B 2 IR 2020,37(3):419-430

Journal of Fruit Science

DOI:10.13925/j.cnki.gsxb.20190427

F ZE R K E I RIFER
AR S & N T A YT e,

CTERFARZER AR 75002157 7 B RF & BB AR )1 750021 54 4 55 4 %5180 B0 3 _LARIT 7 bl o 7 B8 4 5 1
WEFEIE 7 B A %) 5 & AR BORBE b 4R)1 750021 54 7 EAR SR CE B 70 7 B Fh R SE06 %, 4111 750021)

O YUY A2 IR A, PGS 51K T (Heat stress transcription factors, Hsfs) /E N E B[N 7, 255
22 M A A AR D AE ) S, LEABLANTRS v i Bl 3B R A AR i vE B R FE B R R . AR LT3, KA T I Hsfs SRR
BimiZ Re 2 R RN N 44 . H ATAEY) Hsfs B0 B B b TR U A8 0 K AED, B %
N ATRIG R A 28 e 2 h BB s R 1 I e P e o 2B VRN 28 1 R A B SR R T I R B L R
S5, B R T B A AN [ Z A A P Hsfs 78 SR il IR , 1 52 DA v 3R S5 s vp (T 8 8 i, 4R
I BT R PR 53 R 7 2R SR PT RE BT 28 s LAY Ay e — 235 i B [l 2 A A8 BB i DR - R T e R 2 7 WL 2
(R TIE=N

SHRIA : [l 2R s P SR AR AR A - Dl fe

FE5 %S :S66 SCERFRSED: A X E4HS:1009-9980(2020)03-0419-12

Research progress of heat stress transcription factors (Hsfs) in horticul-

tural plants

JIAO Shuzhen"*, YAO Wenkong"*, ZHANG Ningbo"**>*, XU Weirong">**

(!School of Agriculture, Ningxia University, Yinchuan 750021, Ningxia, China; *School of Wine, Ningxia University, Yinchuan 750021,
Ningxia, China; *Engineering Research Center of Grape and Wine, Ministry of Education, Ningxia University/Ningxia Institute of Grape
& Wine/Ningxia Engineering and Technology Research Center of Grape and Wine, Yinchuan 750021, Ningxia, China, ‘Key Laboratory
of Modern Molecular Breeding for Dominant and Special Crops in Ningxia, Yinchuan 750021, Ningxia, China)

Abstract: Under natural conditions, plants are constantly subjected to various stresses. In particular, abi-
otic stress is one of the primary causes for crop loss worldwide, which greatly reduces crop productivi-
ty. In order to improve crop yield, it is urgent to elucidate the potential molecular mechanism of plant
stress to abiotic stress. With the global warming, high temperature stress has become an important abiot-
ic stress affecting plant growth and crop yield. When plants are subjected to heat stress, a series of re-
sponses will be triggered, thus leading to the rapid accumulation of heat shock protein. They play criti-
cal important roles in the process of plant resistance. Genes regulated the expression of heat shock pro-
teins are called plant heat shock transcription factor (Hsf). As one of crucial regulators in regulation net-
work, plant heat shock transcription factor, could bind to HSE cis-acting elements in promoters of stress-
inducible genes and respond to multiple biotic and abiotic stresses. Hsfs are classified into three classes
in plants, including HsfA, HsfB, and HsfC, respectively. Similar to all non-plant Hsfs, the HR-A/B re-
gion of class B is compact, however, members of class A and C have an extended HR-A/B region due to
an insertion of 21 (HsfAs) and 7 (HsfCs) amino acid residues between the HR-A and HR-B parts, re-
spectively. HsfAs has attracted a lot of attention, but few on class B (HsfBs) and class C (HsfCs). The
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identification of the Hsfs family were previously reported only in a few model plant species such as Ara-
bidopsis, tomato, and rice. In recent years, the availability of the ever-increasing number of complete
plant genomes and EST sequences, lead to the identification of a large numbers of Hsfs families from
more than 20 plant species at the genome-wide scale. For instance, there are 21 Hsf encoding genes in
Arabidopsis, 26 in tomato, 25 in pepper, 25 in apple, and 19 in grapevine. Similar to many other spe-
cies, plant Hsf proteins share a well-conserved modular structure, and consist of five parts, including N-
terminal DNA-binding domain (DBD), oligomerization domain (OD or HR-A/B region), nuclear local-
ization signal (NLS), nuclear export signal (NES) and acidic C-terminal domain (CTD), respectively.
Plant Hsfs are core regulators in regulation of heat- stress (HS), low temperature, salt, and drought.
Therefore, it is necessary to clarify the function of Hsfs that participate in various abiotic stresses.
Among the major abiotic stresses, HS has an independent mode of action on the physiology and metabo-
lism of plant cells, and has a negative effect on plant growth and development, which may lead to cata-
strophic loss of crop productivity. HsfA4s play critical roles in regulating the expression of Hsp genes in
heat stress. At present, the functional investigation of Hsfs under HS condition was mainly concentrated
in HsfsAl, HsfsA2 and HsfsB. HsfsAl is a main regulator of heat shock response and cannot be replaced
by other Hsfs. The function and structure of Hsf42 are similar to those of HsfA1, playing a key compo-
nent of plant cell heat shock signal transduction. In contrast to HsfA4s, HsfBs have no transcriptional ac-
tivity due to lack of the activator domain. These indicate striking species-specific deviation in the func-
tional diversification of some members of the Hsfs family. In this review, genome-wide expression pro-
filing of plant Hsfs genes under heat stresses has been investigated extensively in various horticultural
plants. The expression of Hsfs in apple, citrus, eggplant and strawberry were either regulated or down-
regulated by HS. Furthermore, Hsfs play an important role under different abiotic stress conditions.
Talking about the study on Hsfs, high temperature stress is still an important factor, and the response
mechanism of Hsfs to other stresses is relatively less, especially to low temperature stress and biological
stress. In previous studies, some heat shock proteins involved in low temperature stress response were
identified by our research group. The data showed that a large number of Hsps are involved in cold re-
sponse, including 6 down-regulated genes and 4 up-regulated genes. This paper summarized the struc-
tural characteristics, classification and the function of plant heat shock transcription factors in response
to various stress conditions, including high temperature stress, drought stress, high salt stress and other
stresses. In addition, the development and application prospects of plant heat shock transcription factors
in future research hotpots were discussed, aiming to provide the basis and reference for elucidating the
function and molecular mechanism of Hsfs in plants. A combination of advanced high throughput tech-
nologies will provide the critical information to elucidate the whole complexity of Hsfs in abiotic stress
responses and different signaling pathways.
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Table 1 The HSF family in plant species reported mainly in recent years

Wt L ‘ \ e SR
Species A RS C% In total References
Class A Class B Class C
AR IT Arabidopsis thaliana 15 5 1 21 [6]
& Solanum lycopersicum 17 8 1 26 [6]
F K Zea mais 16 9 5 30 [6]
B Capsicum annuum L. 17 7 1 25 [19]
S Malus domestica 16 7 2 25 [15]
# Camellia sinensis 9 6 1 16 [16]
K% Brassica rapa pekinensis 19 9 2 30 [23]
% N Daucus carota 27 7 1 35 [20]
Y Fragaria vesca 11 5 1 17 [24]
" & H %L Pyrus bretschneideri 19 8 2 29 [18]
MEAE Prunus mume 11 5 1 17 [18]
Bk Prunus persica 10 6 1 17 [18]
VUVESL Pyrus communis 22 9 2 33 [18]
IR Vitis pseudoreticulata 11 7 1 19 [17]
% Citrus reticulata 11 6 1 18 [25]
7K#& Oryza sativa 13 8 4 25 [6]
/N Triticum aestivum 33 11 12 56 [22]
K Glycine max 28 22 2 52 [6]
WAt Gossypium hirsutum 22 15 3 40 [21]

2 Hsfs &5 W45k

Hsfs & B A S R S5, F ZaHEHA
#r CE D, 43 512 N i DNA 45 & 45 #4918 (DNA-
binding domain, DBD) . 5 5 4 (Oligomerization do-
main, OD B{ HR-A/B) \ #% € {7 (% 5 38 (Nuclear local-
ization signal,NLS) . #% it {% 5 (Nuclear export sig-

nal, NES) 5 B2 V£ C ity % 5% P3G 45 #4 38 (C-terminal

domain, CTD)®*"*%,

DBD [X 45 i FE R 5, He N 45 & 3K oo A7
FE—A e FE AR ST B R e - #f1 -2 i (H2-T-H3) I B 7K
g M, Ik 5 HSE W £} 57 & 7 (57 -
nGAANnTTCnnGAAn-3") FJ R 51 PA K 45 & #1527,
AN, HR-A/B X 38 n] 3@ i — BEi 1 & 5 % 5 DBD
X BAHER . % X IHAE 7 8] FJE K coiled-coil (1] 45
#J (helical coiled-coil structure) , AJ DLA# #1545 5%
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DBD. DNA 5838 ; OD. 3£ 53 NLS. 4 fft% & hi 55 :NES. 4UAZ S 155 AHA. SIS 4544 s RD. 54584051454
DBD. DNA binding domain; OD. Oligomerization domain; NLS. Nuclear localization signal; NES. Nuclear export signal; AHA. Activator motifs;

RD. Repressor domain.
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Fig. 1 Protein domains of HSFs
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Table 2 The heat stress transcription factors and function reported mainly in recent years
L/ BT Thig SCHRSRVA
Species TFs Function References
NP AtHsfAla/b/c/d NREERE NI [36]
Arabidopsis thaliana Positively regulate heat stress response
AtHsfA2 TE R N I [37]
Positively regulate heat stress response
AtHsfB B AU [38]
Negatively regulate heat stress response
AtHsfA6a/3 My %7 - 52 3 [39-40]
Response to drought stress
Fi SIHsfAla VR R B [41]
Solanum lycopersicum Positively regulate heat stress response
SIHsfA2 i 2 4 Jlp 1 [41]
Response to heat stress
SIHsfA3 NREERE NI [42]

Positively regulate heat stress response
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% 2(4) Table 2(continued)

Yy

Species

HRRT
TFs

ol
Function

SCHRARIE

References

EN

Zea mais

IKFE

Oryza sativa

Hé
Lilium brownii
N

Triticum aestivum

R
Malus domestica

i

Citrus reticulata

B

Capsicum annuum L.

i
Solanum melongema L.

.
HL A
Fragaria vesca

B

Daucus carota

PNEES
Brassica
rapa pekinensis

ik
Spinacia oleracea L.
HIRAE

Vitis pseudoreticulata

SIHsfB1

ZmHsfA2

OsHsfA2e

OsHsfB2b

OsHsfA2s/A4s/A7/A9

OsHsfA2a/B4b/C2a

OsHsfA3/44d/A7/49/C1/C2b

LbHsfA2

TaHsfA6

TaHsf3

MdHsfA2a/A2b/A3b/A3c

CcHsfs

CaHsfA2/43/46¢/B1/B5

CaHsfA1b/A3/A9/49d/C1

SmHsfA3/A6a/A6b

SmHsfB1

FvHsfAld/A2a/A3a

FvHsfBla

FvHsfA3a/A4a/Bla/Cla

FvHsfA2a/A3/45/49a/B1

FvHsfA3a/A4a/A9%a

DeHsf09/16

DcHsf01/10/16

DcHsf16

BraHsf001/ 043

BraHsf001/ 039/ 043

SoHsfA1/B1

VaHsfA2a/A6a/B3a/Cla

i 17 44 Jl 1

Response to heat stress

NS A S

Positively regulate heat stress response
TE R PRI

Positively regulate heat stress response
AR E S RS ]

Negatively regulate drought stress response
i )37 6 38

Response to salt stress

i) )82 A A ol 1

Response to oxidative stress

M) 7 ik P 3

Response to low temperature stress

TE A FA R I

Positively regulate heat stress response
NS GE b IV A

Positively regulate heat stress response
TR IR i

Positively regulate low temperature stress
TE R AL R

Positively regulate heat stress response
NS A S

Positively regulate heat stress response
T R U B

Positively regulate heat stress response
I ba

Positively regulate salt stress
L

Response to heat stress

WL e

Response to heat stress

E Y R

Positively regulate heat stress response
TEAR 5 H T

Positively regulate heat stress response
W

Response to drought stress

LA ISEl

Response to salt stress

W 3

Response to low temperature stress
WL T e

Response to drought stress

O £ 3

Response to salt stress

TE VRGP i

Positively regulate low temperature stress
i )37 6 Fp 38

Response to salt stress

W 7 AL f et

Response to low temperature stress
IE T S ia

Positively regulate drought stress response
Wi 7 i

Response to low temperature stress
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Fig. 2 Models for transcriptional cascades regulated by HsfA1 proteins under normal condition and heat-stress conditions
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ANTE], FvHsfA3a 75T 5240 2R E A A AT A 3 2300 1R
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hong” ' DcHsf10DcHsf09 K1 DcHsf 16 315 & i 3%
HE5E,

WEFL SRR, R 2 4 Hsfs (1 A SRR AE 2 R
TRy 52 6 B, R IA T AR I N 3 5, T HsfB2 L 5K
RV Y PR R 2R . i E R IAOK
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(Spinacia oleracea L.) SoHsfAl «SoHsfB1 %5 3L K] ,
LRI F T AR R A R B T AR, [H
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Fig. 3 Regulation of HSF proteins under abiotic stress
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