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W OE: AT EA A20/ANI HH8MROEO 58 L F X, EHERFM Saccharum officinarum K 3bIx
Badila ¥ 182 —ANEA A20/AN1 4245 45 M R0 4545 & @ LB ShSAPI. AR ShSAPI ¢ B MA kX4 H, KA
PCR #= Southern blotting 547 T ShSAPI ¢4 & B 044, @ iTF & F RT-PCR *f ShSAPI Eﬁr RE 4. R FE] it fn
RS EAE T RABRXBATT 547, &R KW, ShSAPI 49 5S'UTR RAH BE A A F, K414 202 bp #2 1 052 bp,
# Badila ¥4 1~2 ANFN; ShSAP] EH B AMBMMARZT T HHEL, AEATHEREZTHUA LT RAMELIE; £Y
BN, ShSAPI ¢ R Ak k. BT F. GA;. ABA #2 ET 5 -5385%, vA L4 R KU, ShSAPI THEH ERHMY
W ET AR ERMAER.

EgEiF: H &, SAP, A20/AN1 4:35% &, ShSAPI, 34 Mihib

Cloning and expression pattern of a zinc finger protein gene
ShSAPI in Saccharum officinarum
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Abstract: In plants, proteins with A20/AN1 zinc finger domain are involved in stress responses, named as "Stress
Associated Protein" (SAP) gene family. Based on Expressed Sequence Tag (EST) sequences information in Badila Saccharum
officinarum mature related cDNA library, we cloned an SAP gene from sugarcane full length cDNA library, named ShSAP1
(GenBank: Accession No. HM991960). To characterize ShSAP1, we analyzed its genome structure and expression pattern.
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Southern blot analysis showed ShASAP1 was present as one or two copy in the genome of Badila. Comparison of ShSAPI 1 008

bp full length cDNA with a genomic frangment (2 241 bp) generated by PCR amplification and sequencing, revealed the
presence of two introns (202 bp and 1 052 bp) located in the 5S'UTR region. Semiquantitative RT-PCR analysis found SASAP1
expressed in leaves, roots and stalk in mature sugarcane. Compared with immature stems, SASAP1 expressed higher in mature
stalk. ShSAP1 was induced by different types of treatments, such as salt (200 mmol/L NaCl), drought (10% PEG 6 000), GA;
(200 mg/L), ABA (100 pmol/L) and ET (1 mmol/L) during sugarcane seedling stage. These results indicated that ShASAPI may

function in sugarcane maturation and abiotic stress response processes.

Keywords:

TESh YR, BAT A20/ANT B 45 Bk 6 A
CB Tz, I R i 1 A AE 0 4 i
g ) S R N ¢ SR Lo [ <ot S = S B R
TERUSL, MY, HA A20/ANT FEHG 45 &
HS BN BBV, PR H e L SAP
(Stress associated protein) FE*, BFFE &I, KA
JTH SAP G R IRBERE T 5 . MR AR
(10— ol 22 0 5 1 R O, X R AT R
PO, i . TR PLE . ABA. Ala
AN AR AT AL PR, FH real-time PCR 43#rH: 13 4
SAP ZEIG 3 FEHEAT AL BT 5 1Y R AU I, BT
A5 SAP Ji 5y #5 — Pk 22 Rt B R B R 5T

HBE Saccharum officinarum H&— BB ) BB}
YY), WREZENREEEY . e, JUHRE
mERE TR, EEEREYEE M FEERET, 2010
EHEM T TRER /. . R RS
HRE R ™ o BT H R A B Tt B DB,
XPBIFSEH RER BT LG R TR M A A HE R
o AR T H R F Badila Z2HF LS R R
00 ) 22 9 SC i Sk B — A B A o8 1 L HE 1Y
EST, HiftGHE I EA A20/ANI FE545 IR, it
Smart Race EiR1G T HHK LK, W4 ShSAPI
(Saccharum stress-associated protein 1), 8 i H i FE
41 DNA 3718 ShSAP1T P Ut 5 3 K A A5 HAT
W& T, JFid@at Southern blotting 43H7 T ShSAPI 1E
Badila P #Y#5 DI, AR ShSAPT 5 R G544 HEAT 73
Br; it e RT-PCR X ShSAPI JEH e H
Badila AN [FFRAL . AS[FZE Sm b i . AT 5

sugarcane, SAP, A20/AN1 zinc finger protien, SASAPI, abiotic stress

iR (ABA). R R (GAy). LA (ET) 4B
TH mRNA Rk #1717 081, LUBXS ShSAPI 7E
R A 8 1 A R A T RE A TR AR
1 MH5F®
1.1 LIrel

HREHGE RIS (Badila), 7S 525G %8 M
Pt
1.2 FZERKFH

RNA plant kit .\DNA /¥ {L[i ) F Biomega 2\ ] ;
J2 % 3187 & W H Fermentas; Southern blotting i,
&4 Roche /3 ] ) DIG DNA Labeling and Detection
Kit I; Tag DNA 347 . PMD18-Vector 5 PRI PE#%
BN VIREE [ TaKaRa A#l; ZEHEZE (Amp).
HIEHEN H Sigma 23\ 5 BrAEAREE R (Rl o) &
kL $2 BUA R & W F Biomega A 7l ; K7 FTE DHSa
B2 A RIRAEY; ABA, ET. GAs WA FigA:
T I RAR2EIR T A = oy A e, BRSBTS
Yi¥gh B TAEY TRARA AR, 514975
W1,
1.3 FTiES TR RAEF

HREA R &6 A7 263K 7 U4 kL. Badila BUAAE
B o 7 [a] Joih 360 380 25 A B 2 A 2 3K 20 T B R 1Y
30 H BE G B LB, MS SRR IR 24 h b B
M R Ma R R AL B, KL AP
4 200 mmol/L NaCl, 10% (W/V) PEG6000 [ MS
Brgeshh; WE AL, 4300 100 pmol/L ABA,
200 mg/L GA;, 1 mmol/L ET Bijigh it ks CK A
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Table 1 Primers used in this study
Primers . Y
name Primers sequences (5'-3") Purpose

AGATGATAATGAAGCA ,

ShSAPP3 GGAGC Clone 3' of ShSAP1

PTR3 TAATACGACTCACTATA (010 31 of ShsAPI
GGG

P1 ACGCGGGGCCGTTTCG  Amplify full ShSAP1
AAG from DNA

P AGACGGACAGTTGCA Amplify full ShSAP1
GCTTACTA from DNA
TCACACTTTCTACAAT .

GADPH1 GAGCT Amplify GADPH
GATATCCACATCACAC .

GADPH2  0car Amplify GADPH
TCTCAT(C)CCGAGTTA .

ZP1 AGGAAGCC Amplify ShSAP1
TGAGCCAACCGTAGG .

zp2 AAACC Amplify ShSAPI

WATATALBE, 3RS K i TN TR SR A OGRS
7%, 16 h [ 28 “C/8 h &l 24 °C, 24 h J54&HUH
A RNA, B0 ABA R AL HRA . BB/ N—2 W %)
Hi, F 100 umol/L ABA . 200 mg/L GA;. 1 mmol/L
ET #A7 Wit B, LbBERF] 53528 3 h, 6 h, 12 h,
AEERTFAG T 12 h ABRAL, [R] A XE CK M [ A B i1
TCHEK, B 6 h EAT55 2 HEARFE, % 9 h DEFTEE 3 it
AbFE, REFREANESFOEMEE SR, 12 hJF [FRHR T
A RNA,

1.4 ZEGIREUR R 4% 3%

RNA }EHUZ H Biomega RNA Plant kit 30 45,
B 5 ug RNA $% % Fermentas J 5% 5% 357 &5 1 B 5 7k
1T 5%, DNA $2 UK IR CTAB ¥,

1.5 ShSAPI BY5f%

H A S0 % 2R R A OC cDNA - S rh 3RS
ShSAPI £ EST %1 (716 bp), HAT5E%HY ORF,
2 [T ) 4 BT Le X e SR, DAARAH Y
ShSAPI 5% 11514 ShSAPP3, 4K cDNA UM
HRRE F e aiihslY PTR3, DAL EEK
cDNA SCJE RN 1 ShSAPL 3G cDNA J¥
%1, PCR ]V %40 94 °C 5 min; 94 'C 30's, 59 C
455, 72 °C 1 min, 4 MEH; 94 C 30, 57 C 45s,
72 C 1 min, 8 PME¥; 94 'C 30s, 55°C45s, 72°C
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1 min, 25 ME¥; 72 °C 10 min,
1.6 ShSAPI ERFEEKAIKIZ K ShSAPI BN
HHhE

T ShSAPI PHEFH SR 3 A5
P1 A1 P2, P/ Badila cDNA M DNA M## 1T PCR
i, PCR I 2514 : 94 'C 5 min; 94 °C 30s, 57 C
1 min, 72 °C 2 min, 30 PME¥; 72 C 10 min, DA
ShSAPI ¢DNA 4735 #itk , K DIG DNA
Labeling and Detection Kit [ & #R%, DNA 421
WHT 28, DNA iU B UK RN 5% B8 7 1 2 BEOSCHR[9],
7k 38 K 562 B8 Roche DIG DNA Labeling and
Detection Kit [ 35 & i Bl H 17
1.7 #EE RT-PCR 211 ShSAPI BIFTEER

g &8 RT-PCR i NS K GAPDH 7|
¥y GADPH1 1 GADPH2, ShSAPI W9 5[4 .
ZP1 Ml ZP2, JeHINZS LN GADPH Y Bt % 25 3L
AR —E, OV & B Z 1T PR PR E R 2 it RT-PCR
MG IEL, NS IEHEAH S PCR R 55448
4 94 °C 5min; 94 'C 30s, 50 °C 40s, 72 °C 1 min,
X AMEF; 72 °C 10 min, X £RTEAE, AFEFNL
F1 24 h AEERZH A 27 GRS, 12 h ZbEEZ T ABA
/N 27 ANEFR, ET A1 GA3 /INE N 30 MG
41 PCR X 3 K,
1.8 E£YEEES

ShSAP1 & % g J¥ %1 4& NCBI PSI-BLAST
(Position-specific iterated BLAST), #E£A W57 HitiE
() AH I 7 5 24T R R 43, il DNAMAN Fi
MEGA4 #E4T A20/AN1 25 ¥ I He 3 TN R 58 % B
P

2 BERGAT

2.1 HE ShSAPI EE I8 = E

PIA S % 2K cDNA SCHEFE VR WidR,
ShSAP-P3 FlI PTR3 Wizk5|¥ R HIFT% PCR ¥ 4%
ShSAPI ¥y 3'3% , 153 900 bp £ 45 B 445, 45 4 &l
1R, @y, %A B R T I R 872 b,
FH 250 PolyA J&, ¥ 3 ARAG 41 5 2208 S R
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RFNH 5% 716 bp [P Fi#ATPFHE, 153 cDNA 2K
1 008 bp, #&4 N ShSAPI, GenBank %5 K.
HM991960, ShSAPI 3EHEIGH ST ATG i T
127 bp 4k, Z1E% 1 TAG {57 T 642 bp Ab, [ EHE Ky
516 bp, #ES 171 MEEEMR, HA A20/ANI FHE4G
P 388,

2000 —
1500 —

1000 —
800 —

500 —

300 —

100 —

1 Smart Race PCR # 18 ShSAPI 3' 775

Fig. 1 Amplification of the 3’ sequence of SASAPI gene by
Smart Race PCR. M: DNA maker DL2000; 1: 3" PCR products
of ShSAPI.

2.2 ShSAPI 5Hb1EY) SAP RikEERIFHIELE
MR S Rt o

SAP A ZIEEA A20/AN1 FEHE S5 SBUERAE
A20 ZEMINL FREF A N S, HAA Cys2/Cys2 BrfE4s
M, EWRIT A A A0 i —4> TNFo-
FEFHE AP, Linnen %578 JTUE 1Y) 52K U1 h ) 2 Bk
BEFRJE RNA Gt 1 h i IR A E ANT BHE 451
U ANL S5 CX(2)CX(9-12)
CX(1-2)CX(4)CX(2)HX(5)HXC, X MITEZEIER,
Ji e B RIFSE PR AR CX(4)CX(9-12)CX(1-2)CX(4)CX(2)
HX(5)HXC & X4 AN1 4F45 . AN1 Fil A20 4544
WS E5THRIERRL, AN1 5 A20 4E38 % W M H %
012 OSISAPL ZAH) i K & BRI B AT AN
A0 BRI 1, DF9ER W] OSISAPL i
BENLAANSG, JEREI s AL LR b v, RS
JKAE . ARG IT R A AEAE Y A20/ANT BHE R H AR

BeWFST, 4559 & I A20/ANT FEEE 36 1 SR A ¥ s
AT,

ShSAPI it EE 1 N %A —4> Cys2/Cys2 ¥
&, 1T 14~40 MEILRZ ], C ¥ 112~149 &It
MR 79 HAT AN BEFR 25038, JLAHR P 9 RE =R
CX(2)CX(10)CX(1)CX(4)CX(2)HX(5)HXC, E.47H
[ 4544 B 8 AEAEAT ORI D aE, ik, FRATHE
HRER) ShSAP1 [R] H BT FFT A0 2 i A4 4 SAP
FNG I N AT T SR 7 5 LA K R UR i Ak A 43
Mr, 255 UL 2, ShSAP1 ELAA SAP ZE5 3 K A 5T
BEARZERY , SHEERY Sc-zf FIZKFEH OSISAPS 3E%%
KFRIGE . ShSAPI e &L T 515 X1 4 il 214
THEAC 22 hor AR R H RERERE R R Se-zf &
FEFR 7 A Fe A — 2, T P S A E e b XA R Y A A A
225, 4 DNAMAN 7081 ShSAPI 5 Sc-zf )
cDNA FHFHIYE N 81.57% , e ShSAPI 5 Sc-zf
R EE A
2.3 ShSAPI B Ry

PI51% P1. P2 M Badila ¢cDNA 53K 4] DNA
thd 3G ShSAPL, DIBRAEDHESS R YW, IRt
ShSAPI R 454 . i cDNA §7475%] 1 000 bp
AR B (B 3A), 1MAFEEFE L4 DNA Hf Ly
HEAFH] 2 300 bp 471 B (Kl 3B), R Bl R 4%
BZME RPH cDNA 384715 3] iy 5 51 5 2 i
I PHELE R4, AL 4] DNA §738 B BEi R/
2241bp, N ShSAPI WFEHA ¥, 2 GSDS Mk
(http://gsds.cbi.pku.edu.cn/) 43#7 &L ShSAPI AW
BER/NY A 202 bp A1 1 052 bp BN S T T
S'UTR X, i e e R 22 (81 3C). i 1 1
JE ShSAP1 W9¥5 VLKL, FRATTLL ShSAPI 1) cDNA J7 5]
A HEREN X Badila 3£ HF 41817 T Southern blotting
30T, SERANE 3D s, ShSAPI H9#5 DLECH 1~2
A, R DL
2.4 ShSAPI BYFRIEDH

X1 4 Ail1%5 %) H EE Funong 22 " iEFEAR K Sc-zf
AT T RIKHr, KB Sc-zf 1TEREINE Ustilago
scitaminea . XM (SA). H,0,. NaCl fil PEG
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A 1 25 50 75 100 125 150 171
Queryseq. Ll )
superfamilies

( zf-A20 superfamily ) ( zf-AN1 superfamily )

B C
ShSAP1 14 PEGPILC CHKEM 40 ShSAP1 110 MAdsTORERVGLTG. FiCR JohNLYd] HHcl 144
Sc-zf 14 PEGPILC CHKEM 40 Sc-zf 110 NRUSTICRERVGLTG.FNCR |CENLY] HIOC 144

OSISAP1 17 PEI.TLC CFLRA 45 OSISAP1 103 NRQSRCREKRVGLTG.FRCR |CRHLEC HEC| 137

OSISAP8 14 PKGPILC| CHKEM 40 OSISAP8 110 NRQSTCRKRVGLTG.ENCR |CENLYC[R HIIC| 144
ZFP177 20 PEAPILC] CYRDE 46 ZEP177 119 NHQLSCRKKVGLTG. FQCR JCEGTHC Hfjc| 134

ATSAPI2 10 PDLGEHC] CKLVE 38 ATSAP12 103 CEVKRCKEILTFANNLTCKYCGVKEQ HC| 139
A1SAP 16 PEAPILC CYRDF 42 AISAP 98 NRQSTICRKKVGLTG.FQCR .|CEGTEQ] HEC| 132
SISAP2 15 PEGPILC] CYKDV 41 SISAP2 109 SROQSTCKKKVGLTG.EFKCR JCENEY( HOC| 143
S1SAP4 8 PCAPVIC] CYKLM 34 SI1SAP4 100 NRQSTICRRRVGLTG.FNCR CGNLEQS HAEC| 134

D 100 | SASAP1 Saccharum officinarum (ADM33793.1)

100 Sc-zf Saccharum officinarum (ACT53874.1)
53 OsSAPS Oryza sativa Indica Group (AAQ84334.1)
%3 SISAP4 Solanum lycopersicum (ACM68441.1)
70 L SISAP2 Solanum lycopersicum (ACM68439.1)

ZFP177 Oryza sativa Japonica Group (AAP37480.1)
—100|—7AISAP Aeluropus littoralis (ABK90631.1)
OsiSAP1 Oryza sativa Indica Group (AAN15744.1)
AtSAP12 Arabidopsis thaliana (Q6TYE6.2)

0.2
2 ShSAPI #ERERSHM A200AN1 BSHEEAMEEBF I LR R AR L BN
Fig. 2 Comparison of ShSAP1 A20 and AN1 zinc finger domain with other zinc-finger protein and phylogenetic tree analysis.
Conserved cysteine and histidine are indicated in box. (A) Putative functional domains of ShSAP1. (B) N-terminal A20 type
zinc-finger. (C) C-terminal AN1-type zinc-finger. (D) phylogenetic tree of the related zinc finger proteins. proteins used in this
analysis have been studied and have A20 and AN1 zinc finger domains. Protein accession number are showed in the bracket.

A bp M 1 B bp M 2 D B X H

5000
5000
3000 ; ggg
2000 500
1500
1 000
1000 750
500
250
100
C 0 1
5 N ' L L 3’
0bp 500 bp 1 000 bp 1 500 bp 2000 bp

3 ShSAPI HIERELZEH (A. B. C) 5HEZEREL Southern blotting 73 47

Fig. 3  Gene structure (A, B, C) and genome Southern blotting (D) of SASAPI. (A) M: DL5000 DNA marker; 1: PCR product of
ShSAPI from cDNA. (B) M: DL5000 DNA maker; 2: PCR product of SASAPI from genomic DNA. (C) Two introns (indicated by
line ) located in the 5" UTR region of ShSAPI (http://gsds.cbi.pku.edu.cn/). (D) Results of genome Southern blotting. Total genomic
DNA was digested by Hind 111 (H), Xba 1 (X), BamH 1 (B).
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R RIEFFEARIE, 32 ) R A NaCl 155,
PEG [#I i, {H15Z SA FI H,0, By ik 57
N SAP FGHE I TE 3 B T 1 R FR A e 22
5. ShSAPI i H #E Badila M35 AR BB LR 22
WL, AT 2T ShSAPI 5 Badila hi
B ER, FRATEEE Badila BV R A R 3B 457 FIA
[FIZ595 AT T RIB 0T, 45 RN 1E 4-A PR, ShSAPI
1E Badila M Ji . ZE MRARERIGA FRIK, BE ZEFF L
JERGIN, ShSAPI WFik BB . HRE 3~4 19
PR RIS, R DR R, 7~8 Y
RIETE R ZETT, 13~14 5 R CETT, B
TR, 21~22 ZE AR E LAt Ak
B, B AW R, BEYBUNER N, T

ShSAPI

GADPH

>

3-4 7-8 13-14 2122
Different stems of mature sugarcane

ShSAP1

GADPH

Stem3-4 Root

Mature sugareane

Lcaves

ShSAPI

GADPH

CK ABA ET GA

PEG NaCl
Treatment time (24 h)

4 ShSAPI HIFRIEER 547

PN G FR AT SASAPT FEPH 5 H R AY L
FbE 7> BRFTE—E R R
TETC I 454 F % Badila 2035 i HEAT AR |

TR EE AR ShSAPI (3635501 & PR, Badila 411
T ShSAPI WFIKBEWE ABA. ET. GA;. HflT5
S kR i i a5 (K 4B). 7 ABA. ET F1 GA;
SEPETF, ShSAPI WA 7KV Bifi % Ab P (1] S K 47 252
B, 12 h NEEATRBEGE KT (181 4C) o ET Fll GA;,
SR RN ZE AT Y 2 Fh R R, ShSAPI ]
B 5 H R RS 22 A KA G MRS ShSAPT TERLHY,
T5 . W & ABA AbHE R g AR, FRATHEN
ShSAPI AIREZ 5 T HEEHOB T ABA 11 L 58 1

C 0 3 6 12 ¢(h)

ABA {

ET {

GA, {

Fig. 4 Expression analysis of ShSAPI. GADPH was used as internal control. (A) The expression level of different part and stalks in
sugarcane. (B) Expression of SASAPI in sugarcane seedlings under salt (200 mmol/L), drought (10% PEG6000), GA3 (200 mg/L),
ABA (100 pumol/L) and ET (1 mmol/L) after 24 h treatment. (C) Changes of ShASAPI expression level in sugarcane seedlings under
ABA (100 pmol/L), ET (1 mmol/L) and GAj; (200 mg/L) treatment within 12 h.
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A20/AN1 $F45 8 H IKTE s W e i I 225 v B B
SRR Z 5, # sk NF-xB (Nuclear
factor kappa enhancer binding protein) 7£ 4 il 5 T= |
BRI S S0 PR R S VRO, A20 FEFE N i
HA 22 2R, C S E A7 R,
IkB 2 F NF-«xB W3l . A20 FFH8— 7 s
17 RIS B PG TKK /R A A e, BHLE
IkB W21k ; o3 —J7 d it £z R Ak IxB-26S &
A, BLIE kB FEfE, AIMAH NF-xB BTG,
R A S S Ry B A PR =101 A A R Y SAP
Fg, HREIHEFEE IR A KFER OsiSAPL .
ZFP177. OsiSAP8. #ImJT Y AtSAPI2. 4% E 1
AISAP! 82U 0 3R KFERY SAP JEN 25 T K ARG
W, WABAA T2 5, SAPL Fl SAP8 5T
ELORER 30 % DI AH OC AR BORTOK RS b 3R Gk
OsiSAP1 F OsiSAPS8 BE .35 42 & 5 AL AR R I B h bt
Bk, OsiSAPS & T AN, MRl LAY 2 K
OsiSAPS Y A20 5 FH Bl AN HA M TAEH!,
ZFP177 W & iR AR N 2l v T 220 i o7
TYNAL T, 3 Fe ik ZFP177 g HE i i 3 DR 5 A B
P aE 71U AT KRS SAP S nT g il i
12 F R I A A I A 0 35 ) A W i 0,
A8 200 6 07 T 194 O e DR oA 8 s e it R
AtSAP12 HA 2 4> AN1 Z583, 7EiR E MR8 T
Feikgm, HE AW AP AR R S, 5
HHEN SAP12 J&—A> A AL AR g, Tl A4
AL SE AL G, NS F sl kG5
BP0 b L AEYIRE B AISAP B A KT REWE &5
i TR RE. @i ABA FI SA if5 45, i
Fik AISAP W S MR R (BT R RIBTER R ), Fedbid
PRI ROS 15 Bk R S8 ANE 7 OR 4 04 B R 3R 38 o A X
WBREY, A20/ANT FEFE 2R (P BE IR TAE Y bR (5 5
P R AR R, B i SO (A
MO FUEE R 4% R SE N3R35, SAP FKIKHL K 7E

Journals.im.ac.cn

R BL 396 5 DR 3 A e L AR G i o A R 5, (AR
FHE B HLRIAT IR 75 B — 2D S

HRETE RS B b, PEBEE B 2> S5 B Y B
AN B, Pr AN B R, ShSAPI WRES S T
TR ISR G AT M R AR A A B L ARG ShSAPI
7t ET. GA;. ABA . T 5 HFIER I A 1Y Rk 53 Hr 4
FATHEM ShSAPI FIHEZ 5 T ET. GA; WG5S %
S, T REREME TS5 T R T ABA I
T e AT R T U I ) 3k o ShSAPT #EH I
S 0 45 7 2 v 1 Ty e B LR L AT e
WS, AL T R 45 L R N 4 K I B TR 43 BT 46
AKX ShSAP1 (B 2548 J Kb e AT 15047,
9 ShSAPI W DIRERFFEFT R T 5kAil

REFERENCES

[1] Huang J, Teng L, Li LX, et al. ZNF216 is an A20-like and
IxB kinase y-interacting inhibitor of NFkB activation. J
Biol Chem, 2004, 279(16): 16847-16853.

[2] Heyninck K, Beyaert R. A20 inhibits NF-«xB activation by
dual ubiquitin-editing functions. Trends Biochem Sci,
2005, 30(1): 1-4.

[3] Hishiya A, Iemura S, Natsume T, et al. A novel
ubiquitin-binding protein ZNF216 functioning in muscle
atrophy. EMBO J, 2006, 25(3): 554-564.

[4] Jin Y, Wang M, Fu JJ, et al. Phylogenetic and expression
analysis of ZnF-AN1 genes in plants. Genomics, 2007,
90(2): 265-275.

[51 Vij S, Tyagi AK. A20/ANI1 zinc-finger domain-containing
proteins in plants and animals represent common elements
in stress response. Funct Integr Genomics, 2008, 8(3):
301-307.

[6] Vij S, Tyagi AK. Genome-wide analysis of the stress
associated protein (SAP) gene family containing A20/AN1
zinc-finger(s) in rice and their phylogenetic relationship
with Arabidopsis. Mol Gen Genomics, 2006, 276(6):
565—-575.

[7] Solanke AU, Sharma MK, Tyagi AK, et al
Characterization = and  phylogenetic

SAP  gene

encoding A20/AN1 zinc finger proteins in tomato. Mol

analysis  of

environmental  stress-responsive family



R HREEIEE N FEE ShSAP1 () 5 5 BB

875

(8]

[9]

[10]

(1]

[12]

[13]

[14]

Gen Genomics, 2009, 282(2): 153—164.

Vinocur B, Altman A. Recent advances in engineering
plant tolerance to abiotic stress: achievements and
limitations. Curr Opin Biotech, 2005, 16(2): 123—132.
Wang GL, Fang HJ. Plant Genetic Engineering. Beijing:
Science Press, 2002.

EXRM, TR, PR TR, U B AL,
2002.

Opipari AW Jr, Boguski MS, Dixit VM. The A20 cDNA
induced by tumor necrosis factor alpha encodes a novel
type of zinc finger protein. J Biol Chem, 1990, 265(25):
14705-14708.

Linnen JM, Bailey CP, Weeks DL. Two related localized
mRNAs from Xenopus laevis encode ubiquitin-like fusion
proteins. Gene, 1993, 128(2): 181-188.

Evans PC, Ovaa H, Hamon M, et al. Zinc-finger protein
A20, a regulator of inflammation and cell survival, has
de-ubiquitinating 2004, 378:
727-734.

activity. Biochem J,

Mukhopadhyay A, Vij S, Tyagi AK. Overexpression of a
zinc-finger protein gene from rice confers tolerance to
cold, dehydration, and salt stress in transgenic tobacco.
Proc Natl Acad Sci USA, 2004, 101(16): 6309-6314.

Liu JX, Que YX, Zheng YF, et al. Molecular cloning of
sugarcane zinc finger protein gene and its expression
analysis. J Agri Biotechnol, 2009, 17(4): 707-712.

X filr, BRACHE, Kas R GE. HRERE AR A B Y 5
B A1 3k b Rl A W R AR, 2009, 17(4):

[15]

[16]

[17]

(18]

[19]

[20]

[21]

707-712.

Rae AL, Perroux JM, Grof CPL. Sucrose partitioning
between vascular bundles and storage parenchyma in the
sugarcane stem: a potential role for the ShSUT1 sucrose
transporter. Planta, 2005, 220(6): 817—825.

Chen ZJ. Ubiquitin signalling in the NF-kappaB pathway.
Nat Cell Biol, 2005, 7(8): 758—765.

Shembade N, Ma A, Harhaj EW. Inhibition of NF-«xB
signaling by A20 Through disruption of ubiquitin enzyme
complexes. Science, 2010, 327(5969): 1135—-1139.
Kanneganti V, Gupta AK. Overexpression of OsiSAPS, a
member of stress associated protein (SAP) gene family of
rice confers tolerance to salt, drought and cold stress in
transgenic tobacco and rice. Plant Mol Biol, 2008, 66(5):
445-462.

Huang J, Wang MM, Jiang Y, et al. Expression analysis of
rice A20/AN1-type zinc finger genes and characterization
of ZFP177 that contributes to temperature stress tolerance.
Gene, 2008, 420(2): 135—144.

Stréher E, Wang XJ, Roloff N, et al. Redox-dependent
regulation of the stress-induced zinc-finger protein
SAP12 in Arabidopsis thaliana. Mol Plant, 2009, 2(2):
357-367.

Saad RB, Zouari N, Ramdhan WB, et al. Improved
drought and salt stress tolerance in transgenic tobacco
overexpressing a novel A20/AN1 zinc-finger “AISAP”
gene isolated from
littoralis. Plant Mol Biol, 2009, 72(1/2): 171-190.

the halophyte grass Aeluropus

Journals.im.ac.cn



