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K ZE HSF J& N ¢ Ji B B3 ) 35 0 15 463K o3 B

B E G L, FAR
LSBT RK R a2t b /AR R B R B a3 TART ST o /B Jp V48 J8 XA A 3L R 5 AR W) % I T 0 SR
SRIBVLRG JRIE 1500805 2. Jb ot i A MRk 24 B A= W B R WF 5 i, db 5t 100097)

W  E .4 F B F (heat shock transcription factor, HSF) X 5 M £ K Z F it vm o ZF 48 %,
HTHREHSF RAARAAR AFRAMAEARELEF T EERELA LR A KT #4T HSF R AR £
LN LR MR B AR EERERARLBASH BTN A FG LRSS
AT HHM., SRAN EXEPRLREZI M 29 4~ HSF L B, HVHSF & @ 4 5 F 4 F 10. 24~56. 59 kDa
Z LB TRERRZGFREG YN T@eYg, EUREXEZHVHSEF AE >4 A B.C Z %34
WM B HvHSF5d #7e HvHSF7b H 2 R AR 3F, MBI LR EMHS AN, F4 X R RAGHvHSE £
HABMA LM RAARALEM, BT MXERAAH > W LI HHSF B3 FT4H 55 A KK FTARIRIE
AR R XA R M., EE ZAERETN AR HvHSE T A5 4wt vh B3R F 4 H,0, #9F k., @i
X AW T Wit s Fam 5% 4 qRT-PCR BiE X I, HvHSF £ 3 Wit T AX G E £ 5%, & B
i F ,HvHSFla HvHSF1b .HvHSF2a .HvHSF3c JHvHSF5h % ik % 3 7 Ff ¥ A ; HvIHSF6 J& 3k Whia F Rk ¥
¥ om e F AR, % B HSF R R TR AL X Lot mifdE,

KW RE ;AU FZRTF(HSP ;A EF AR A FARLEF
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Identification and Expression Analysis of Barley HSF Gene Family

SHI Mingyu', FENG Hao’ , LI Zhugang'

(1. Engineering Research Center of Agricultural Microbiology Technology/Ministry of Education & Heilongjiang Provincial Key
Laboratory of Plant Genetic Engineering and Biological/Fermentation Engineering for Cold Region/School of Life Sciences.,
Heilongjiang University, Harbin, Heilongjiang 150080, China; 2. Institute of Biotechnology, Beijing Academy of Agriculture and

Forestry Sciences, Beijing 100097, China)

Abstract ; The heat shock transcription factor(HSF) family is closely associated with plant growth, de-
velopment and stress responses. To explore the function of the barley HSF gene family, this study
used bioinformatics methods to identify HvHSF genes at the whole genome level and analyze the phys-
icochemical properties, subcellular localization, evolutionary relationships, and collinearity relation-
ships of the HvHSF proteins, as well as the gene structure., promoter cis-acting elements, and pro-
tein interaction networks of HvHSF. The results showed that the molecular weight of 29 HvHSF
proteins ranges from 10. 24 kDa to 56. 59 kDa, classified as relatively unstable hydrophilic proteins,
with a predicted localization in the nucleus. Evolutionary analysis showed that barley HvHSF genes
can be divided into A, B and C groups and are more closely related to rice. Collinearity analysis re-
vealed that HvHSF5d and HvHSF7b are collinear gene pairs. Domain and gene structure analyses re-
vealed that closely related HvHSEF genes have similar domain structures and gene structures. Promot-

er cis-acting element analysis showed that the HvHSF promoter contains various cis-acting elements
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related to growth and development, as well as stress responses. Protein interaction network predic-

tions indicated that HvHSF may be involved in plant stress response regulation and H, O, scavenging.

Through analysis of the barley stress transcriptome combined with qRT-PCR validation, it was found

that HvHSEF exhibited differential expression under salt and alkali stresses. The expression levels of
HvHSFla , HvHSF1b . HvHSF2a , HvHSF3c and HvHSF5b were increased under salt and alkali

stresses. However, HvHSF6 performed increased expression level under salt stress, but decreased

expression level under alkali stress. This study confirmed that the HSF gene family responds to salt

and alkali stresses and may contribute to the regulation of salt-alkali tolerance.

Keywords: Hordeum vulgare; Heat shock transcription factor (HSF); Saline-alkali stress; Gene ex-

pression; Genome-wide identification

L % [F 7 (heat shock transcription fac-
tor, HSF) G ik J& — 28 15 230 07 28 AH OC 1 % 53¢ [
T LAY A . HSF REEEH T
BEUE B SR bR AT O A CHSFAT7D 38 it
P& E-box-like JOFFIHVIR 72 70 1 B #1056 R
B SRR T AN M IS 3 R R B O 1 A 38 48 g ST
fiif £5 P s AcHSF4A 38 53 5 42 43 %4 I 1 1k 2R
Pl MPK3 F1 MPK6 #H HAEH i i& HSP17. 6A
(3% 55 L A AR 0T v R R it A2 mE T Gk Tk
= AhHsf20 RE % 18 1 5% 3k DB 5 I i T SR 1
1M AP HSF21 W] 3l o ¢ 5 PE 45 & HSE Jof
25 o Wy mE AR . AeHSFA2b 1] LU 5
AeRFS1 Ja#h T 2455 T 5 #H 1k i FikAe-
HSFAZ2b RE W 3 i L R g v i $h 1T . Zm-
Hsf08 #£#: Wit T 78 95 2 1~ ABA i 2 FE A
7 W) 7 6 - . SR L o R D26 Tk EE HSF R
T 7 5 R S T 3 56 FR A

AW FEAE 4 FE KK OE 4 Kk % HSF %l 5
SR R S O | B d N D ER AN R RN
Gy R GEEE K 8 1 AE ot R AR AT 4y
BRI, &5 & K 22 £ L B b 38 F Sk 4l & gqRT-
PCR 5iE HSF 205 i 54 78 6 b 30 T i 263k
HHEGE HSF AEER b3 i )iz v i £ R AL i
A F MRS,

1 #MBEF &

1.1 REE A

BEL K B BN Morex, KEM T 75%
LEER 15 s Ja, iCE TR st 1. 7 16 h 6
M8/8 h BARE (25 “C /18 CREFRM T i & 2 d;HL 20
BRENEEF A& H 1/4 Hoagland 352 (pH 5. 8)
Mk EE &, 4t 3 & IR AR L R R Wt

— X 3 EA I 1/4 Hoagland 5 37
W% 200 mmol « L' NaCl (pH 5.8) ) 1/4
Hoagland ¥ 3 . & 200 mmol « L' NaHCO,
(pH 9.0) B 1/4 Hoagland #% 3% W i 17 4b B 5 4b
HH 0 h.12 h,24 h 73 3 R4 E AR ER IR .
WRB FIGARAET —80 CukAh., 3 IKEKE.
1.2 K% HVHSF RIERH BRHEE

fifi il HSF K% HMM $8 (PF00447) , i i
HMMER #{# 2 K % Morex 5 R 241 7 B 1 oir
A 175 (http://doi. org/10. 5447/ipk/2021/
3, FHAREEAFI P TEMR HSF ZEHE A .
i SMART 7F 2k ™ 3 Chttps://smart. embl.
de/) BEAT HvHSF 2 [ J5 45 #4380 70 #7535 A
PF00447 Z5# k) HvHSF & H ¥ 51,
1.3 kK% HvHSF ZE 83 1% 5 % I 48 B 7 i 7
i 53 ¥

FF TBtools 4 Protein Paramter Calc
hREXT HvHSF HAL Pk 5T i 47 0 , 6 45 JH 2 Bk
MR B FEH o 8 IR A L R AR E FR B R OK
UL KR T R B, 18 Cell-PLoc 2. 0 Chttp://
www. csbio. sjtu. edu. en/bioinf/Cell-PLoc-2/) %
HvHSF 5 F #3405 5E 7 7847 100 23 4
1.4 KZHvHSF W BEEMRELZESFT

MR K& HvHSE R 25/ 1 B A5 B, i
TBtools 4 ) Gene Location Visualize from
GTF/GFF Iy Xt K 2 HvHSF e (0,14 3 37 53 7
Mz, MG K E Morex K& R4 SC 5k B YL 4,
PRACHE K R S N 4L 8 1 9 R AT FE X, R
PRI 20 v (8 R DG R X, e 8 AR B2 S R 5 R 26
ARG B PRX SC R 3 ] 5 A TBtools A4, 2k
Advanced Cirdos T B %} HvHSF 5 [H 3 28 ¥
1AL,
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1.5 KEZEHVHSF EEMRESZXEHUM TR
BEEZEETN

M H TAIR Chttps://www.
org/) M 3 3R WAL w9 7+ AtHSF & H P41, #
NCBI(National Center for Biotechnology Infor-

arabidopsis.

mation, https-//www ncbi. nlm. nih. gov/) 3%
4K OsHSF & H P4, it ] MEGA-X %
FlH MUSCLE %} 4 r;a IF By AtHSF, /K # i
OsHSF fik# # HvHSF & (17 5 847 Ho Xt 2%
FHABHE s (NI A4 2 3R 48 i AL, Bootstrap A 1%
FE N 1000 ¥ AR T R T evolview B3k (he-
tps://www. evolgenius. info/evolview-v2) X} #
e 17 % k. # K#E HvHSF &A1 JF 5 5 A
String Chttp://String — db. org/) 504 & ¥k 47 &
F AR B
1.6 KXZHvHSF RTE&EME EREMWHH
M K2 Morex & 417 51 Jo i3 B A5 B
UK % HvHSF 3£ 4 87 & ?#FEO
{#i i MEME Chttps://meme-suite. org/meme/)
TEERIN 2 BN 5 Mr HvHSF 9 4% 57 38 7% 5 38 1
TBtools #f44: hl HvHSF 1) 44 <7 JE 75 1 5k P 45
A
1.7 KZEHvHSF EB R 3FInX1ER T 0
G R Morex e 417 51 Je i B A5 B L il
it TBtools K BUHvHSF 8 ¥ 2 Uf 7 & HT 2 000

347 5081 . 4 TBtools A4 A .
1.8 ELE B T K ZHvHSF & E R AKE
B3R i&

i H R AR A Al Y RNA 2 Bt ) &
(DP44 D $EE 1. 1 R AR R B RNA, i # R BUR
8] K A Tllumina NovaSeq # 4T 150 bp B il
JF. WF reads R STAR v2. 7. 10 ol ) K 4
Morex £ H 2H , #| F§ featureCounts v2. 0. 4 L#ﬁ?
%1t , K edgeR package HEATIH N 22 R E Ik
Mr. $ B K & HvHSF 3[R 3% 3k %04, @ ot
TBtools f) Heat map T g 2 ] £ of &b 2L T 3 FH
LI TEO I,

1.9 EH@EHMNE T K ZHvHSF B E KRk

TEWUTE £ LB 38 R 3y 2% S R IR W HvHSEF

A, R HvHSE /93 A 51, {# A Primer

Premier 5 #17 qRT-PCR W51 ¥ %11, 519 1+ 51
W 1, M HiScript 11 Q RT SuperMix
for qPCR (+gDNA wiper) &5 &6 2 U R 2
FEBR L T A0S RNA 5% 5k cDNAL IR R K
MARFZ WU A5, LL cDNA R4, DL i 5%
2 X Taq Pro Universal SYBR qPCR Master Mix
#EAT qRT-PCR il , SRR R 20 pL:10 pL By
2X Taq Pro Universal SYBR qPCR Master Mix,
E RS H4 0.4 pl,2 pL i cDNA #iHz,7. 2
pL 1 ddH, O, RMFEJF:95 C 30 5595 C 5 s,

bp J¥ 81, 8 if 78 £k B ¥ PlantCARE Chttps:// 60 C 34 s, 4% 40 K395 *C 15 5,60 C 60 5,95
bioinformatics. psb. ugent. be/webtools/plant- C 15 s, R 2722 LM x Rk, A
care/html/) Xt HvHSF % 5 J& 3h 7 69 0 =48 oo GraphPad Prism 8§ 2K, =REX .
x1 SlWF7T
Table 1 Primer sequences
¥ FE 5 Primer sequences(5 —3")

H 4 2E

Target .
arget gene %519 Upstream primer

Fi#514 Downstream primer

HvUBI TGGATGTTGTAGTCGGCGAG
HvHSF1b AGAGCAATGCGTAACCCACT
HvHSF2a ATTTTGGTCTTGGCACCTGT
HvHSF3b CTTCGTCCGCCAGCTCAACA
HvHSF3c GCATCGATTGAAAAATATCC
HvHSF5h GGGCGGTCGTTCGTGGTGTG

HvHSF6 AAGGTTATCCGGGTTAGATT

ACGTCAAGGCCAAGATCCAG

GACACCCGAATCAAACAAGA

GGCTCATCACTCTCATCGCT

CTCCTCGCACACCTCCCTCC

CATTCTCACACTTGAGCCTC

TGCCGGAGAGGAGGCTTTGC

CTCAGGGTGATGAGGTTGCT
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2 HREAN

2.1 KEZEHSFREBRRNEE . BUERRIT
4 B 7E i 53 17

R4 HMMER 4 {4 09 bt X 25 3 45 &
SMART M %t HSF 85 [ 51 45 #4 3l iy ) , e 4
JE ) 29 4~ HVHSF B L HEAR A FRILER 1, K5
N 92(HvHSF2e) ~510(HvHSF5!) aa; TR
10. 24~56. 59 kDa, ¥ 36. 56 kDa; 25 Ht i Ky 4.7
(HvHSF7¢) ~ 9. 61 (HvHSF4a), F-% 2k 5. 98,
HvHSF3b, HyHSF7a, HvHSF5a, HvHSF5b #
HvHSF4a (R A KT 7, HA 24 SR AW
HL S BN T 7R 2) B K # HvHSF 2 [ K HB
Sr)ETREEA.

29 K2 HvHSF & 1 EKIEECH —0. 856~
—0.135, )8 Tor/KMHE A, B HvHSF7d 4t,
HA HvHSF S H AT E R KT 40, X %
W] HvHSF & H 58 @ M8 2% . HvHSF4a # il
D5 57 7E I S AR B B A%, H Ay HVHSF 3
ENL TN,
2.2 KEHvHSF WL BIEST

X} 29 A~ K HvHSF %5 D e o K 7 & it
753 s (B 1), HvHSF 575 K %+ 4 4
SR E N SRR SR (TR S Rk o NI R A =<\ A i
2555 Sy tik EHvHSF Bt i 2 ¥ i f
6 4~ 1 SRR, S A 2 ASHvHSE B K
6 FY IR HVHSE ¥ i /b (1 4534 F1 7 %5
Yetafk oy 50K 3.5 15 ANHvHSE 3K,

R 2 KZ HvHSF IR A R 803 4L 551 | T0 48 B E fir
Table 2 Physical and chemical properties, subcellular localization of the HvHSF

P B e A ARERE RKIE e WAURERN
Symbol Amino acid Molccular Isoglcctrlc Instab!hty Hyflrophlllc Fat index Subc_cllu}ar
length/aa weight/kDa point/pl index index localization
HvHSF1a 431 48 727 5.37 53.22 69.93 —0.67 Nucleus
HvHSF1b 372 42 116 4.99 56. 25 71.85 —0.78 Nucleus
HvHSF2a 418 46 039 4.95 47,71 77.63 —0.57 Nucleus
HvHSF2b 316 34 677 6.78 53.28 66. 74 —0.51 Nucleus
HvHSF2c¢ 495 54 215 5.72 54.51 76.26 —0.51 Nucleus
HvHSF2d 196 21919 6.08 62.58 73.16 —0.59 Nucleus
HvHSF2e 92 10 240 5.43 42.50 82.61 —0.14 Nucleus
HvHSF2{ 299 32 485 5.21 55. 89 62.81 —0.72 Nucleus
HvHSF3a 327 36 059 5.90 59.63 73.12 —0.36 Nucleus
HvHSF3b 235 26 071 7.03 52. 84 66.13 —0.47 Nucleus
HvHSF3c 432 48 545 5.37 57.30 57.85 —0.86 Nucleus
HvHSF3d 314 34 917 6.47 67.17 71.18 —0.43 Nucleus
HvHSF4a 266 29 763 9.61 51.93 77.07 —0.29 Chll\ﬁfslif:t/
HvHSF4b 384 43 059 5.05 61.30 71.17 —0.69 Nucleus
HvHSF4c 344 39 916 5.07 66.03 72.56 —0.71 Nucleus
HvHSF4d 264 28 864 5.58 46. 39 67.65 —0.44 Nucleus
HvHSF4e 266 29 409 5.73 51.18 65.98 —0.40 Nucleus
HvHSF5a 388 41 423 7.85 58. 86 64. 74 —0.39 Nucleus
HvHSF5b 301 32 496 9.26 54.49 64.88 —0.51 Nucleus
HvHSF5¢ 402 11 745 4. 90 56.93 67. 44 —0.42 Nucleus
HvHSF5d 371 11 041 5.46 47.78 64.42 —0.68 Nucleus
HvHSF5e 360 40 245 5.56 60.03 67.42 —0.68 Nucleus
HvHSF5{ 510 56 588 5.00 59.75 70. 96 —0.57 Nucleus
HvHSF6 457 50 174 5.45 42,82 58.62 —0.67 Nucleus
HvHSF7a 142 16 273 7.08 55.91 63. 24 —0.62 Nucleus
HvHSF7b 390 41 870 5.50 56. 10 67.56 —0.45 Nucleus
HvHSF7¢ 352 38 046 4.70 60. 82 75.91 —0.31 Nucleus
HvHSF7d 266 28 277 6.11 33.05 67.89 —0.23 Nucleus
HvHSF7e 225 25 044 6. 24 47.48 68.93 —0. 60 Nucleus
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Fig. 1 Distribution of the HvHSF genes on chromosomes
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Fig. 2 Phylogenetic tree of HSF family proteins from barley, rice and Arabidopsis thaliana
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i3 TBrools % k% HvHSF f45 k3 47 15
L 25 5 (K 3A) R HVHSFE 5 1Y motif 35 K
1~9 4, Hrp HvHSF2e (1 motif />, HA 1
A~ HYHSF1b, HvHSF2a, HvHSF4 . HvHSF5e 1Y
motif $im w2 W EAH 9 4. EHALR AR 32
f i HvHSF Ji 5 motif 45 A4 FH 8L, 3 0 4H [ 23
Xy HvHSF 2 H gt .

i3 TBrools %t HvHSF P 45 ¥4 34 47 43 #r
(Kl 3B) , KIHvHSF B N & F B8 7E 0~3
ZH LA E NS FIHvHSE 2214 74,17 4
HvHSF BERAME 78 18 2. KREZHES
KABIEWMHvHSF S£H W& F 8= N &F

A HvHSF4a TR B
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1 - w
B25 1 -T¢ 3-86 o

HvHSFla ) 5
[HVHSF?ac i i 5
I:HVHSFZb s

HvHSF5a L e
—HvHSF5b L
—HvHSF2f =%
[HVHSF7b T

HvHSF5c¢ 251 o

FAN 1 B AR [A) LA A RL i) i R 254
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AR HvHSFSd F 7 5 B« K ) HvHSE7h B A7
LR Mk HEM = AT R A AL D BE .
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N T %K A HvHSF 52 R i ¥ 76 2 RE F i 45
ML, (8 PlantCARE 3% %5F #1262 #5407 s b I 3T
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Fig.3 Conserved domain(A) and gene structure(B) analysis of HvHSFs
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Fig.5 Analysis of cis-acting elements in the promoters of HvHSF genes
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K V& B2 CABA WA 1 T . DN K 22 Hv HSF 5
A AR KT USSP B b R R,
2.7 KZ HVHSF EBEEME D

SRR KA HyHSF 5 0 7 78 3 fig K Honl
RS 5015 55 F AR 12 . i@ ad String 7E 4R

TH#E T HVHSF EH BEAEMZ ., 2458 (& 6)
T HvHSFE Z 80K 51 #8518 4 it #4014 OC i 7R
1 CLPBI1.,HSP21,HSBP.,HSP18-1 f£7F H.{fE %
R, ULB K2 HvHSF Al g b #4008 . teah, &8
5 HvHSF B 5 3 12 o Ak % i 2 (APX2)
HAE.FW HvHSF Al g2 5 H, O, MRk .
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Fig. 6 Protein interaction network of barley HvHSF proteins
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IR ik i & At 25 A8 Ak (P <C0. 05) . N HvHSFZe |
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HvHSF5f Fik i ERg P30 T R A N 9 ; HvHSFLc |
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A i E R AR (P <0, 05) , 33X % B i S L K A] B
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50 h Mt , HvHSESb .HvHSE7d M HvHSF5h
H3AEFEEER I 12 h FRBE D EF .0
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MHvHSF5c fEE Bl 24 h G Rk B E 7,
Ui I A [6] v HSF 55 PRURT %6 Ak 22 Wi 107 3 36 64 et
TN

ARG TR 38 A 31, T8 22 (% HvHSE B 53 W6 5
e, A% T 0 h, HvHSFSe \HvHSF5d .HvHSFID |
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Fig. 7 Expression of HvHSF family members in barley under different stress treatments
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