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Table 1 Clone of Prunus avium L. PavHSF gene family
B EmFI—3") R34 (5 —3") PR /bp IR AGEEE/C
Gene Forward primer Reverse primer PCR product Tm
PavHSF1 ATGAATTCCGATCACGACCCAG TTACTTGGGACAGGAGGCCAAG 1068 57
PavHSF2 ATGGAAGGAGCTTCGACTGC TCAAAGAGTGAGTGTTTCAGCATCC 1446 59
PavHSF3 ATGGTGAAATCGGCAGCGAAG TCACTTTCCTGATTGTGTTCCACG 1239 58
PavHSF4 ATGGATGGAGTGGTGGTGAAAG TCAAGGCTTGGACCTGATTAGATAAC 1125 60
PavHSF5 ATGGCTCCGACGTCGGTGGAG TCAATTACACACCCTCTGATTAGCC 912 60
PavHSF6 ATGCACCAGCGCCTTTTCTT TCAACTAGCATGAGTGAGGCGC 1314 57
PavHSF7 ATGGAGGGCACTCAAGGTGG TCATTCGGCCGCAGCAGGCAT 1129 57
PavHSFS§ ATGGCTGCTACAACTTCTTCAGG TCAGCATCGAACTTTATTGTGATGATC 585 59
PavHSF9 ATGGATGAAGTTCAAGGTGGCG TCACGTTTTCTCTACTGGAGTAAGATGC 1239 58
PavHSF10  ATGGGAGGTGCTAATAATAACGGC TCAAACCCCTTTGGTATCTGATGTAAG 1560 57
PavHSF11  ATGGCGTCGTTGCAGGCCG TCACTTTCCGAGCTCCAGCCACG 1002 60
PavHSF12  ATGGACGGTGTGTGTGACCAG TTATTTGCATTCTTGAGATAGTAAAATG 735 61
PavHSF13  ATGAACCCAAAAGACGAGAGCTAC TCATAGCGGCAGCCAATACAG 537 57
PavHSF14 ATGGCGCAAAGGTCCGTTCC TCAGTTGCACACCTTCCCGC 897 58
PavHSF15 ATGGAGCGTGGTGATGTTGAGG TCACACGACCGTCGCTCCTTGAG 672 58
PavHSF16 ATGGTGGTTCCTGAAGGCGG CAATTGGGGCCATGCCTTGA 1425 59
PavHSF17  ATGAAAACCCATTTCTCAAATTTGATT TTATTTTTGGTTACATTGGAGGAAAAA 915 57
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Table 2 Primers used in quantitative real-time PCR

FEH Em51(5—3") S i1y (5" — PR /bp IBKIREE/C

Gene Forward primer Reverse primer PCR product Tm
PavHSF1 TCAGGCAGCTCAACACCTAT CAATCTCTCCGTCCAATC 201 57
PavHSF2 TGTGCAGAAAAGAACAGAA GGAAGATGCTAGAGTGA 222 59
PavHSF3 AGTTCTCGATTTTATTGTTGCCC CTTTTCTCTGATCTGTGCCCTGAGG 201 58
PavHSF4 AACTTCTCCAGCTTCATTCG TCTCTCTTCAATCTTTCA 235 57
PavHSF5 ACATGCAGCTCACCAAGGA AATCGCCACACCAAAAA 205 58
PavHSF6 ATCCTTGCTATAACATCAACTTGC CTCACTCTGCCATCACTATCCCCT 248 59
PavHSF7 CAAGCCAATTCATAGTCATTC AGTAGTTCAGCCAAGAAGGAGGT 250 58
PavHSFS§ CAGCTTAATACCTACGGGTTCAA TTCTGTTTCCTGAGGTTCTTGTT 245 56
PavHSF9 GATACCATTTTTGATGTTGGAGAG CCAGATGTTTGTTCTTTTGAGGAT 248 57
PavHSF10 AGCAGCAGAATGAGAGCAATAGG AACTGGATGATGATGATGAGCCA 249 59
PavHSF11 CCTGCCCGGTTAACGGCGCT TGAGCTGGCGGACGAAGCTA 228 60
PavHSF12 AAACTCCTCAACCTCCTCCTCAT ACCTCCAATCTCACTCCAAACAA 219 59
PavHSF13 CCAAAAGACGAGAGCTACCCAA GAAAGCACCAGAGGACCAAGAA 204 58
PavHSF' 14 CCCGATCAGATCAATCGCATC TCCCACCAACACCAACCCCA 244 58
PavHSF15 AGCCTCCTTCGCCCCAGGAG TAACGGCACCACCACCAATCT 231 60
PavHSF16 GCCTCAGTGTGGATTGTGGAAG ATGATAAGCAGTGGGCATGTCT 212 60
PavHSF17 GCGTTGGAAGAAGAAATGGAGA GACGAGGACGACGTTGAGGTTA 206 58

1% , PavHSE 13 R A Zm it 178 1~ 24 FL 1R
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Fig. 1 Amplification of the PavHSF gene family members in sweet cherries
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Table 3 Physicochemical properties of PavHSF gene family members in sweet cherry

E RS FF D K%}“Elé/laa P % Eﬂﬁ Kﬁ%$§§& HEHB%/M EFﬂj%Eﬁlk‘ﬁ I‘SEEITESIZEZ\;
Gene name Gene ID Protein Mole'cular Isole.clnc Ins'lablhly Aliphatic in- Grand averggfa of localization
length weight point index dex hydropathicity prediction
PavHSF 1 FUN_039901-T1 355 41 160.23 5.17 49.20 71.58 —0.80 Nuclear
PavHSF2 FUN_001900-T1 481 53 695.59 5.48 56.32 68.36 —0.75 Nuclear
PavHSF3 FUN _039952-T1 412 46 484.94 4.73 45.82 72.18 —0.66 Nuclear
PavHSF4 FUN _039968-T2 374 41 863.82 4.87 60.42 78.66 —0.55 Nuclear
PavHSF5 FUN_012791-T1 303 33 670.72 5.17 62.99 66.90 —0.62 Nuclear
PavHSF6 FUN_040080-T1 437 49 944.75 5.17 50.18 69.41 —0.74 Nuclear
PavHSF7 FUN _040081-T1 375 42909.17 5.44 54.26 71.52 —0.70 Nuclear
PavHSF$§ FUN _032033-T1 194 22 059.16 8.54 56.05 64.95 —0.61 Nuclear
PavHSF9 FUN _032297-T1 412 46 580.85 5.34 51.49 67.67 —0.77 Nuclear
PavHSF10  FUN_040170-T1 519 56 044.11 4.70 61.10 68.23 —0.58 Nuclear
PavHSF11 FUN _025026-T1 333 36 194.94 4.79 63.74 68.53 —0.67 Nuclear
PavHSF12 ~ FUN_040310-T1 244 28 139.46 5.69 60.43 65.90 —0.88 Nuclear
PavHSF13 FUN_040313-T1 178 19 639.05 4.25 66.41 71.74 —0.20 Nuclear
PavHSF 14 FUN_038395-T1 298 33543.99 5.09 33.56 49.36 —1.03 Nuclear
PavHSF15  FUN_038574-T1 223 24.936.75 4.84 58.01 69.55 —0.71 Nuclear
PavHSF16 ~ FUN_039218-T1 474 52 792.07 5.10 50.38 67.66 —0.67 Nuclear
PavHSF17 ~ FUN_039458-T1 304 34 713.27 6.17 58.59 70.82 —0.58 Nuclear
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Fig. 2 Phylogenetic analysis of the HSF proteins of Prunus avium L., Arabidopsis thaliana and Prunus mume
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Fig. 3 Gene structures(A), conserved motif (B) and conserved domain(C) analysis of sweet cherry PavHSF gene family
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%o The blue lines represent the eight chromosomes of the sweet cherry; the gray lines represent all collinear gene pairs in the sweet cherry ge-

nome, and the red lines represent 2 collinear gene pairs in PavHSF in the sweet cherry.

5 FHEHk PavHSFEE SRR R HE &5
Fig. 5 Within-species collinearity of the sweet cherry PavHSF gene family

A2 R A R o 3 B R R R R K,
PavHSF 15 7% it 45 41 41 11 326 35 7K SF- 359 A0 X 541K 5
PavHSFC 1A ME— i 53 PavHSE 17 16 8 4141 8
BIUKRIL . PavHSF31ETA A ST s 35k HED
IZHL T RETE R 2 A K R B i AR 4 m] R A
M. 52, PavHSF1, PavHSF 15, PavHSF 16,
PavHSF 17 1E i A7 AL 80 (10 2 38 KBRS Ack
Ut PavHSF TE4h 5 MRHRAE ZEFnit 28 vh ek i
I AE LA Fr  TF AT AEEE R 58 B A8 P i 3R 3K A
XA
2.7 FHEHk PavHSF 338 EE BB B0 Kz

FH 19 AT, 48 “Cryifit Jiip e Zb BN, PavHSF %
PR R 1 3 1 28 38 /KO i 2 b TR g, LR
oo, B Ak PEOEF A ZE K, PavHSFI. PavHSES.,

PavHSF 10, PavHSFI11. PavHSF12. PavHSF13.
PavHSF15 # K I+ 5 90 45 22 J+ & 19 8 3
PavHSF4 , PavHSFE5  PavHSFEF7 3 35 7K 3 5 31 26 T
T P AT g A5 At i D 114 2 35 7K T i Ak B s [1]
RGN % 5, AL B 6 hinf ekt B2 ETF, 12 hinf
K AR, Bl 5 24 h B AR R @, b PavHSF I,
PavHSF 13 . PavHSF15 . PavHSF 16 15 2 IR AL PR %
TR I G IN, 3Z e TR P A S e K, HE X 4 S B
70 R T 7 g Yl A P OGRS A

H 1 10 AT, 4 CAIR IR Jih e kb ¥R R, PavHSF 12
FIRKOF B ERRAL, 5 m iR A BT kKA .
PavHSF 13 ,PavHSF 15 . PavHSF 17 ik 43 3 . 3%
Tt 85 65,40, 50 % , #E M PavHSF 13, PavHSF 15 il
PavHSF 17 24 0 %I T P 358 1) B2 5 o HAth R



5561 FRT S AMEPE HSF RER 0 Y % Sl B i T Rk w3 203
Chrl Chr2 Chr3 Chr4 Chrs Chro Chr7 Chr8

Prunus avium

=

Arabidopsis thaliana ¢

Chrl Chr2

Chr3 Chr4 Chr5

Chrl Chr2 Chr3 Chr4 Chr5 Chr6 Chr7 Chr8
Prunus avium ¢ > We D C D ¢ D C D C > We >
Oryza sativa ¢ D D 6 >We > C D ¢ D ¢ D ¢ D C D C D C D C D

Chrl Chr2 Chr3 Chr4 Chr5 Chr6 Chr7 Chr8 Chr9  Chrl0  Chrll Chrl2
Chrl Chr2 Chr3 Chr4 Chr5 Chr6 Chr7 Chr8
Prunus avium ¢ >
Prunus persica ¢
Chrl Chr2 Chr3 Chr4 Chr5 Chr6 Chr7 Chr8

. Chrl Chr2 Chr3 Chr4 Chr5 Chr6 Chr7 Chr8

Prunus avium ¢ X X > € > ¢ > ¢ > >

Malus domestica &=

Chrl Chr2 Chr3 Chr4  Chr5

Chr15  Chrl6 Chrl7

PR IT (AL KRG (Os) Bk (Pp) SER (M) 5L (Pav) h HSE W34 06 R 5 88 6475 e (Chrl~Chr8) Sy #IE MK A Y (0 14 s 2t )5 B
(Chr1~Chrb) 4 8L IF #9604 5 4 € 05 B (Chrl~Chrl2) 2 7K i #9360 04 5 15 62 07 B (Chrl~Chr8) g Bk g Je €0 14 5 48 € )5 2
(Chrl~Chr17) N3 R A YL 41K . The collinearity of PavHSFE in Arabidopsis (At) ,rice (Os) , peach (Pp) , apple (Md) and sweet cherry

(Pav) ;the orange squares (Chr1-Chr8) are the chromosomes of sweet cherries ; the green squares (Chrl-Chr5) are chromosomes of Arabidop-

sis thaliana; the pink squares (Chr1-Chrl12) are the chromosome of rice; the blue squares (Chr1-Chr8) are the peach chromosomes ; the purple

squares (Chr1-Chr17) are the chromosomes of the apple.

6 EHEBLS H e HSFEE R L 51T
Fig. 6 Syntenic relationship of the HSF genes between sweet cherry and other species
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Fig. 8 Expression pattern of PavHSF in eight different tissues of sweet cherry

PavHSF6 . PavHSF 14 2515 4 Berb g #6355 , ] g 5 41
SR L B P G A o 2R AR AR DG . EAS TR E
L KRR AE 2 b £ 4> PavHSF B & 3k (dn
PavHSF5 . PavHSF7) w] 585 HOHIG i P45 14 38 10 A
5, AR AL 25 o A6 T 48 7 4 Z B R R A 1 1K IR LA
FIE B SRRER , T HSF i PR 78 it i 72 v v i 2o
FEFEAR A 11 (A HSPs) iy 235 , (-9 18 27 41 il 5 2 1%
A o X —Z5 0 5 05 44 % B A I e
JufF(LTR) FAEAE Y so i (an MBS) MW 4, iF
— 3 I FF T PavHSF FERTARBAT Hh AAZ O
FERE R, I 8 X b A IR FH TR T Rg
SRR B 1 FE B 1 Ry 2 IS A RE e SR TR
KAFAE Y 18 PavHSF B9 55 31 b 3 A 5 15 15

JTCHE(LTR) T3R5 S 45 68 (MBS ) S5 A4 4y
SER VR (P LI s & DA v B R O ST
H g (CGTCA-motif) | Jlil % 2 (ABRE) | /K ¥ MR
(TCA-element) %ol , K57~ PavHSE 0] il i R
FE S SN . FlInlEs I ABA (RS
1 g A e S N T ABIS AT LA a2 0 45 AcFHsfA 9 42
ER T PESH L LEAE AR (Arachis hypogaea 1..) /INAE
¥y I8 HSF w19 B 53 AT LA AR AE 4 e 1o 522 5
3 AN AR B 03 (Brassicarapa L. ssp. pekin-
ensis) FIZKFE (Oryza sativa 1..) W & BLHSFE 0] LLE S
) XA 3 O B HIRAR IR S a2 AR g 4%

R, PavHSF TEHTAEk e 1 o R W8 I 4%
B PR AT, 455 BT, 0 1 ) PavHSF I3



206 LRI I NI <3 4 544 3

PavHSF1 PavHSF?2 PavHSF3 PavHSF4 PavHSFs
25 = 125 _ 12 a S _ 25 &
2 2 a 2 2 2 i
2 20 P L 20 2 19 - L= 20
B B 35 B e
% g 15 ~ 4 2 ~ 4 15
Hg 15 b 8 HE X8 R g b
e ®e Re y RE e
25 10 z 8 10 =3 =3 25 10
(28 s S o4 S 3
z Ez b E:z be z z
5 3 9 5 2 ¢ 3
< i ] c & c
0 o0 : 0 . 5 0 0
0 6 12 24 0 3 12 24 0 3 12 24 0 6 12 24 0 6 12 24
ALFRRS )R Treatment time ALFRIEE)/h Treatment time ALFRIFE]/R Treatment time ALFRF /M Treatment time ALFRIF )R Treatment time
PavHSF6 PavHSF7 PavHSF$ PavHSF9 PavHSF10
5 16 5 12 s 5 8 S 18 - -
ERt i 210 3 H 2 i 50 5
el P e yEl s
%7 2z 8 b 2 2212 ¥
Y % 10 %2 2 %2 %2
He X5 s 2 5 10 b X5
we 8 W& o 2 4 #®E g HE
pug] Z 2 2 2
=5 6 b Foi) c S 79 Fold]
Z 2 S 4 o S 6 28
= 4 = 2 2 2y 2
3T R K b g =
A o) o) S 2r ¢ < o)
0 = =4 & g &
0 6 127 24 0 6 12 24 0 6 12 24 0 6 12 24
ALFRESA)/D Treatment time ALFREF)/h Treatment time ARFRISHE)/h Treatment time AbFRE )/ Treatment time AbFEEFE]/R Treatment time
5 4 T N S PavHSF12 =5 PavHSF13 R i };avHSF'M 5 3 PavHSF15
3 35 H i 5 59 5 5
l; 5 = 10) +— 50| +_m ab H»: 30]
B g 30 o] ¥ § 45 B8 R
2% 0 by %% 8 %% a0 2% 9 %3 2
Ao H e H g 35 ] &g 20
® g 20 w0 b & 30 ®e 9 KE 15
'S 15 = &S 2 b =8 ®BE T
5 EL ¢4 g 20 2 4 Z£E 19
ERt E . =2 15 =2 . = b b
- S =2 9 = 10 = 2 -
S 5 S ¢ s 10 be S b 5
I~ c 1 2 5 . o ~ ¢
9=0 6 12 24 0= 6 12 24 =0 6 12 24 L) 6 12 24 0% 6 12 24
ALFRRSE)/D Treatment time ALFRRFIE)/D Treatment time ALFRIHE)/R Treatment time ALFREFIE)/D Treatment time ALFPEFE]/ Treatment time
PavHSF16 PavHSF17
— 35 a _ 14 a
8 [
£ 5 12
B g %5 10 b
Xz Xz 3
N A
E? EL 4
g g
E AN
=% 6 127 24 =% 6 12 24

ALFREFIE)/M Treatment time ALFRRFIB)/D Treatment time
AF/NE F 3R Ab #1E] 2% 5 12 3% (P<<0.05) , T A Different lowercase letters indicate significance difference among treatments (P<<
0.05) ,the same as below.
9 48 CHIRALE TFHEMk PavHSFRIRIKER
Fig. 9 Expression pattern of sweet cherry PavHSF treated under 48 C high temperature

—
=3

- PavHSF1 5 M PavHsF2 - PavHSF3 3 a 2 49 PavHSF1 2 s 12 PavHSFs +
B s 2 £ 35 a £ 35 £ 35 h Rl
5 £ 30 [ sz %0 %5 39 b g 0 b
=2 X% 25 X7 25 b %7 25 %z 8
g AL 00 g HE 20 AL 29 ¢ HE 7 i
®e e b b ®RE ¢ ®e - ¢ ® e
pug T8 s e z5 15 ¢ 23 1 =8 >
g HREI Y gy b N s Lo BS 2
Bz 2z 10 Zz 10 Zz 10 Ez 3 .
22y , b b S S = . I c <
ol S 05 5 0.5 5 0.5] 9. “lic
: ImARR E E 2 2@ 0100
N 0.0 X
0 3 6 12 24 48 00556 12 214 0 3 6 12 OS5 6 12 2 a8 07073 6 12 21 48
ALFREFIR)/R Treatment time ALFREFIR)/D Treatment time . AbPREFE)/h Treatment time ALFEEF )R Treatment time ALFEEF /R Treatment time
5 2 avH 5 = 4} avi 2z 5 avi < avi 2 5 avi 2 3
20 PavHsF6 5.0 PavHSF7 a PavHsFs 24 PaviHSF9 2 12 PavHSFI0
g Z 40 & & :9 52 2 10) M
i’?u ’253-5 ’;55 25 1? i’=s
Qg 12 Qg 39 PER 25, 25
*E10 N i 2 p EEM it
2 2 A I Zo, Y b E5 4 "
22 ¢ 2215 S E: g b
5 4 d 4 H 5 L I'l-‘ ¢ ¢ N El ﬂ ! ¢ |"‘| ﬂ
3 3 o5 3 3 3 ¢ ¢ 3 ¢
2o M 2ot | [ RN e bk :laA
Y0 3 6 12 24 48 0 3 6 12 24 48 0 3 6 12 24 & 0 3 6 12 24 48 0 3 6 12 24 48
AL PRI E]/M Treatment time ALFRI (/R Treatment time _ AbERmfil/h Treatment time 5 JbFRHFE]/h Treatment time ALFRR )/ Trealmenllimea
i PavHSF11 5 L0 PavHSF12 ) PavHSFI3 3 3 PavHSF14 ] ig PavHSFIs dy rh
510 3 512 60 54 55
o L s 8 50 e %5 5
23 8 % 1.00 X7 LY
53 5% R 3% 5%
RE 6 b E 075 & ®E ® =
R R b % 30) ®8 2 ab =25
Es o € o o Ze o050 . 2 5 - B
E ol g Z 025 L £ - b = 1 £ 5 ] b b
R UOOUE Zetlanlla, 4. .. (llaAaa S bhd
0 3 6 12 24 48 000553776 12 21 18 R S R TR TR 0 3 6 12 24 48 R S S TR VT
ALFEEFIE)/ Treatment time ALFRIFIE)/D Treatment time ALFRI[E)/h Treatment time ALFREHIE]/h Treatment time AbFRIF A/ Treatment time
60,
E 19 PavHSF16 4 E PavHSFI17
H 5 50
B g B £
%3 %7 4
K] R
k| Z 10
= K] oL d
0503 6 12 o4 48 0 3 6 12 24 48
AL FREFR)/D Treatment time ALPREFIE)/h Treatment time

10 4 CIRIRAMIE T 888k PavHSFHIRIZEN
Fig. 10 Expression pattern of sweet cherry PavHSF treated under 4 C low temperature



4 6 3

TR % FMEE HSF BN ZE A 52 Sl BE 0 T SRk b

207

PavHSF 15 1 PavHSF 17 %5 S BEGBEFE A (H A 5%
i A X S B 8 5 R EA T TR AT, A R T ek %o
OB 1R HE DR MEAT AR T b, IR IE HLAE IR B a8
(I DIRE , TR A ST JH M o7 g Folh 1 1) 3 —F- AL

£ % ik References

[1]

2]

[3]

[4]

[5]

(6]

[7]

[8]

9]

SRR ADER, TAORS , 55 12 FIHAEBR it b R 52 i SRR AE O
HrlT). BRI 5T % , 2022,43(20) : 73-82.ZHANG S M,
YANG W, WANG B S, et al. Evaluation of fruit quality char-
acteristics of 12 sweet cherry varieties [J]. Food research and
development, 2022, 43 (20) : 73-82 (in Chinese with English
abstract).

XINY,LIU Z Z,ZHANG Y W, et al. Effect of temperature
fluctuation on colour change and softening of postharvest
sweet cherry[J].RSC advances,2021,11(37) : 22969-22982.
YU R R, HOU Q D, DENG H, et al. Overexpression of
PavHIPP16 from Prunus avium enhances cold stress tolerance
in transgenic tobacco [J/OL]. BMC plant biology, 2024, 24
(1) :536[2025-03-05].https: //doi.org/10.1186/s12870-024-
05267-2.

LD BN A SRR AR B X R AR R [T ]
A fEN, 2024,14(10) :42-46.BIAN L, LI Y, WEI W Q, et
al. The impact of sunburn during flowering period on yield of
sweet cherry [J].Journal of agriculture, 2024, 14 (10) : 42-46
(in Chinese with English abstract).

JUAE  XUGE, XA A 45 2 E AN - HISF 5056 I8 % 58 I
PRI BT[], B 224, 2024, 51(10) : 2371-2385.YOU
Q,LIU X, LIU M M, et al. Identification and bioinformatics
analysis of the HSF family gene in Pinellia ternata[J]. Acta
horticulturae sinica, 2024 ,51(10) : 2371-2385(in Chinese with
English abstract).

JIIANG L Y,HU W J,QIAN Y X, et al.Genome-wide identi-
fication, classification and expression analysis of the Hsf and
Hsp70 gene families in maize[J/OL].Gene, 2021, 770: 145348
[2025-03-05].https://doi.org/10.1016/j.gene.2020.145348.
e 5, sl 2 BRI . BOlEe S X 7 HSF 4= A Ak 4= 9
360w 7 A AL [T ] o R R 2441, 2024, 46(8) : 123+
136.WU G Q,ZHANG J L., WEI M. The mechanisms of heat
shock transcription factors (HSF) regulating plant response to
abiotic stress [J]. Chinese journal of grassland, 2024, 46 (8) :
123-136(in Chinese with English abstract).

SCHARF K D, BERBERICH T, EBERSBERGER 1, et al.
The plant heat stress transcription factor (Hsf) family: struc-
ture, function and evolution [ J]. Biochimica et biophysica acta
(BBA)-gene regulatory mechanisms, 2012,1819(2) : 104-119.
NOVER L, BHARTI K, DORING P, et al. Arabidopsis and
the heat stress transcription factor world : how many heat stress

transcription factors do we need?[J].Cell stress &. chaperones,

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[171]

[18]

[19]

[20]

2001,6(3):177-189.

TAN B, YAN L,LI H N, et al. Genome-wide identification of
HSF family in peach and functional analysis of PpHSF5 in-
volvement in root and aerial organ development[J/OL ].Peer],
2021, 9: €l0961 [2025-03-05]. https://doi. org/10.7717/
peer].10961.

LIGM,SHI X Y,LIN Q M, et al. Genome-wide identifica-
tion and expression analysis of heat shock transcription fac-
tors in Camellia sinensis under abiotic stress [ J/OL ].Plants,
2025, 14 (5) : 697 [2025-03-05]. https://doi. org/10.3390/
plants14050697.

LIW,WAN X L, YU J Y, et al. Genome-wide identification,
classification, and expression analysis of the Hsf gene family in
carnation (Dianthus caryophyllus) [J/OL]. International jour-
nal of molecular sciences, 2019, 20(20) : 5233[2025-03-05].
https: //doi.org/10.3390/ijms20205233.

GIORNO F, GUERRIERO G, BARIC S, et al. Heat shock
transcriptional factors in Malus domestica:identification, classi-
fication and expression analysis[ J/OL ].BMC genomics, 2012,
13: 639 [2025-03-05]. https://doi. org/10.1186/1471-2164-
13-639.

F 20, B . R NAC JE R G0 14 %2 72 -5 MR I 2 3k 23 B
(3], b B Al B 3 41, 2023, 25(4) : 67-76. YAN Y W,
TIAN J. Identification and expression analysis of NAC gene
family under low temperature in Allium sativum 1..[J].Journal
of agricultural science and technology, 2023, 25(4) : 67-76 (in
Chinese with English abstract).

WAN X L, YANG J, GUO C, et al. Genome-wide identifica-
tion and classification of the Hsf and sHsp gene families in
Prunus mume , and transcriptional analysis under heat stress[J/
OL]. PeerJ, 2019, 7: €7312 [ 2025-03-05]. https: //doi. org/
10.7717/peer].7312.

CHEN C J, CHEN H, ZHANG Y, et al. TBtools: an integra-
tive toolkit developed for interactive analyses of big biological
data[J].Molecular plant, 2020,13(8) : 1194-1202.
KRZYWINSKI M, SCHEIN J, BIROL I, et al.Circos: an in-
formation aesthetic for comparative genomics[J].Genome re-
search,2009,19(9):1639-1645.

ok & T N T T 2 R T NS R ) S 5 Bl A R A
[D]. 448« ¥ ¥ 95 K 2%, 2011. MENG X L. Adaptability
evaluation of five different sweet cherry rootstocks under
drought, flood and high temperature stress [ D ]. Jinhua: Zheji-
ang Normal University, 2011 (in Chinese with English ab-
stract).

HOU Q D,SHEN T J, YU R R, et al. Functional analysis of
sweet cherry PavbHLH106 in the regulation of cold stress|[J/
OL].Plant cell reports, 2023,43(1) : 7[ 2025-03-05 ] .https://
doi.org/10.1007/s00299-023-03115-5.
PRI AT SE g, SO, 55 TR AL 2 AN 18]k 1 300 P 2
PR B 6 S5 36 0IE [T, B0, 2020, 39(2) : 37-43.QIU Z L, HE



208

LS N AN S o ¢

944 %

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

M Q, WEN Z, et al.Selection and validation of reference genes
in sweet cherry flower bud at different development stages[J].
Seed, 2020, 39(2) : 37-43(in Chinese with English abstract).
GUO P,LIU A,QI Y T, et al. Genome-wide identification of
cold shock proteins (CSPs) in sweet cherry (Prunus avium
L.) and exploring the differential responses of PavCSPI and
PavCSP3 1o low temperature and salt stress[J].Genes &. ge-
nomics, 2024,46(9) : 1023-1036.

GUO M, LIU J H,MA X, et al. The plant heat stress transcrip-
tion factors (HSFs) : structure, regulation, and function in re-
sponse to abiotic stresses [J/OL]. Frontiers in plant science,
2016, 7: 114 [2025-03-05]. https://doi. org/10.3389/
fpls.2016.00114.

IKEDA M, MITSUDA N, OHME-TAKAGI M. Arabidopsis
HsfB1 and HsfB2b act as repressors of the expression of heat-
inducible Hsfs but positively regulate the acquired thermotoler-
ance[J].Plant physiology,2011,157(3) : 1243-1254.
FRAGKOSTEFANAKIS S,ROTH S, SCHLEIFF E, et al.
Prospects of engineering thermotolerance in crops through
modulation of heat stress transcription factor and heat shock
protein networks [ J].Plant, cell &. environment, 2015, 38(9) :
1881-1895.

WANG J, SUN N, DENG T, et al. Genome-wide cloning,
identification, classification and functional analysis of cotton
heat shock transcription factors in cotton (Gossypium hirsu-
tum)[J/OL].BMC genomics, 2014,15(1) :961[ 2025-03-05].
https://doi.org/10.1186/1471-2164-15-961.

HUANG X Y, TAO P,LIB Y, et al. Genome-wide identifica-
tion, classification, and analysis of heat shock transcription fac-
tor family in Chinese cabbage (Brassica rapa pekinensis) [J].
Genetics and molecular research, 2015, 14(1) : 2189-2204.
QIAO X,LIM,LIL T, et al. Genome-wide identification and
comparative analysis of the heat shock transcription factor fam-
ily in Chinese white pear (Pyrus bretschneideri) and five other
Rosaceae species [J/OL]. BMC plant biology, 2015, 15: 12
[2025-03-05].https: //doi.org/10.1186/s12870-014-0401-5.
CHAN-SCHAMINET K Y, BANIWAL S K,BUBLAK D,
et al. Specific interaction between tomato HsfAl and HsfA2

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

creates hetero-oligomeric superactivator complexes for syner-
gistic activation of heat stress gene expression[ J].Journal of bi-
ological chemistry, 2009, 284(31) : 20848-20857.

ZENG J K, LI X, ZHANG J, et al. Regulation of loquat fruit
low temperature response and lignification involves interaction
of heat shock factors and genes associated with lignin biosyn-
thesis[ J].Plant, cell & environment,2016,39(8):1780-1789.
BI H H, MIAO J N, HE J Q, et al. Characterization of the
wheat heat shock factor TaHsfA2e-5D conferring heat and
drought tolerance in Arabidopsis[J/OL].International journal
of molecular sciences, 2022, 23 (5) : 2784 [2025-03-05].
https://doi.org/10.3390/ijms23052784.

WANG R F,ZHONG Y T,LIU X T, et al. Cis-regulation of
the amino acid transporter genes ZmAAP2 and ZmLHT1 by
ZmPHRI1 transcription factors in maize ear under phosphate
limitation [J]. Journal of experimental botany, 2021, 72 (10) :
3846-3863.

KOTAK S, VIERLING E, BAUMLEIN H, et al. A novel
transcriptional cascade regulating expression of heat stress pro-
teins during seed development of Arabidopsis [J]. The plant
cell, 2007,19(1) : 182-195.

WANG Q,ZHANG Z B,GUO C, et al.Hsf transcription factor
gene family in peanut (Arachis hypogaea 1..) : genome-wide
characterization and expression analysis under drought and salt
stresses [ J/OL . Frontiers in plant science, 2023, 14: 1214732
[2025-03-05].https://doi.org/10.3389/1pls.2023.1214732.

BI H H, ZHAO Y, LI H H, et al. Wheat heat shock factor
TaHsfA6f increases ABA levels and enhances tolerance to
multiple abiotic stresses in transgenic plants [ J/OL ]. Interna-
tional journal of molecular sciences, 2020, 21(9) : 3121[ 2025-
03-05].https: //doi.org/10.3390/ijms21093121

LIU A L,ZOU J,ZHANG X W, et al. Expression profiles of
class A rice heat shock transcription factor genes under abiotic
stresses| J ].Journal of plant biology, 2010,53(2) : 142-149.
MA J, XU Z S, WANG F, et al. Genome-wide analysis of
HSF family transcription factors and their responses to abiotic
stresses in two Chinese cabbage varieties[J]. Acta physiologi-

ae plantarum, 2014,36(2) : 513-523.



55 6 3] TR % FMEE HSF BN ZE A 52 Sl BE 0 T SRk b 209

Identification of HSF gene family in sweet cherry and its expression
profiles under temperature stress

WANG Yuging, HOU Qiandong, CHEN Fali, QIAO Guang, WEN Xiaopeng

College of Life Sciences/Institute of Agro-bioengineering/Ministry of Education Key Laboratory
of Plant Resource Conservation and Germplasm Innovation in Mountainous Regions , Guizhou University,
Guiyang 550025, China

Abstract Sweet cherry (Prunus avium L..) is an important economic fruit tree, and the quality of its
flower bud is greatly affected by temperature. The characteristics of whole genome of the heat shock tran-
scription factors (HSF ) family in sweet cherry were identified , and the expression profiles of the HSF gene
family members in different organs/tissues of sweet cherry and their responses under high and low tempera-
ture stresses were analyzed using qRT-PCR technology. The results showed that there were 17 HSF mem-
bers in the genome of sweet cherry, named as in sequence from PavHSF1 to PavHSF 17 based on the loca-
tions on chromosomes. All members of this family are hydrophilic proteins localized in the nucleus, and dis-
tributed on chromosomes except for the chromosome 6 and 8.There were low temperature and other stress
responsive elements in the promoter region, indicating that PavHSEF may be involved in the response to abi-
otic stress. PavHSF can be divided into 3 categories and 13 subtypes in evolution, with 2 pairs of collinear
gene. The number of gene pairs collined with monocotyledonous plants is the least. The results of analyzing
tissue-specific expression showed that PavHSF members had the highest level of expression in dormant
flower buds and leaf buds, while PavHSF3 was highly expressed in all tissues of sweet cherry. The expres-
sion of PavHSF11, PavHSF 13, PavHSF15 and PavHSF16 under the high temperature was significantly
increased , indicating that they are main genes responding to the high temperature. The expression of
PavHSF 13, PavHSF 15 and PavHSE'17 under the low temperature increased most significantly , indicating
that they are transcription factors responding to the low temperature.lt is indicated that PavHSF family is
widely involved in the growth and development of sweet cherry, and closely related to the temperature
stress.It will provide a basis for further cloning genes and studying functions of HSF family in sweet cherry.

Keywords sweet cherry; heat shock transcription factors; gene family analysis; high temperature

stress ; low temperature stress; expression analysis
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