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Abstract

High temperature is often predicted to reduce crop yield and grain quality recently. Heat shock
transcription factors (Hsfs) play a central regulatory role in alleviating the harm caused by high
temperature on plant. Hsfs exist in all eukaryotes. According to the different characteristics of
structure, Hsfs are divided into 3 classes, A, B and C. Class A and B genes are heat responsible, but
Class C genes have no response to heat stress. Class As are reported to play a central regulation
role in heat protection through regulating HSPs. But the biological roles of Class Bs are not well
known, Class C, not known. Hsfs are reported to regulate not only in the process of heat tolerance
but also drought, salt, oxidation, heavy metal and osmotic stress tolerance. A series of genes en-
coding heat shock proteins, molecular chaperone, active oxygen scavenging enzymes and other
functional proteins can be transactivated by Hsfs. And the transactivation relies on the binding of
the DNA binding domain and heat shock element (HSE) in the promoter regions of the down-stream
genes. In this paper, the classification, biological function, down-stream genes and regulation me-
chanism of Hsfs are introduced, for the purpose of providing theoretical guidance to plant heat
and other adverse stress research.
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EERFRRSHERAEDRASAIN, RBHEZETFRAsSESZFRETEDNIGEH REEER
KIfEH . HsfsERE) ZFET IR RREDT, RBEWFR, HsfSHONA. B. CZAFKIK, HETX
HsfAZRDIRE TR S, W HsBFRIEH B, X HsCRIEHFATARRIRE] . ARTEUAHA, HsfsMY
2 5EEAmERRE fRELE, 22 5EYHRE. fii. HEk. HESRINEEERETE.
K HsfsHXERRARBEFE—RIIRBER, 2 THE, BEEEREAIAMIIRE S EF ZER
WAERR . HsfsiBid 5 TR R B 3T XM HSEs - 45 & T HE TIFER RE . XX5E TELE
KIE WM SIRE], HNA T HsfsFKIRK 3. ThRe. TR, HAEHESE, UHAMEDIR
BAABE S B B TR AR 2.
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1. 5|

B A IR ASARARIE, il e SR RV E VIR0 I G AREIL L] [2] A= e AR AR i i, =2
S AR I BFE N 2 —[1] [2]. iR i e R i BB 5 3 e R A T o AR L AR A R
T H EHEAGE A R A AR AR A AR R FL3] . MR W AFAESE LA ChfiDreb. bZIP. Myb/Myc.
Wrky. Nac F1 Hsf &5 53¢ 5 F 5 % O i RIS B Bl (1) — R BIME 5 IR e S IE R I 2% 4% R 4, H
B SR R P SR Hsfs 7E SR iy ilmon] R 400 P 0 o v R 4 B2 FH 4]

2. PREEERETHIRFHAE

Hsfs B:AEAE T I A ISR ALY, BERERIZ AR A R /D3 Hsfs JE K, MM & N AAAER KE
Hsfs B [5[3]. 2 H AT AL, A0 B4 E T 21 AN I Hsfs [5]. 16 AN il Hsfs [6], 28 A~ K3 Hsfs [7],
25 /7K HE Hsfs [8] [9], 34 MK EL Hsfs [10], 40 Mi4E Hsfs [11]F1 56 /~/N22 Hsfs [12]. FrA () Hsfs & A
A — AR ¥ DNA 45 & 45 g 5 (DB D) R AN /K 2 L R 8 42 1 B HR-A [X Rl HR-B [X[3] [13] ¥
BTN AR, Hsfs #5584 A B Al C WKIE(A 1). HSfA WK JESE HR-A Fl HR-B Z [A1F — B K1
KA, £ C K& —BE S5 &R - fiK - BREZERECL(AHA), HsfB WK EE HR-A I
HR-B Z [A] %A i NF41, 1 HsFC TV 5 1 i 72 74E HR-A I HR-B 2 &) B4 A\ FE SR 45[3] [13] IT4FRAE
Y ORI T — IR HSfC MR IR, K115 9 HsfC2 5K H5[3] [13], HsfC2 ME K AE HR-A
A HR-B Z [MAREIENTH, £ C KA —4> AHA FEIR R E.

3. PEEERETHIThEE

Hsfs I a8 53 A2 AP A i T A0 R HL At 30 5 T R v o 4 LA 6] [14] [15]. AF9KAE, K&,
AAIAIUL G TF P i) £ 2 Hsfs b3, HERIE HfAL W5 3R M A IRt k[ 14] [15]. #EERIX HSfA2 HE [ 2 2%
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Figure 1. The classification of the Heat Shock Factors family

Bl 1 AMERETRENTE

SEm L E ST I PTIRG HTER . PUB AL PUmiB@& i fEE /[16] [17] [18]. e 5k PRIHUL I R IA K A HsfA2e
(p < 0.01) T R %k 2 25412 [ 191 1 e B PR UL A B 2 7 i HSFAS (p < 0.01) ) Eh &M B 2 42 [ 20]. /K AR ER
HANZHEERIL HsfAda S BT ENIPTE )R T R MR I AMPUELREI[21]. KB HsfB WA A
RIS B FIRME N RE T, RIS, HsfB R BK A #0A N 5 e it A o5, BUOYRE
& HsfB1 Al HsfB2b ik & 5L BB Ik R Sk I i [22] [23] [24]. Al — B AE AR AR )
HHIDIRE A 2R [25]. BN, HsfB L&A HAENE — MIFEEEER T, 5 HfA ZRRA —FRZ 5
BB IR [26], TESLRETF AR, HsfBL BERA /& HsfA2 Fil HSTAT 4 7 [27]. H T, HsfC I ks
PRI D REIE T AR WARIE , R ) A2 B AR 1Y) HSFC2 3V SR J: PRI D e 1 R DA

4. RRERETFOTHRER

KR4 Hsfs ZM AL 51 28I % — RAVBEE A, AR, SIS RGN A D fe 21 1 2 Kk
FEPUIERR, 0 HsfAL, A2, A3, A4. A6 Fl A9 S5V KA A [12] [25]. FEFERFEYIEE K IXIX L Hsfs
BRI AR RGP, — R PRI EF SR IR YA OC B 5 R 7 A S R AR T R R A B s, R
i b Hisfs i PR fs A ik ot v i O BB Mk 32 v 6] [12] [23] [28] [29]. %% HsfAla JE P& fiid@ it i Hspl7
SEFLIN )R IE B E R mPUE6], BT i ATGs E[X (autophagy-related, [ W AH <35 [A) it 8k B 5 412
L PTRE[30]. SR IT B RIA H A HsFAL JEK RE 1A Hspl7.6. 18.2, 22, 70, 90.1. 101 &— R4 #
BRI, A SR HSfA2, ATa. A7b &R, %5k [RF Dreb Jit=emu & iR H Galsyn H#i1A
H[31]. UEFIT HsFA2 2 4% A AL 0I5 BRI R 1 0B e s R -, RE VO IR PUOA LR i S Ak Y g
(ascorbate peroxidase, APX) APX1 Al APX2 [{131k[18] [32]. thAT /D% Hsfs 3 PR IE B 2 3 i) G 8 1 1
FIE, HsTAS J& HsfsAd 30 K7 B4 3 A 7, e BRI AR AR, 128 TE R HsFA4/AS
A AL HSTAA ANRERIEAE T, Wi AR A I R 1 R R 2RI [33] . HsFALd A1 HsfAle 52 HsfA2 H 41l
HIR 7, Hiik HsfALd B0 HsfAle #44Mi HsfA2 T i3k K [ 34 [33] . Xue 25 M/NEFERIH R %58 T
56 7 Hsfs JL[], b HsfA2b Al HsfAde BE R sl A 1 Hspl7 A1 Hsp90 JE [K][12], HsfAGT BE#% skt
T — RGN 5 F e BB AT R A R R, an#E R B BE R Hspl6.8, Hspl7, Hspl7.3, Hsp90,
TR IEAADTE TS 8 A 3L K] TaGAAP (Golgi anti-apoptotic protein), 73 T-F#1F TaRof Al — i R k% Bl i 2 11 il
TEALAERE R TaRCAL (Rubisco activase large isoform)%5[29].

5. M RE T T EE R BENIE

TEH ZAFIIR, Hsfs FE3 BRI DATGVE T (1 SRS AFAE T AT rh, AR )18 52 vy IR B A g 15 ol
1, Hsfs @I BiKK HR-A Fl HR-B X AHH.45 & TR BG4 Hsfs =44, 5P = Holid fR57 1) DBD 544
WHER R T 456 T NS 3 1) HSEs o, BuE #3E A Hsp (Heat shock proteins) &Kl 4+
A 2 DR A I VR 3 TR 1 B S R IK [25] o Hsp BBl B 701 F1AE 6 0% 35 B 2R3 1) B 11 o 2 4 2 1 A vt 1
MR as e, Yy s g ThEE[3] [25] (K 2).
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Figure 2. The mechanism of heat shock factors involved in high temperature and other abiotic
stress tolerance

2. AHEREFEIEEYRESRME R E IS S B R IE

Hsfs @it 45 & N i3 K 5 8 37 b R oo F HSEs T 45 B AR 2k R 1 54 [34] . Hsfs R i R i
B HSEs B — S P, Al oe SO R = A B AR 57-nGAAN-3” [34] 1155 AL EY)
H, BB TR 5 -AGAANTTCT-3VF 41, TN A AE#L Hsfs HoRBun[5]. /22, @id DNA
g5 SNG, RBL TaHsfA2b. TaHsfAde. TaHsfA6f figH: & 5°-GAA/CNn(CTC)/(TTC)/(TTT)NnGAA-3'7 51I[12]
[29], %% S5 (Transactivation Assay)4h & W], TaHsfA2b. TaHsfAde. TaHsfA6f X T 75 K 1 30S
WA T HSEs BIAFELE, Wi TR a3 7 F il BR 1% 5°-GAA/ICNN(CTC)/(TTC)/(TTT)NNGAA-3"RAZ
AR P 5], TaHsfA2b. TaHsfAde. TaHsfAGf MU As A 4% s iR [12] [29].

6. RE

Bt e i R R 5 T BB, AR S A 7 O ST H 3 ORI FE A R S 2 (AT LD RER
AP S R T R AAZ R - 534k, BEFCN A Had 9098, M TT a0t JHa 1 i 2 2138 PEARBE 7T, BA
LeGuIEVENLHI OB TT, TR EEAWOINR . B AT TR S IR T TR 7T, R0 I
KT 2 RSB TT, R R A T TR U R T BRI TR, EYPTR R
TR EEAR AL 0 05 F N 2 — D RN .

£ E&WA
2 K2R A3 6L H (No. 201610452030); [F 5 4R E 47T 4E 1 H (No. 31000744); L& AR
%£4>(No. BS2010SW004; No. ZR2016CQ26); 111444 5 A & /A 25 2575 H (No. 2017NC210010).
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