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Cloning of Pathogen-Related Protein Gene( SfPR-1) from
Salsola ferganica and Its Expression Analysis under Salt Stress
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(Xinjiang Key Laboratory of Biological Resources and Genetic Engineering,
College of Life Science and Technology, Xinjiang University, Urumqi 830046, China)

Abstract: A cDNA fragment was isolated from Salsola ferganica by suppression subtractive
hybridization and its full-length cDNA with 817 bp was cloned by SMART™ RACE, and was
named SfPR-1 gene ( GenBank accession number; JQ670917). The SfPR-1 gene consisted of
a 501 bp open reading frame encoding 166 amino acids with molecular weight of 18. 01 kDa
and an isoelectric point of 9. 37, a 65 bp 5’-UTR and 251 bp 3’-UTR. The deduced amino
acid sequence of SfPR-1 showed high identity of 73. 6% , 57. 8%, 55. 5% and 53. 9% to those
of pathogen-related protein 1 from Beta vulgaris, Arabidopsis thaliana, Nicotiana tabacum and
Zea mays, respectively, and had a conserved six-cysteine motif. Reverse transcriptase PCR
and Real-time PCR methods were used to investigate the expression profile of the SfPR-1 gene
under salt stress. SfPR-1 showed up-regulated expression patterns under salt treatment.
Based on our results, we concluded that the SfPR-7 gene might be involved in salt response
and an important component for the salt tolerant pathway in Salsola ferganica.
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F % RRTHBIREMREEZER (SIPAR-1) K TLRE KA B T KX 165

LY 52 B R R L I 2T | R X S AR
P HEEEESE YR ES BRI R RS
MR ERAEY AN, B T Y X R
AT URGLRTLE ), HAE Yy B X S0 S Wy a8
HI RN R R R GRS B (SAR) , SRFEAHGE
B PR ( Pathogen-Related protein) % % £ 5 SAR
H TR T, R YR & FR R R AR A
LT I — 2Bl R A R L s e T B 4
FRBSWIAENEAR. RIEMESMFH 08
¥ PR B A 434 AP SR #4k (PR-1, PR2, PR-
3,PR4 #1 PR5) FAM R (BRERBEHXES
PR R REA) M 17 MERERBERAD,
H 1980 £ — MR MR E A KK PR-1 %405
sk BRTE A2 T M F 3T - o
Rligksr B AR AR PR-1 EAEP T,

Z4 PR-1 B R7EMY) 52 295 R R R A B
HRNRASEE\BUE, BEFEREY TR
PR X AR B B0 ™, SR T B3 A 3 SR A 4
BREM 3 4~ PR-1EE, BT R AR S0 R
WHEETHEME . WA PR H
RABREEZLRENAERENEYFED
BT M A EE R RR EETFERNA
B R BEAea ™, REEEBiRd
HEAEY T PR RIS BEFEE, ERERST,
RMBERM AR PRI EEMNEYEBHAE
w5,

/R THE3 ( Salsola ferganica) Jg #E R —4F
AR Y, A KT IR X, R R
HERHPARZ W REEY Z —, EREE b “ 4
YIRELER” , B R AZEBOR B R 3l 2 , R -8
thi, FARENLSFMESME . BTFRITR
R P RTBIABR TR B RAEE R a T 2
FRIBM B, BlastX 43 HrR B, Hp—A b BL 4
MEER S GenBank HEH SR E 1 HIF
BHEE 75% . AR AE MR 1 FIH 5'-RACE #1
3'-RACE ##3 T # /R T ERWBEMRELER,
firg R SIPR-1,3F0 HAE R ME T MRIAHIT T
B, A —F TR EMECE QR EEL AE
Yy e R R ML BE e 2R A

1 HREAE

1.1 RIewE
1.1.1 EiHE

PR T B3 M T ( Salsola ferganica Drob. )
R EFEE 103 HE W RYE, EREVTTRRS
MiEa (3 1) MBS EE T HITRFH R, FHIE
FRIREE 25°C, 618 16 h/d , AEXHBEE 40% . IAEK
2 MNAZEAWB/RTHESRLE A #8600 mmol/L
NaCl fraAb3# 0, 1, 6. 24 h, BRZEmJ5 MBI AW
AHPRTR, B -80°CREFRH,

1.1.2 SEBg#

FiY 5 RNA $#25UR#]£& RNAprep pure .RNA-
Free DNase 1 &% PCR [k iX7 &M 8
TIANGEN 743 &]; M-MLV Reverse Transcriptase,
Ex Taq.T/A W& & pMD20-T Vector F§f1sL
B3 E B A& SYBR Premix Ex Tag™ g 4
TaKaRa /&) ; SMARTer™ RACE cDNA Amplifica-
tion Kit g g Clontech /4], E. coli DH5¢ By A=5E
BERF. HEbiBINE= 58,

1.2 SKBAHE
1.2.1 RNA BRI S5E—# cDNA ISR

FREO. 1 g AR THERZENAL, RE\ERR
AR BR A AR A A & (RNAprep pure
Tissue Kit) f#/E 38 B 3455 1% 2 5] ) RNA-Free
DNase I iRF4RBUEY) & RNA, RNA ¥k B 4k
JE Fi NanoDrop™ 4366 B - FBi 5E e v 3k 3%
74, 5'-RACE-Ready-cDNA #1 3’-RACE-Ready-
cDNA {4 sz #8 Clontech 28] SMARTer™ RACE
cDNA Amplification Kit #47, #R#F TakaRa 2\ &)
M-MLV Reverse Transcriptase % & i cDNA
S8, HTEE2 KM FERE BT
1.2.2 5'cDNA #1 3'cDNA g3 1

ZHt LAY TREARRS A RAR G B4R
BRI LR, BRIERRTEER
e e FE v Sf8a6 ¥ EST ( GenBank & fifi & .
GW403454) 51, #% i SMARTer™ RACE cDNA
Amplification Kit B3R, F] B4k {4 Primer4. 0 43 3%
H T W%k 5-RACE 514 (SI8d6GSP1 F1 SBABNGP1)
F13’-RACE 5[45( SI8d6GSP2 1 SIBA6NGP2) , &’



166 MR EER
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*1 SIHEF
Table 1 Sequences of used PCR primers

B| ¥4 # Primer name %] Sequence(5' -3')
Sf8d6GSP1 CCTTTTCCGCCACCCACATCTTT
Sf8d6NGP1 GCACAGTCGCCCTTCCTTTGGTT
Sf8d6GSP2 CGTAAAGATGTGGGTGGCGGAAAAG
Sf8d6NGP2 AAGTGGTTTGGCGTAAGTCGGTTCG
Sf8d6FP1 ATGGCTTTATCAAAAAAGT
Sf8deFP2 TTAGTAAGGTTTTITGGCCA
Sf8deP1 GCAGGTCAAAATTCTCCACA
Sf8deP2 CCACTTGAGTGTAATGCCCA
B-actinP1 AAGATCTGGCACCACACCTTC

CACACCATCACCAGAATCGA

B-actinP2

SMARTer™ RACE cDNA 3| & 68 5 #4734,
123 3'45 X% 5' %P5 5 -5 B A EST F Brgrsap
AiZFEREEK cDNA F51,

1% B B W E J5E ra Tk ke i PCR 7= ¥, 1] H
TIANGEN /A7) PCR 7= 4y [E| G 7] & gk 5 , %5 12
W= #:3) TaKaRa A F) ) pMD20-T £k I, i
ALK DHSa, M FHEE HBEM 5, Pkt B
B, A EE 8 ~10 h, £ PCR X2 IEBAfE XL
FHERAFNE
1.2.3 EE£KKY 18

WX E R EST Fid 3 Frakssi 5’ cDNA K&
3’ cDNA ZRJFFIHAT PSR, Bt i
B HE B 5| 4y ST8dBFP1 FiI SI8d6FP2, DL Z£ i i
cDNA MR , R TaKaRa A FIR) Ex Taq BgEsT
RT-PCR $3, R Ntk RS UL B#AT, RO FF
. 94°CA M 30 s J§ 94°C 30 s,55°C 30 s,72°C
40 s,30 MBS, T 72°CHEfH 10 min, PCR =4
R | B Ak B PR B 1.2.2,

1.2.4 SHYEREIH

W P45 R A DNAMAN 3R 443047 I 51 A2 %
FIBEFE K cDNA 2K 755 8., B ki NCBI B35
(http:#/ncbi. nim. nih. gov/) , #I i BLAST 447 T.
Hxt GenBank BAETTARZE B EE BE P 51 4647 Lo X
53¥r. B DNAman 3452 2 P50 it RS
B4 Computer pl/Mwtool, ExPAsy ( http ;/www.
expasy. org/tools/pi tool. htm1) &% [ i i &
R & F & flH PmiSeale PmtSeale ( http:/

expasy. org/tools/pmtseale. htm1 ) 1 ProtParam
( http: /7 expasy. Org/tools/pmtparam. htm1) #4757
Bk M/ KT . f# ) SWISS-MODEL (http : /
swissmodel. expasy. org/) T #1417 & 5 23 7]
G5
1.2.56 ERERZESH

43 PISRE SR TH B 3kt BN Eh AL B4 25 0 5
RNA, DU o BEAR A F M-MLV 2 %% % ( TAKA-
RA) &M% —4 cDNA, EFE BR3P H
Si8d6P1 F1 Sf8d6P2, B HK & B-actin N Z, ik
fr¥E & PCR fIsE 92t & PCR 2047, #i g &
HEMRE R, FEE PCR =W 1% 3R
WEGERE E R bk ki, FIH ABI PRISM7500 5CBY x&
B{GH4T Real-time PCR 4347, SR 2 24843 47
Bt BMERR S MARER, RRILR 3 K
HEYFEER,

2 HREHSH

2.1 SPR-1 BEEM=E

BEWHARHWBENR R THEERAE
600 mmol/L NaCl i T By il 22 S, K&
EFRFRE sf8d6 K 382 bp,BlastX 41 BHiZ% P
3 SEHFREMAE A R 75% P, 18
Zh B S (5 85 B4 3% T B4 5'-RACE
A4S 3'-RACE HysMUlY 155 [ M5 9, B
5’-RACE #il 3'-RACE #i AR 4 % 3k48 T 2 350 bp
(B 1:A)Fn#5 500 bp(E 1:B) M H B, ¥ sf8d6
FEFIFIETARIR R 5/ Fn 3 FE 3 $f4, il i ORF &
#4453 #7,cDNA K4 817 bp, &7 501 bp 5BRMFF
BFEAE, BPS) LA BB EEF ATG, FifE
KILHETF TAA, 4MNEFE 65 bp 1 5/ E#E XM
251 bp W 3'IERMBX (B 2: A) , EEFILEE
#23Z GenBank, Ay &% KA N SPPR-1, B %5 N
JQ670917 , 3t BARZ T RFSI R 3/ dE4%
BXEA 11“AATAAA” i) mRNA Il B{E5 (&
2: A i REIARC S ) Al 16 AR A B polyA
B(nE 2 A P RTRILZIREFS) . RIESHET
B RFFI TS [ Mt % 2 R S X AT 3%, 1B 8 T
—%#J 500 bp EAFERAH (B 2:B), R
EERGERER .
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w2
M 1 M 1
bp bp
500— 500—
250— 250—
A B

A: 5'-RACE #"# 4 ; B; 3'-RACE #" &R (M %
DL2000 marker) ,
A Amplification of 5'-RACE; B; Amplification of 3’-RACE
(M DL2000 marker) .
1 BR/RTFHENRS5-RACE #13'-RACE F 4R
Fig.1 Amplification of 5’-RACE and 3’-RACE
from Salsola ferganica

2.2 FIaHmEEIREELX

B EYE RS0, % cDNA 8 501 bp
FEREHE, 4t 166 NEERR, B F GenBank
PR, % A W EER)TF 5EHSE ( Beta vulgaris) |
1178 57 ( Arabidopsis thaliana) . ¥ B ( Nicotiana
tabacum) 1 1 X ( Zea mays) i [a] I8 ¥ 4 31 K
73.6% .57.8% 55. 5% #1153. 9% , HHA PR-1 &
R BT R A ARST Y 6 AR E R (& 3:A)

iz fj ExPASy Proteomics Server-ProtParam

( http : //www. expasy. ch/ cgi-bin/protparam ) #£ £k
M4t SIPR-1 R EARBEMEFES,
HAaFEK/NA 18.01 kD, BIB4FH &SR 9. 37,
% H ProtScale #il ProtParam X} SfPR-1 & &8 i3
BRI/ E KT, 45K KW, 55 65 166 fiL
BA AR -2 478, kM &R, 5 12.13.,14
M EA&RHME 2. 756, Bk, &AM B
/K118 (Grand average of hydropathicity , GRA-
VY)R 0.278, A X EANGF K HEEAH, B
SWISS-MODEL %} %% /R T3 &3 SIPR-1 HERF
FIBATRIVR =R B . AR W E LR
M 28 NMEAERBI 166 NMEER; HEES S
AR % PR-1b (PDB ID 2% 1cfe) , HipEER S
SHZE AR AT R 60. 432% ;BRI PEAE E
fH4 2. 61e-41 BRI o] WL ALY o BRRER B 45
(& 3:B),
2.3 SfPR-1 E#ME THRIEME
RABRTHEE3R B-actin HNSEE , RA¥E
& RT-PCR #1 gRT-PCR %} SfPR-1 #E478 A1,
PR, SIPR-1 EIEH A K FHTAR
ik, 2 a6 h B FRIRSURITHE , BEER RS R 3

acgcg 5

gggaatcacaacaactgatcaactctactacaataatagccaataacaataataaaaaaa 65
[ATGGCTTTATCAAAAAAGTTTGCAACTATTGCATTATGTTTCATTTTGGCAACCGTAACA 125
M AL S KI KT FATTIALT CTEFTILATUVT 20
CTAGCCCAAATGTGCCATGCCCAAAATTCTCCACAAGACTATGTTAACGCCCACAATGCT 185
Q M CHAQNZSPQDYVNAHNA 40

L A
GCTAGGGCGGCTGTGGGCGTCGGAAAAATTCAATGGGATGGCAAATTAGCGGCGTATGCT 245
D G KL AAYA 60
CAGCAATATGCCAACCAAAGGAAGGGCGACTGTGCCCTGAAACATTCAGGTGGGCCCTAC 305
Q Q Y AN QR K HS G G P Y 80
GGCGAGAATATTGCCGTAGGGGGTGGTCCGTTCACCGGTAGAGATGCCGTAAAGATGTGG 365
R DAV EKMW 100
GTGGCGGAAAAGGCCAACTATAACTATAATTCCAACACTTGTGCCGCCAATAAGGTGTGT 425
VAEKANYNTYNSNTTCAANTIKVC 120
GGGCATTACACTCAAGTGGTTTGGCGTAAGTCGGTTCGTGTTGGATGTGCTAGGGTTCCA 485
G H YT vV V¥ RKZSVRYV C ARVP

AR A AV GV G KTIOQW

G D CALK

G ENTIAVGGGPFTG

TGTAACAGTGGGCCCTATTCGTACTTCGTCATTTGTAGCTATGATCCTCGAGGCAATTAT 545
PYSYFVICSYUDPRGNY 160

CNSG
GTTGGCCAAAAACCTTACTAA]
V.GQ K P Y *

taattatctttaatttccattaaccttgctttgctaaatgaataagctcattaattagag 626
catttggttcgttgtgtac ttgtgtttcataccaac tatatatagataatac 686
gtacaagctaagtgtaaagtgttgttgtgtgtcattagtaggtttcttttcgtgagatga 746

140

566
166

ggatcgagacctatatgttttgtactgtatctgtatgtcttaattgttccaaaaaaaaaa 806

aaaaaaaaagt

A

817

A: TR THER SIPR-1 MBHRTII RSN EERTY; B: BRTHER SPR-1 BRY 4R, A$ ATG hHER
WHAGEIERES TAA F“ « 745t ; mRNA 255 A ERIC ; PolyA IS T RIZARE.

A: Sequences of nucleotide and deduced amino acid of SfPR-1; B: PCR amplification of SfPR-1 gene. Translation
initiation site (ATG) and stop codon (TAA) are highlighted and boxed; Ellipse represents tail signal of mRNA; PolyA is

highlighted and underlined in A.

2 BRTFHENR SIPR-1 MZEBRFINESHEERFIIREKHY 8
Fig.2 Sequences of nucleotide and deduced amino acid of SfPR-1 and ampilification of the SfPR-1 gene



168 Y B2 2R W31 %
SfPR-1 .. MALSKKFATTA. LCFILATVTLAQMCHAQNSPQDYVNA 37
AtPR-1 ... MNFTGYSRFL. IVFVALVGALVLPSKAQDSPQDYLRV 36
NtPR-1 MGFVLFSQLPSFLLVSTLLLFLVISHSCRAQNSQQDYLDA 40
BvPR-1 .. MNLPKNLASY. . LCFFFATLALAQMCHAQNSPQDYVNA 36
ZmPR-1 .. MEASNKLAVLL. LWLVMAAATAVHPSYSENSPQDYLTP 37
SfPR-1 HNAARAAVGVGKIQWDGKLAAYAQQYANQRKGDCALKHSG 77
AtPR-1 HNQARGAVGVGPMQWDERVAAYARSYAEQLRGNCRLIHSG 76
NtPR-1 HNTARADVGVEPLTWDDQVAAYAQNYASQLAADCNLVHSH 80
BvPR-1 HNDARAAVGVGNIQWDDQVAAFAQQYADQRKGDCVLQHSG 76
ZmPR-1 QNSARAAVGVGPVTWSTKLQQFAEKYAAQRAGDCRLQHSG 77
SfPR-1 G. . PYGENIAVGGGP. . . FTGRDAVKMWVAEKANYNYNSN 112
AtPR-1 G. . PYGENLAWGSGD. . . LSGVSAVNMWVSEKANYNYAAN 111
NtPR-1 G. . QYGENLAEGSGD. . FMTAAKAVEMWVNEKQYYDHDSN 116
BvPR-1 GGGRYGENLAGGSGPGLVLTATTAVQMWVAEKADYDYNSN 116
ZmPR-1 G. . PYGENIFWGSAG. FDWKAVDAVRSWVDEKQWYNYATN 114
SfPR-1 ANKVCGHY TQVVWRKSVRVGUARVPCNSGPYSYFV] 152
AtPR-1 G. . HYTQVVWRKSVRLGOAKVRCNNG. . GTII 147
NtPR-1 QGQVCGHYTQVVWRNSVRVGGARVQCNNG. . GYVV 154
BvPR-1 SGRVCGHYTQVVWRDSVRLGOARVQCDNG. . GIFV 154
ZmPR-1 SCAAGKVCGHYTQVVWRATTSIGUAR DNR. GVFII] 153 B
SfPR-1 SYDPRGNYVGQKPY 166
AtPR-1 NYDPRGNYVNEKPY 161
NtPR-1 NYDPPGNYRGESPY 168
BvPR-1 NYDPPGNFVGQKPY 168
ZmPR-1 NYEPRGNIAGMKPY 167

A

A: B/RTHEX SPR-1 [ERMEHLESH4T; B: SWISS-MODEL Hillll %2/R T35E3K SIPR-1 IEARE =L MWHEEL, A AT PR-1
BfFE : AtPR-1( Arabidopsis thesis, m90508 ) ; NtPR-1 ( Nicotiana tabacum,x06930) ; BvPR-1 ( Beta vulgaris, CAP66260. 1) ; ZmPR-1
(Zea mays,q00008) , JFEH MEZELMRINETE PR-1 h{R<FI 6 MR RERBE

A Alignment of deduced protein sequences of SfPR-1 with other PR-1 proteins; B; Three-dimensional structure prediction of SfPR-1. The
PR-1 genes compared are AtPR-1 ( Arabidopsis thaliana, m90508 ) ; NtPR-1 ( Nicotiana tabacum, x06930); BvPR-1 ( Beta vulgaris,
CAP66260.1) ; and ZmPR-1(Zea mays,q00008 ). Boxed residues are the six-cysteine motif in PR-1 type proteins in A.

3 #RTHER SPPR1 BRI B =F L HRER TN
Fig.3 Three-dimensional structure model of SfPR-1 and its alignment analysis
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A: i RT-PCR il 3¢ /R T3 E3K SIPR-1 feh it F (e Al

H#Ea; B: i RT-qPCR 13l 3% /R T35 B3 SIPR-1 e 4Ekhia

TRRFER, ERARR 3 RERBIENFIHE,

A: Temporal expression of SfPR-1 gene of Salsola ferganica

under salt-stress condition by RT-PCR; B: Temporal expres-

sion of SfPR-1 gene of Salsola ferganica under salt-stress con-

dition by Real-time PCR. Values are the mean +SE from three

independent experiments.

4 FHIRTIER SPR-1 FETRBHE T I ERIZEN
Fig.4 Temporal expression of SfPR-1 gene of
Salsola ferganica under salt-stress conditions

3 it

HRMENZFEY R SERET PREF, R
T A 25 BRI (4R Hh e ok 2 5k PR AR SRy DR A e
ARG SAR REIHERA T R E T
YERTF RUOURY PR BEHAEDURR KT M RER
HTHBRER.

Hamamouch Z£3E % #URE 7 PR K% 5 A
BRI Z B, PR 22 H % AR FRRE RN
YUrE AR Rl LR AL B B H R R B i 25 ke, o
RAEHBRAHMARBREE IR ERS A
AR R hE S Bl IT PR ERERK, ]
& PR-1.PR-2 il PR3 Z 5%, T PR4 F1 PR-
5 REzggm (B4, BF IpE I Ud R ik PR3 MiE
BRAERD T8 R BRI X #h bt , K 280 PR
B AEENURB R A B POR R A Y i o,
SR —28 PR R R NPT 7R R R T B Y
RERA PR REER, A ARFRK PR A
R AT REH SR R AE Y% 2 Rk
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F % RRTHBIOREMRELZER (SIPAR-1) K TLE KA HE T KX 169

AR SMART™ RACE H R8T /K
THEREMAXEQEN, ZEHHEHEH R
F PR-1 ik H 6 MRFE R ERRESW
R (E3:A), SRIBF HE SRR EKRP LR
K4 NMEAREHCEARXHEFSI LG, KA
RTHER SIPR1 EEBRFIN S MAIEEE RS
KRB BAE—EMER, NI B 7ETI R
LW EF—ERF, RAZLPHEAE R SRR THE
£33 SfPR-1 37 600 mmol/L NaCl fjif F bz
AN TR B () B P 223K e 4, 45 3R R iz 2 R 7 £ e
REFEEIERIR, EEME 1 hf16 h FixEERRA
B R, e R M E R R ERIAEA B P&
BPrE X RRA (E 4) , Ui B HE X L 3e RB
A AR M 7

B # R T £ SIPR1 EEBRFH 1T
RE=%EWaEE (K 3:B) , BAxEASHE 4 1
o SEER 3 AN A SEAT AL TR E Z I B 7%,
BA—MNEBEN a-pra FOLEH, X S5HEHPR-1
HE PR-1a® f1k# PR-12 ) g4 M e aE A1,
B PR-1 BB =R 450 rE R Y
EE B DK, X SRR TR B A T R
BEAEENES, RMA RELEH S HE YR R
FIRRIB AR TRIE

AV EESER S, MR ETTELE
H B 5 LB ER AT REMEREE MR
K ik E F SIPR-1 B AW e EH T4
HE T NEEYEENRENTSIRET PR ELQRE
AR, RITTRIT —2M iz E Ay
WERIE T M FR R A 2 7e£8 e T ALY N TR
HENER.

HEGEANERE SPR-1 BNEH R THERT
F ELARYE FIRLE , SPPR-1 BE P4 A ST RE AN e F Y
FIRPTR AT — 2R SIPR-1 ZE B R TR BR
Hh B FEALARIFT T 2R
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