HPIRIZEZIR 2018, 36(3): 402~410
Plant Science Journal http . /www.plantscience.cn

DOI:10. 11913/PSJ. 2095-0837. 2018. 30402

gkgy, AOTEE, G, BHK, K3k JERE ASR S TERE R IIRERIE T [ J] . AR, 2018, 36(3) : 402-410

Zhang H, Zheng JX, Jian SG, Xia KF, Zhang M. Isolation and functional characterization of the ASR gene from Ipomoea pes-caprae[ J].
Plant Science Journal, 2018, 36(3) : 402-410

Bk ASRERZER IS 5
k&2, AR, HER, AR, Kk

(1. EPEBEE A, R BT S E, M 5106505 2. W ERRHBERE, LAt 100049)

# E. @i E R (Jpomoea pes-caprae (Linn.) Sweet.) cDNA SCJE Ry ik, 3848 T — 4 i3 B e ASR
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Isolation and functional characterization of the
ASR gene from Ipomoea pes-caprae

Zhang Hui'?, Zheng Jie-Xuan'?, Jian Shu-Guang', Xia Kuai-Fei', Zhang Mei'*

(1. Provincial Key Laboratory of Applied Botany, South China Botanical Garden, Chinese Academy of Sciences,
Guangzhou 510650, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)
Abstract. We focused on the full-length cDNA encoding ASR protein isolated from a lpomoea
pes-caprae (Linn.) Sweet. cDNA library. Results showed the coding region of IpASR cDNA
was 648 bp, encoding a 215 amino acid protein with a molecular weight of 24.57 kD and
isoelectric point of 5.42. By ectopic expression of IpASR in yeast, we found that /[pASR
improved the salt and H,O, tolerance of transgenic yeast strains. Using adult plants and
seedlings of |. pes-caprae with or without abiotic stress and ABA treatment, real-time RT-PCR
analysis showed that IpASR was widely expressed in different adult organs in /. pes-caprae.
The IpASR transcript was induced under abiotic stress and ABA treatment. The subcellular
localization assay combining bioinformatics analysis showed that IpASR was a nucleoprotein.
These results suggest that [bASR might play an important role in the regulation of /. pes-caprae
growth and development, and therefore respond to environmental abiotic stress and the ABA

signal pathway.
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MYTEARKET LIRS, HESZ3 2R
B, REHAERK G B AR N, A
T E B N FEAALFELL T LA XA s
SRR ST A I R R IA R
Fi G A FRA A AR bR B A2 AL RIS B 6
AR 8 B S8 E T Hodr, Whaa g
FE PR A 3R PR SR T S AR Iy 285 390 B 43 HIL I 1) G
B, FHOCTRE JE R Y s R A S VO AR (TEW)
Ui PE s AL ok B 245 R ASR( ABA-stress-
ripening) ZE K& B BTMUEME Y T A BIF) 255
Ak A= 30 B ol 2 7 P D RE PR

ASR EH Y TR A —2EN, RA
SR F Fil LEA 45 1 ( Late embryogenesis abun-
dant protein) FFEARHE, FEIREAY N LAY
Wb A 7 R PEE AR A R E R R B
(1) ASR &P 28 b 07 5 1 i) 22 ek 2 22 SO, TR
7 ( Lycopersicon esculentum Mill.) il 25 5 vh 3k
158, fw K Asr1® . Asr1 Al 7E % i g B R sz h
Kok, 238 i i e b iz 2k % s mf
W BIAE S, B, 75T 2 R 4 v AR IR po R
RIS T I Asr2 ~ Asr5'%7° | Fiili ASR J:[H Ay #F
FIEAEY) ASR JE R G T Re % 2 i ek, B
i, CTEZFEY) h Y e RS T 50 £~ ASR £
FWEE T, (B IF (Arabidopsis thaliana
(L.) Heynh.) 7E N i 1 5 AEFHHE Py ik A 20 v 3%
HRI ASR FE T ASR &1 5HY LEA
EH(WR A E RN T EEN, Late embryogene-
sis abundant protein ) ZEALH 1A Py Y AL B4R 2 F1 2R
HERAEPE BT s B —3k, BIERTEM IR & & 5 W Fh -+
R R 7EEFRA L B3R IE52 B K BrE iy
Vs Yo R K AR E RN E T R
F. Kk, Battaglia %" ¥ ASR & 250 LEA
RS- LA

AR AT R A AR K R o LAY S B
e, PR AER RS R BEA
R, Y ASR 5K i 3% 18 AR 8 £ w5 XA
PRXT = $h AT e i it 324 . i, FHE(Musa
nana Lour.) MpAsr & 78 K AT 5 A48 g 5t v i
RN XB R a8 AT 2 M E T
( Salicornia europaea L.) J&— Ff 0] L3 i H S R
BEnyEh MY, H SbASR R K TE MM HL ( Nicotiana
tabacum L.) kR i F TR 4t iy 1 R XL AR ) i

PV R A B, WAL T E (Suaeda
liaotungensis K.) " Fl/\K ( Setaria italica (L.)
Beauv.) "® ASR 56 3 R 7 Sl g I o A R IR 1R
T B R DR BR 1) T R R SR, AR 5 ( Brachy-
podium sylvaticum( Huds.) Beauv.) BAASR1 3 A
TR T 1) e R T8 B 8 i e 7 5 DR AR 1) T 52 e
A,

JEE ( lpomoea pes-caprae (Linn) Sweet.)
ENEAR T R 2 AR A, EE M TR
WL AT M DA VD S 0, BT AP
UPRE AN VK vl e Ty, B PR R, 7RV HY
DXV [ VD | S Ak Ko 2B 28R 52 55 7 T 4 T AR
AU JEREE T A (Halophyte ), B
SR A TR ER AT 520, A SCE i % IR ASR ]
IDASR (1) 5 e FF 50 43 B, W8 12 D) 1 A ) 2
isg, VASAYEY B o+ & A e e AR

1 #MEERE

1.1 WM 5ENBAE

AR LIRSS T R A ) el T 2 (28°18'75.91"N,
113°37'02.38" E) H 1 J5E ke JIUAF ALk LA 2 T Bk o6 16 Y
(22°16'25.37"N, 113°34'18.00" E ) W £ 1) JE- i Fh 7
NEE R R, SRR LM G, B T -80°C kA £}
. &R BEEMTEEE, HER, 8T 10%1
TR TR 12 h, P 5 D aRE T EE Fh B 2 5%
F, B T E s A, B R D H R A K BUE
R . R ETAR 2R 20 53R L 7E 300 mmol/L Y
NaCl % M H @ B 24 h, B0 £k a0 5 b
i BHRZRIRU 0.1 mmol/L i) ABA ¥ 24 h( [H]
IR ) , R AR,
1.2 FHik
1.2.1 F59HH

JE# ASR X IpASR cDNA 4: K % Jil NCBI
ORFfinder ( https:/www. ncbi. nim. nih. gov/orffind-
er/ ) ¥k A i K A, JF >R ] SmartBlast % 4is
JE ( https:/blast. ncbi. nim. nih. gov/smartblast/?
LINK_LOC = BlastHomeLink ) £ & ASR % [ [a] i
FI(F£ 1), FH MEGA 6 {4 i1y Clustal W 4
F1 P8 X A8 g LA

K ExPASy %0 ¥ % ' B9 ProtParam 2 ¥
(http://web.expasy.org/protparam/) i1 IpASR
IR & i Rug EREK I, SR PHYRE® 2
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Table 1 Sequence information of ASRs from other plant species cited in this paper

ASR %1 A5 Y44 B
ASR proteins Accession No. Species name
INASR BAF46301.1 ZE4E 4% Pharbitis nil (Linn.) Choisy
CsoASR BAB19963.1 B u-4THilE Calystegia soldanella (Linn.) R. Br.
SIASR AGZ20206.1 LT Suaeda liaotungensis Kitag.
CgASR XP_021771569.1 #F Chenopodium quinoa willd
SbASR ACI15208.1 3% T Salicornia brachiata L.
AcASR XP_020111424 1 RZEL Ananas comosus (Linn.) Merr.
GbASR AAR23420.1 ¥4 Ginkgo biloba L.
TuASR EMS47440.1 BRRE/NE Triticum urartu Thum. ex Gandil
CsiASR AHJ09608.1 BFZER Camellia sinensis (L.) O. Ktze.
SIASR NP_001269248.1 i Lycopersicon esculentum Mill.
SpASR CBY05512.1 T 3F5 Solanum peruvianum L.
PtASR AABO07493.1 KAEHS Pinus taeda L.
PaASR AAB97140.1 7 Prunus armeniaca Lam.
VpASR ABC86744.1 £ 4% %] Vitis pseudoreticulata W. T. Wang
ScASR AAA86052.1 ¥ BRI 443 Solanum chacoense Bitter
ZmASR AFE89428. 1 HRIA Ziziphus mauritiana Lam.
PmMASR NP_001306732.1 M§4E Prumus mume Sieb.
PpASR XP_007201299.1 JKERE Prunus persica L.
PaASR XP_021820409. 1 FHEBE Prunus avium L.

¥ (http./www. sbg. bio. ic. ac. uk/phyre2/html/
page.cgi? id=index) Zr#Hr IpASR £ 1 1Y TC ¥ 5
3D Z#h),
1.2.2 BEEARTHMENED T

W ¥ Y 5 41 kT IpASR-pYES-DEST 52 i
JEVREE R 0.1 ug/ul, R S BRERE 5 % A e RE
X R BRI 5B R AXT3 FUGE 7 1) B A 7R T B A 2R
W303'"®1 s AR H,O, HURAY 2875k yap 1A
(YO0569, BY4741; MATa; ura3A0; leu2A0;
his3A1; met15A0; YMLOO7w: . kanMX4), skn7A
(Y02900, BY4741; MATa; ura3A0; leu2A0;
his3A1; met15A0; YHR206w: . kanMX4) Fl X [
B BY AR R B Bk R BY4741 ( YO0000, MATa;
hisBAT1; leu2A0; met15A0; ura3A0) .

APk B AXT3, W303, yapl1A . skn7 A%
1k pYES2 F1 IpASR-pYES-DEST 52 WA vEfE, LA
YA AT RE WT 5% b 25 484K pYES2 1Y 5 v BEAE
XTRE S FERDT 2 mL 0T 22U 00 8 B A 8 77
H(SDG ¥ 75 i, 30°CHHE I #%IK (200 r/min)
iR WM ODgy 5 2, M 101, 1:10, 1:
100, 1:1000 K EWAATEHMGRE, 7352 ul
3 4% i B 10 TR 3 T 2= S A 50 mmol/L
75 mmol/L. 200 mmol/L NaCl DI & #H1 0.75 mmol/

L H, O, ¥ i ) T B [ 44 855 57 36 P #l |, 30°CH5 57
7 d, WEEEREA KT,
1.2.3 2 RNAZE

S H1 HiPure Plant RNA Kits (R4151) &7 & 42
IS RER I F 2 RNA, R RNA VR
1.2.4 Real-time RT-PCR

SR 51 DA RNA R AR IR A 336 7 51 S5 1y
FHL cDNA %5 —4%% . i 35 NCBI Y Primer-Blast
BAE B IpASR H: 1K Y real-time RT-PCR 514,
2191k IpASRRTF: 5'-AAGATAGCAGAAGAGGT-
GGCG-3' 1 IpASRRTR: 5'-ACGC ATAAGCCCA-
AACCCAT-3', WS I W IEEZ ZE A KK
IpUBQ( GenBank % 5¢ 5. MF502417), 514K
IPUBQRTF: 5'-TCGACAATGTGAAGGCAAAG-3’
#l IpPUBQRTR: 5'-CTTGATCTTCTTCGGCTTGG-
3', &% Tag™ Universal SYBR® Green Super-
mix( BIO-RAD) fit il Real-time RT-PCR [z W& %
K% G 3% 5 it PCR LightCycler480 X 2% #E 17
K, FEAAY Ct{EER 3 R & A FH41ME,
1.2.5 GFP RAZEARMRIEAHENHERFER
R EBRERIEEN

VIS A S ASR 25 H ALK cDNA 1Bk Rk
ik pYES-DEST 52 & 41 i b M B, LA IpAS-
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RGF: 5'-CTTGCTCCGTGGATCCATGTCTGAGA-
TGAAACAC CAC-3' il IpASRGR: 5'-TGCTCAC-
CATGGATCCAAAGAAGTGATGCTTCTTC-3' H 5
VI Ty B . [k, pUC18 EGFP Fikiz: Bam HI
PARGYIALER, FE IR, SR A In-Fusion $7 AR ik
17 DNA F Bt AR Rl R 41 4% . 8 S b r= 4 %
R IAFF B IM109 JRZ A B AR . DI %6 22 1E 6 )
B sk ) , 1777 IpASR-pUC18 EGFP 40 Tkt ,
233K pUC18 EGFP 1E Jy*tHd

W B R TR 2R /NE BT 3% RE AR 11 [
K MS K % B P B b, 4% BROEE R G ( BIO-RAD,
PDS-1000/He) 4 vt B 5 il 25 Bk A1 4 8y, >R H
1100 psi MR R Bl A FREK, ¥BFE20h 5T
LSM 510 Meta( Zeiss) %6 i fiss F WL, 118,

2 FEREH

2.1 IPASREREGRBEEXKEEELFER
AT i %t E B cDNA SCHEERY T vk, 3875

ity ASR & H 194 K cDNA, fiv & & IpASR,
IpASR K- 962 bp, Hitf 5'4:#i%IX 68 bp, 3'3F
BIEIX 246 bp, 4% X K 648 bp, M & A
215 MR ILR A9 11 IpASR (K 1), IpASR & #
ASR ZE 3L 1) ABA FI K 43 ik 36 45 #4388 ( ABA/
WDS domain) ; N iy & A & & 2 2 W2 1 4544 (His-
rich motif) , AIRES &R B TIILSGH &, 1M C i
S — M E L% NLS (Nuclear localization
signal) , #EM IpASR M ENEH,

IR E TR B KM I 45 R W, IpASR
EEM IS T8 R 24.57 kD, FiS 5N
5.42, B— 1 REMNEMIT T, IpASR B ET-32%
JKAE B (GRAVY) N -1.637, J& T & ¥ £k %
M. IPASR & & R K & Bk Glu, His il Lys,
MK IR lle, Leu, Met, Phe, Pro, Trp
1 Val 851K,

2.2 RAEERRGHLSH
WoRas Rk, IpASR & H &R 751535

AACATATT 8 bp

TTAGCTTAGCATTCATATTTCGTCCACTACCAGAAACCATCCCAAAAAACTAAAATAATC 68 bp
Start codon @TCT GAGATGAAACACCACCACCACTTTGGTCACCACAAAGACAATGAGGAAGAGAGG 128 bp

His-rich motif M--S--E--M--K--H--H--H--H--F--G--H--H--K--D--N--E--E--E--R--

CAGTCTTCCTGTGGTGAAAACACTTATGGCACTGATGAGAAACCTTATGGCCAAACAGGC 188 bp
Q--S--S--C--G--E--N--T--Y--G--T--D--E--K--P--Y--G--Q--T--G-~-
TATGGGGAAGAGTCTTATGAGAGGAAAAACACCTATGGTGATGACTCTTATGAGAGGAAA 248 bp
Y--G--E--E--S--Y--E--R--K--N--T--Y--G--D--D--S--Y--E--R--K--
AACACCTATGGAGATGACTCTTCTTGTGAGAGGAAAAACACCTATGGAGATGACTCTTCT 308 bp
N--T--Y--G--D--D--S--S--C--E--R--K--N--T--Y--G--D--D--S--S--
TATGAGAGGAAAAACACTTATGGAGATGACTCTTATTATGAGAGGAAAAACACTTATGGA 368 bp
Y--E--R--K--N--T--Y--G--D--D--S--Y--Y--E--R--K--N--T--Y--G--
GATGACTCTTACGGCCAAATCGACAAGTATGGGAGTGAAGGCGTGACCGGCGGCATAGAA 428 bp
D--D--S--Y--G--Q--I--D--K--Y--G--S--E--G--V--T--G--G--I--E--
CCGGAAGGGAAAACTCATGAGGATTACGAAAAGGAGAAAAAACACCACAAGCATCTCGAG 488 bp
P--E--G--K--T--H--E--D--Y--E--K--E--K--K--H--H--K--H--L--E-|
CAGCTCGGCGGGCTTGGCACCGTCGCCGCCGGTGCCTATGCCTTGTACGAGAAGCACGAG 548 bp

[Q=-L--G--G--L--G--T--V--A--A--G--A--Y--A--L--Y--E--K--H--E--|

ABA/WDS domain GcAAAGAAAGACCCAGAGAATGCGCACAAGCATAAGATAGCAGAAGAGGTGGCGGCAGTG 608 bp

[A--K--K--D--P--E--N--A--H--K--H--K--I--A--E--E--V--A--A--V--|

GCTGCCGTTGGATCAGGTGCATTTGCATTCCATGAGCATCATGAGAAGAAGGAAGCTAAG 668 bp

A--A--V--G--S--G--A--F--A--F--H--E--H--H--E--K--K--E--A--K--

Termination codon GAGGAAGAAGAAGAGGCTGAGGGAAAGAAGAAGCATCACTTCTTTTAATTACATACTATA 728 bp

TATGTGTTTTTATTATTAAGATCAAACTAAATAATCCGATCCTTAGCTTGTACGACGTGT 788 bp
GTGAATAATGGGTTTGGGCTTATGCGTGTTGAGGTACGAGGAGGGTTTCTTTGTACCTAG 848 bp
CTAAGCTACCTATCTACTCTATTTGTGTCGACTGAGATGTTTTATTATTCTCTAGTGTAT 908 bp

GTGGATTGTAATAATACTAATACTGATATAAAGTTTATTAAAAAAAAAAAAAAA

962 bp

ATG: BHPEERIAHIET; TAA: L IE%1; His-rich motif: H&EMRE & 45H; ABA/WDS domain: ABA Fl/K 43

Z5Ms; NLS. g% e 5 .

ATG. Start codon of translation for IpASR; TAA. Termination codon of translation for IpASR; His-rich motif . Histidine
rich structure; ABA/WDS domain: Abscisic acid/water deficit stress; NLS: Nuclear localization sequence.

Bl 1 IpASR cDNA MR E AN EERFT]
Fig. 1 cDNA and encoded protein sequences of IpASR
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EEACRI 2 4 AL RN B TR AE Th ) ASR B R
FERE . 5424546 InASR 2 LR )T 51— B 35 3|
79%, SBEMITHIEILF] 69%, FH IpASR 5 H:
‘B 19 P Y ASR & LR ¥ 4 1Y R G kb A ([
2), RN, JEHES IR A Y i T AL T
%, DL AR YRR A BA s n IRl TR
2.3 IpPASREREBZHRHRIEZRS TEIEHE
EhEpEFI H,O, i i
WFFR 45 R B, HEL IpASR HE P 14 HE A
B 5540 23 2K pYES2 1 AXT3 BBk 5875 bk A
b, BERSTERR N 50 mmol/L 175 mmol/L NaCl %
W SDG (B EERE 3758 ) AR BA K, MRS
200 mmol/L NaCl ¥ W 1) 15 37 367 #i -t v] DL/
K, MR K5 IpASR Y EE B (5 4k a3 #k
PYES2) WIAREA K, #BH IpDASR 3 [H 78 g &) p
1) 2% 35 RE A B 5 1 B 58 BUBR 8 A8 Bk AXT3 X 45 1y
T SZPE (K 3) , [FIEF, #BRE IpASR HEH 1)
i LN P B 5 A 23 44Kk pYES2 19 W303 B A= 7
T REAH B, BEREAE TS N 0.85 mol/L NaCl ¥ i 1
1.28 mol/L NaCl #3572 F AR, H
AROIRIL R, MAEA I 1.5 mol/L NaCl ¥ i 1
R B e b s K WiR KA IpASR
(IEERE (55128 AR pYES2) A fE A4 K, F W
%% 1bASR A

InASR
CsoASR

2.19

2.09

IPASR HE P 8 B 1J: v 11 2% 35 B8 06 12 /25 107 /4 78U e 1
PEFR W303 X R ihia a3z (& 4)

IPASR & X Ak B i 32 P 45 S B
yap 1A Fll skn7A Xt H, O, S i B BE 5 A5 bk, A5
A 0.75 mmol/L /) H,O, 5373 LA RRA K, 1M
Sy A YT RE B A B (WT) BB E # A K, AR IA
IDASR B (1% i 5 PR [ 1) 5 7 Ak 23 404K pYES2 1Y
vap 1A BERE5EZE R L, BEREAEES N 0.75 mmol/L
H, O, 53R 3Pl B AR RIE IpASR R
vap 1Ak a3 34k pYES2) M JLF A figtk K (&l 5.,
A), [AlRE, HBFIK IDASR RN 5L RN BERE skn7A
WAEAEZETR N 0.75 mmol/L H,O, By IR 34 4E
s MAR R IDASR WEELE skn7A (¥ 1k 25 #k
PYES2) MJLPARRAER (E 5. B) , XEE5 R,
IDASR BRI TERERE 2 A2 bk yap 1A Tl skn7A hif) 3k
TR R i P BT Ak e (it 224
2.4 IpASREFEEREARWZRIE

K [pASR F K B F ik 5 IE MR & B 1Y
KR, AT EREA R 2 H k41 20dh IpASR %
K # ik #6147 RT-PCR 434, 45 KW, IpASR
FERTE R R (AR . b R BAbse h A B s R
IR, TR R A 2 AR 2R R AR A PR R AR
i, g R R IR E B (E 6. A) .

0. SbASR
5.34 4.91 CaASR
" M SIASR
= AcASR
1.66 - o e
1.18 _l 7.53 TWASR
2 CsiASR
151 8.80 JASR
1.32 “isii::PpAsR
4 1.42 TPmASR
0.31 3.33 1.10 PaASR
258 paASR
1.45 702 i’t“/(\]SR
: ScASR
487 0.00
ﬁ‘\ SpASR
B 0.98 413 200 “SIASR
2 - VpASR

RGN 53 3 AR B TR R R GE LA 1 A S fH (1000 (K ER)
Numbers beside the branches indicate bootstrap values (with 1000 replicates) .
E 2 IpASREZzASHEEREYEIR ASR ZEAMRZE LR
Fig. 2 Neighbor-joining phylogenetic tree of IpASR and homologous ASR proteins from other plants
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SDG medium

50 mmol/L NaCl 75 mmol/L NaCl 200 mmol/L NaCl

‘ m__ b

PYES2 o @

IpASR-pYES-DEST 52 O @ {;

OD600 2 0.2 0.02 0.002 0.2 0.02 0.002 0.2 0.02 0.002 0.2 0.02 0.002
3 IpASR ?zmﬁﬂh%l@?‘éﬁﬂwﬂ NaCl i& & fI T 1%
Fig. 3 Improved salinity-tolerance confirmation in the yeast salt-sensitive mutant AXT3 of IpASR

SDG medium

0.85 mol/L NaCl

1.28 mol/L NaCl 1.5 mmol/L NaCl

_

W303

0oD600 2 0.02 0.002 2 02 002 0002 2 0.02 0.002 2 0.2 0.02 0.002
E 4 IpASR RSB EF £ Bk R W303 Xf NaCl ,ﬁrﬁﬁ’aﬂﬁu %
Fig. 4 Improved salinity-tolerance confirmation in the yeast wild-type strain W303 of IpASR

SDG medium 0.75 mmol/L H,0,

yap1A

pYES2

IpPASR-pYES-DEST 52

0OD600 2 0.2 0.02 0.002 2 0.2 0.02 0.002

0.75 mmol/L H,0,

skn7A

pYES2

IpASR-pYES-DEST 52

0OD600 2 0.2 0.02 0.002 2 0.2 0.02 0.002

5 IpASRIEEEER H,O, 8B RTHk yap1A(A) F1 skn7 A(B) 3t H,O, BTt 14
Fig. 5 Oxidative resistance test of IpASR overexpressed in the
yeast H,0,-sensitive mutants yap7A (A) and skn7A (B)

2.5 IpASREEHRIEZE SRS EMEI ABA K, ABA MBUEREL AL RIIES I0ASR HEIH

HiFES

R Es R Won, JEREY AR, st
IPASR LRI R7E 32 B R WriE 24 h J54R4 B 0%
5, BRIAETEIAR 3544 (K 6. B), BiE(H
FEEACPRAE NS B I K) A A B R, TGS E R
TRATHIROAR . BB D, IDASR JEA R B PR 21
e, mKIAESEWAR 3 E(E 6. C), A

ek, HERETE AT 6 5L L(E 6. D).
2.6 IpASR EHEM FHMZN

PR 28 o 0 VPR R B B T O R T
WML, S5REI, SHMN EGFP RV AR NI
PRECHRAT AN E], IpASR-EGFP Eilt &85 1148 rh s fir
THAMMBAZN, 2 IpASR J&— 41 i 4% 5 i
HH(ET7),
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12r 351 IPASR
5 A IPASR B
> ° B CK
- H O NaCl 24 h
D\EF '% c
94 w3
Ry 28
3 ®RE
o = X
= o0 xo
= =
3 2
i 3
0 = 4
. XA . & IS O Ao KD
*@%@o)x & /&é“b&%@o.\@z &%\@'Z’/& & U3 xgx};&
PO Fo By e T Fe g @
40\) \’\y%\oé\ \@(\o ’Z;\\) @%@ \0$ W QQQ i
~ RN < O Root Vine Leaf
45 -
C IPASR 8 D IPASR
© D 7
3 | CK 3 6 | CK
c O Mannitol 24 h c O ABA 24 h
7.2 o
- -3 5
K3 8
RE ®E 4
23 z3
o Z,3
2 2
4 & 1
0
R i i R i 1
Root Vine Leaf Root Vine Leaf

A: IpASRTEIEBEA R A ARG E I RIBFE ST, B: [DASRIEEBRAI M iR X Z @M ik, C. IpASR1E
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Fig. 7 Subcellular localization of IpASR in onion epidermis cells



55 3 ) gk 2% JEHE ASR N vE ke K N RERI L b 409

3 g

JE T T T A T RAGHT Y AT b X 100 70 o %
] BH I B 320, 2 — T e vl A it 106 35 38 A B A A )
R LR G A Y B A S A B i
R MR o TR E B IRE Y, ASR R R
YT Z AR — 2R RS 58S WA R P
RN, YA R (R RIR.
3. ABAPMNEZ), ASRIELESWHAESHE, M
AR 3 B 30 6 4 B 51 R B 5 k0 SR 8
ASR £ 4H M ) SE A AT DI R 43 FAE1R
ROEAMLE, dadZieis 1 LyiElk,
A T AR Ry 3% R 9 4 R Wi b 300 ik TR G R 38
At ASR 5 (2 76 38 2o 72 o OGR4 AR B 4
PSS

A 28 SC P 0 o AR A — A g i ) ASR
EH M IpASR 194 K cDNA, IpASR & H HAH
ASR FIEE LA 1) ABA FK 4 hia Z5#hl, %
WE 8 TR ASR &Kk, & MR IT 5 57
BrH, IpASR B & &R K& AR, MGk
PR IR & Ak, BASENRE N, IpASR
5D LEA B A B MUY BLRRE, JE R
B ER KM, ¥WohEY P EA B EAN—
Fieel ik — A &R F S AR LT A BT & B,
IPASR EH 542446 1Y InASR 41 i BE R IR, In-
ASR TER A AL R R il S k™, i
IPASR TEJE BE A6 5 LA fe i i ik, £
IPASR Wl fig = 5 R AL & & M 2 1,
AN, IpASR i85 HAl 2 Flt A 4 4 15 3% 7 AL
THERABGE WL R, BT SbASR M
R I S T i 0 B 1R B R DR % T R
ML T 0% SIASR e 4 I 8 i R IR AR A 2 =5
L DL R T % R R T RN VR P 38 1 T 32
PENST iR ASR 2K X5 IR P A 2 ik e
WY, T F 50 0 [RIJEPE AR 5 T RE % AR (L
—3, FRAEVE B FSIE R BUR IDASR W] fig
PR B T A o7 V2 06 o £k 1 R B R v R AR
M.

ASR B 1 H A IEAG IR R | AR IE, B
HAE®REWERKE SRR ESE, TR, S5k
ABA ZE¥T LIS ASR AWM E L, ASR HEHM
R S HYIBT i ERAETE — 2 A G, HF 4y

PR AR s BEgE R, KAE(Oryza
stativa L.) i ASR1 & H BEWAE AT -5, BA
THERIEYESE(ROS) MZh R, I HLAERE I8 15 K
XA E BT A2 112 L IDASR TEREREH B Rk,
AL RERS HR = G 1 B X6 NaCl (Tt 524, 8 nT 2L
PE R A A (i 82 M, X i — 2P 3R IpASR
B FANUAT DA 3o H 8 B SR AR 4 v I B B XS i
FEJRE B RE ST, RIREA AT DA A A JH ) 38 A5 2 it 11
P SRR R 0 L P 3, DT 4R o I R P T Ak
FiEWARS

FE PR 1 2 SRA S DT L S g T BE IR B A= 2 )
e, AW RV, IpASR [F) 3k Y37 3 & 6 W |
LT 5 (H EEEE) 1 ABA Kb FRAY A S, KW
IPASR SR 2 J5 e 1A P ) B 2 iy 30 o & SR TR, b
Ak, IpASR & & T A M N, B Rix&E F7E
0 L A% N AT REAE A 23— AR B0 SR R -0 02 1 1 1
T8 XAEL ) 240 B 3 5

M2, KRWFFETERE IDASR LIS B 0¥
TR S IR F IR TR AT | R BRI AR 431 R I 248 e
POREEI SR, ik — L B IDASR AW 1)
REPRft 7RG, SR #E InASR N 1 %
FER IR, B ARKT A R T R 7
PR, RASH R R AT PR P2 T 3R A Ay, i —20
WIBA I IDASR X & w55 AT 40 ik 5 T 50 42 46 306 455 Wy
8 A PEEERLE]

SE

[1] Wang HY, Wang HL, Shao HB, Tang XL. Recent ad-
vances in utilizing transcription factors to improve plant
abiotic stress tolerance by transgenic technology [ J ].
Front Plant Sci, 2016, 7. 67.

[ 2] Ahanger MA, Akram NA, Ashraf M, Alyemeni MN, Wijaya
L, Ahmad P. Plant responses to environmental stresses-
from gene to biotechnology[J]. AoB Plants, 2017, 9. 25.

[ 3] Carrari F, Fernie AR, lusem ND. Heard it through the
grape vine? ABA and sugar cross-talk: the ASR story[J].
Trends Plant Sci, 2004, 9. 57-59.

[4] Wang LZ, Hu W, Feng JL, Yang XY, Huang QJ, et al.
Identification of the ASR gene family from Brachypodium
distachyon and functional characterization of BAASR1 in
response to drought stress[ J]. Plant Cell Rep, 2016, 35.
1221-1234.

[ 5] lusem ND, Bartholomew DM, Hitz WD, Scolnik PA. Toma-
to ( Lycopersicon esculentum) transcript induced by water
deficit and ripening[ J]. Plant Physiol, 1993, 102. 1353



410

(ER7R e 1

%536 %

[10]

[11]

[12]

[13]

[14]

[15]

[16]

1354.

Rossi M, lusem ND. Sequence of Asr2, a member of a
gene family from Lycopersicon esculentum encoding chro-
mosomal proteins; Homology to an intron of the polygalac-
turonase gene[J]. DNA Seq, 1995, 5. 225-227.

Rossi M, Lijavetzky D, Bernacchi D, Hopp HE, lusem N.
Asr genes belong to a gene family comprising at least
three closely linked loci on chromosome 4 in tomato[ J].
Mol Gen Genet, 1996, 252, 489-492.

Frankel N, Carrari F, Hasson E, lusem ND. Evolutionary
history of the Asr gene family[ J]. Gene, 2006, 378. 74—
83.

Fischer |, Camus-Kulandaivelu L, Allal F, Stephan W.
Adaptation to drought in two wild tomato species: the evo-
lution of the Asr gene family[ J]. New Phytol, 2011, 190.
1032-1044.

Gonzdlez RM, lusem ND. Twenty years of research on Asr
( ABA-stress-ripening) genes and proteins [ J ]. Planta,
2014, 239. 941-949.

Battaglia M, Olvera-Carrillo Y, Garciarrubio A, Campos
F, Covarrubias AA. The enigmatic LEA proteins and other
hydrophilins[ J]. Plant Physiol, 2008, 148 6—24.

Tardieu F, Parent B, Caldeira CF, Welcker C. Genetic
and physiological controls of growth under water deficit
[J]. Plant Physiol, 2014, 164, 1628-1635.

Dai JR, Liu B, Feng DR, Liu HY, He YM, et al. MpAsr
encodes an intrinsically unstructured protein and enhances
osmotic tolerance in transgenic Arabidopsis[ J]. Plant Cell
Rep, 2011, 30, 1219-1230.

Jha B, Lal S, Tiwari V, Yadav SK, Agarwal PK. The
SbASR-1 gene cloned from an extreme halophyte Salicor-
nia brachiata enhances salt tolerance in transgenic tobac-
co[ J]. Mar Biotechnol, 2012, 14, 782-792.

Hu YX, Yang X, Li XL, Yu XD, Li QL. The SIASR gene
cloned from the extreme halophyte Suaeda liaotungensis
K. enhances abiotic stress tolerance in transgenic Arabi-
dopsis thaliana[ J]. Gene, 2014, 549. 243-251.

Li JR, Dong Y, Li C, Pan YL, Yu JJ. SiASR4, the target
gene of SIARDP from Setaria italica, improves abiotic
stress adaption in plants [ J]. Front Plant Sci, 2017, 7.
2053.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

WRBHSE L, XU, sk, TR, g6 1M YR
(Ipomoea pescaprae) WA Wy=¢ B A FRA A FEE[J] . WIF
BHE K224 (A SRBIERR) , 2011, 26(4) . 117-121.
Ouyang PY, Liu N, Zhang WW, Wang J, Jian SG. Biolo-
gical and eco-physiological characteristics of a beach
plant lpomoea pescaprael J]. Journal of Hunan University
of Science and Technology. Natural Science Edition,
2011, 26(4) . 117-121.

Zhou Y, Yin XC, Duan RJ, Hao GP, Guo JC, Jiang XY.
SpAHA1 and SpSOST coordinate in transgenic yeast to
improve salt tolerance [ J]. PLoS One, 2015, 10.
e0137447.

Quintero FJ, Blatt MR, Pardo JM. Functional conservation
between yeast and plant endosomal Na*/H* antiporters
[J]. FEBS Lett, 2000, 471, 224-228.

Miryeganeh M, Takayama K, Tateishi Y, Kajita T. Long-
distance dispersal by sea-drifted seeds has maintained
the global distribution of Ipomoea pes-caprae subsp. bra-
siliensis ( Convolvulaceae) [ J]. PLoS One, 2014, 9.
€91836.

Mishra A, Tanna B. Halophytes: potential resources for
salt stress tolerance genes and promoters[ J]. Front Plant
Sci, 2017, 8. 829.

Hincha DK, Thalhammer A. LEA proteins: IDPs with ver-
satile functions in cellular dehydration tolerance[ J ]. Bio-
chem Soc Trans, 2012, 40. 1000—-1003.

Yamada T, Ichimura K, Kanekatsu M, van Doorn WG.
Gene expression in opening and senescing petals of
morning glory ( /pomoea nil) flowers[J]. Plant Cell Rep,
2007, 26. 823-835.

Kim IS, Kim YS, Yoon HS. Rice ASR1 protein with reactive
oxygen species scavenging and chaperone-like activities
enhances acquired tolerance to abiotic stresses in Sac-
charomyces cerevisiae[ J]. Mol Cells, 2012, 33. 285 -
293.

Arenhart RA, Schunemann M, Bucker Neto L, Margis R,
Wang ZY, Margis-Pinheiro M. Rice ASR1 and ASR5 are
complementary transcription factors regulating aluminium
responsive genes[ J]. Plant Cell Environ, 2016, 39 645—
651.

(DS A %)





