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Abstract: ACC oxidase (ACO) is one of the key enzymes that catalyze the synthesis of
ethylene. Ethylene is involved in salt stress response in plants, and salt stress seriously affects
the yield of peanut. In this study, 424CO genes were cloned and their functions were
investigated with the aim to explore the biological function of 424COs in salt stress response,
and to provide genetic resources for the breeding of salt-tolerant varieties of peanut. 4h4ACOI
and AhACO2 were amplified from the cDNA of salt-tolerant peanut mutant M29, respectively,
and cloned into the plant expression vector pCAMBIA super1300. The recombinant plasmid
was transformed into Huayu22 by pollen tube injection mediated by Agrobacterium
tumefaciens. After harvest, the small slice cotyledon was separated from the kernel, and the
positive seeds were screened by PCR. The expression of 444CO genes was analyzed by
gRT-PCR, and the ethylene release was detected by capillary column gas chromatography.
Transgenic seeds were sowed and then irrigated with NaCl solution, and the phenotypic changes
of 21-day-seedings were recorded. The results showed that the growth of transgenic plants were
better than that of the control group Huayu 22 upon salt stress, and the relative content of
chlorophyll SPAD value and net photosynthetic rate (Pn) of transgenic peanuts were higher than
those of the control group. In addition, the ethylene production of 4h4COI and AhACO2
transgenic plants were 2.79 and 1.87 times higher than that of control peanut, respectively.
These results showed that AhACOI and AhACOZ2 could significantly improve the salt stress
tolerance of transgenic peanut.

Keywords: peanut; ACC oxidase; ACO genes; salt stress; ethylene

A6 (Arachis hypogaea L.)J2 % [E 5 EL 7 WP R, AT A A X R W 5 A L

BHEWT R TR, AU 0B Y i s F ik
T A E R, O B i A 7 R
Ho Ay BA AR K & S 112, SR a2 PR
YEY) - L N R 2 —, 3R E i T
FUIk 9913 J7 hm?, £y di4 [ i AL 1/10,
PRSI TR EEY Y AR T
it ERBAEY), TS SR 0.3% 25 48
AAERKET, ERA KRR, E e

http://journals.im.ac.cn/cjben

55 7 Tt 58 BCAE A XA 28OR P R i ™ 5% AE A Ao
LT AL E

UEAFESR, ST AR A TR £ g AL A IF 5T i
AikiE . B, 5-Z5E OB RBE A R0 FR
TR GRS, G s T A AR B
PE R AEAE T ER PRSI E I R
QISP AL I QY2 CTE LR S i
B AhLea-D PR RENS ML R AL A T ERPES . K



BEE B/ACC SLEEERE 4hACOs 3BT R MERIRZ T

EFGR R, LA TEAR Y AR R BT W aa s
R EEIEMDY, Hhaimshmat™ s
At PR En B ERIIR N A R,
AR Y& il 2 2 (methionine, Met), i#—
A A S-JiE A i % 2 (S-adenosylmethionine,
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1-carboxylic acid), ACC #k¥ZifE ACC ‘AL
(ACC oxidase, ACO)WIEH Tk h o Hio &
WE AN E, KA G R EZE
2 FhCHE AR B ACS AT ACOM®, XFFix 2 Fif
g s C I, Bl LeACOT HETE A Ik
RONF AL G H h 2R RL, WhRikeEik
e TR 3R AR AR A AR K R R O T R A
YEHIUT, [ H3E HadCOI TEATR#E M AIH
NaCl ¥ FE . AN [A] a5 T A e Re etk Rk 22
SO ACO MWL R F5 A1), Tl i TR 24000
e e A B BYAE Ty T BE A AR K R
SgACS3 TEPFE D DURMR R AL BIEE
R B AR AR B R AC0 A
WFFE L SR L B, EEh A BB IS S A 4CO A
RIS, ACO FEHNZ 5 R (R e w5 52
BAS R UESE . LA EAFSEIER,, ACO Fil ACS
ERIY K & B R R B AR

Hl, TR ACO Ml ACS FH Y
Mo, R AERT T T LU FHEE R
VAR, XWAEE 22 5 /N AME R I B AR
AR, 7RG IR I TSN NaCl #4772 i ik
ARAFH ER AR R M29, 76 0.7%ER I T H & 2F
I 50%, MBELERNEFERE 6.7%;
i RNA-Seq Hi A&, *F M29 MiBEEEALE
22 SATESRAHDIT 400, TiER] ACC Ak
B EL [ ARACOI1 Tl ARACO2 7E 2 AREARTE], LA
A Wy 38 4 B S 25 5 Gk A B B K
o ARG AE MRS I, 5ERE ARACOI . ARACO?2

&: 010-64807509

JE R FLER 3 5 i AT AR W A B2 T
RN IR BRI . XS 4hACOs B R
Yree D RE#E AT I UE, N f#NT AhACOs TeibA: Eh
38 1 ML A R BRI AR T, R B
SR A6 A T it o 1 328 R IR PR R R

1 HE5x=

L1 REMEEER

WA R A T £ AR R M29 e iR
WRAIEH 22 5 o T R ZER0 3k o K
W ¥F & (Escherichia coli) DH5a, H T 164 5t
& 5 Ak 19 TR BR R AR R AR AT TR (Agrobacterium
tumefaciens) LBA4404 . 18 ¥ & i85 & 1k K
pCAMBIA super1300, UL F A SRS i 5
PNV R B 3T F P T SE 2 R AF
1.2 2 RNA $2EUK cDNA #l&

TEHCAE AR T 3k 28 AR K M29 4, SR HIA:
AW TR R B A RS Al I FE ) 2 RNA
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Table 1  Primers used in the study

Primer name Primer sequences (5'—3)
AhACOI1-F GACTCAGCGAAAACATGGAGA
AhACOI1-R GGTTTAGACAGTTGCAATGGGA
AhACO2-F ACCATGGCAATCCACTCTTCT
AhACO2-R TTCACAATCGGCTTCTCTTTTG
H1-F ACGTCTGTCGAGAAGTTTCTGA
HI1-R TGCCTCCGCTCGAAGTAGC
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Figure 1
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Amino acid sequence alignment and phylogenetic tree analysis of AhACO1 and AhACO?2.
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2.2 HE AhACOI. ARACO2 KT %
DL 5 IS 453 1 cDNA R B #4T PCR
P, Vs e RRY], 4hacol
AhACO2 ) PCR ¥ 445 R 5 H 1Y v Bt 963 bp
1 320 bp RK/h—E(E 2),
2.3 FAREFMAEERNEEILEIE
Xof 2t N R A TR ) K A A TR R AR T TR A T
PCR ¥ 8%, 45 B, P e R B K%
435924 963 bp Al 1320 bp, 24 Tk R h 5
AR EFLATE(E 3). H Kpn T Sac 1R
D% e A ok, S 453 5 AT (B 4).
24 RHEFAMFFCHEE
IR AV J5 WSORR R R A A i 350 41 1

2000 bp
1000 bp

2 AhACO1 ERFEF AhACO2 EFHK] PCR I
ey

Figure 2 PCR amplification of 4h4CO! and
AhACO?2 gene. M: DL2000 Marker; 1-3: AhACOI,
4-6: AhACO?2.

M 1 23 4 56 7 8 9 10 1112

1 500 bp
1 000 bp

3 AhACOI. AhACO2 U KA E . RITE
MER PCREE

Figure 3  PCR identification of 4hACOI and
AhACO2 transformed  Escherichia coli and
Agrobacterium tumefaciens. M: DL2000 Marker;
PCR identification of 4hACOI transformed E. coli
(1-3) and 4. tumefaciens (4—6); PCR identification
of AhACO?2 transformed E. coli (7-9) and A.
tumefaciens (10-12).
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$ZH DNA #47 PCR §14, % i 6 77 55 4 FH
PEFH (B 5). S55REW, AhdCOl FHF LA,
FAAZIAYER N 55.1% (54/98), AhACO2 RN
AR BHE 2R 58.3% (42/72),
2.5 AhACOI. AhACO2 EENRIEE SR
W qRT-PCR 4 A X 6 5E 6 A= b iy
AhACOI1 . AhACO2 & HEFT FH XS 2 15 1 1) I
SE o A 2785 B X qQRT-PCR )45 3t
T8eit b, 458 EKW, 4hACOI. AhACO2
FETE 3 MR G% SRR AR b 0 R X 3 18 8 2 Sl Xf
TRAIEE 22 519 2-3 1, LR RN SRR
238 6).

2000 bp

1000 bp
750 bp

4 AhACO1. AhACO2 FTIEFHMH Kpn 1 F1
Sac 1 WEGIEIE

Figure 4 Verification of 4hACOI and AhACO2
expression vectors by Kpn I and Sac 1 digestion. M:
DL2000 Marker; 1: ACOI1-1; 2: ACO1-2; 3:
ACO2-1; 4: ACO2-2.

M 1 2 3 4 5 6 7 8

1 000 bp
750 bp

5 AhACOI F1 AhACO2 % ERFFIZEE
Identification of AhACO1 and AhACO2
transgenic seeds. M: DL2000 Marker; 1:
Recombinant pCAMBIA super1300 plasmid
positive control; 2: Huayu22 leaf DNA negative
control; 3-5: AhACOI transgenic seeds; 6-8:
AhACO?2 transgenic seeds.

Figure 5
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Figure 6 The expression of 4hACOI and AhACO?2 in transgenic plants. **: Compared with CK group, the

difference was extremely significant (P<0.01).
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Figure 7 Ethylene concentration per unit fresh
weight of peanut leaves. **: Compared with CK group,
the difference was extremely significant (P<0.01).
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Figure 8 Detection of salt tolerance and physiological indexes of 444 COs transgenic peanut. Phenotypes of
HY22 (A), AhACOI transgenic plant (B), and 4h4CO2 transgenic plant (C) treated by salt stress; relative
chlorophyll content (SPAD) (D) and net photosynthetic rate (Pn) (E) of plants treated with salt stress for 48 h.
**: Compared with CK group, the difference was extremely significant (P<0.01).

FokRSBRES5 THY NS, JHE
o 17 5 AR rPOk 2 E PR R AR A, i AR
LN, WRE R E MY PR DY, X HA
W25 A —20, RIFEAR N VR 200 B s i im
FE AR AT ER BB ) 3958 . (HAE T MBS h A AR
[ HIE5IE, A5 75 M S5 D2 26 i it i ANJR 2 0 A
B, W T AR, FFmER ML Z
ERIE A B0 F AR, X UL SRR IR 2
LB 2%, FIREAEAE SRR 25 iR te .
Hii, Ca%Efir2musElT2Y
ERWE N E, M N2 KRS CTR1 . EIN2 ., EIN3
X — R BB S S A R R 2T

http://journals.im.ac.cn/cjben

CTR1 ZZNER — iR+, B
T CAR A i, I B 5 i i AR W 38 RE
J1, 0 X i A T B R B e
FITF T RS AR E B LR, )
REGRE B CTRI1 28 A8 (A #5230 H 3 ot 1Y) it
PO EIN2 7 CTR1 FE, Hohfgsdk
AR AR S R W, 7ERP TR . T
DL R A8 3 A K B B A e B R X R i e
R R, YL EIN2 2 M5 5@ am
IEVERE R FP, EIN3 £ F EIN2 R, £44
HFodesn —EER TP, R, bk
B R RIZRARAR ein3-1 S5HFAERIA L, FIHXT



BEE B/ACC SLEEERE 4hACOs 3BT R MERIRZ T

b Fo 3 A 00 S v R e A SR 3 I BT B
RATEC LR ENTFZ /BN EN =58
Joip e 28, RN T AT SR R I 4% 1 e AR A
YRk, A Z R0 R ORISR T
0, AWK E] 4hACOL. ARACO2 %
FE DA RAT RS T B G 20 S s3I AL
Mt R e Hem 2, ORXHRER O NE T2
R Bl 1 5 AR A Y R — AR S

AHFFE T ER ZEAE IR M29 FR i AhACOI |
AhACO2 W, IPH AT 22 5, @il
qRT-PCR A5 I AF ik 5 PR 6 8 o, 3 3 SOAH € 3%
PRI I 20 i, R W an kb B S W AR SR
R, RIEEFLNEE T AhACOI. AhACO2
PR 3 35 i TN L0 & me ot BRI 3 & 3, R
AN, XIRAE 22 SEE, MR
AR ROR DL . A IE 45 A UE I T it
ik ARACOI F ARACO2 W] 4 2 1 25 A6 A= i Tt

HhAETT

REFERENCES

[1] Biak. FELAE A7 RIEIR 5% 1000 ]. &
I EME D 2% 4], 2020, 42(2): 161-166.

LIAO BS. A review on progress and prospects of
peanut industry in China[J]. Chinese Journal of Oil
Crop Sciences, 2020, 42(2): 161-166 (in Chinese).

(2] Exwoo. FREEA A T & RG] T
Jig, 2020, 45(4): 1-3.

WANG RY. Production, processing and development of
peanut in China[J]. China Oils and Fats, 2020, 45(4):
1-3 (in Chinese).

[3] sKAZAR, EiL T FREEA & RO | AAAE ) R
FeBURAALT]. R EHAR, 2020, 45(11)116-122.
ZHANG LW, WANG LW. Development status, existing
problems and policy recommendations of peanut

industry in China[J]. China Oils and Fats, 2020, 45(11):

116-122 (in Chinese).

[4] Actide, EEIRZE, RAELL, MK, MRZELE, KAER.
FE I Eh il b Sk AL T 9E S 5 R B 0], R AR,
2018, 31(4): 70-75.

ZHU JF, CUI ZR, WU CH, DENG C, CHEN JH,

&: 010-64807509

[11]

[12]

ZHANG HX. Research advances and prospect of saline
and alkali land greening in China[J]. World Forestry
Research, 2018, 31(4): 70-75 (in Chinese).

RPERE, 2O6, KEM, v, BHfh, T4, &
Y, LHEA, BRA. BT R T S
BE[I]. AR2F2E4R, 2021, 11(6): 29-35.

WEN SQ, YUAN G, ZHANG ZM, ZHANG GC, CI
DW, DING H, XU Y, JJIANG CS, DAI LX. Salt
tolerance of peanut varieties at seedling stage:
assessment and screening[J]. Journal of Agriculture,
2021, 11(6): 29-35 (in Chinese).

Wb, BEEL ORI, R, A s-E L
P P TR 8] 42 46 A= T 6 1 1) A2 BEAIL AR DT 5T (0], v i
BHES 2R, 2020, 42(6): 1035-1042.

YANG S, ZHAO LY, SONG SS, LI XG, WAN SB.
Mechanism of S-aminolevulinic acid on salt tolerance
in peanut[J]. Chinese Journal of Oil Crop Sciences,
2020, 42(6): 1035-1042 (in Chinese).

XU Y, ZHANG D, DAI LX, DING H, CI DW, QIN FF,
ZHANG GC, ZHANG ZM. Influence of salt stress on
growth of spermosphere bacterial communities in
different peanut (Arachis hypogaea L.) cultivars[J].
Journal of Molecular Sciences, 2020, 21(6): 2131.
ZVF, W, maul, 245, HHR, T,
KA, FEMBH, E&IW, FEFML. A6 AhLea-D FE[H
114 5 R B T R PR SR E )], Al A= W HOAR 2 4, 2020,
28(5): 811-822.

JIANG PP, PAN LL, HUANG JB, JI HC, TANG YY,
YU MY, ZHU H, SUI JM, WANG JS, QIAO LX.
Cloning and salt tolerance validation of AhLea-D gene

in peanut (Arachis hypogaea)[J]. Journal of
Agricultural Biotechnology, 2020, 28(5): 811-822 (in
Chinese).

DUBOIS M, van DEN BROECK L, INZE D. The
pivotal role of ethylene in plant growth[J]. Trends in
Plant Science, 2018, 23(4): 311-323.

ZHAO H, YIN CC, MA B, CHEN SY, ZHANG ]JS.
Ethylene signaling in rice and Arabidopsis: new
regulators and mechanisms[J]. Journal of Integrative
Plant Biology, 2021, 63(1): 102-125.

LI WY, MA MD, FENG Y, LI HJ, WANG YC, MA YT,
LI MZ, AN FY, GUO HW. EIN2-directed translational
regulation of ethylene signaling in Arabidopsis[J]. Cell,
2015, 163(3): 670-683.

QIN H, WANG J, CHEN X, WANG F, PENG P, ZHOU
Y, MIAO Y, ZHANG Y, GAO Y, QI Y, ZHOU J,
HUANG R. OsDOF15
ethylene-inhibited primary root elongation under salt

Rice contributes  to

B<: cjb@im.ac.cn

611




612

ISSN 1000-3061

CN 11-1998/Q ¥ T #2244  Chin J Biotech

[14]

[15]

stress[J]. New Phytologist, 2019, 223(2): 798-813.
PANDEY BK, HUANG G, BHOSALE R, HARTMAN
S, STURROCK CJ, JOSE L, MARTIN OC, KARADY
M, VOESENEK LACJ, LJUNG K, LYNCH JP,
BROWN KM, WHALLEY WR, MOONEY SJ,
ZHANG D, BENNETT MJ. Plant roots sense soil
compaction through restricted ethylene diffusion[J].
Science, 2021, 371(6526): 276-280.

HARTMAN S, SASIDHARAN R, VOESENEK LAC].
The role of ethylene in metabolic acclimations to low
oxygen[J]. New Phytologist, 2021, 229(1): 64-70.
BEFE, RBER, REE, FRwW. CBESE TSR
2N ¥ OSEIL6 P42 /K R AR B[], A PR,
2020, 46(4): 12-18.

ZHAO YD, ZHU XY, XU GJ, WANG XL. OsEIL6 is
involved in regulating rice resistance to Magnaporthe
oryzae[J]. Plant Protection, 2020, 46(4): 12-18 (in
Chinese).

PATTYN J, VAUGHAN-HIRSCH J, van de POEL B.
The regulation of ethylene biosynthesis: a complex
multilevel control circuitry[J]. New Phytologist, 2021,
229(2): 770-782.

Tt T kAR ACC AALREHEH LeACOL i se b B F
BUSHTLI]. 3 THIPIE R, 2017, 15(2): 447-453.
LAN M. Cloning
l-aminocyclopropane-1-carboxylic acid oxidase gene
LcACOI from Lotus corniculatus[J]. Molecular Plant
Breeding, 2017, 15(2): 447-453 (in Chinese).

NS, TKHETT, WA, TilElE, ZEERGE, T EGE,
B, ZEBE 10 HZE ACC EULIEI K (HadCODY
TERE S FRIR T[T, P E AR TS, 2015, 35(9):
21-27.

SUN RF, ZHANG YF, GUO SC, YU HF, LI SP, QIAO
HL, NIE H, AN Y. Cloning and expression analysis of
ACC gene (HaACOI) from
(Helianthus annuus L.)[J]. China Biotechnology, 2015,
35(9): 21-27 (in Chinese).

PIYANUCH S, DOORN WOUTER G,
WACHIRAYA [, PARICHART B, SERMSIRI C.
Dendrobium orchids carrying antisense ACC oxidase:

and sequence analysis of

oxidase sunflower

van

small changes in flower morphology and a delay of bud
abortion, flower senescence, and abscission of
flowers[J]. Transgenic Research, 2020, 29(4): 429-442.
GRACIA Z, ANUPREET K, VODKIN LILA O.
Overexpression of an ethylene-forming ACC oxidase
(ACO) gene precedes the Minute Hilum seed coat
phenotype in Glycine max[J]. BMC Genomics, 2020,
21(1): 716.

http://journals.im.ac.cn/cjben

[21]

[22]

[24]

[26]

(28]

SOMYONG S, POOPEAR S, SUNNER SK,
WANLAYAPORN K, JOMCHAI N, YOOCHA T,
UKOSKIT K, TANGPHATSORNRUANG S,
TRAGOONRUNG S. ACC oxidase and miRNA 159a,
and their involvement in fresh fruit bunch yield (FFB)
via sex ratio determination in oil palm[J]. Molecular
Genetics & Genomic Medicine, 2016, 291(3):
1243-1257.

MR EL, WIMEAE, ASDOAR, SEAELE, B R X
DUR O OGRS SgACS3 1y 3 e J2 ik 4y
i3], Aol A= P8 R 2441, 2018, 26(5): 784-792.
ZENG NX, HU SS, HAO QL, XIN JJ, ZHOU Q, LI G
Cloning and expression analysis of ACC synthase gene
(SgACS3) from Siraitia grosvenoriilJ]. Journal of
Agricultural Biotechnology, 2018, 26(5)784-792 (in
Chinese).

RETH, BUZ, FRIE, W B MbACO, BN
W Je H 3K 7 M 9], 1 5 Al 2 4, 2021, 52(1):
155-162.

TANG YQ, YAN Y, LI MY, HU W. Cloning and
expression analysis of MbACO, gene in Musa ABB
group, cv Pisang Awak, FJ[J]. Journal of Southern
Agriculture, 2021, 52(1): 155-162 (in Chinese).
W, WLLE, B, MEARRK, WK, BB,
R, AT, LEEE, R, TR e E
AT AT AEE AhFarB R G (1] fEdbk
242, 2020, 35(4): 64-70.

PAN LL, JI HC, HUANG JB, HUAI DX, LEI Y, SUI
JM, TANG YY, ZHU H, JIANG DF, WANG JS, QIAO
LX. AhFatB gene editing using pollen-tube pathway
and Agrobacterium mediated method in peanut[J]. Acta
Agriculturae Boreali-Sinica, 2020, 35(4): 64-70 (in
Chinese).

SUI JM, JIANG PP, QIN GL, GAI SP, ZHU D, QIAO
LX, WANG JS. Transcriptome profiling and digital
gene expression analysis of genes associated with
salinity resistance in peanut[J]. Electronic Journal of
Biotechnology, 2018, 32: 19-25.

SUI J, JIANG D, ZHANG D, SONG X, WANG J,
ZHAO M, QIAO L. The salinity responsive mechanism
of a hydroxyproline-tolerant mutant of peanut based on
digital gene expression profiling analysis[J]. PLoS One,
2016, 11(9): e0162556.

KOLARIC J, MAVRIC PLESKO I, STOPAR M. The
expression ofMdACOI1: impact on ‘Golden Delicious’
apple fruitlet abscission development[J]. Acta
Horticulturae, 2016(1138): 9-18.

SKPE, EAE, M, K. HRAE Gha COT R INIEY)



BEE B/ACC SLEEERE 4hACOs 3BT R MERIRZ T

[32]

PR HARA AU ST BAL AL )] e A,
2011, 28(6): 19-22.

ZHANG P, WANG F, SUN H, LI HB. Construction of
plant expression vector of cotton Gh4 COI and genetic
transformation of Arabidopsis thaliana[J]. Journal of
Biology, 2011, 28(6): 19-22 (in Chinese).

SYBILLE T, EUGENIE F, CHRISTOPHE D, PASCAL
M, EMILIEN E, MARC M, MARLENE M, VALERIE
B, THIERRY T, JALILA SA. Chemical modification of
l-aminocyclopropane carboxylic acid (ACC) oxidase:
cysteine mutational analysis, characterization, and
bioconjugation with a nitroxide spin label[J].
Molecular Biotechnology, 2019, 61(9): 650-662.
ACHARD P, CHENG H, de GRAUWE L, DECAT J,
SCHOUTTETEN H, MORITZ T, van der STRAETEN
D, PENG JR, HARBERD NP. Integration of plant
responses to environmentally activated phytohormonal
signals[J]. Science, 2006, 311(5757): 91-94.

SKENER, ZEEAE, TEN, SoRIE. LR Yt
AT R[], AP R, 2010(9): 1-7.
ZHANG LX, LI GJ, WANG RG, HUANG RF. Advance
on ethylene regulation in plant response to salt stress[J].
Biotechnology Bulletin, 2010(9): 1-7 (in Chinese).
e, 2/, Mg, RZDAK, ikl HiR, Bk
HRAE . AN 2 Ak 8 38 T 2 i A B kS A A
KAFEmI[I]. WA RE, 2010, 39(4): 79-82.

FU XM, LI XJ, WU H, ZHU HL, HAN D, XIA YQ,
CHEN YH. Effects

of exogenous ethylene on

&: 010-64807509

[35]

germination and seeding growth of tomato
(Lycopersicon esculentum miller) under NaCl stress[J].
Journal of Henan Agricultural Sciences, 2010, 39(4):
79-82 (in Chinese).

FIR, BORUE. C AR AR Y SR A W 5T 2 R[],
YA 441, 2015, 51(10): 1567-1572.

WANG J, HUANG R. Regulation of ethylene in plant
salt tolerance[J]. Plant Physiology Journal, 2015,
51(10): 1567-1572 (in Chinese).

WANG YN, LIU C, LI KX, SUN FF, HU HZ, LI X,
ZHAO YK, HAN CY, ZHANG WS, DUAN YF, LIU
MY, LI X. Arabidopsis EIN, modulates stress response
through abscisic acid response pathway[J]. Plant
Molecular Biology, 2007, 64(6): 633-644.

CAO WH, LIU J, HE XJ, MU RL, ZHOU HL, CHEN
SY, ZHANG JS. Modulation of ethylene responses
affects plant salt-stress responses[J]. Plant Physiology
Journal, 2007, 143(2): 707-719.

LEI G, SHEN M, LI ZG, ZHANG B, DUAN KX,
WANG N, CAO YR, ZHANG WK, MA B, LING HQ,
CHEN SY. EIN, regulates salt stress response and
interacts with a MA3 domain-containing protein ECIP,
in Arabidopsis[J]. Plant Cell and Environment, 2011,
34(10): 1678-1692.

SHUICHI Y, SANG-DONG Y, JEN S. Differential
regulation of EINj stability by glucose and ethylene
2003, 425(6957):

signalling in plants[J]. Nature,

521-525.

(R 529%  AENTT)

B<: cjb@im.ac.cn

613




