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Abstract

cDNA-amplified fragment length polymorphism (AFLP) was used to analyze differentially expressed genes in wheat RH8706-49, a
salt-stress resistant line (SR) and H8706-34, a salt-stress sensitive line (SS) with or without NaCl stress. A large number of gene fragments
related to salt-stress were found. Among them, a full-length cDNA encoding glycogen synthase kinase—shagdhatdSddgwas subse-
guently cloned from SR leaves. The corresponding amino acid sequence was deduced and the primary and secondary structures of the proteil
predicted, that it has a N-terminus outside transmembrane region with a Serine/Threonine (Ser/Thr) protein kinase catalytic domain. The
molecular weight of mature peptide is 43.5 kDa and the isoelectric point is 8.66. Northern blot analysis showa@SKatwas induced by
NaCl stress, and expressed more strongly in SR than in SS. These results sugge§i3Kats involved in wheat response to salt-stress as
a part of the signal transduction component.
© 2003 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction [7]. Up to date, however the molecular mechanism of salt
tolerance of wheat remains unclear. One possible reason is
Inrecent years, accumulated results from model organism,lack of proper materials with similar genetic background but
such assaccharomyces cerevisiae, Arabidopsisthaliana and with difference in salt tolerance.
rice are paving the way for understanding the molecular In a previous study, we obtained one mutant by culturing
mechanism of salt tolerance. Many studies have focused onthe wheat anther callus that was mutated with EMS. The
salt-stressed proteifl], accumulation of the organic mat- offsprings segregated and showed different salt-response.
ter [2], distribution of the N& in the plants[3], and regu- Among them, RH8706-49 (salt-stress resistant, SR) and
lation of the gene expression by salt-stress conditions, etc.H8706-34 (salt-stress sensitive, SS) are very different.
[4]. More recently, significant progress has been obtained The distinguishable properties of each mutant was sta-
in revealing salt-stress signal pathway. For example, severalblly inherited for 12 generations. In this study, we used a
kinds of protein kinases were found involved in response RNA finger printing technique cDNA-amplified fragment
to the NaCl and to high osmotic stress, such as MAPK ki- length polymorphism (AFLP) to analyse genes that are
nase in yeadb,6]. Of those signal pathway established for differentially expressed in both SR and SS with or with-
NaCl-stress, SOS system is more recent, which is proposedout salt-stress. The results showed that only 11.9% frag-
by Zhu through screening. thaliana salt sensitive mutants  ments were different among the four samples. We further
cloned a cDNA encoding glycogen synthase kinase—shaggy
kinase TaGSK1) from SR leaves. Its expression was in-
fax: $86-311.5828784 duced by_ NaCl strgss_and it_expressed more strongly in
E-mail address shenyinzhu@hotmail.com (Y.Z. Shen). SR than in SS as indicated in Northern blot, suggesting
L The first and second author contributed equally to this paper. it may be involved in signal transduction of salt-stress in
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2. Materials and methods YP18
. YM4  YMS
2.1. Plant materials 1234 1234

Triticum aestivum L RH8706-49 and H8706-34 were de-
rived from single seed which was obtained by culturing F
anther of punong 3665 and hannong 3039, inducing muta-
tion with EMS, and screening through the salt tolerance abil-
ity [8], with salt tolerance index of RH8706-49R) > 1.3
and H8706-34< 0.5.

Seeds of the two materials were submerged in water for
24 h at 25C and then transferred to the light incubator at
the time the root and the bud had emerged, and then cultured
in fresh water under 8h of light region each day. When_ Fig. 1. Analysis of mRNA in wheat leaf used by cDNA-AFLP. Lanel-4
the second leaves had grown, the plants were cultured iningicate that SR-0, SR-1, SS-0, SS-1. The primers are combinations of
one-half Hoagland solution in the absence or presence ofYP18 and YM4, AYM5. The arrow indicates the amplified fragment of
1% NacCl for 72h, then the second leaves were harvested@GXL1.
and frozen in liquid nitrogen until used.

3'-cDNA primer;
5-CGCCCGGGGGGGGCCTCGATCCATGAAC-3

cDNA-AFLP was performed as described by Bachem A 1.6kb fragment was amplified using pfu polymerase
et al. [9]. Total RNA from leaves was extracted from from Shanghai Sangon Corporation and RH8706-49(SR)
four different wheat samples (SR and SS with or without double-stranded cDNA as template by common PCR
salt-stress) using a Qiagen Plant RNeasy Kit (Germany). method. The fragment was ligated into the multiple cloning
First and second strand cDNA were synthesized using Su-region of pGEM-T vector. The recombinant:P23 was
perscript 1| RNase H reverse transcriptase (Gibco/BRL) obtained after transformed intB. coli DH5a competent
and SMART cDNA Library Construction Kit (Clontech), cells and sequenced by TaKaRa Biotechnology (Dalian)
respectively. AfterPstl/Msel digestion and adaptor liga- Corporation.
tion, the cDNA products were pre-amplified and diluted
for cONA-AFLP. Amplified products from different primer 24, RNA expression analysis
combinations were separated in a sequencing gel and ex-
posed to X-ray film. Differentially expressed fragments cut  Total RNA were prepared as describgid] above and
from gel were cloned and sequenced. Homology search waszs,.g total RNA from each sample was subjected to 1%
done by the Blast program. formaldehyde denatured agarose gel electrophoresis. Af-
ter electrophoresis, the RNA was blotted on to Hybond
N* nylon membrane (Amersham Pharmacia, USA) with
20x SSC. After pre-hybridization, the hybridization, probe
preparation and membrane washing were according to
the manufacturer’'s manual (Amersham Pharmacia, USA).
The membrane was exposed to X-ray film according

2.2. cDNA-AFLP

2.3. Isolation of a full-length TaGSK1 cDNA clone from
RH8706-49 leaves

Among those specific expressed fragments in RH8706-49
leaves, a 181bp clone had a significant similarity to
G3X-shaggy kinase of maize. Based on its sequence, the 5
and 3 RACE (rapid amplification of cDNA ends) primers

were designed as follows: Table 1
5'RACE: 5-CCATGAGTTGAAGGGTGTGC-3 Analysis of the differentially expressed fragments from cDNA-AFLP
5-AAGCAGTGGTATCAACGCAGAGT-3; Primer combination  SNI SIN SAS SIR SIS Sub-total
3'RACE: 5-GAGAATCTCAAACTCCTGGG-3; P14M4 36 4 2 1 0 43
5-ATTCTAGAGGCCGAGGCGGCCGACATG-d-(Bp P18M2 50 1 4 0 0 55
N_iN_3-3N=A,G,CorT:N.1=A,GorC; P12M8 40 3 3 2 1 49
5RACE and 3RACE was performed to isolate the ﬁigmg ig 2 g (1) ; g;
full-length cDNA sequence ofaGSK1. P7M7 48 0 2 0 1 51
The specific primers were designed according to the 3 Tog 274 12 8 4 5 311
and 3 terminus regions and synthesized by Beijing SBS Percentage 8810 3.86 514 129 161 100

Biotechnology Corporation.
Note: SNI: salt-stress non-inducible, SIN: salt-stress inducible, SAS:

5'-cDNA primer; salt-stress suppressible, SIR: salt-stress inducible in SR, SIS: salt-stress
5-CGTCTAGAGTTGGTGTGGTGCGTCCTTCC 3 inducible in SS.
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400 bp—|
200 bp—|

Fig. 2. Second amplification product of TaGSK1 fragment. M: molecular
weight markers, (*) lane indicates the fragment of Fa&SK1.

to the manufacturer's manual (Fuji Photo Film Co.,
Japan).

2.5. Sructure of TaGSK1 protein
The amino acid sequence THGSK1 was deduced and the
primary and secondary structures of the protein were anal-

ysed and contrasted by using DNAtools, Omiga, GenBank,
iPSORT are softwares for Molecular Biology.

3. Results
3.1. cDNA-AFLP analysis of differentially expressed genes
between the two wheat lines under normal and salt-stress

conditions

To analyse genes related to salt tolerance in wheat, differ-

1371

pression patterns, the displayed transcripts from randomly
selected six pairs of primer combinations were analyzed
(Table 1. The results showed that 88.10% fragments were
expressed in all the four samples, they belong to salt-stress
non inducible (SNI), only 11.9% fragments were different
from each other, of which 3.86% fragments were salt-stress
inducible (SIN), and 5.14% fragments were salt-stress sup-
pressible (SAS) in both SR and SS, indicating involvement
of these genes in salt-stress. These changes do not have any
relationship with the genetic background of these materials.
In addition to that, 1.29% fragments were specifically in-
duced in SR (salt-stress inducible in SR SIR), while 1.61%
specially in SS (salt-stress inducible in SS SIS), representing
the genes which are salt-stress related to the genetic back-
ground.

To further characterize the differentially expressed genes,
68 fragments were cloned, of which 35 clones were se-
guenced. BLAST search in EMBL database indicated that
24 sequences (68.6%) showed no similarity to known
genes, and 11 sequences (31.4%) were highly homologous
to known genes. A SR specific fragment ($égs. 1 and 2
showed high similarity with maiz&€3K-shaggy kinase gene
and was namedlaGSK1(Triticum aestivum L. glycogen
synthase kinase). Possible relationship betw&a@3K1
and salt tolerance in wheat was further investigated because
a previous study showed th@X is related to NaCl stress
in A. thaliana [11].

entially gene expression pattern was compared between SRy > RnA expression analysis of TaGSK1
and SS under salt-stress and non-salt-stress by cDNA-AFLP

approach Fig. 1). A total of 90 pairs of primer combina-
tions were used for selective amplification. To reveal the ex-

s - % W
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relative value

To verify the expression pattern daGSK1 observed
after cDNA-AFLP analysis, Northern-blot analysis was

—1.6 kb

ol

0.00
SR-0 SR-1

(B)

$5-0 §5-1

treatment

Fig. 3. Northern blot and relative expression the whEatGSK1. (A) Northern-blot SR-0: salt resistant-0% NaCl; SR-1: salt resistant-1% NaCl; SS-0:
salt-sensitive-0%; SS-1: salt-sensitive-1%. (B) Relative expression in the four sample. Control of logad@)ghéls been dye with ethidium bromide
staining. The analysis was completed through computer scanning system.
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performed. A 1.6kb band was detected using 181bp Its expression in SR leaves under salt-stress was 2.14-fold
cDNA-AFLP fragment as a probe, The result also showed higher than non salt-stress and in SS which was 1.23-fold

that the isolated cDNA clone representing a full-length copy higher, thus indicating thataGSK1 was highly expressed

of TaGSK1 (AF525086). Northern analysis showed that under salt-stress and the expression was higher in SR than
its expression was induced both in SR and in §8.(3). in SS Fig. 3).

1 GIT GGT GIG GTG C6T CCT TCC TCG CGC TTT CAG AAC GAC ACG AGT ACT AGT GGT GAT GCC 60
61 GAC CGA CIT CCG AAC GAG ATG GGC AAT ATG AGC ATA AGG GAT GAC AGG GAC CCT GAG GAT 120
1M 6 N M S I R D D R D P E D 14

121 ATA GTA GTC AAC GGC AAT GGG ACG GAA CCA GGC CAT ATT ATA GTC ACA AGC ATT GAG GGA 180
51 v v N ¢ N G T E P ¢ H I I VvV T § I E G 34

181 AGA AAT GGG CAA GCA AAA CAG ACC ATT AGC TAC ATG GCT GAG CGT GIG GTT GGT AAT GGG 240
3R N G Q@ A K Q T I s Y M A E R V V G N G 51

241 TCA TTT GGA ACT GTT TTC CAG GCT AAG TGT CTT GAA ACT GGC GAG ACG GTG GCT ATA AAG 300
5§ F ¢ T VvV F Q@ A K C L E T ¢ E T V A 1 K 74

301 AAG GTT CTT CAA GAC AAG AGA TAT AAG AAC CGT GAG CTG CAA ACG ATG CGA GTT CTT GAC 360
7K v L ¢ D K R Y K N R E L @ T M R V L D 94

361 CAC CCA AAT GTT GTG GCT TTA AAG CAT TGT TTT TTC TCA AAG ACT GAG AAA GAG GAG CTIT 420
%H P NV V A L K H C F F S K T E K E E L 114

421 TAC CIC AAC CIG GIG CIT GAG TAT GIG CCG GAG ACT GCT CAT CGI GIC ATT AAG CAT TAT 480
1Yy L N L Vv L E Y Vv P E T A H R V I K H Y 131

4181 AAC AAG ATG AAC CAA CGC ATG CCA TTG ATA TAT GCA AAA CTG TAC ATG TAT CAG ATA TGT 510
33N K M N @ R M P L I Y A K L Y M Y Q I C 154

541 AGA TCT TTG GCA TAC ATT CAC AAC AGC ATT GGA GTA TGC CAC AGA GAC ATC AAG CCT CAA 600
IR § L A Y I H N S I G V C H R D I K P Q 174

601 AAT CTT CTG GTG AAT CCA CAT ACG CAC CAA TTG AAA TTA TGT GAC TTC GGA AGT GCG AAA 660
7 N L L v N P H T H @ L K L C D F 6 S A K 19

661 GTG TTG GTA AAA GGA GAA CCA AAT ATT TCC TAT ATC TGT TCA AGG TAC TAT AGA GCC CCA 720
“9%v L v K 6 E P N I S Y I €C S R Y Y R A P 214

721 GAG CTC ATA TTT GGT GCT ACT GAA TAC ACA ACG GCA ATT GAC GTT TGG TCT GCT GGC TGT 780
2LELL 1 F G A T E Y T T A I D V W S A G C 234

781 GTT CTT GCT GAA CTC CTT CTA GGA CAG CCT ATA TTC CCT GGC GAC AGT GGT GTT GAT CAG 840
23v L A E L L L G Q p I F P G D S G V D Q 25

841 CTT GTT GAA ATC ATC AAG GTT TTA GGT ACC CCT ACA AGA GAA GAA ATT AAG TGC ATG AAT 900
2L v E 1 I K v L 6 T P T R E E 1 K C M N 271

901 CCA AAT TAT ACG GAG TTT AAA TTC CCA CAA ATC AAA GCT CAC CCA TGG CAC AAG ATC TTC 960
2P N Y T E F K F P Q@ I K A H P W H K I F 294

961 CAT AAA AGA ATG CCT GCT GAA GCA GTA GAT CTT GTC TCC AGA CTC TTG CAA TAT TCA CCA 1020

29H K R M P A E A V D L V S R L L Q Y S P 314
1021 AGC CTG CGT TCA ACT GCT TTG GAA GCA TTA ATT CAT CCA TTC TTC GAT GAA CTC CGG GAC 1080

3bs L R S T A L E A L I OO0 P F F D E L R D 334

1081 CCA AAC ACC CGT TTG CCG AAC GGC CGT TTT CIT CCT CCC CIC TTT AAC T1T AAG CCC CAT 1140
3%P N T R L P N G R F L P P L F N F K P H 354

1111 GAG TTG AAG GGT GTG CCG ATG GAC ATC CTG GTG AAG CTC ATC CCT GAA CAT GCT CGG AAG 1200
3% Lr L X 6V P M D I L vV K L I P L H A R K 374

1201 AAC TGT GCC TTT GTA GGA TGG TCA TCC GCC AGA CGG CIG CTT GAA GIT TAG TTC AGA ACA 1260
3%N C A F V 6 W x 381

1261 AAT CCA GTT GTT GTC TAC TAG AAA CCC CAG GAG TTT GAG ATT GTC TGC AGC CAC ACG GGA 1320
1321 TAT AGG CGA TGA CAC ATG TGA TTA TTA TTIC CTT TTC TCG TCC GAG ACC TCG ATG CCA TGT 1380
1381 ATT CTT TCC CCC TAC TGC CGA TGT AAC AAA CCA CCC ATG ATA CTG TAA GTA GAT GAG AAG 1440
1441 TGT TIC GAC CGT TTT CCC CIG AGC TCA T1GT GCT ATG CAA TGA AGG ATG CAC CCT ATG TAC 1500
1501 CGC CAA TAT TTG GTC CAG TAT TTG TTC ATG GAT CGA GGC CCC CAA AAA AAA AAA AAA AAA 1560
1561 AAA AAA AAA AAA A 1573

Fig. 4. The nucleotide sequence and its deduced amino acid sequeta®3f1 cDNA. M: prediction of a chloroplast transit peptide, V: protein kinase
ATP-binding region signature.
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3.3. Isolation of TaGSK1 full-length cDNA clone and

structure analysis of the putative protein

The full-length cDNA sequence GAGSK1 was obtained
by 5 and 3 RACE. Further by designing specific primers,

1373

the full-length cDNA fragment of TaGSK1 was obtained

from RH8706-49 double-strand cDNA by PCR method and
it was 1.573kb long as confirmed through sequencing two

NAMES: Aal 32791( Ar obi dopsi s thaliana shaggy rel ated protein

ki nase, ASK- GAMVA) ;

P43289( KSGG- Ar at h) ; P51139( MSK3- MEDSA) ; Q93vj 5( Ar obi dopsi s

thal i ana putati ve shaggy ki nase al pha); @l i s6(shaggy-rel ated
protein kinase gamm [Oryza sativa L.

TaGSK1 :
Aal 32791
P43289 :
P51139 :
@3vj5 :
@lisb6 :

TaGSK1
Aal 32791
P43289
P51139 :
Q@3vj5 :
Q@lis6 :

TaGSK1
Aal 32791

GSFGVVFQAKCLETGETVAI KKVL CDRRYKNREL QT
GSFGVVFQAKCLETGETVAI KKVLCDRRYKNREL QT
GSFGWVFQAKCLETGETVAI KKVL QDKRYKNREL QT
GSFGWVFQAKCLETGETVAI KKVL CDRRYKNREL QT

P43289 :
P51139 :
Q@3vj 5 :
@lis6 :

a
S| KHCFFSITEKBEL YLNLVLEYVPETVHRVI KHYNKLNCRMPLVYVKL
S| KHCFFSITEKBEL YLNLVLEYVPETVHRVI KHYNKLNCRVPLVYMKL
S| KHCFFSITEKBEL YLNL VL EYVPETMERVI RHYNKIMNCRVPM YWKL
S| KHCFFSITEKBEL YLNLVLEYVPETVHRVI KHYNKLNCRWPLI YMKL
A KHCFFSITEKDEL YL NL VL EYVPETVMHRVVKHYNKMNCORMPLI YKL

TaGSK1

Aal 32791
P43289 :
P51139 :
@3vj5 :
@lisb6 :

S| GVCHRDI KPQNL LVNPHTHQL KL CDFGSAKVLVKGEPN SYI CSR
28| GVCHRDI KPONL LVNPHTHQVKL CDFGSAKVLVKGEPNI SYI CSR
26| GVCHRDI KPONL LVNPHTHQVKL CDFGSAKVLVKGEPNI SYI CSR

S| GVCHRDI KPQNL LVNPHTHQLKI CDFGSAKVLVKGEPN SYI CSR
28| GVCHRDI KPONL LVNPHTHQVKL CDFGSAKVLVKCGEPNI SYI CSR

S| GVCHRDI KPONL LVNPHTHQL KL CDEGSAKVLVKGEPN SYI CSR

TaGSK1 RAPEL| FGATEYTTAI DVWSAGCVLAEL LL GOPI FPGBSGVDQLVE! | KVLGTPTREE
Aal 32791 RAPEL| FGATEYTTAI DVWSAGCVLAEL LL GQPLFPGESGYDQLVEI | KVLGTPTREEI
RZCPA I R RAPEL | FGATEYTTAI DVWSAGCVLAEL LL GOPLFPGESGVDQLVE! | KVLGTPTREE
EINEIINRAPEL | FGATEYTTAI DI WSAGCVL[EEL LL GQPL FPGESGVDQLVE! | KVLGTPTREEI
O KIVRIMIRAPEL | FGATEYTTAI DVASAGCVLAEL LL GQPL FPGESGVDQLVE! | KVLGTPTREE!
O INICTSIMRAPEL | FGATEYTTAI DI WSAGCVLAEL M. GQPLFPGESGVDQLVE! | KVLGTPTREE!

LEICS IR C\VNPNY TEFKFPQL KAHPWAKI FHKRVPIREAVDLVSRL LQYSPEL REYJA
Aal 32791 CMNPNYTEFKFPQl KAHPWHKI FHKRVPREAVDLVSRLLQYSPNL ReAA
YEPY: IR C\VNPNY TEFKFPQl KAHPWHKI FHKRVPREAVDLVSRLLQYSPNL ReRA
IR IR C\VNPNY TEFKFPQl KAHPWHKI FHKRVPREAVDL VSRLLQYSPNL RYJA
(o kNI I-IR C\\PNY TEFKFPQl KAHPVWHKI FHKRVPPEAVDL VSRLLQYSPNL R
(o IR IE C\V\PNY TEFKFPQl KAHPWHKVFHKRL PPEAVDL VSRLLQYSPNL R®IA
TaGSK1 LR PNGRFL PPL FNFKPHEL KGVPY VOW
Aal 32791 ARL PNGRFL PPLFNFKPHEL KGVP ‘KLVPEHARK
P43289 : ARL PNGRFL PPL FNFKBHEL KGVPYEMAKL VPEHARK OIS IE
P51139 : RLPNGRFLPPLFNFKMELKGV=’\IVAL/NKLVPEHARK
Q3vj 5 : ARL PNGRFL PPLFNFKPHEL KGVPREM/AKL VPEHARK GRS
QIis6 : ARL PNGRFL PPLENFKPHEL KGI PRI MAKL | PEHYKKGASYINEYA

times. The analysis of the sequence indicated that the third
‘ATG’ of the sequence was the valid beginning codon and

Fig. 5. Alignment of amino acid sequences of TaGSK1 and other plants GSK. (-): The 285 residues-long protein kinase catalytic domain. The 11 catalytic
subdomains (Hanks 1991) are indicated by roman numerals.
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the longest open reading frame (ORF) encoded a protein
of 381 amino acids with a 78bp 5 non-encoding region
and a 352 bp 3’ non-encoding region. The end codon-' TGA'
was at a distance of 319bp from the upper poly(A)-tail at
3’ (Fig. 4). The predicted protein has a molecular weight
of 43.5kDa with pl = 8.66. Comparison of the predicted
amino acid sequence of TaGSK1 with GSK sequences from
other organismsisshownin Fig. 5. Theaignment illustrated
that the GK gene conserved in these plants and inferred
that GSK may play a key part in stress signal transduction
[12].

Using RPS-BLAST software, the amino acid sequence
including a Serine/Threonine protein kinase catalytic do-
main and protein kinase domain was analysed. There
was a protein kinase ATP-binding region signature at the
51AA in the front of the protein kinase domain-VGNGS-
FGTVFQAKCLETGETVAIKK. Predicted by computer
model s for transmembrane topol ogy, the secondary structure
indicated it was a transmembrane protein with N-terminus
outside. There were two transmembrane domains. one was
a 22AA transmembrane domain from 41AA (outside) to
60AA (inside) and a 19AA domain from 223AA (inside)
to 241AA (outside), the other was a 21AA domain from
45AA (inside) to 65AA (outside) and a 22AA domain
from 226AA (outside) to 247AA (inside). Predicted by
the method of Chou-Fasman, the secondary structure of
TaGK1 may contain helix conformation 22.83%, sheet
41.73%, turn 31.24% and coil 4.20%. The amino acids com-
position of TaGSK1 was neutral hydrophobic 43.6%, neutral
hydrophilic 29.7%, charged acidic 16.3% and charged basic
10.5%.

4, Discussion

In this study, the differential gene expression pattern
was compared between the two wheat mutant lines under
salt-stress and non-salt-stress by cDNA-AFLP. The results
showed that only a small number of the differentially ex-
pressed genes are likely involved in salt-stress in wheat.
cDNA-AFLP analysis showed that about 15-20% genes
are likely involved in water stress, similar to our results
[13]. Homologous analysis of different fragments indicated
that the fragments we isolated from the whest represented
a series of genes in wheat related to salt-stress. Further
research on the genes will benefit to our understanding the
mechanism of salt tolerance in SR.

Recently great progress has been made about the
salt-stress signa transduction in plant. TaGSK1 shows
high similarity to shaggy kinase in maize. In yeast there
are two GSK3 homologs, Mcklp and Mdslp [14,15],
Mutation at the MCK1 gene result in a cold-sensitive
and temperature-sensitive phenotype. Though functional
complementation of the yeast calcineurin mutant strain
DHT22-1a with a NaCl stress-sensitive phenotype, Piao
et a. [11] have isolated the A. thaliana cDNA AtGXK1,

which encodes a GSK3-shaggy kinase-like protein ki-
nase. AtGSK1 expression was induced by NaCl and the
expression level and salt tolerance ability showed positive
correlation. They supposed that AtGSK1 may be involved
in a calcineurin signal transduction pathway in plants. The
TaGSK1 weisolated from wheat is also induced by NaCl. It
is possible that TaGSK1 may be involved in NaCl stress sig-
nal transduction pathway in wheat. The higher salt tolerance
ability of SR may be related to the higher expression of the
TaGSK1in SR than in SS under salt-stress. Further research
on the mechanism of TaGSK1 involved in salt-stress signal
transduction pathway is needed.

Protein kinases play an important role in the signal trans-
duction pathway in eukaryotic organism. In previous stud-
ies, three key components involved in the MAPK pathway
in response to NaCl and osmotic stress [16], were identifical
to be Ca?*/camodulin-dependent protein phosphatase sig-
nal transduction pathway [17], SOS? involved in the SOS
signal transduction pathway [18], and Serine/Threonine
protein kinases. TaGXK1 is also a kind of serine/threonine
protein kinase. In this study we also isolated three other
fragments (SAS30, 88 and 100) encoding Serine/Threonine
protein kinases like protein and interestingly we found their
expression was suppressed by NaCl. So the function of
the Ser/Thr protein kinase are comprehensive. How was
the function of GSK—shaggy like kinase function, and the
relationship between GK and shaggy kinase and other
pathway still need further studies especialy in relation to
salt-stress.
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