FEESH
2011 49 A

FEREMHEKKYHR
Agricultural Research in the Arid Areas

Vol.29 No.5
Sept. 2011

FERBFEHEXER GR - RBPs 1Y
RlESRESH |

A2, R

KM E, AR, RIFm

(ILRAMEFEREMFESCZEE, HR KK 748100; 2. AL RABEA¥EE L%6, KA HE 712100)

B E:AHZEMTFcHH SSHDNA XEX EST&}’I‘I?#J%HLEJE&%%%P%(M silico cloning) f2 RT-PCR 7 #
SHAARTFRFEHARA A FELAEBIATINELHA® RNAL 4 S (GR-RBP)EBH, 2 51 & £ & MpCR-
RBP1(HM042682) f1 MhGR-RRP1(HQ380209), & 1145 cDNA 2K 4 % 4 781 #1558 bp, ORF 4 5| % % 171 F 164 M 4,
# %K. MpGR-RBP1 #1 MhGR-RBP| % B H B E L HEH - M RNA RA ZHH(RRMF - M ESHEARK
(glycine-rich region) , *# 41 1% & % 2 47 & ¥ ,MpCR-RBP1 # MhGR-RBP1 & &4 B TH # GR-RBPs E 4 X % . £ & PCR
4T % A, MpGR-RBP1 fo MhCR-RBP1 2 H AR £ Pt AR A ETEBE T, BN kX BH v, THF
MpGR-RBP1 ) £ X FHE®H T F &% MAGR-RBP1, # R % ¥, MpGR-RBP1 fo MhGR-RBP1 TR 5 E s T §
B R RAREEAEHNER TSN R ER AL W,

*@A: ¥R B4 HEARRNAL S F O, TE ARk

FESES: S661.1 XREFRIAE: A

= & H &8 RNA 45 & & A (glycine-rich RNA-
binding proteins, GR-RBPs) & RNA % & & H (RNA-
binding proteins, RBPs) K& h ) — M W R . E A
R—ETEZHEETEYEAN P FEE(6~17
kDa) , H. 7 F 4 U B & E i 57 412 N-5iF7E RNA iR
45 ¥ 3 (RNA recognition motifs, RRM) , 7E C-¥i A —
AE & HE M X (glycine-rich region)!''2), A W% —
A~ GR-RBP 3 M E K & B 24 BE oh 43 8 R /130,
HitmBETHEM RNA S S EAWERME4M
FEIAE Y4 8 A0 52 ok, W/ WhGRP-114)
% ngRBPU! . T 4 ¥ SCRGP-1'*) | B £ & [p-
GRP1VFIMA & MGRP1'81% . % 4h, 45 % GR-RBP &
T4 RRM MEHRELFI KBS, % CHE
SHEMXETA CCHC-2 B 498 5 45 ¥ (CCHC
zinc-fingers) , 8 A % I RZ E (B NP, RZEH %
EHABFETHEEY xR AkE Y%L
MEY P, FE-RNE F-LXHYESHER
% H [ ( glycine-rich proteins, GRPs) 5 GR-RBPs & B
ERFIEHETHEM, ENFERE T HEARY
E B EEFSIA R, R — 245 H A 5 A I RE S5
EFA WY GR-RBPs & [ E L T 40 I 5 &% 40
Bh, B 5045 pre-mRNA 51 R 28 BEH
BEARRSEARARBEIRMS, A TRS

I #% B 59 :2011-05-10

ESWB :FHEH 8 E KK HE 863751 H (2008AA10Z157)

X EH S : 1000-7601(2011)05-0075-07

X W EH, Lorkovic and Bartal®’ $8 &4 H RNA &A%
¥93, (RRM) ) GRPs I E ¥ 1 4 % GR-RBPs &
Ho

Nm_ RRM___® ' 'GR '~ mC GR-RBPH[
m  [7d GR-_~ ~ mmC RZE(
H:RNA IR GR.EAHEMK,; Zn: BEEH,
Note: RRM, RNA recognition motifs; GR, Glycine-rich region; Zn,
CCHC zinc finger.
B! GR-RBPHMRZEAMEMREE
Fig.1 Schematic model of the GR-RBP and RZ proteins
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HHEA P A5G 200 EFHAFM RBPs ER L, HFH
8 ' RBPs & 1 (AIGR-RBP1 £ AtGR-RBP8) B £ it
S:4 GR-RBPs B EP Y, kKFEEMHALBEEEN
REED EIN-HEFENRSEY BBARTR
YR ER T Y EEREAN, KBEE
BAHK/NY 389 Mb, Z 4 6 A [E] A CR-RBP
% E (0sGRP1 ~ 0sGRP6) , 7K &5 OsGRPs # 5 75| &
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£yl FanB SRR, ARE. &L
JE K B AL B 38 3% R T, #LBE IF AtGR-RBPs
EREHRERABPREEHERDB, AR
OsGRPs M1 OsRZs B E WP IEH AT E R G T RE
WARE R R, LR SR, REBIBEIF KB
BRMESHY GR-RBPs % HBEE 3 5 EHiA
RpLBR,E5HNIL  EEERHEYERD, X
GR-RBPs %% 5% 8 )X b (R B RS,
¥ F ( Malus prunifolia (Willd.) Borkh.) X 4 ¥
R BYERRRAZ— VB HER, ETRESR
BIMK-F M SSH cDNA 3L FE 3 17 0 & 1 ESTs 43 47
B, ZB -~ ESTHFIESHESHER RNAGSE
B 5w E R, 76 Bl b 5B i3 T 52 RE (in sili-
co cloning) fl RT-PCR 75 ¥ 43 5| M\ # F 1 F B 7 %
(M. hupehensis Rehd.)M 5L f& GR-RBP #H , %
AHEMNSE MO HAMEEY GR-RBPs ERAMRE
IR BEYE, I3t PR E A T R M8 Rk st i
BTHRESH.

1 RS

1.1 #% ¥

F R4 KW FH A SSH ¢DNA X FE, Fidb &
KB KERW B REYELRERERFT,

UBEENBRTMTVFEMROE I, XE
HlRABHEA2ZEEHERTRE ., 2849%E
BEXTRELEBE RJEEZHEHHFESE. BXER
B OBREGEREBABRRAPRH, RGE -0CHRE
%R,
1.2 /5 &
1.2.1 % RNA 694255 cDNA &4 & RNA 21
R A% B CTAB-LiCl ¥ # 47, & RNA Al RNase-
free DNase ( Takara, China)37°C 4t # 30 min J§ T
cDNA & . LA Oligo d(T) s AR ¥ %E5 14, B M-
MLV % # 5% 8§ (Invitrogen, USA) & /| & & B cDNA
F-w ATEHEAE,
1.2.2 #®FHFE&#% GR-RBPs A B 2 K cDNA
A% Eit PCR M e #kF SSH cDNA 3CEE R ¥l FF &
B,—PMKDMIIN bpMESTHRFISHBESTHE
MRNAZEEAERMHELERE, DI IRTF
34T THHEE R EE S , B R 9 371 bp FE 4
% 805 bp, % ORF finder 3 5 1 & BLFE % £ 5 56
. ~571 bp Z [A1 2 & — B K 8 FF 1% 7 3£ 4 (ORF),
K/WNH 516 bp, LAZE T2 K cDNA 5K
B, Wit ORF M — X5 R 3I W% Y ¥ CR-
RBP BN 2K cDNA,B|YFEFHWT .

pF1:5'-GTCCCATTTGTCACTAGGGTTACTG-3’;
pR1:5'-ATCTCAAAAGTCCCAAACCACCTAA-3/,

BB R :94C 5 min, (94C 45 5,57C 30 s,
72C 1 min)35 B, 72°CHEM 10 min,

PCRY =YL H IR Bk 47, M T4
560 bp # H &%, Al PCR 4L 7] & ( TaKaRa) [E]
WA E R T EH#T), BT A DNA F B
H# 2 pMD19-T 8k b # 17 & W ¥ o
1.2.3 29 &F44 WFE%RF A DNAMAN
1 DNAStar ${4 #4751 BF EERIBE X, KB EEH
cDNA 2K F 5115 B, R J5 Fl Al NCBI(http://nchi.
nlm. nih. gov/) ¥ ORF finder ¥k {4 7 31 ORF, #} A
BLAST 43 #7 T & %} GenBank MIETTR R B HUE FEFF
FIHEFTH R 53 ¥, 8 A ExPAsy M %5 8 Compute pl/
MW tool (http://www . expasy . org/tools/pi_tool. html )}
BEORNEH KRS FE; A ProtScale(http: //
expasy. org/tools/protscale . html ) I ProtParam ( http://
expasy . org/tools/ protparam . html ) # 17 B 7Kt /38 7K £
T, {Ff i TargetP (http://www. cbs. dtu. dk/ser-
vices /SignalP/) Tl U & B H 15 5 Bk R A TMpred
(http://www. ch. embnet. org/software/ TMPRED form.
him) # T A BB EB M, KA Psort (hip://
psort. ims . u-tokyo. ac . jp/form . html ) T i I 40 jfd 22 47 -
Kl SMART (http://smart. embl-heidelberg . de/smart/
change_mode. pl) MM B O R T H RE K, # A
3Djigsaw( http: //bmm . cancerresearchuk . org/3djigsaw/)
1 SWISS-MODEL ( http: //swissmodel . expasy . org/) T
WA E O RS R4 K R IR,
1.2.4 RFFFEHE GRRBPs AR AKXHEE
a4 RAMR CTAB-LC BRERMF REMNE
f9.6 RNA, Fi Dnase 1 &b RNA R P IBAMEHE
4 DNA, 2% B/ R 052 \BU1JE RNA /5,5 F 30
pL DEPC /K # &, RNA ¥ & 4 B F NanoDrop™
SN MG AR PERE B s Wk R K, cDNA 85—
# A MR A SYBR(r) PrimeScript™ RT-PCR iR 7 & 11
(TaKaRa) i# 47, R A} SYBR Green qPCR ik # &
(TaKaRa) #tfTE B 3. ERPCRRNBF H:
95C 3 min, % /5 95°C 20 5.58C 20 5.72°C 20 s #17
40 MER , BIMERE R REXKES, 018
e PCR ¥ 3 7™ ¥ 3 47 75 % B 4% 5> T (58C -~
95C). #IH iQ5.0 i % & PCR {X(Bio-Rad, USA)
HW &M HTLa 2 & PCR 4B, A¥ER EF-1a
MAcin EANSEEHE HHERW AN RER
(£1)
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Gly-Gly-Gly-Gly-Tyr (GGGGGGGY), i MpGR-RBP1 &
FUNMHENEEFS . FERBETHSHTERHA,
MhGR-RBP1 =% 45# 5 A2 A18 hnRNP % (5 (PDB-
code=1x5sA) BRI FEHM, ZREHW— Btk
5% 47.1%, T MpGR-RBP1 5 AK RNA 54 &E Y
TIA-1(PDB-code = 3bs9B) Bt VL AL , = & 45 — Bk 3k
38.5%. WREH, TM-1 ERBE5RBHARE S
pre-mRNA I 3% % 4 87 82 &% 40 M8 /& F mRNA £ 8§
#3), A18 hnRNP, BI¥2 5 % RNA %4 % A CIRP,
J&F RNA &8 E H (RBP) X% 9 hnRNP W. 1%, A18
hnRNP A [5] F K £ ¥ hnRNPs &, B i —4 RRM
SHEM— T ETHEERMH EMEE N (RGG
boxes) i fff /& 3 F¥ (auxiliary domain) #H R, k£
¥ hnRNPs H O 2B R4 B & 1K, T A18 haRNP &
HE& mRNA KA R | ESMES S ESR
k) HBERIRIE, #185F AtGR-RBP7 #1 AtGR-
RBPS i IR ik 76.9% , B I Wit A 5 ML Th
gele-%] {5 AIGR-GRP7 5 AiGR-GRP2 & AIGR-
CRPARIEZRBHE, BN AGR-GRP7 EEKEMN
N-HX B BN CREW2, EZEME T
MpGR-RBP1 #1 MhGR-RBP1 B ML RKEF A E
R REEEAZEEHWMEYINRER T REFE—
EBRENAF, B F AR %S GR-RBPs EH
WERFEES,TUXNEG—1 GR-RBP RATE
#H—EHMREIE,

BFF R iE, #L #5 IF AtGR-RBP1. AtGR-RBP2 , Ai-
GR-RBP3 . AtGR-RBP4 . AtGR-RBP8 1 AtRZ-1a ¥ %
A mEGE RN, T REME A T AGR-
RBP1 #: N # 5% 3% %%, {H{f GR-RBP4 # AtGR-RBP7
HRXEBEH , ARZ- 1« ETELBETELES
B FEEM, Wi AtGR-RBPS 1 AtGR-RBP6 7E V3 i |
FTREMEMATHRBBEAEKET, K5E 0s
GRPA B ZHM . TEMEMAETRE, HEZH
WiESBENABCY, ME NMCRP1 KM EBIA
S MERMKE. T2 .5 .ABA fINKGEFHE
BRUEEEL BEFBRES, 2HTF . KT
MpGR-RBP1 1B ¥ 2% MhGR-RBP1 AR .2,
AN H Fik,1H MpGR-RBP1 EE PR X &
B’ K, MhGR-RBP1 AWM B R XK FERH. b,
MpGR-RBP1 1 MhGR-RBP1 2 H¥Z T 2MiaES
#ik, T MpGR-RBP1 %k & ¥ 8 % T MhGR-RBP1
FKik|, £H5HM, MpGR-RBP1 #1 MRGR-RBP1 £
HATREZ 5 xt T 5 M@ 69w o7 I 5L , 48 4958
{27 GR-RBP 3R ik K K 15 B sk 3K 41 T B % %
BB O, T 2R 35 7K - () B 1% 2 57 7 8 5 74 b S SR A

AP RHERREA X,

HER,REABWIUEF BERAKES
GR-RBPs BHIHREM T — 2L B 5%, B8 A1 % H e 4
VEKEENEBAEREE I BPNGER TH
HHAR, B X ALY GR-RBPs SHEERF 19 3 R
RIBEA MY CR-RBPs EHE R WA ALY S5
W R BB A FHLE R+ 4y i L) g kB
B LER B —L%iT,
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Effects of Glomus mosseae on the growth of wheat seedlings
' under different phosphorus concentration

CAO Cui-ling', YANG Jian-hong', FAN Shu-jun?, LI Xue-jun'
(1. College of Life Sciences, Northwest A & F University , Yangling, Shaanxi 712100, China;
2. College of Science, Northwest A & F University, Yangling, Shaanxi 712100, China)

Abstract: Abstract: In order to investigate the influence of inoculation of Glomus mosseae on the wheat growth un-
der low phosphorus level (1 pmol/L) and high phosphorus level (400 pmol/L), a single-spore inoculation method was
used, and during training sunbags was used to cover the whole pot in order to avoid the influence caused by other fungi.
The wheat was cultvated in sand supplied with Hogland solution containing different P concentration, and wheat seedlings
were inoculated with the spore of Glomus mosseae . The results showed that: compared with the uninoculated wheat, the
inoculation increasd the height, root dry weight and plant dry weight of wheat seedings. Whether high phosphorus level or
low phosphorus level, inoculated with G. mosseae fungi, the water potetial of leaf was lower than that of uninoculation;
the root activity was increased by 196% (1 pumol/L P) and 89% (400 pmol/L); and content of chlorophyll was added;
and content of soluble protein was increased clearly in root and leaf. Qur conclusion was that wheat and G. mosseae fungi
could form good symbiont.

Keywords: Glomus mosseae ; single-spore inoculation; airtight bagged; wheat seedling; growth
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Cloning and expression analysis of two novel drought-tolerance genes coding
glycine-rich RNA-binding proteins in Malus plants

WANG Shun-cai''?, LIANG Dong?, SHI Shou-guo’, MA Feng-wang’, SHU Huai-rui’
(1. College of Life Science and Chemistry , Tianshui Normal University , Tianshui, Gansu 748100, China;
2. College of Horticulture, Northwest A & F University, Yangling, Shaanxi 712100, China)

Abstract: Two Malus (apple) drought-related genes, MpGR-RBP1 (HM042682) and MhGR-RBP1 (HQ380209),
were successfully identified from the drought stress-treated Malus prunifolia and M. hupehensis, respectively, using li-
brary screening, in silico cloning and RT-PCR. The proteins of two homologous genes, MpGR-RBP1 and MhGR-RBP1,
were consisted of 171 and 164 amino acids, respectively. Their deduced amino acids contain a N-terminal RNA recogni-
tion motif (RRM) and a C-terminal glycine-rich domain, a structure which was found in stress-induced GR-RBP protein
family in other plants. Bioinformatics analysis confirmed that both MpGR-RBP1 and MhGR-RBP1 proteins belong to the
plant GR-RBP family, members of which play important roles in post-transcriptional regulation of gene expression under
various stress conditions. The expression profiles of the two apple GR-RBP transcripts were detected by quantitative real-
time RT-PCR. MpGR-RBP1 and MhGR-RBP1 were expressed in various plant tissues including roots, shoots, and
leaves. Both MpGR-RBP1 and MhGR-RBP1 were up-regulated under drought stress, with expression levels in the former
being higher than in the latter. These results indicated that MpGR-RBP1 and MhGR-RBP1 might be involved in apple
plants response to drought stress, and it suggested that differential configuration of drought-tolerant proteins may be con-
tributed to capability of drought resistance in apple plants.

Keywords: Malus; glycine-rich RNA-binding protein; drought stress; gene expression



