein in Sorbus pohuashanensis ( Hance) Hedl. with sHSPs in
model plants based on amino acid sequence
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Fig. 8 Expression analysis on SpHSP23.8 gene in different organs of
Sorbus pohuashanensis ( Hance) Hedl.
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Fig. 9 Expression analysis on SpHSP23.8 gene in leaf of Sorbus
pohuashanensis (Hance) Hedl. under high temperature stress
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Fig. 10 Expression analysis on SpHSP23.8 gene in leaf of Sorbus
pohuashanensis (Hance) Hedl. under NaCl stress
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Fig. 11 Expression analysis on SpHSP23.8 gene in leaf of Sorbus
pohuashanensis (Hance) Hedl. under drought stress
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Fig. 12 PCR identification of SpHSP23. 8 gene expression in
SpHSP23.8-overexpressing homozygous transgenic  Arabidop
thaliana (Linn.) Heynh. line OE1 and OE2
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Fig. 13  Expression analysis on SpHSP23.8 gene in SpHSP23. 8-
overexpressing homozygous transgenic Arabidopsis thaliana ( Linn.)
Heynh. line OE1 and OE2 under abiotic stress
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