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Research Progress on Function and Expression
Regulation of Plant Heat Shock Proteins

MEN Shuzhen, LI Guichen, WEN Xinyu

(Department of Plant Biology and Ecology, College of Life Sciences, Nankai University, Tianjin 300071, China)

Abstract Heat shock proteins (HSPs) are widely present in organisms and serve as molecular chaperones
involved in protein folding, translocation, degradation, and protein complex assembly. The types and
functions of HSPs are diverse, and they are located in the cytoplasm and nucleus, as well as in various or-
ganelles such as plastids, mitochondria, and endoplasmic reticulum. HSPs play important roles in plant
response to abiotic stresses such as cold, heat, salt, and drought. At the same time, they also involved in
plants resistance to biological stresses such as bacteria, fungi and viruses. In addition, HSPs also play im-
portant roles in the growth and development of plants. This article summarizes and discusses the types of
HSPs and their functions in plant growth and development and stress tolerance, with a view to providing
reference for related research.
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1 SR r

1962 4F, Ritossa & B MEAL T 5 IR IABERT , 2577 A PR I (heat shock responses HSR) , 3k KB
53 I SRR AR A ], S e [R) A — 2R 1 B S o HOR B 195 B X S 8 1 BT (B PR A
B 1 (heat shock proteins, HSP)'™, IJE AY+ JLAE HL, HSPs #A 2 b Fr e A5 i, B & 1978 4F,
Kelley #1 Schlesinger 7 2 28 M FL s P, Lemaux ZE7E KIGFFH H , Fink 1 Zeuther 78 PU K B2 /7 35 % 31
T 5 R AL PGS LA R P A AN Y HSPs 0, T, AT RS HSPs A HAE7E TRl 16 H
Rz A e B R AR, 1980s, ATTIF R B FE A i) HSPs, I TR KA F |, — 26 45 i
HSPs (3N RS o3 8 %2, 78 1982 4R FER B P i e B 1 HSPs, i Nover %5 Afl FH 5 i b 3
FOMANN ALK T 2L HSPs YR P57

HSPs A REZ BB (55 U5 K355 47 88 HSPs 7B WA A K & & A B Bi 2k i AT 8
HSPs W7EA K KT R FFE 5. Ik, HSPs MR 4 H 32 kA 28] 43 175 5 7 (heat shock proteins,
HSPs) #12H i % (heat shock cognate proteins, HSCs) , 17558 HSPs 32 2| 7 i i K A Rl X6 20 i £
PER 4R HSCs 7EAE IR K BT ST B ARk . 2 5EREF RS,

2 BRI R

HSPs FARZ , 16 TC T A9 53 2835 ), AN [R] 2 38 A8 AN TR R S i 22 88000 0 25 07 T R i 4ls HSPs 1Y
s K/h. BHENE HSPs 430 878 K2 4 F i K FAETF 100 kDa 1y HSP100; 431t K%Y 90 kDa 1
HSP90; 43 T K% 70 kDa # HSP70; 43 T2 60 kDa 8 HSP60; 73 75 #) 40 kDa i) HSP40; LA & 70 T
12~25 kDa 1 sHSP(small heat shock protein) (& 1),

2.1 HSP100 %Kik E

HSP100/ClpB(Clp, caseinolytic protease) KK [T 43 PSS, — 2 R M BT R, 2 A TS R . 55
— AR AR B, o 0 E S T AR LR AR . HSP100/ClpB J& T AAAT ATPase #8515 . J& ATP
W R B, HA ATPase WM Ko FAEETE M, T S HEE AL AEMEER MBS AR, g
P B AR 1 L 7E G B e i rp R B B Y, ARl HSP100/Clp B9 ATP 454 38 (nucleotide binding do-
main, NBD) /M A 53 BHAT —4 ATP 454 X ClpX.ClpY FIEHA P4~ ATP 454 X ) ClpA.
ClpB.ClpC F1 ClpD"'"™, NBD %5 #38/ § HSP100/Clp £ %1k, B Mk 258, B T NBD %54 58,
HSP100/Clp i A 1E5F I N 3, C 3 1 8] 45 49 38 (middle domain, MD) , Herfr ClpA. ClpB #1 ClpC W 5 it
) MD EJE R il Ccoiled-coil) 2544711, MD 45 HSP100/ClpB 5 HSP70 BAHEAE . 2 5 18
HSP100/ClpB Ayt . MD [X %4845 i 23 7= A= A5 A9 hsp100 WY . A% 9 HSP101 J& F ClpB WA
AR F W HSP101 ZEAR 4% HRJBAE A4 e 37 75 T & 4% B8 A, ik 33k HSP1O1 AT 3§ inAs # %t /& i PR 45
TR 52 1
2.2 HSP90 jpE

HSP90 FJHE FTEdE L FARGRSE » th 2R KR gt (FI IR 7 b 7 b K RE R 9 A sD
SRR A T SRR A IR P 5 R L 2R R R S i i g b HSPYO 3K A HLA
SHREE.AEBEAN 1 FEMRA ST SRS E A 4% ~6%" ", HSPY0 H M —
RIK L IEDNRE AR B 25 F B A0 45 N 345 & ATP A9 NBD 45038k, 455 JiE 9 i Hb 1) S5 A 5, LA B2 A &
HSP90 Ak C sghtgssl . HATE & B T —Le il FHSPYO T AE i3l 701 . 41 3 2k B & (novo-
biocin )il HSP9O 1) — 4k . k% /R84 2 (geldanamycin, GDA) FIR 77 5% 2 (radicicoD i ATP 19445
Ao HSPO FBHEBIPEL R G X R A B A7 T, 2 58 22 K4 F R A 4L 2s o i i 5 Lsh
B VS E A S B A D — 2 R E A A I AR S 5 AP A A0 AR A 0 Bl A g RN
EY AR i
2.3 HSP70 %J5EE

HSP70 Z MG & & i £ i F s R SF B — SRS 11 20 A T B L 9 5T I ok s | 48 i e
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TR e SR AN IR A A T 3 b R A B AT REN . HSP70 KR E R N 35 24 44 kDa #) NBD
zEN i, C v M IR Y456 45 #9188 (substrate-binding domain, SBD) , B§-~45 #4182 18] — 4~ %3 i) 3% 322 X (lin-
ke HSP70 58 1 HY NBD 25 B8 DL S T 454 ATP, 3 HA7 ATP B35, (H H ATP BT 1
855, RIEIHe T & HSP40, LI & GrpE(GroP -like gene E) .BAG (B-cell lymphoma 2 (Bcl-2)-associated
athanogene) ZE% IR AC 1 Al 7 (nucleotide exchange factors, NEFs) By, HSP40 {&## HSP70 A ATP
KSR B T L A R A B IR e L ADP 25 AR F ATP 45 AR 56N . sh¥rh HSP70 (3
REWFIE TR, M sl 2 A5 i i HSP70 R A& K mE ik, R SHE A A P A, b,
HSP70 i BI040 B 1Y) Bel-2 ZGER U B Zhi A, sEmim il 40 i (a2 C A T-i75 5 I 15 A hr
PR A0 A 5, IR A T BeAh e AR RS AR M R TR I IR B A0 T AR K HSP70 Bt &
VEZ I DIRE , A4 B BB AR IKEE IE Wi & . S SN E AR EZ . S 5EARE A RN SR, i
BRI B o Z A R AT AR HSPT0 2R (AR By I 7 I P T REAZ 81132 56 TE . HSP70 &
5538 IO HE R R it TR R G () 17 93 B I T LR g vyt vl BGBE & HSP70 SRR A A
ASCRT LA S b 40 SR T 35 T L P 200 P S 8 i o T B8 5 A I B X A 4 A 4 G
2.4 HSP60 %jgEN

HSP60 S i P RN o0 T HAR 1 — 2R R 1 i G0 h R i s R 2 R R A & L, B
I FAABEIIRE™ . HSP60 4 FHAE 52~65 kDa Z [A], T B AFAE T LR R b, A B A7 16 T M o K 4 i %
T » 2 5 00308 B S (R RE B AR 1 104 B % D By o Hh b 1 PN S 1) 2 P R AR I R . HSP60 RERS 1
SRR P BT B R Y SR G I 40 i 90 32 Al 2 s (i 53 0L itk Ah . FISP60 38 1T LAAE
M FAE S S 5PN S L S Y . HSP60 £ AT 5 Rubisco KW IELE A ff Huz % 2= g fAef, S
A H Y Rubisco /NIE 3L 454, 2H % 1l 58 % i Rubisco M-, A% 3 W8 U # P 32 % 19 HSPs iy HSP60 Fil
HSP20, %0 HSP60 1] 268 o i B T AR5 M L A7 BT 42 o 40 B A i v =
2.5 HSP40 FiKEN

HSP40/Dna] BJFFIRTIREZ AL, T H A RSFIY 458580 (J-domain) , XHEFRN J-EEH . ] S5 H43k
VIR BFFE Hspd0(Dna]) 44 » KA 70 NREIEEFRIEIE 7 FHE A M N ¥, /5 HSP40/Dna] 5 HSP70
(AR EAE A f2 3 HSP70 B9 ATPase i, Ak, 448 HSP40/Dna) & H B8 B 145 & Z WK, B 1E 3L
T T AN s 1A 28 HSP40/Dna] 8 A 6 St RUNE T & & AL ORI AE 8 4 HSP70™ . BR T J-45H3L,
Dna) ¥ HA N 58 H-8 A EAE RS S5 8938 0 T8 A B H ) A Cui g5 i3k (A 58 A R B F1R
SURPE DY, AR FIRGEHIEAEAE 575, HSPA0/Dna] #8408 =25, DnaJ A HA L F =#%5#58, Dna] B
B D BERREE R 1T Dna) C HEAE T 25K . W98 & B0, IR TFZRbifA a2 07 9 AtDjB1 5 mtHSC70-1 &
VE BTG ATPase 11 » 25 445 40 i ) S0 A0 34 B - Bt A . ER 279 HSP40 & 4 ERdj3B 5
ER i) HSP70 # H BiP(binding protein) L X #7 & K SDF2 (stromal cell-derived factor 2)JE W4+
PABE AR AT ERECTA (ER) A2 1A B4 i) 41 M BE A4 43000, PR P IRER A % 0. HSP40/Dnal B T1E R
HFHES SEARNITE NG E, 02 5 i LR B RE . KR OsDNAJ 15 FE PR g5 — 420 i i
FEN7 ) HSPA0/Dna] 5 M, #h1h8 6B 3 H . 1 5 OsBAG4A HAE, OsDNAJ15-OsBAGA & & K GEHY 51
OsMYB106 ¥ 3£ 7 1 36 . Wi B RT3 5K OsHKT1;5(HIGH-AFFINITY POTASSIUM (K ™)
TRANSPORTER 1;5) {35, Hsi K R AR ER P
2.6 sHSP % E N

sHSP APy i 5 A4 10— 28 70T, AR STV 40 B e A7 L 7 200 () D 1 L B e 88 2 38 S g Al 424y 11
s iR rR A MT T A0 MT 1T W2, I A (plastid) Al 8 AL Wy A oh 25 47— 25, AR RO 60 T M iR
AR ALEE CTL.CILLCI.CIV.CV I CVIEI | SHSP (4 205 P R0 20 i 2% 12 1 & A8 W 4 A 1Y, 76 HAb )
Ff LA AR /DAY sHSP. i H 2 SRl rp A AE — N RLACE (7 1 sHSP22% . sHSP 3 [ (1 RRIE 25 44 1)
H a-f R A5 3] Ca-crystallin domain, ACD) ., £ B2k 90 A& FERIEIE, LWL 7 4~ B-H 24544,
ACD Z5F 0 P R N-i 2 A 38 (R FEAR 2 38 % /N T 85 A& B il — A4 1Y C 2R g £ fff (C-terminal
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extension, CTE)™* sHSP FER ALK & B MARACIE 5 W30 J T8 2 5 1 2 1) 1 Y o A 200 32 380306 B3 3t
I MR > 8 e P, DU sHSP i) 528 PR F 25 & BHLE R A AN n] gt i 28 1 L 25 05 T )5, sHSP
WK BTk At i (o nT 7E ol HSPs (98 Bh R IE BT 8 , 1 JRUA 2 TR 2544

®1 RAHEANSERINEGE

Table 1 Classification and functions of heat shock proteins

SR Gk HN Tifg 2% 3k
HSPI00 %100 kD AtHSP101 VAT ST BT A 8 e SRR AL R R AR AL [12,53]
OsHSP101 P KR B i A [13]
TEUL R T 1 52 55 S A AR U b, AR ME AR 1 AR o, B
AtHSP90. 1, AtHSP90. 2, AtHSP90. 3 Yotk ; IEH AR &M T AL P 0o REfE [48-50]]
T G5 05 5 UERFEAR KT
HSP90 8390 kDa ZmHSP90. 6 PR U AR PR 7 [54]
TtHSP90. 2 TR HEAZ ST 1 & AR TT A i S A a2, B ol & % [55]
SIHSP90. 3 BRSO AT S [64]
MdHSP70 ISR R TIRAE B [H 7 EF-Tu TR, IE P88 30 SRR A Tt Ak [40]
HSPT0 8578 K AtHSP70-16 il 5 A Bl 2R VDACS BAE IR T b7 5 % [46]
PuBiP?2 (R BERIBBE FRAS B I A G, i N SR 30 Fr i 52 P [57]
AtMtHSC70-1 FERIRITFE FRAE KA B R T PP 42 o B Y T g [58-61]
HSP60  52~65 kDa OsHSP60-3B SYER G BOCHEE A AR, 45 mR T KRR I IE R K E [41]
AtDjBI 5 mtHSC70-1 EAEMIE H ATPase 161 AEHH R IF A9 T [25]
HSP40 £ 40 kDa AtERdj3B A5 ERECTA (ER) SZ /A 506 o] 4 B 1Y 310, s IR Bk R 7 [26]
OsDNAJ15 5 OsBAGA B AE, 48 OsMYB106 [k . |- 47 45 1k R 1y 3k [27]
HSP17 A R T 20 B B Bl [42]
] AtHSP17.4, AtHSP17. 6 FE R TR T PR BRI B PR, B4 9D I T B [33]
S 12725 ke HSP17. 4 TR HER A5 308 i B R (¥ 3R 38 , S5 R A (0 1 [47]
AsHSP26. 2 At B8 R B B R  R R R A [56]

* W BRI As (Agrostis stolonifera ) , {3 8 8 5 i ; At (Arabidopsis thaliana) s A FEIT ; Md (Malus domestica ) s 33 ; Os
(Oryza sativa 1.) . JK¥i; Pv(Panicum virgatum L.) ,MIk{#2 3 Sl (Solanum lycopersicum ) s F&hifis Tt (Triticum turgidum) ,WUAER/NZE s Zm
(Zea mays 1.),EXK,

* Note: As (Agrostis stolonifera) represents creeping bentgrass; At (Arabidopsis thaliana) . Arabidopsis; Md (Malus domestica) » ap-
ple; Os (Oryza sativa L. ), rice; Pv (Panicum virgatum L. ), switchgrass; SI (Solanum lycopersicum) , tomato; Tt (Triticum turgidum) .

tetraploid wheat; Zm (Zea mays L.. ). maize.

3 MR fE

3.1 HSPs fi 5 SR g

FEER T S R B R v, T B — SE R B R 4 oy FARAB I B . o AR A8 S 5 E IKEE 3
B TR A s AR AR A IR AL s ) — R AL IR E A A S S E A RN & il f . 5
FEA T B e UG AR R YR RS R HSPs 7R Uik b R4 FAEB BT BE. HSPs
Al SIETER B Z IREELS A B B LB 3T S 5 38 T LAS | 58 & B0 22 I 27 R S R (A R i S AR i8S, ol HL
PEENERR AL B . AW R 3 BERT , HSPs w] LABH 1k 240 B 8 238 11 00 & A AN 3 i 28 1 IR ZE SRRk 2 0 » 45 B
HIE SOE# R 2 R 2 Bkt HSPs 78 B AW i DhREY R 200 )12 B . RL-F X S8 2R (R Y
— B S 5 E RN A T BN U 1 2 B TR mRNA PR RS sHSP F1 HSP101 75 #Ui
S0 ] R A A TR BRI T RS Sl BE L [F]E, sHSP Al HSP101 i 2 5 8% I T 1 eEF1B(eEF, eu-
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karyotic translation elongation factor) fl eIF4A MY IA/EM . 78R A A HSP27 45 4 eIF4G If:
W AR AR AE SR AR e LA B L I L 8 52 A A AR T DO SR BRI A Y . R HISP26 2 32 R T
— AN FAEE AT L PRGER PR R 1 T e DT AR TR M 2 AR S i MR 2 BN R I S 3R 5 A i
BN AT, BF5 I HSP26 1 N b HEERAL AT B L K & #5431 PR 1 T BE
T
3.2 HSPs Ky #bk

FE )2 30 e R U0 JS  FEAR R A B ) N 23 5 R 19 HSPs» 772 A4 1) HSPs BEBS IR AP DL SR 1 BT 5032 46
Vil 6 5 2 A2 1403 O 26 1 I L 5 B 200 M 94 ik ) v T A T A2 0 L — AR AR B 20 min S o 8 AT ARSI 2
ZHA U HSPs, X 48 HSPs K43k sHSPY . A #5231, HSP60, HSP70 Al HSP9O 7EH 7 # 4I4k i)
WG B Bk AR L i HSP105/110 78 5 8 A 3% G0 B g 48016 700 AT A 38 e e {1 420 Ak 7 9550 sk 55
HSPs #3559 — S8R 57 O 2 E M BT AL APT AL AT LABH 11 3755 HSPs 7= 4=, X R W1 & IR 15 T HSPs
A BT AE ML) 2 38 5 AN SO o B R SE R 1T LIS HL, O, 18 BRI o DT 3] 775 975 1 22 1A
(183K R S 70 S A 17 S5 [ e 20 L P 4, S SR e b A 52 37 1 HSP70 19 3635 32 = IR Phaa i 2, 1
RS A X 1o YR ) T A2 LG S A S 57 1 B PR AE it Al EF-Tu(translation elongation factor Tu)
A HEBENAR AR B kiR R EF-Tu BT 5 SRR KRR OsHSP60-3B 5 i T ik o, &5k
Z iR A S I i 5 A R P FLO6(FLOURY ENDOSPERMS) A, 445 5 i /K RS ALK Y
IEHERE . SR A SRR T Y SHSP 38 45 A AR R R e JS AR R . R b SR A i
B ZE A RN RE , WF5E A 30 sHSP AT LAZE G NG 53 53— B AR P Sk 350 , 9017 JBE %) Jnt sl e i S 4 T2 ) TR i
A BT ERAP S 1) o B L R AL s TR 52 1 . 22, R 257 BA (benzyl alcohol) b 388 i 5 (¥
Wt aE S b HSP70 RN pyFIL"
3.3 HSPs Y Ri it 2Pk

) G 1 72 A SR L ) o i T A2 R R AR S AR ) A KRR B IO R . M &b —
FRBLAR o AT DLAE 2 68 TR A1 9 v R TR A2 M XA i R Ak 2 94k . ZEAGIR AL T L 5 i AL 3
L MY AR 2 S E A . A WFSEER I HSPs 501 W it v ME 3 v i A 56 3 AR IR 1934 22 07 T
N RETE HSPs Rk B TH i AL RR LR (A A 38 58 5T A0 8 AR 2 P R e i S ZEAIRIEL R L R I R
P T R At 8 R 1T BT B4 TN AR 1A B A5 AR A HSPs /K, DA Bh A2 45 25 S0 1) 25 (R T 4T 88 & il
MBI . AL AR GBIl 3 A~/ N, AT LA A HSP70 A1 HSP9O, R J % Hf AT i A
B, R B T B R T RA e 9 T 2 o DT 2 o I 4 07 5, 344588 2 0 S AR RSl A T L 3
DEERFW, SRS S 7 4R 1) HSPs 5T PER RIS A HIEC R, UM IT HSP70-16 HEHAIFTE
FiEE 3K VDAC3(VOLTAGE-DEPENDENT ANION CHANNEL 3){ERFL ik, HHELZ
R ISR TR FRYEE & . — 2558 & B HSP70-16 i3 5 VDAC3 HAF ., 3#01% Hoam 18 1Y 1 ik
e ABA MR IR 132 i o DT 30 0 01 iy il 2
3.4 HSPs 4RI HLwiTE

B T AR i Ak 2352 B IR R s . HSPs fEAE Y400 7 1ht & 4% 8 BRI, s A S 5%
FILZ A A EL AR R o T AT S5O im A O PO - . B9 2 PR, R AB W) 2 3090 J5U 1 {2 e b L M iR HHSP9O
FEE 5 MR E & A R B E NPIESE M (Resistance protein) 4§ RPM1 (Resistance to Pseudomonas sy-
ringae pv. maculicola 1) \RPS2(Resistance to P. syringae 2)Fl RPS4 %5 & A4 B AR HAEH  B5g His &
M IR IO 2 A R I B TSR AR S P PE S IR B AR KA L B HSP9O N it 5 Hi 3k
ZK SGT1(SUPPRESSOR OF G2 ALLELE OF skp 1) HAE . #3% SCF(Skpl, Cullin, F-box)ZEHIf¢) E3 %
PERGE AR A FHUVE SR (RO A BV 3R (4R R5AE Bl B K, B 1A ) B G i AL X SR
SRR HSPYO Al SGT1 7EIEH AR SR T K Aesie R i g ] Besd ik A AN Rl 2 A SRR 4 2, IR A8 )
B A KIS » (H R HLH A A FEF 9T . Ah, HSP70 & 5 MY ) JE Rl P v, Ho2 T & R A
(Pseudomonas syringae) TN 2 -1 Hopll (Hop. Hrp outer protein) FJEEFR , Hopll ifiid C- ARy J 4%
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P88 575 £ 19 HSP70 8 (4 HAE @4 5200 HSP70 B 3 B I 48 5 A7 AR ) 4 feg2s S i
3.5 HSPs feki® b K&k &b D fig

IEH M FAERMHEY A AR E T AR, W ASE R E R HSPs ik, 0t L HEER . S H
114 sHSP 3, IEH A KRS TEE RS E R BT sHSP SER MR (HTA 1) sHSP 3L ¥
TEAEM R B oA 2k, IR FRMHY A BT 22 55, B X 86 sHSP JENTEAE NS & B B4 2 I & $E 3)
RES . PR TT PR bR el i Rk HSP101 JE 1R 40 5l i A e AL F R AE 1 2 B, it — 2B W98 & B, HSP101
FREEIFAEME N7 FLC(FLOWERING LOCUS C) il SVP(SHORT VEGETATIVE PHASE) y#ik,
IR BETFAESS . HSPs i (e dEVEYIFFRL I & & - T2k HSPY0. 6 i 5 268 & HEHA ) RPN6 (REGU-
LATORY PARTICLE NON-ATPASES6) #il PBD2(PROTEASOME BETA SUBUNITD2) W % 5 4, 45
FACEHE B A Fas . @t 5 14-3-3 & GF14-4(GENERAL REGULATORY FACTORI14-4) HAE 4
AR, AL BE TR AR & T Y /N g HSPOO. 2 3 15 40 0 {22 B 9 B A A1 A 2 A 1 O B 1
JCE I M AR a2 TR BE AV . S bR = 5 . HSPs s Fam B A K b g MR E K
g AE BRI BH (Agrostis stolonifera) it i #ik AsHSP26. 2 &, fefe sk 5 ) &k i A L
BN R AR A R Y BRI B R T RRE MR T (Panicum virgatum 1. )ER &7 )
HSP70 3 PuBiP 2 3353245 A ER W38 15 5, Fok i 335l 4% JL PR R AR 73 BE 3G 22 0k = 38 0 25T R
A I HCE A B SZ4R M BT RS AL 1 mthsc70-1 TER R B FAE KRR T R & h i R R B
VER , HGE 3 P BY BRIP4 52 AR TV A2 R i 47 ROS R ASSRIA B R A K . meHSC70-1 #iFR %
ARRAR I EHE /N R R AL B YRR, ROS KT 2R R TG MR e, 2R AR 745 5 LR, H mehsc70-
1 RAFRI RIS A K R A B SCIE IR 5 K A K s W AR K AR K R R (5 5 2
Ra s #As 000 L R AR IR PRI 5 FAA (3-(2-furyD) acrylic acid) &b BB A= B RG IF BERL L mehsc70-1 28
AR I, YR A A RS R DG PR B R0 s T AN it 8 R T R i R A I K R
mthsc70-1 4R A K Rz A E A iKY, B R lE L N MSDI1 (Mn-Superoxide Dismutase
D CAT1 (CATALASEID) G| mthsc70-1 5870k ] ARG AR IR H ROS K-, 38 s AR AR rh A K R
SN PIN(PIN-FORMED) 2 [ A 7K -, 358 A 1K R0 BEAF 5 » 30 WK AR 2 A8 PRAR B A 2550 Rtk =z
Hb S RARR P KT ROS W28 I MERC TR & B BT A LR SE R MSD1 8% CAT1 51 A mthsc70-1
GEAR AR A TS M S A PR L T U 1) 2 B REE Y . me HSC70-1 TEBI R S A 25 IR IR & B i i vh
RAFFBANE smthsc70-1 FARILNTEF AT, HA ALY 1-4 425 = G ARk f 50 T 8
AL AR R PR IR R TS HIE S SR (8 D, IR E SR AT K I mehsc70-1 ShAEREK |
THZ TR 3 40 A% 1) 150475 538 4% (mitochondrial retrograde regulation, MRR) , il A4 £ &4 A iz
b S EUR A A R SR IR IR 22 B s
4 PE PR IE N

P ICH: (Heat shock element, HSE)fE HSPs R Fd B & EAEER ., U F (Heat shock
factor, HSF)Zeid e imiviG 4k » nT 500 HSP £ 1A 2 7 X HSE (34 /75145 -GAAnn TTC-3"", 8%
JE R SE A 5 DR 7B e s 2 AR T A E HSPs K2R i 363502, HSF £ 1Y 45 M 8 . N-2K 3 1)
DNA #5638 -SSR 7 J0HE B BRI A E MR 5 B C-AR Ui S k. o S22 DNA 25
B B SR R AR ST T B S5 H B R FEARARIE (9 HSF th A 2 2 B R MDY . HSF 2 23 H F iR, fl
Yy g HSF AR 2 RO 4500 FRAE %) 20 ALBLC =28, 5 —28 AR LA W, Gl bl B o i ofs 21 4
HSF, %1538 A1-A9,B1-B4 Fl C1 W% , Herp AT S5 A e Sl IR, 8 65 V0 LA L 3R S L R A 3R 58
B A R 1, SR A S s . FERIR T . HSP70/HSP90 25454 HSFATLs, BH 11 H:
5 HSE JufF4s 4 A HIG 315 S 3 3 35 N4 45 HSPs 193635, Pk S HSP70/HSPY0 5 HSF fi#
B HSF LI = B A . 454 HSPs RN 3 311 X (% HSE JCfF . 0% HSPs PRI, Sl iiFse
R AT HSFL 7E HSPs JE PR 3838 25 W -TRAH 73 25 A% MR 46 /MA (nuclear stress granules/bodies.
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nSBs) , H:3d 11 HAH /MBS (co-phase separation) & 4 2N TG #E HSPs JEPR A5 75, 1 HSP70 fig
IR HSF1 Bk 4 /MA 0855 HSPs K2R B9 5% IITTIE R —F Pl 375 S AT 386 64 R0 43 28 s s pIL Tl sh 245
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Note: (a) Schematic diagram of the developmental defects of the female gametophyte (embryo sac) in the mthsc70-1 mutant. The develop-

———————

ment of the Arabidopsis embryo sac includes two phases: megasporogenesis and female gametophyte formation. During the female gameto-
phyte formation phase, the functional megaspore (FG) first undergoes three rounds of mitosis without cytokinesis and then undergoes cellu-
larization to form a mature embryo sac. The whole process can be divided into FG1-FG7 stages. The FG1 stage is the stage of functional
megaspore; at the FG2 stage, the functional megaspore undergoes one mitosis to form a 2-nucleated embryo sac; at the FG3 stage, a central
vacuole is generated between the two nuclei; at the FG4 stage, each of the two nuclei undergoes one mitosis, forming a 4-nucleated embryo
sac, and the central vacuole is enlarged; at the FG5 stage, the third mitosis occurs, forming an 8-nucleated embryo sac, and the central vac-
uole is further enlarged; at the FG6 stage, cellularization occurs, forming a 7-celled embryo sac, consisting of two synergid cells and one egg
cell at the micropylar end (the nuclei of the egg cell and the synergid cells have different polarities, the nucleus of the synergid cell is below
the vacuole, and the nucleus of the egg cell is above the vacuole) , 3 antipodal cells at the chalazal end, and a central cell containing two polar
nuclei; at the FG7 stage, the two polar nuclei of the central cell fuse to form a larger diploid central nucleus. During the development of the
mthsc70-1 mutant embryo sac shown in the figure, there is a developmental delay at the FG3-FG6 stages. At the FG7 stage, there are de-
velopmental defects that an embryo sac either contains two egg cells and one synergid cell, or three synergid cells without an egg cell. (b)
Schematic diagram of mthsc70-1 anther developmental defects. The Type 1 mthsc70-1 anthers are similar to those of the wild type with all
four locules developed normally and filled with mature pollen grains; in the Type2 mthsc70-1 anthers, only 1-2 locules contain pollen grains;
in the Type3 mthsc70-1 anthers, there are no pollen grains in all of the four locules. (c¢) Shows that mthsc70-1 siliques are shorter than
those of the wild type. (d) Schematic diagram of mthsc70-1 embryo developmental defects. Embryos with abnormal morphology appear

during mthsc70-1 embryo development.
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Fig. 1 Schematic diagram of the developmental defects of the reproductive organs in the Arabidopsis mthsc70-1 mutant™®-°*
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Fig. 2 Schematic diagram of the expression regulation of heat shock proteins[“]
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