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Abstract: The Hongyang kiwifruit (Actinidia chinensis var. chinensis ‘ Hongyang’ ) has high economic and nutritional
values and good prospects for market development. However, in recent years Hongyang kiwifruit production areas such as
Yunnan and Sichuan have been subjected to extreme weather such as inversions on several occasions, and its poor cold
resistance has limited its scope for development. In this study, ethyl methanesulfonate (EMS) was used to induce

mutants of Hongyang kiwifruit in a tissue culture process, which led to the screening of cold-tolerant mutants and the
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investigation of their stress response mechanisms through transcriptome analysis. In this study, mutants were induced
using EMS induction technology using Hongyang kiwifruit leaves as experimental material in tissue culture (4.4 g - L
MS + 45¢g- 1" agar + 1.5 mg - L' 6-BA + 0.1 mg - L' NAA + 15 g - L sucrose + 0.01-0.10 g - L' EMS) and
screened for cold-tolerant mutants under low temperature. Selected cold-tolerant mutants and normal Hongyang kiwifruit
tissue culture seedlings were subjected to 4 °C 12 h cold stress treatment, while later, transcriptome sequencing analysis
was performed. The results were as follows: (1) According to the preliminary phenotypic identification, some of the
mutants induced by the 0.06 g + L' EMS were phenotypically resistant to cold; (2) In the GO functional enrichment
analysis of transcriptome sequencing data, the most enriched entries were in the biological processes; (3) When using
KEGG database analysis, a total of 21 differentially expressed genes ( DEGs) were annotated in 15 pathways, and which
were all up-regulated. The protein processing pathway (ath04141) in the endoplasmic reticulum had the most DEGs,
and sHSF, Hsp70, and NEF in this pathway may be related to the regulation of cold-tolerant mechanisms. The above

findings provide a material basis and theoretical rationale for the research and utilization of cold-tolerant germplasm

resources of Hongyang kiwifruit.

Key words: kiwifruit, ethyl methanesulfonate (EMS), cold-tolerant mutant, transcriptome, heat shock protein

21 BH W5 Mk Mk ( Actinidia chinensis var. chinensis
‘ Hongyang’ ) HL0o 52 Il 21 €8 IR, R v 11, &
AR MR C AEER E 2T s 2 M &
WSS, B AR AR R A IR &
RAENRE T — IR E L THEY (9K 4E5,2021) .
ZEBABRMERE o T L A IR A BUSR (B
FRIF, 2014 ) o Z1 FHBRAGE Bk X o AL DX 2R 358 5K 45
o, Ik B T A ST TE (B LA,
2016) . g )7 Z A T AL AE H R I B R AR E
10 °C, AW BT I s R B AR, 3k 28 22 A
RO B BRI XA A 7 M 7 A — i R ™ i A
BRI AR SE (A, 2021) Bl
2L BB Ak A= 7 i) T A e R AR TED AR 1 AN W
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AR PR AR L A A2 Rl A IS AU AR E A I
(EICAK A, 1999; & I 45, 2007 ) . F /A2 2%
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PREREAE R B LA R AR il e v A SR
PHE R T7 5 o R il DR 4 T 21 PR A 470 2 1
2%, KA KRBT FE A SCHLHA I 1Y 1] R, AS T 5% P AE
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1.1 REH R
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1.2.1 ARBHRAZ AT IS (2021) 1
J7 AT BRBRABAR 1 W A Ry S A, 28 37K o
Uk 30 min, TH @ TAESG N 75% C,H,OH K &
20 s, F£H 0.1% HeCLWIHEE 5 min, MR VIREY
lem x 1 em (IR/NEFN 44 g- L' MS +45g- L7
g + 15 g - L' M + 20 mg - L'TDZ + 0.5 g -
L'IBA #5554, B e 3~ 4
R R 0 205 T 0 (A 2T 1
FETEH F 4.4 ¢ - L' MS + 4.5 g - L' 5E + 15
g - L FEKE + 0.3 mg - L"NAA + 3.0 mg - L 6-BA,
1.22 EMS # ¥ 5 itk 2 &5 B ERF TN
EMS ¥ Z: 0.22 wm (433 JE AR08 K, 3 U8 K TE
JE s EMS A S K R R R (4.4 ¢ - L MS+
4.5 g L'BiE+1.5 mg - L'6-BA+0.1 mg - L'NAA+
15 g - L e o, EMS 15 37 3L 050 1 1% 0.01 ~ 0.10
g« LYAZRWREE I IS EMS A8 IR 36 R % A4,
BRIy SN 45 0, e 5 A5 T
THEREGRIE 2 000 Ix FEFRIRSE (26 = 1) C  HIR 15
h 3R E N WEIF LSRG THIME IR 1 2 DU &
G e Y 50%F LI (LD50) , K EMS #5748 Y 4L
PR A IR 5 R S5 AR AR ICAE 4 °C VKR b 2
12 b, U S IR WS AR R S AT S 20
HJ AL 1 i FE G AR AR
1.3 HRANF

BEEXR A, A, A3 I IE W 2L BH Bk Bk A
WREAJE W 52640 B, (B, B, 3 LT FH BRI Bk it 5

RASMARAEE W 28528 4 °CF 12 h FEpa 4 B, %F
HHATIORE IT T8 TE 40 a8 1 4R 5 B 6 SRR
A K PG 1 B A W AT S 2H I A
131 A S ¥ 40 32 R S 30 bR 14 5 PR A% UL
N2 H DR 20, i PR B b o 3k D D 0 % 53 2H %
s rp AR BT A (B AR < 200 7 e 2 A R
Reads 9 50% LA EAYfIRBUE Reads) (BRI Sk
1.3.2 AF A WA F5) sk B RNA- Seq M7 it
15 Clean reads 5 S I A 7 54717 51 L,
733 Reads N7 o 80T Hb AT RAAS 3000 7 2408
H A B e R i 5 275 B R 2 PR G OC R
133 AR R X EFHMEEFRBAREN @
bowtie2 T EAF3RFF A Clean reads 52 % 4 ¥
GIHATR I, P GE it B R e #, fdi ] RSME 3 Hr
GETEXF LR SRR R R R B 2 % 5 s 47 5
#J Reads 20 H , 7118 H FPKM {H, i1 Fragment 4t
TSR IF M f FDR K 40 25 5 3R IA L P value £k
{8, JFRC AL IE P value BIfH, 2257550 1) FDR A
/N 22 AR OBUR | BTk 22 S i . 25
134 2FRKZ KA GO ARE LM GO
(Gene Ontology ) & H 7 % IR [ P bR 4328 70 3
RIS AR Yo B 4 M 20 R 7 1 P g, 22
FFIRFE R T RER] GO Bl P, ¥ FDR i <0.05
02 S AR B R 2 W AR R SR A 25 H
1.3.5 2 % &5 A B KEGG § £ 5 4 KEGG
(Kyoto Encyclopedia of Genes and Genomes) J& 3T
Pathway A2 6 PR 28 | HE AR Oy e 0 ik A 45 26 )
HEHEFE , KEGG E E AL KEGG Pathway , KEGG
N KEGG % 8 41\ KEGG X Jf i & 45 43 2K
Pathway & 8072 L KEGG i f8 0 5y, ¥ 22 5%
FIRFERPEATIERE 26, O3z AT LT R 56, 16 7
RIS T EESH M P value HFIE
1.4 HiEAE

P FRFE RS R Excel 2003 #0447 $0 48
FeE T, 22 5 A IR BE N SRk ] SPSS 22.0 4%
PFHEAT W & TR SR (P<0.05) .
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W EMS K 3R 5B Xt B4, i3 1 vl %0, EMS
XoF 21 BRBRAGE Ak A= < A8 400 i 4 FH Bt EMLS e 8 38 o
HEE . M EMS WKFEE N 0.06 g - L' AT, ZET- RN
51.1%,5 50% B 0C e 423k, /E 4 LD5O
TR — 2R,

& 1 EMS 3 S 2 PEBRAR Bk SME R I8 T 2R 250
Table 1  Effects of EMS induction on the
death rate of Hongyang kiwifruit explants

EMS W  Ab3SEOR)  ZETEOm)

Concentration Number of Number of FETZH

of EMS processing death Death rate
(g L") (bottle) (bottle) (%)
0.00 (CK) 45 0 o
0.01 45 4 8.9
0.02 45 6 13.3
0.03 45 10 222
0.04 45 17 37.8
0.05 45 19 422
0.06 45 23 51.1
0.07 45 26 57.8
0.08 45 31 68.9
0.09 45 37 82.2
0.10 45 40 88.9

2.1.2 RELR M LLFHBRBERE SR A0 228
EMS 15 3% 5 7716 A 21 FHARAE Bk A 455 41 2155 5% 30
d, PEBUR[RIZR AL 28 A8 AR HEA T BE 3T, 7RI v
MELH], 5 CK(E 1:A) M H, A8 R RIAF 1B 0t
W € 2 R B AL S Rhe s HARILIEN 1,

21 BHBR A AR BRI 2875 . 28 EMS 4b BES A9 41 FH

TR Y A= K BE 7 55 % B8 2H A LB 55, 6 IR AR bk
AR MR R EAE DT E . A 2 TR, EMS Z1H
TRAE kA 0 28 78 32 A R = AR AR 28 AR | Bk AL AR
SRAF BRI AR TR BUAA B S AR, bR i AR R
SRASFE Y A K FR AR R, M R B8 A OE R R R
Bk (1] 2. 0) 5 MR BB B0 28 28 IR 1 58 A8 Al
PR 45 S WS EI, i R B A T (] 20K,
M) ;AR B2 2 A R AR T i R AL B, e VA
Fk e 2 (K 2:L0) .
2. 1.3 cfapk b A AR TR TR R %2 3
EMS 5748 (2T BHBREREAE B 55 3 A 2005 28 M ik
BCAE 4 CUKAE TP A3 12 h JEHUE . 8595 7 d i),
R IET BA R A Bk 58 A8 R e 55 % B4 ik R A L
2T ARG Bk 2 A% AR v A7 B O 4 2 0, %o R 2
R g B B S, AR ILE 3. N,

AL IEF I (CK) I8 B. MHARIBOEC, i in)s, R ETE ; C. it st el AIRL; D. it R s dl, e i g AR U
E. ERKIAL, ZEARTCOK ; F. M0 8 BPLRZE; G OIS, AR EIE ; H. M A DB L s, i R

A. Normal leaf (CK), heart-shaped; B. Thick petiole veins, thickened leaves, circular; C. Yellowing and crimping leaves with thick

petioles; D. Leaf yellow, petiole lengthened, leaf margin double serrate; E. Main veins are thick, basically without lateral veins; F. Leaf

blade needle-shaped pinnate; G. Elongated veins, long ovate leaves; H. Leaves slender, smooth and hairless; I. Blade base is slanted and

the blade is rectangular circular.

B 1 LIPEBRESEMH HFrtimsREs

Fig. 1 Leaf and petiole mutation of Hongyang kiwifruit
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CK. IEHHEM; J. HRs B K MBI R ; L. BB RBRRA; M. REIMRRE,
CK. Normal plant; J. Dwarf plant mutation; K. Sparse plant mutation; L. Compact plant mutation; M. Loose plant mutation.

B2 ZIPAFRARBkAREISRE
Fig. 2 Plant type mutation of Hongyang kiwifruit

N. 7E 4 COKFEHFALEE 12 h; O. FEMMAISEEFR 15 d; 1. 28 EMS B8 L FHARERRA R 5 2. IE R A
N. 12 h treatment in a refrigerator at 4 C; O. 15 d of incubation after cold stress; 1. Hongyang kiwifruit plants mutagenized by EMS;
2. Normal plants.

3 ZMRBRERMEHIERE

Fig. 3 Resistance mutation of Hongyang kiwifruit

215 d J5,3 i EMS AR AR Bk bR 2.2 B RANF
(K2FES123)HAAMIES, AH4RKE, 221 MApHKELE N TIEREW A SR IEEL
MARZIFA BRI (FR2 5 4.5 6) AT, 0T 0915 5 e o 1 F0 8008 ot & A2 40 vl 48
ToH R, BARULE 3.0 Ak 2, b nl ez M W B R LGB AT 0. i ER 3 AT R
EMS 75 BI04 £ BRI MR AR 348 T — & Rt 49 43.27 G 1Y Clean bases, HoH 6 M Q,
FEM: Q4 MITEIETE Clean data H1PT i A H 43 LL I T 94%
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*2 EMSHLTmELESIT
Table 2 Statistics of cold-tolerant treatment
mutagenized by EMS

7 WAEFH ()
Number Number of new shoots ( pes)
1 2
2 2
3 1
4 0
5 0
6 0

®3 HEmillFHERETRS

Table 3 Quality evaluation of sample sequencing data
Fam mwmar WOEI o, 0, oo
WP Rawreads M (9) (%) (%)
(G)
A, 56 845 122 8.33 99.14 94.40 46.39
A, 51 882 920 7.62 98.27 94.65 46.05
A 52 140 672 7.72 98.21 94.49 46.34
B, 43 077 866 6.26 98.18 94.52 46.10
B, 44 489 414 6.28 98.31 94.80 46.47
B, 47 765 538 7.06 98.23 94.57 46.30

e Q. WIFHREE ST =20 /KFAUEEEL H & 7 Clean reads
M 3L 5 Qs I FPHRAR BT (B = 30 JK-F AYBRAEEL H K& 7 Clean
reads [N E 43t GC. iTIEJE GC BRZEAT &7 (7 LB,

Note: Q,,. Number of bases with sequencing base quality value =20
level and the percentage of Clean reads; Q,,. Number of bases with
sequencing base quality value =30 level and the percentage of Clean
reads; GC. Percentage of GC bases after filtering.

Clean reads 11 G 5 C £ Wi & 2 [8] B & 4 EL Y9 7E
46% ~47% Z 1] 56 A it 35 oA K 0 381 A 240 Bl 2
ZEA AT BTUE B Y I R, A A R A R, Wk
TN =507,

222 2 AKRERAWGFLE  [F—AEWEASFRR
Bk T HERKRFERE2ZR., HE 47
SRR R 294 Fk 25 e ARIR LA b
2T FRINFEN R 254 55, 15 Lo 86.4%, T 25 %
FIRFEE R 40 55, A0 5 HE 13.65%, H L AT UL A%
TRIRE 12 h YA KR A 4 3 i 7 5 DR A ik
T T — 30 2 R 0] 52 2 30 41

2.2.3 GO Zh koA XF L0 BHR A Bk Ak B 4 5 % R
AT GO DRe R UL R £ & 143, GO
85111270 T o B S RA EX. 7 K= cB U s i R S

® Lif254
Up-regulated 254
T 40

30 Down-regulated 40

T e BAE35133
No-changed 35133

25

20

15 IEPIE i 71 % 8 Llog 10(P value)

-10 -5 0 5 10

% FAE B XT%L log2(FoldChange)

[ i Ak A A log2 ( FoldChange ) i ( 3 [H 76 b B 41 A0 %6} iR
PR RIBECELL) 5 AR ~1ogl0(P value) (FEHTE
AL BT AN RLEL P 9 38 25 57 1) B R AKF ) 5 0 @
FOR AR g6 [ SRR TR R K R SRR T
W22 S N

The abscissa is the log2 (FoldChange) value (the change of gene
expression multiple in the treatment group and the control
group) ; the ordinate is —loglO ( P value) ( significant level of
difference in gene expression between the treatment group and the
control group ) ; the red dots represent up-regulated genes; the
green dots indicate down-regulated genes; the gray dots indicate

genes with no significant differences.

B4 ERERRIER

Fig. 4 Results of differential gene expression

MIZH AL 3 AN J7 T, GO ThRE s 4 LU 3 M <0.05
VEh i B E R B, 25 R LR 5. N GO & 4E
HIEAE AT e 25 SR v 0, AR 2 BRSO & 4R
127 NUIRE S 2, 4 T DI RE &R 20 S 104 T E 47
2%, ML R L 5 19 N IhEsr 25,3 N
B2 RIRFE 50 R 104 45135 46,25 4, 4t
264 %, HpAYEd B EE R K £,
TR EEE R RBEF TS EH N Z 40
KAEVERE KB 5450 10 & e it
YERT A0 B o3 s AR 5 OO 4 F IR &k 43, 62 T
AL A 4R 25 S AR L I P 41 2% B oM T 1 1l 21 %
it (19 225 AL BRAE s 9] DY it g g 1 &5 5 AL B AR
R EALBEE PEVE T | AR I A 340 5 s 1 |
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9 L)

8
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5

4

3

2

1

0.04 0.08 0.12 0.16
F:H {8 Gene ratio

1. 25 MR RHE N VIR - 28 BTG 3l 5 2. 22 IR /K AR I O35
3. 2 FJ R -FAREEE S 4. WOKILGWE G 5. FH1A
BALSE; 6. B FHE; 7. FALEIRERIEE; 8. BB
e BB COMEIETT; 9. DUMEIS 25 55 10, MZD R 45 5
11 EATE AW 120 BB 130 AL, 140 B[ 2 i
Grs 15, AUMLE 5 16, # RERG IR 17. AIMLRTIX; 18. 41
N =AY 5 19, AR )Z 5 20. a4k, 21 ZAfE P
WA 22, P——EYRRENR; 23, P2
Fi; 24, REUSNL; 25. T 26. A LSMIAE T 27. i
WEAEHT 5 28. iR E A I K e 5 29, K RILHR; 30. 240
MREMRE .

1. Serine-type endopeptidase activity; 2. Serine hydrolase
activity; 3. Serine-type peptidase activity; 4. Carbohydrate
binding; 5. Chaperone binding; 6. Iron ion binding; 7.
Oxidoreductase activity; 8. Transferase activity, transferring
hexosyl groups; 9. Tetrapyrrole binding; 10. Heme binding;
11. Protein complex; 12. Nuclear envelope; 13. Nuclear pore;
14. Anchored component of membrane; 15. Cell periphery;
16. Tethering complex; 17. Cytoplasmic region; 18. Cell cortex
part; 19. Cell cortex; 20. Exocyst; 21. Multicellular organismal
process; 22. Single-organism developmental process; 23. Single-
multicellular organism process; 24. Response to stress; 25.
Secretion; 26. Secretion by cell; 27. Exocytosis; 28. Anatomical
structure  development; 29.  Developmental —process;  30.

Multicellular organism development.

B5 GOE&E
Fig. 5 GO enrichment dot graph

15 1
14 1
13 1
P value
117 6
10 1 4
Y
= 2
=
A 8
= i
Number
61 ® 75
@50
5 -
@®:;
4
3 -
5 -
I ©

0.04 0.08 0.12 0.16
JEH H{E Gene ratio

1. PR 8 N T 2. BRI 3. YRR (S B
T 4. MAPK 5 5 ik a—HY; 5. CZMRICE; 6. 2-
AR ; 7. WA 8. L BEE I A G Z R
#f; 9. RNA F%f#%; 10. mRNA W5l 342, 11, M %5 7F 0
12. RNA %5 ; 13. B0 14 BRACIE, 15, RN EY
A,

1. Protein processing in endoplasmic reticulum; 2. Sulfur

metabolism; 3. Plant hormone signal transduction; 4. MAPK
signaling pathway — plant; 5. Tryptophan metabolism; 6. 2-
Oxocarboxylic acid metabolism; 7. Glycerolipid metabolism;
8. Cysteine and methionine metabolism; 9. RNA degradation;
10. mRNA surveillance pathway; 11. Endocytosis; 12. RNA
transport; 13. Spliceosome; 14. Carbon metabolism; 15.
Biosynthesis of amino acids.
6 KEGG E£HE
Fig. 6 KEGG enrichment dot graph

BB TR AE SILEAE N R R H i b i 2
A ER I3, X e AR 2 S R IR AR B Y
] 5 L1 PR A 92 728 AR € AR G

2.2.4 2%k ik KB Pathway e 541 4T KEGG
A= Wpid i 3 28 e B AR 0 B T LA 2 22 S R A SR A
FEZHE TS AR R . AP
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x4 5NEMHERRMIEXHNERRIEIERREE
Table 4 Expression of differentially expressed genes
(DEGs) associated with protein processing

in the endoplasmic reticulum

. Z SRR E
Ab B4 Expression of DEGs
Treatment
group SHSF Hsp0 NEF
A 10.11+4.72b 59.42+14.57b 18.12+1.66b
B 259.29+33.36a  225.54+22.76a 33.73+0.92a

TE: R B AP (8 b 1B 1R 22 R [/ — 9 R R /NG
FRFRR 2R B3 (P<0.05)

Note: Values in the table are expressed using the x+s_; different
lowercase letters in the same column indicate significant differences

(P<0.05).

P<0.05 1F8 & M 0 A, FIH KEGG $dE
FEXTEL BHBRAEA 15 A b BEZH A b i) 22 S 3R A A
HEAT A ) o A A R W 6. 21 N ER RSB
FINTE KEGG 3 i Hh 4 21 JE R, LB 42 31 15 2%l
EEr, HAR Ry b 22 S Rk AR Y, P A 3
W (P<0.01) W B2 N M & H BT,
LR KEFFRBEN, 2 B FEHE(P<0.05)
RE e AR AR R E S S, ek 2 A
3 A28 5 RIBEE D K MAPK {5 514 &
fe—tp e 2 DR RN HEE 11
22 S IR LA 1 A 8 R A R L 2- AR IR AR
i H R A 2 e 2 e A 2 R AU L RNA
W .mRNA W12 M7 7E AT RNA $%i2 57 &
P B AR ANz R 1 A= ) G . He T N B R
P42 1B T R R M R AR Y
22 5 TR TR 5 T SEPEAH DG PR H 0

2.2.5 WM ¥ 8 & & R e L@ % oA TE4LH
kA Ak 5 A8 1A 55 of BROZH Ny 24 ¥4 3 v, N JB I
BN TE g rh 22 R R BN EERZ, X 91
BEPR 4w AR AE N T I A O B fi# (endoplasmic
reticulum associated degradation, ERAD) i #2 i H.
By LERIA B R 22 R IR SR R Rk L
4, Hoh 55 R P R T 30 R DG A PO S T
('small Heat Shock Factor,sHSF) &4 7T 7 &% %
KRR R A S s i 1 25.65 £, = T
R T FE SR M XS BR2H (P<0.05) 5 5 8 F1
REH KM E A 70B ( Heat shock protein 70,
Hsp70) B8 T 1 M EFRBEN, HRL 7S T
ARV AP 3.8 7%, 22 5738 W3 KT (P<0.05) 4

Hsp70 BAEHE I (NEF) B4 T 1 D2EFRIKHR,
HESRETRIAEFLHEMN 1.86 5, 2R K0 E
K (P<0.05)

3 it

F T 3 AU HE A R A O AT b R i AR
A Jal 46 ) A2 30 IR a6 1 B 5 i
o AV I 30 R 2 5[ R A A0 Bl T P Y B
G R 22 46 1 A R AR 400 R %) 2 K 2 ot i S L 4
MARE L, & B R QST ME = m ) &
FAEAF I B RS, B, 3% 7 b JE 5l i € 4
Tl K R4y it FEAIL BRI 18 T 24 4 BIF 5% 09 BN (A
2019 SAMMESE 2019 IS AE,2020) , IT4EOR
FEREE L R A A R A i R S
WA H AR AL, A 0 B RIS AR BRI IR B 7 32 BN
B SETE (E /MRS 2010 BRFE S, 2017 ; B A A
4,2019) , AWFFE A EMS 75 48 7] 4b B 21 BH R
WERE A1 40, % B0 EMS 375 748 39 &b 3 ] i KA 4
AR S B, 3 A R UR G O e AR AR T S
RASA | 3% ST BB ST 45 B — 2 (BRFE 2017
FhEE 2019) ,

WA, A B 5 5% 21 BH SR Bk A 15 4l 8L A7 AN
[7) e J3E s 85 1) EMIS 375 78 I, WL 38 4 43 28 AR K 1Y
AR RETT LU FR AL 55, B R BAE AR = R v A
RHESFEITM X AT REAE T EMS &R 11548 7
FREL, RASTF 5y A F AR A 5848 Fil b v 58
AR A ST SR B ER 43 5 AR AR I R KRR ) AR 55
N AR ARBEGEKE EMS 5748 B9 21 FRR A Bk
AR5 R 2815 728 il R 0 A7 € 3 Ak 2, 45 L 3R W
EMS 5748 1) 3 43 21 BH 5 A Bk A Ak it R AR 2F K
TR B R AR ZE R T, UL AT 4 EMS i
A5 W21 PH R A Bk 28 A8 M Rk LA — 2 P FE M, X
N R RAE XA UESE T EMS W31
AR E 0 (), A 7] e T 30A F R AR, BT LR 3L
A FIZRAS AT AR, SCHETE T ik

MY T 1 7 FEVS W an i KT 2 4 0 A0
[ R =W aba Ol [ R X7/ b NG e e R 82 N
(okAESE,2020) , InAE N R rh A B AT DG
WA EITS, BT &G, AR &k
Ja i AE Hi /N SR V5 32 A B R R SR A T A
TR RARITE S, & OB AR A
ZAEP B I AR B R K (Meusser et al., 20055
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43 %

2% ,2015) o Bl S N BT RIS B o FRAR T B AR
5 G M (Bip) MR IT & 5 W E A BAHSS &, OF
£ ERAD 33 2 H %) 85 I AR & 2B B ff ( Mecracken &
Brodsky, 2010) , 7 A< b 5¢ A9 P4 5 9 n T 38 %
o BRAGE BE R PR AE A2 B e R 25 R
ERAD i #2 8 bR W) AT 68 Ul B %A ) o) it
AR st RIS H B Re ok, R AL E B
BT S, DT 2 1 I & mR AR AR 1 T Y AR
F X PR IR 1 B B DT AR 5 B0 A0 M 4
PR 2 R I, DT Ot 2 A A o 2 B R i & RS
%%ﬁﬁ%ﬂggéﬁjﬁggﬁiﬁﬁﬁiﬁ(Izurnl,
2019) . ©H,sHSF fie ¥ 7E = i e W o % kB
Z: 55 ORISR <842 i BRAE R A B AT
2 SR B ( Stief et al., 2014) . H ¥ 7K T %%
(2019) 38 & XF b o 3% 35/ BB B 3
( Lycopersicon esculentum ) AF ¥k 1 IE % H #k , & B
/NFRIHCER 1 RE A% FRAR I Bl ok LR 30 B B aA
K BB O FE LR H R, ST E A (2020)
RIE M E T F S FAM/DNRBE AR CL-
HSP17.7 & & B T: 58 5o 5 & 0 728 Al 35 i
ST i FEPE S 9 . Waters 55 (1996) IF 3% T 9%
W ia BE i FHLY Hsp70 B9 mRNA 5 & AR &
B, B RAE (2009) & BHEK 2R 2% ((Ageratina
adenophora) TE¥3 WA T |, AN 7] 43 5 AR 1 2
PRI 36 o O 4 B 8 2 1 0% 9% e T 4 o 2R 2R
RO IS N e J1 . [RIE, 76 7K B8 ( Oryza sativa) B9
AR b & B, ¥ W 30 i I BAGROK e 4 i ) iR
HE AT DL B S 45 - 4 i IR AR Y e 3 PR ( Saltveit,
2001) . ffif NEF & —Fh Hsp70 254 7% (4, i i3 4
NIEWNGF TR IR Rl 2 B fRE 4L 5T Hsp70
BT fE , FLbk e 7T 80 Hsp70 1 5 ff (X 5 5 4,
2017) , #E— BN, 32 20V W8 5 09 20 BH %
T Ak it € 5 A8 MAAH Bk 2 1 T K 5 A 8 0 A o | 31X
AT REJE TR E B S 7R B E TR O R BE A
KO3 R Y) sHSF A H AR, T 25 F1 53 1)
L REHBING, I 5 Hsp70 NEF 55 HAth 43
FHARTE — & A4 T B R A Em R TS, 2
R 2R 150 TR 25 R A D BE , AT 3k 3 1 0 H AT
FEVER EH I, 454 EMS 75 520 FHBR A Bk i 98 28
AR R e S A A3 AT, LA L B 5 485 S Ol 41 FH R A Bk
Tiif & A 57 B Uk B K 5E oy 1 LI ST B A T
— i SIS bR S BRE Z AR

AHEFE R EMS 55 H i 2 R AL 12 Fif
AR | die 258 1o FE Wy 30 A B O 5 T 2E 8 AR
i iE— 250 w0 25 i 2k Y T € 58 AR {R 5 OE R
2T FHBR e Bk AR M 0 AT B SE AL B R A BT, 5 R R
BH 00 A7 9 Bl 2t b B A 21 BH SR A A T 9 28 A8 R 5
Xof B A 2T BRRAGE A I 5 R AR A L, 3R 22 S Rk
L 294 % Hovh B ERGE 254 4%, NI RS 40
%k, ZERRIBEEFTRER 250 4~ GO TIRESZE A
15 45 KEGG i@ #&Hr, 43 Hr 45 2R W, o9 Jot ) i
FBMTEERRRETET OFERRIAE
B, Bk E sk, R T 3 25T FEAH E 3L
L 43 B A I 2T BH R e Bk G 2T 48 Tt sHSF
Hsp70 [NEF 133K 8 R 4 Th Hi it F€ %
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