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A B FHEHFHIPUEFRIBAMBRENEARNM EREETREEMREENE(SNP)KESHAY MR
WEEBHUHNEESH, LS IMHBENXRRFEBRTINE, A ARCASLBHRAARFEFHRERERE
LpDREB 3£ K FE 5, % LpDREB R MMM A SR RIT W, K LoDREB ERWE AR ES RARE, 2 F
LpDREB 3¢ SNP Sy i a8, AR R KW . TRMS T LpDREB #FH cDNA R B£K KB 1611 bp, BF
957 bp B FF I L . W8 318 N E &M , 8% DREB BB ¥H 1) DREBP/AP2 £F X ¥, [pDREB XAF K&
CmDREB3 REMB L RERE B2 M EARETFXESINHAR KA ETR, FHF [pDREBXEZ T L}
BERES CFAABRTIORNERLBRBR KRN A ZPHRIBRDP., ERAFHTHEREDND 23
4SNP . KPR FRIMERBE 4+ ABEX 17 3IRERBE24; 3 4SNP, 2 A RFE#R.1L
TRTES; RBXAE 17 4 SNPs f1 80,9 NMEFH LEF 8 NHIER LR, B LT HIER LB LE
F1l, REERIET SNP KFMFETFHREBEREEHMN LB I U HEB,
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Isolation, Expression and Single Nucleotide Polymorphisms Analysis of Dehydration
Responsive Element Binding Gene ( LpDREB) in Lespedeza potaninii
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Ornamental Plants of Minisery of Education  Beijing Foressry University Beijing 100083 )

Abstract:  Lespedeza potaninii is one of the most drought tolerant Lespedeza species and widely distributed in arid, semi-
arid and desert grassland. It is an ideal model plant used for the investigating the individual variation of drought tolerant at
single nucleotide polymorphisms ( SNP) level. In the present study, the drought tolerant candidate gene LpDREB was
cloned from five provenances of L. potaninii by chromosome walking method. The organ- and inducible-expression pattemns
of the Lp)DREB gene were also investigated. Furthermore, the gene structure and phylogeny, and SNP type and distribution
were characterized. The results indicated that the full length ¢cDNA sequence of LpDREB gene was 1 611 bp containing a
957 bp open reading frame ( ORF) which encodes a 318 amino acid residues with a highly conserved DREBP/AP2
domain. Phylogeny analysis revealed that the LpDREB gene had a closest evolutionary relationship with soybean GmDREB3
gene in terms of high similarity in the common conserved region. Expression of the LpDREB gene was induced by drought
stress and varied in different organs with the highest expression level in roots followed by leaves and stems. In the L.
potaninii populations, 23 SNPs were detected. Among them four located in promoter and 5’ non-coding regions, and 17
were distributed in the coding region, and two in 3’ non-coding region. A total of 12 SNPs were in transitions, while 11
SNPs were in transversions. For 17 SNPs in the coding region, 9 were synonymous mutation and 8 were non-synonymous
mutations, with a ratio of 1. 1. This study paved a foundation for association analysis with drought tolerant candidate genes
in L. potaninii at SNP level.
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FEEAYMBYEKMRENEEFRRETZ
—, BHR—H RN SMSETEE, HXHE
Yyt B4 F UL B9 — B R B A BF A B A B
H, "2 NP EAREARETFERR I TR
( Shinozaki et al., 2007) , X PP W Rl E F
(Arabidopsis thaliana) ( Bouchabke et al., 2008 ) 1k
78 (Oryza sativa) (http: //www. Stress-genomics.
) CEBUTHKAENHRERFEMNE, B
B ANFAXTHYMES FIHATRBREE
FEEAKFLA FBALZELANTHEZETR
£ & 1 ( single nucleotide polymorphism, SNP) fy 3}
RS KR BRI ERINXR, MR-
BAER —Y#HHRE M ERBEEAFEABRTRK
FrmER AHEREBERERNOIENEY
HtER, BAMRLEREY,ONP B EANFER
AR Z [F] % B % B 495> T E 8l (Ingvarsson, 2005 ;
Aulchenko et al., 2007),

4 4 F ( Lespedeza potaninii ) £ ¥ B F &
(Lespedeza) i B4 B RE ST 09— 80, CREZEEBE
KERE IS0 mm ) TREMXER,"ESHFIE
®ERERRERANE S, EFE. AES TER
EEF RSB AR(EFHE, 1997), 5SHBEF
REMEH—B FHETELTEASNGRE 8TX
ARB S AR BN, FRE . MEERHR
HNFEEEENER(PRMESE, 2005), X/
CHENZERAMAET SNP EREARFHY
R PEVNHRETRAEZNMH,

DREB ( dehydration responsive element binding )
R—ES5HEHAEEHERE T, ERBRHF
®HTE5HEMENER XN ERRSFERPH
DRE MiXAFEF FT 4 &, JR 3 F e di i 2 B B R ik,
WNRE#EFAFLBEZMNEER EER—-F
FitidkE e EENREHHYEE T AEEE
BEHIER (Agarwal et al., 2006), BETE £7EH#IE
3F ( Haake et al., 2002), Kk 8§ ( Glycine max) (Li
et al., 2005) ., % X ( Zea mays) (Saleh et al., 2006) ,
K#E(Wang et ol., 2008) S Y+ RS E T DREB
EEH, EAMFTLERRY,DREB ERE A YK
BARPREEMEH  EEENHERANERT,
Hit ,DREB X W R RET SNP K¥ M4+ BEFH
ERNEERNHNEERRBERZ —, RFRLU
AEHBERORARFHT M, LET LpDREB #
B THREEANEHWAREHRL AET
IpDREREHETRMATHAAMER RS,
HHAGTURRENAETREEEMN, HIRER

HEETFRPEREEEME SR REEHE SNP R
#HEFSNPRARETFIMRERENAMER, R
ERFFEHRARF FRICHBTHRERM TH
WHR

1 HHS5FE

1.1 #HYHHE
REMBFERTHRFONaTHERENT . TE
HWE AR IEST.IETROE HH¥
FATRMA, IS AR, WRERTHT 65 THK
FBH 24 b FFE2 CATSEERATESR. &
GBI EME A DNA i1 5 B & i BBk
B TR, SNP A W Bk fy i R b 300 Bk 4
BF A Ed .
1.2 HEBFE
1.2.1 DNA,RNA ## 3% cDNA 4 & SNP KB FF
FIMAR DNA g 300 R F B FMEREHHF SR
B4 ,i8xt CTAB 3 (Murray et ol., 1980) £ E3KHE ,
BRNA RBUERIUFXBEERNARA ARG
Column Plant RNAout 2. 0 AR & 5218, cDNA & B H]
Fl promega 74 ] # Reverse Transcription Sysfem
SEo .
1,22 e B it HRB Dal,
EcoRY ,Hae M ,Prull ,Rsa I ,Ssp 1,51 ,Scal
8 FRFR I MY I RS, 37 2 B 41 DNA #ATBEY1, #ifk
E W5, # B GenomeWalker™ Kits User Manual 3% #
# 3k (hitp: //WWW. Clontech. Com/ products/
listing. asp[DB]),
1.2.3 3\#&itA PCREAEAE #HRENCBLF
C M &y DREB & 28 FF 5 [F I X i 7 R 3 51 9
LpDREBF1 ; 5'-CCTCCRAARCCVACRAARCT-3';
LpDREBR1: 5'-GGRAAGTTRAGCCKKGCRAADTC-3',
HRERZREBINFEF FBEITE PCR AIFE 2 K
PCR #1%% 55|41 ( gene specific primer GSP) (¥ 1),
3L 3144 APLl. 5'-GTAATACGACTCACTATAGGGC-
3'; AP2; 5’-ACTATAGGGCACGCGTGGT-3', 1} 18
LpDREB R MBH M FFI R T 4 cDNA ¥
G514 (LpDREBF2 . 5'-AGCCTTTTCAGAAACG

21 RBEKSBEIINY

Tab. 1 Primers used for chromosome walking
S EK B RI(5-3")
Primer name Primer sequence (5'-3")
GSPIL (1) GGTTCGGTTCTTCGCGAGTCTTAT
GSP2 (1) TCTTATTTCCGCTACCCACTTTCCC
GSPL (2) CTCTCGGATCTGACTTTTGCTGA
GSP2 (2) AGCCTCAGTGGGAAGGGGATT
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AGAT-3'; LpDREBR2: 5'-AGATCCGGCTAAACAC
AATAGA-3') RHT SNPs RBMK RS H(R2),

£2 SNPs BF3IH
Tab. 2 Primers used for SNPs detection
S4B R SlHFH (5 -3")
Primer name Primer sequence ( 5’ ~3')

SNP-F1 GTAAAAGAATTCCTCGAAAGCCAGG
SNP-R1 GTCCAGAATCATAACATTAACAGCC
SNP-F2 TCTCCCTAACTTTTACTCAAACACC
SNP-R2 AGGCAGAGGGATGATTATACAAGAT
SNP-F3 GGAGAATACAAACCTICTTCATTCCT
SNP-R3 CTATTGTGCATGTTAGCCGGATCT

FuEfkA% PCRh, 55 1 88 PCR R ER N
20 L,k APL #1 GSP1L J314 BN 8 MMk
BB, $ 2% PCR KRR H 50 pL,
LI AP2 #1 GSP2 5|49, LI585 1 %2 PCR IR BIF=%)
SRR (bttp: //www. clontech. com/products/ listing.
asp[ DB1), fF SNP &1 gy & B 4H PCR 4k 2 %% 20
wL,35 MEF(EHSF, 2007),
1.2.4 PCR 9@ AA&#HHH ¥ PCR P HIK
BB R B PIW, EEEL, 28 % PCR 5
Tk FHYE R ® FF, A /) DNAmen 1 DNAstar
(Lasergene, USA) ¥4 #1TFE5I %8, i softberry
% FGENESH T i He & th | H B 5 7, B 4T R FI 4%
H5rih , FI Fl BioXM2. 6 RUFMEHEREM 4 TR
B % 5, A Phylip #1 MEGA4.0 S - #) &
LpDREB B H ik # :
.25 4u%FFFmiad® RIEHHE(2005)
WHEFRHEHERNHRE RETEREKR
BRBHES MANFETERG 3K ARTER
A0 R)EXRRRH, 5HRANNHEFTRH
FRTFAREIBETATLSEEREPHTEY
JBIBFF. HIRE LR RELBFHEENR,
ZEHAR BTBRATHEEEH.
1.2.6 ILpDREB A B4R A K AKX B
LpDREB # B B % # i Realtime PCR 5| %
LpDREBRTF ; 5'-AGACTCCCGAAGAACCGAACCAG-
3'; LpDREBRTR: 5’-CGGAGTTTGTAAGCGGCTITG
TC-3', YK EH K 95 bp, LISIEEEEA Actin
ERNZ, B9 FEF AcF; 5'-GTGACGTTGATATCA
GGAAGGAC-3’; ActR: 5'-AAGATAGAGCCACCAA
TCCAGAC-3', RT-PCR [ Jif # B # L 4 (2010) #%
R FEHET FAZEEERLBRS I ERL
X,
1.2.7 LpDREB % B# SNPs ## #|f MEGA4.0
F1 DNAsp # {4 %f LpDREB %R & 50 N B F#FF 1

Xt53 47, Z 4R LpDREB R AN T 5' kA K F 3
X3 ERHmGKXE SNPs R R, A BEFIAMTF
45X 1 SNPs 47 5 i (7] S 28 48 M 4k [l 3 3 2F B
EXREAEMHNRERNEW,

2 HR500

2.1 &4 %F LpDREB X E ¥ 5 4 #f

MEBEYS DNA R, EMH*3 Y
LpDREBF\ 1 LpDREBR1 #13 PCR ¥ i#§ ,PCR #
WF/EHH 1 & 193 bp WFFI, & Blastp AR
a3, K BRF XS GnDREB3 (¢ % &
DQO55133) #{pl ¢35 5 85% , 3 H &6 DREB %A
¥EH ) DREBP/AP2 fR<F X, (i L ¥ M % - BX )& F
DREB 3:[H , % % LpDREB, 181 LpDREB % H %
NEFRTIIRITREAEBTIH(ELD L84
B SRR AR, BEAT B PCR, 2 B KB T K
27 737 bp #1812 bp # 2 & ¥ 5, Fl A SegMan ¥ #F
B3 RFIBE,BERFFIKENR 1930 bp, & -
T softberry ¥ HZF W HEREDT ATC 2
F 286 bp, &1L FH5TF TGA H2F 1 242 bp, FIHSIY
LpDREBF2 #1 LpDREBR2 , A REUH 4K F B RNA £
#7185/ cDNA R4 ,PCR 3 #7538 cDNA Rl
B FF 3T R %Y, LpDREB B H cDNA R Bt
£ 1611 bp, & T 285 bp 9 5' UTR [X,957 bp 9
ORF X} 369 bp 3" UTR X, W 5 1 & X 318
BERBREMNEARK(EEEMS X JFO0059%4),
AP2/ERF RSP RIHAITF 677 ~856 bp B ETE A,
cDNA P3[4 DNA Fo#ATH N 2 R% W%
EZEABEAARET T, AIAKM BioXM2.6 f5HE
BEMTFERN 3543 ka, 5 55 6.87,
2.2 ¥BFDREBERFBERFIERUERR
L S AT

$& LpDREB #5028 A P S B8 F 5 IR M bl
¥ DREB EH BFEF| TR LE(E 1), HHE

1A ZERGFBHNEERFIRNXE

GmDREB3, #r %& # ™ JL ( Caragana korshinskii )
CkDREB2 , £ R # ( Populus trichocarpa ) PI(DREB19,
X X ZmDBP2 K8 ( Oryza sativa) OsDBF2 R B H R
FRIRLA B 60 F W, 5 3 % 84% ,91% ,76% ,
76% ,92% . DREB EHAME X 1 T HEHTH

-DNA 454 X 18, B) APETALA2/Z, % Wi 5 B F ( AP2/

ERF) X1 (Riechmann et al., 1998) ,ME 1 T H

H,IpDREB ERKN B ERFIILEFRERTH
AP2/ERF X i,
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44 ok B ¥ 48 %

BRPHBRX SEAGEREERAHEHDNRR
FREERTHRBENFEHER,
2.4 LpDREB %) SNPs 54

T IXMAT SNPRMAMERSI (R 2),
AR K 300 Br4 B FMARIR S DNA,PCR =K E
43514 625 bp,545 bp #0744 bp, Fy 5| Z 1 F 80 ~
100 bp ER X, Bk S0 MPHERRERMF, HE2
HERBIHITEAREREEEIH(RI). R

3T, KEH 1611 bp BYFFF] 934 SNPs i 43 23
T EREFERIVIOEPSEREXSETFH
VIEBEX A SNPs fu S+ 51 R 4,17,2 0~ R R
1/71,1/56,1/185, %% LpDREB #: [ {) 23 4~ SNPs
MARITEREBGEIT(F ), ERER,23 4 SNPs
EF RABTEE,FHEEIMACHI A
TeC,11 MRESHEIE 2 M AT, 5 i~ GaC f14
4 GoT B SHHEMIEYN 1.09( <2.0),

%3 LpDREB X P SNPs W B 46
Tab. 3 Number and distribution of SNPs in LpDREB

LpDREB A Total S'EBRR 5 UTR $h 8 F Exon 3'EEEK 3’ UTR

Fr 3+ B Length/bp 1611 957 369
SNP # & Quantity of SNP 23 17 2
SNP 35 Frequency of SNP 1770 1/56 1/185

¥4 LpDREB EXEKR SNPs BT R¥R
Tab. 4 The substitution type of SNPs in LpDREB
35  Substitution type
2R SN_P R % it Transitions J& % Transversions
Gene Quantity of SNP
AsG TeC AsC AT Gl GeT
LpDREB 23 3 9 0 2 5 4

2.5 SNPsEIEMEEBRTERED

N THE LpDREB BERA KB X AR FRAN
AN EARBFINRE~ETEW,% LpDREB K
HEBXAMN LT ASNPs S BT TR XEE. 3
FXEEHIH(FES). AFESTH: 17 4~ SNPs
RPN HEALEE, CEMNHETFHEBFHES
THERL; FRAXEERS N HPELETS
M EXREON; AIXEESER L ETFHHME
HLI(>D), B8N ERNEEP, HIPTMTF
ERTHRBINTEFRL AESTHERERH
CTC,GCT,CTT 4 B 45 2% GTC, ACT # GTT, &
HEMABERMZEEM(Leu) FIEM(Gla) MEE
B2 (Leu) 5 BIF B WA BB (Val) FHEB(Thr) A

BEM(Va); 2 M ETEBFHE2 TEETER
b EEBTFHEFEELMN AAT # CTC %7 % AGT #
CCC.HEEMABRMRLBE (Am) MREAK
(Leu) ¥ 75 Yy 2 8 MR (Ser) MAE B (Pro) ; 3 M
FERFHEIIMEER L HEBFHERDY
CAT,TTG 1 CAC % 5 3 CAA, TTC #1 CAG, &
EMbFERGHAEH (His) RESE(Len) AR
B (His) %4 & € ®E Bk (Gln) . % 75 & 8§ ( Phe)
HAEEBE(Gln), 5% %&W ,LpDREB ZHREB
X P TEE ¥ # K SNPs, T HLift 50% & SNPs &
HTEERPORE, X -FRIETF SNPKTH
GHFI M REARENHERNRAARAESTEE
B RE,

25 SHT LpDREBEEHKME A SNPs [T A H
Tab.§ Mutation types of amino acid caused by SNPs in coding regions of LpDREB

R LR

®E HABEKE [ X %% Non-synonymous mutation R R/ JE L ek
Ge Length of coding Synonymous - - Synony tion/
ne region/bp mutation i L ES % . . EARE X Non-synonymous mutation
LpDREB 957 9 0 1.1
) i Al 1 A2 2 A B KA H P (Liv et al,, 1998;
3 #igHite ’

DREBEFEFEMYREREPHEEERE
B A1 (Liu et al., 1998; Agarwal et al., 2006) ,124
Kk, %% E%TF [pDREB 3 H B ELF HERXR
H. BRIXTDREB EE T MK EEETE

Nakashima et al., 2006; Shen e al., 2003a) , % FH
bR R R R BT R AR X AS SRR
4 PpDBF1, GmDREB2 ¥ GhDBFI ( Huang et al.,
2006; Liu et al., 2007 ; Chen et al., 2007) B9 45
HASHAR A1 R ABRHKBEERNEEER,
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FEXAMERHAYAEHERET —ENEM, =5
RASRGESBERAFETFIITERS
LpDREB B EF 7| &, # k247 & & LpDREB %
ER X T Hy GmDREB3 W (Chen et al., 2009)
LXE &G, AET AS 4, 48 F DREB HAK
XBMFEF R AT DREB R RAEEMFIIFBEES
W ERR,2 MY DREBP/AP2 RFRIBEAE
HEMELE, TRETREOHEXE R BHLEL
BB (E ), TR T4 8T LpDREB &R
MAS GmDREB BN FH X REL, B REREH T
A—fEHERRYHFHELEERRFESEN.
ESH MYB & & % % ( Dias et ol., 2003) .bHLH & H
KW (Atchley et al., 1994) R KX G # DREB EAFK
B (Chen et ol., 2009) ) 5 5T b #8 it 3L 48 oL &9
#R.

HEiXF DREB RHLE A EME T ERRIEN
W 1RE,DREBIA/CBFI(A- ) RRABEBRBFER R
B MARETERE RS, DREB24 (A2) &
HEETRANREAFRE AFEREER. A
A2 ANERRKE ABA FEHRERE (Liu e
al, 1998 ), TINY2Z ( A4), GhDBPI ( AS),
CmDREB2 (A-5) & ZmDBFI (A-6) ¥ R 8L M58
#ESEENEE, A EIRE ABA KB A (Wei et
al., 2005; Huang et al., 2006; Kizis et al,, 2002;
Chen et al., 2007), BRATHYREHHABERR
BHARABD, GHHARE, L4HE HERE
3 (Arriplex hortensis) ) ARDREB] 21 ( Shen et al.,
2003b) ER B EFRE, AZAN PHREHE
BHik, BHMWATF, KEFH CmDREBa B
GmDREBb B HTEM .22 P HEH AT RE, W
GmDREBc BEH A ERBYPRERIREK (Lia
al., 2005), HNE R PCR 4R % M, LpDREB %M
ERBREHFHR . ZMPREFARNERSEKYE,
HYRBNRAERE. TERHELESE 48T
BN [pDREB B HPES , RBKFEE L
FEaH GEARTERBEERAL, Z—-BREY
A T R o 33 8 A 3 A 2B R R 4K TR A, X
MERLRHLBRSBEN BAYREZm L, BHES
BEMWEERE T RMPABE, BRAREEES
SR ARG, WIS RN R IR gk 4
EHET X, HAAYREARESREVH A
EHAHEEREL,

EHYERAS SNPRASEREEWARE
B E &% H— KD FRC (Rafalski et al,
2002) . %f LpDREB B # 47 SNPs Ky M, X & H 3k

HWIBR A SNPs 56 1, RBEH 174, FKBX
SNPs i BBV TRERE , ZE—-FRFEMANA
2 ( Bensen et al., 2003) .k & (Zhu et ol., 2003) M1 E
% (Ching et al., 2002) B RS RME , THRESR
BEXREZ KB BRBRPHE [pDRES R
EHAEEEEEE B S5 R, LNRAEER
WEFHERBES, 23 1 SNPs i K FH#H 12
%A AN 109 ( <2),RKE DREB B
Pt SNPs f S # % S H R KA 1 1L Zhu o
al., 2003) , B iX — & R R E Al fEJE SNPs U
MR OCRERFRES, RIBRX 17 A SNPs fii
AP I HRANEE HPAF LA TFEEEN
{857 X 5 4, %80 LpDREB #: 18 ff§ DREBP/AP2 K
BEAYH LS BRPREERTH; 8 MHELR
FHEXRTH NP AR T ERRHONE, X
SHHEMONERERETHREEEANENNRE, FEH
FT— SRRV EEHBMXE N FHTF
LpDREB #: B SNPs [ LR AF 5L A L 22 i e
1.1, AR T LpDREB B (R 2 3 fa W e #E HE
HER.

& LATiR, 48 F LpDREB £ AR T E A #
FESES ZEARFRTHENEEREER.,
4 F LpDREB 2B 5K F GmDREB? BEH F &KX
ERE, FEGEYHE DREB ESREERFAL
B BARTF R KT A BAR DI IE, 44
F LpDREB ¥ 74 £ 869 SNPs fi & , X &4 g1 8%
BAETHERN WEATERGERN, BEEHS
SNPs ff S S B TEERMBHRE. B F
LpDREB B i S A5 R KBFFER SNPs
fUERNEREEFMERAARNHERRUTER
HBAFEM BISERAAEEENR HEER
WP R AR E AIRIC S Fhric g B TR
#TFEER.
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