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Analysis of the salt-stress responsive element of the promoter
of peanut small GTP binding protein gene AhRabG3f

DU Guoning', XIANG Jie', LIN Shunyu', KONG Xiangyuan', WU Xiuling?,
GUAN Xuedong ?>, ZHU Hong', WANG Jingshan', QIAO Lixian', SUI Jiongming',
ZHAO Chunmei’

1 Dry-land Farming Technology Laboratory of Shandong Province, Peanut Industry Collaborative Innovation Center
of Shandong Province, College of Agronomy, Qingdao Agricultural University, Qingdao 266109, Shandong, China

2 Zhucheng Agricultural and Rural Bureau, Zhucheng 262200, Shandong, China

3 College of Life Sciences, Qingdao Agricultural University, Qingdao 266109, Shandong, China

Abstract: To study the molecular mechanism of salt stress response of peanut small GTP binding protein
gene AhRabG3f, a 1 914 bp promoter fragment upstream of the start codon of 4hRabG3f gene (3f-P) from
peanut was cloned. Subsequently, five truncated fragments (3/~-P1-3/-P5) with lengths of 1 729, 1 379,
666, 510 and 179 bp were obtained through deletion at the 5' end, respectively. Plant expression vectors
where these six promoter fragments were fused with the gus gene were constructed and transformed into
tobacco by Agrobacterium-mediated method, respectively. GUS expression in transgenic tobacco and
activity analysis were conducted. The gus gene expression can be detected in the transgenic tobacco
harboring each promoter segment, among which the driving activity of the full-length promoter 3f-P was
the weakest, while the driving activity of the promoter segment 3/~-P3 was the strongest. Upon exposure of
the transgenic tobacco to salt stress, the GUS activity driven by 3/-P, 3f/~P1, 3f-P2 and 3f-P3 was 3.3, 1.2,
1.9 and 1.2 times compared to that of the transgenic plants without salt treatment. This suggests that the
AhRabG3f promoter was salt-inducible and there might be positive regulatory elements between 3/-P and
3f-P3 in response to salt stress. The results of GUS activity driven by promoter fragments after salt
treatment showed that elements included MYB and GT1 between 1 930 bp and 1 745 bp. Moreover, a
TC-rich repeat between 682 bp and 526 bp might be positive cis-elements responsible for salt stress, and
an MYC element between 1 395 bp and 682 bp might be a negative cis-element responsible for salt stress.
This study may facilitate using the induced promoter to regulate the salt resistance of peanut.

Keywords: peanut; small GTP binding protein; promoter; salt stress-responsive element

R 3 NPT R AR A P aa AW A
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A AR s iR E AR E EEMER .
ST AtRabG3e (AtRab7) HNW . HB 5
JE ARG IR 45 2 Fhoab 5 a0 Pirifs &, iR 3R A
AtRabG3e ¥4 T 5 3 PR W) % w5 8 A9 3% 1y
A A2, DA T R e 0 TR A T
AR Sk I PiRab7 FERTE FEE
TR WA T IR LA, AR Rt ek
PR TR L U RR (TR AR BE Ty, A H ) R
B, FEREFEERERNRR TEZ R T,
IKFE Rab7 FEH B F IR Z BN . T2 . 2R
7512 (abscisic acid, ABA) ZEA[RIFAEE AR
P, HAERMFF A b i Rk $E /T s AR
M Tz ¥, BIRSE (Pennise glaucum)
PgRab7 3N R KXKFEES T KR, #$HE
0 A5 B VDA G, A SR R AR R A B R
PgRab7 1% R4 R T e SE DA BR X £ A5
873, 1) SIS RIGE /Il d SN

TATNAEAETFTERET 1 4/ GTP 454 HE
HEEH AhRabG3f, WF5E % %3 B 52 (IR
TR, HA ABA WS FEL, TEER
AhRabG3f HEPR &7 T 5% 5L AL AE X T Ak
38 R A7 O SR e AR BRS X i Rak
AhRabG3f W55 FE LA MR HE1T RNA-seq 41
B, B AhRabG3f FE K] LLJRFE 0 Wi B 1)
AP2. MYB. RING-H2 HU¢$8 3 (& 55 5
F, LR BT SR AHSCHE ] . 40 LEA . RD22.,
ALY . CBL-EAER I . 55455
1 35 PR A 1) 3238, DT 8 s e i IR A A A AR 1
i R

AT f#AEA: AhRabG3f He DR XT3k A
i) 107 B8 P ML, AR ST ok T i 36 N iz i
R FIRH, WETRY SRmBERh s
Y B-H A HE T RS (B-glucuronidase) [ gus &
PRI B () B R 28, e X e B R 0 g 2 A
B, 30T A sl g R ek XA T

&B: 010-64807509

WL

1.1 #HE

Fr AR A R N AR B R Tifrunner, JR¥N
R NC8Y, RIGHT T (Escherichia coli) T
DHS5a, HIERITH (Agrobacterium tumefaciens)
PR GV3101, AP NI R IB A pCAMBIA1301
S5 H O AR S AR AF . pMDIS-T kil A
TaKaRa 23 A o A0 s 5 | &8 A T4
TR (L) B AR RS
1.2 EAIIL X5

HAEHHEZE (ampicillin, AMP) ., #5 %
(hygromycin, HYG). F|#&-F (rifampicin, Rif)
MWt T & (acetosyringone, AS) My H 4 T
Y TR (Rl ROARA R &5 R
NYIEGFI Tag DNA FA I H TaKaRa 2 Al .
DNA 7 i b7 5 e LR R A PR 7] 58 1o
Ezup YL 4 DNA HH &l [ 4
TAEYTRE (B BhARAHA,
1.3 RIWEE
1.3.1 FAEEELE DNA HY1REY

PAAE A 3 B5 R Tifrunner BB R A B
BE, SRAIFEY) DNA il 52 3050 & 32 UEE I 41
DNA, HARERAET5 2 Bob B B an) & vl B
AT, FEEUY DNA B T-20 CH&H.
1.3.2 AhRabG3f EEE KB FHREMF
54347

4G Peanutbase % [ 2> A1 #4521
5, &4k AhRabG3f HH Ll a8 F 751
Wt 3l & A Hind 1A Neo T FEYIN &S
LRUESIY P AR (3R 1), DAfEABEIFIZH DNA
AR, P ERSIYEEFT PCR 974, W)
ALl S 5 pMD18-T #fkiEH:, 41k
£ PCR JiiEMEGVIRN S, 8 1E LiRRJEEY)
FHCA R RIEATI P 5k . FIJH PlantCARE
(http://bioinformatics.psb.ugent.be/webtools/plant
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care/html/) A2 040 PE X AR-AR 4 J5 8+ R B
HEAT A T 53 #r
1.3.3 AhRabG3f BENFFRES gus EERE
RKIEH AR E

WRIEHr R, Bt RINBESY G 1D
WS G shF 5 AR AR e Tk
LI 2R3 7 pMD18-T-4AhRabG3f-P JFikL
B, PCR ¥ 343K 5 4> 5K v 22 51 8 1Y)
fash+ R B, R s U R B ol i R
pMDI18-T # & I, MJFRE. FH Hind T
Ml Neo T XTEAEIE#M 6 ANARKEH 3+
pMD18-T fH A HATEEY], MI& B+ A
Bt 5 pCAMBIA1301 i Hind 11LF1 Neo 1 B2
ik, 1 6 MR TFRERES gus
SLR Rl i R B R IR A, X R BT
2 R IRFAR AT PCR. ) HII P %5
134 HEMSEEHEREEERRENE G
Ab3E

FHUR B2 2 1E 1 1) R 5 U 20k 5 A
AR FF R GV3101 BkkET, R R &%
YU EL NC89, RIS EAEMR ] PCR JLE AT
BRI AGHIN o XA [] P 2 5 DXL AR Rk S e AR R
P 3 4] DNA, FIH gus JEH P51 4
#4T PCR %k, 7#K/NA 220 bp,

T, fRFEHEFARERZ PCR BE)5, TE

&1 LAY

Table 1 Primers used in this study

Primer name Sequences (5—3")

3f-P ATAAAGCTTATTATCTCATCCGACTTG
3f-P1 ATAAAGCTTTAGAAAAGAAATCGCCCAC
31-P2 ATAAAGCTTACATCCAAGTTCTTTCATAG
31-P3 ATAAAGCTTTTGTTGTAAAAACTTAGGTA
3f-P4 ATAAAGCTTACATGACACATAAATTTGCA
3f-P5 ATAAAGCTTGGGTTGTGTTGTGTGTGTGC
3f-R ATACCATGGTTACTTTTTCACCGATCGC

http://journals.im.ac.cn/cjben

6 M3, F 250 mmol/L NaCl #47 ki Ab B,
TE 30 A FERTFIAE RS 12 h i3 SO A A T
JE SRR, B ARAREERL 5 AT AR &R o
1.3.5 GUS &M

M8 Jefferson 22 J5 e, X% L DR AR L
M #E4T GUS AUk ta . FIH X-Glue 2
RERAEFAE Y F, ARV X-Glue [
W 37 CRN 24 h, BB, H 75% B
Jii €5, 2-3 ¥k,

M Jefferson ZEI{ T HEAT GUS %8¢
TR FRHL 0.1 g S SE R |, A 400 pL
GUS R G v, VKB S5 TS LA19K . 4 C
BDHCEYE, B GUS B4 . B 50 pL GUS
APV A 1 mL Fl#ARY GUS Bl 5 2% il
o, AR T 37 CRARIE 1 h, B 100 pL
A 900 pL 1 Na,COs (0.2 mol/L) FH&& 1k K2 )i,
FH FL-2500 25640 66 T2 Ex365 nm/Em
455 nm PECAH o FRERA]—AbBE A AN [R) R a4 70
B, 3WERE, HEA S ENER Bradford Pk,

2 BREM

2.1 AhRabG3f BENTFHIREMEMER
FoM

H4J Peanutbase BHiE 2\ A (1 3 A F 51
4k AhRabG3f N LIRS 1551, #itsl
Yy, ¥R T LIF 1914 bp A DNA
FrBL, 44 3f-P, 5 pMDIS-T kiR, &
i AR A HL 40 SR, i 44 o pMDI18T-3/-P (&1 1),
2P RAE, SLFERY 3/-P 415 Peanutbase
B P —3%

MRYE Peanutbase KUl 2> A Y FE A 4 ¥
B, AR A A duranensis Kl A. ipaensis
H AhRabG3f P L1 1 914 bp (95 31 551,
il DNAMAN J3r#fr R AR5 Tifrunner 5 %7
HEF A, duranensis Fll A. ipaensis 45 85 [E1 PR
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Figure 1 PCR amplification of promoter AhRabG3f
(A) and restriction identification of clone vector (B).
MI1: DL 2 000; 1: PCR amplification of promoter
AhRabG3f; M2: DL 15 000; 2: restriction
identification of the clone vector.

(A) Rrfz
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YB35 % PlantCARE X AhRabG3f-P J3 8T
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pCAM-3£-P3, pCAM-3f-P4 il pCAM-3£-P5, F|
H Hind TIIFI Noc 1 %2l # AR IEAT WD), 2%
SRIBEVI AN KN 7 B (B 5) o R Rl
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Figure 2 Multiple sequence alignment for Zifrunner with A. duranensis and A. ipaensis.
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>AhRabG3f promoter
+ ATTATCTCAT CCGACTEGAA GAATAAGTAA CTGTTCTTTC ACTATTATTA ATATTGTCCA CTTAATGAAT
3f-p 7 Myb Box 4
+ AACTGCTACA ATATAGGTTA ATTTCTTATA TATTTAGAAA AGAAATCGCC CACTATTTTC ATAGATGAAA
Myb GT1-motif 3r-p1 s
GATTCAAGAG TAATATCATA ATATGCTGCT TTGCCATCAT ATGCTAAAGA TACCAGCATA TGCTGCTTTG
CCATCCTTAT AAATTGAACT GTCCAAGTTT AGCAAAATGT TATTTGTGAA AGTGTCAATG AATTTGTCTT
TCTTAAATTC ACCAATTTTT CTTTTTGTTT GAGAGAATTT TGTTTGGACC AAATAATAGT CTTTAGCTAA
GTAATATGAC TCCACCTCCA AGGCGTTGGA TCTGTCAAAA ATGAATTTGT TACAATAGAA CCATATAGTA
CTCATACAAA AATAAGAGGC TACAAAACTC CTTTAAAGAG AGATTGGGCA GATATATATT CTTCACTAAC
TC-rich repeat MYB
+_CAAGCTAAGA GAGGTTTGTT GAAGAAATTA TCACAATTCA ATCTAACATC CAAGTTCTTT CATAGTTTCA
Myc TC-rich repeat 3f-P2 B
+ TGTTCTATGA GCAATCATGC AATTGCAGAG GACGATTAAC AAATACTTGA AATTACTACA AGCAACACAA
MYC
+ CTATTATCTT GAGTCATATG TCTTCTGCAA CAAAAGATGA AAAATATTTT TATATTTTTT ATTAATTAAT
GCN4_motif GA-motif Box 4
+ TTTTTAAATT AAAAATAAAA AATTTATTTA TCATCTTCTC TATATAAATA ATAATTATTC AGCTTGTTTA
HSE
AACTTTATAT TTTGAATTTT ATATTTTAAA ATGACTCCTA TAAATAGATT TTATAACCTC CAATAGAAAT
AGAGACTAAT TGTTAATCCT TAAACATGGT GACATTAGAT TATACCTTTT TTTTTCTATC AAATATAAGG
AGACTCGAAC CCATAATTTC TAAGTGAATA TGAGAAAATT ATGCCATTAA ACTATAATTC ATTGACAATA
TTAAATTATA TTATTTGAAC TATAATTCAT TAGAACAAAT ATTTTTATAA TTAAATTTAA CTAAGTTACA
CAAATTTAAC AAAAAAATGT CGTGATGTAT CACTTTTTTT GTATTTTTCA ACACATAATC TTTTATTAAA
ABRE
+ AAGTACAAAA TTTTATTAAT ATAGTACATA AATTTTTATG AACAATACAA AAAAATTTAT ACAAAAAACA
Box 4 HSE
+ TTTTATCAAT ATAACATAAT TTTTTACATA ACACAAAATT TTTTATTTAT AACATAACTT TTGTTGTAAA
3r-pP3
+ AACTTAGGTA CAATTAATTT TATGTAAAAT TGATAATTAA AARATTATTAA AAAAATTGAG TAATTTAATT
Box 4 ATl-motif
+ AAATTATTAT CTAAAACTCT CGATTATCAA TTTCACATCA AATTAACTAC AACTAAATTT TCACCAATAT
T-box TC-rich repeat
+ TTATACATGA CACATARATT TGCATAACIC ATGCGAAGTT ACTTAATCAC GTAGTTTTCT TGTCCGGAAA
3f-P4 - chs-CMAla ABRE/G-box
+ ATGCACGATA GACTTTATCT ACATAATTTG TTAATTAGCT CGTTTCGTGT TCTTAGGTCT TACAAGTTAC
TCT-motif
+ AACAGTGAAC TGCAGAAATA GGATTAGGGC AAAAAAAAAA AGAGAAAGTT GGAAATTTGT ACTAATTTGT
MYB
+ AATTTGCCAT TTAAGTGAAG TTTATTTATT AAATTAGTGT GTGAATCAGC TACAGCTGTC AGCAGGGGAA
GTl-motif
+ TATTCTTCTC AATATTAGAA GAAAAAAAAT AAAAAAGAAG AAGAAAAAAG ATTGGGGGTT GTGTTGTGTG
TCA-element TCA-element 3f-P5
+ TGTGCTTTGA TTTGAGGAGG ACTAGAAAGC TCGCCCCAAG TCTCAACTCT CAACGCAACT GCTTTGCTGA
MBS /Myb
+ GACTCTCAAC AGAAAGCGGT TACACCTTTT TCCGATCTCT CTAACAGAAC AACAACAACA ACAAAAAGCG
GARE-motif/MYB MBSI
+ GTTACACTTT TTTTTCCCGA TCGG
= 3f-R

3 AhRabG3f BT HIINEE TGN RBIE IR AL R §kFm I WFs) Krm; T
L 53 A7 HEM 1) =45 T T )
Figure 3 Prediction of functional elements and design of primers used for truncating the AhRabG3f

promoter. Arrow indicates primer sequence and direction; the underlined part shows the sequence of the
predicted cis-regulatory elements.
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AhRabG 3f promoter ous
~1930--16] ] pCAM-3/P
-1 745--16] ] pCAM-3/-P1
-1395—-16 [ ] pCAM-3/-P2
—682——16 | H—1 pCAM-3/-P3
—-526——16 | =] PCAM-3/-P4

-195--16 ] pCAM-3/-P5

4 AhRabG3f BEITERERS gus ZEERM AR REE
Figure 4 Schematic structure of gus chimeric genes under the control of various segments of the 47RabG3f promoter.

bp M 1 2 3 + 5 6 7

[ N RS N

5 EHEFEAINESYIEIE

Figure 5 Verification of recombinant vectors by
double enzyme digestion. M: marker DL2 000; 1-7:
double enzyme digestion of pCAMBIA1301,
pCAMBIA1301-RabG3f full-length promoter and
5'-terminal truncated promoter vectors.

2.3 W AhRabG3f BENIFRIIFERNEER
HRE R GUS AL

FIFARFF A PG ARRabG3f 2 KA
BF K RSN A pCAM-3£P, -P1, -P2, -P3,
-P4, -P5 FEALMARE AR5 T RSP AERE (B 6).

SRR AhRabG3f I 8 T4 #08 F BLiy
BTGV, O£ 1R R AR B A AT
GUS A2k e e, 53RN 7 R, AR
S A 3h 7 I M v, IR 3] GUS 4R
IRk, RUIL R h BOYEA R )
gus FERFIR P TIHE, (H GUS FKikimA I g 2
S, Hod i AR A B 3F-P1 5 3£-P3 AR
A GUS efasmiR, Mk AeKFsh+ 3f-P
FIHE R A GUS Yo e

6 AhRabG3f BENTFRVIFEREUEREE A SMERREE;FE 3 d; B: £ Hyg ffidk 7 d J5 i9Pitk
SMEIR; C: Pt #E (34 J); D: ARIGHIBTIERT; E: HTPEMEM: F: BUIERT YIMEREAR

Figure 6 Series of AhRabG3f promoter segments were transformed into tobacco. (A) Explants after dark
culture for 3 d. (B) Hyg-resistant explants after Hyg screening for 7 d. (C) Regeneration of Hyg-resistant
seedlings (3—4 weeks). (D) Hyg-resistant seedlings. (E) Hyg-resistant seedlings produce roots. (F)
Domestication and transplanting of Hyg-resistant seedlings.
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2.4 AEHKE AhRabG3f BEhF X NaCl i@
KR RIAT

HHT AhRabG3f JA 8 T4 K R A&
BOXE NaCl Jiiy3e mi 7 (45 L1, NaCl AbHis
X R S U G 2R B GUS Bt M
HEATRTI , 25RO RAZ M0 AR, A4
AR L RE A GUS 2EGIE TR 45 R 5
P g a5 R IR —2 (K] 7-8), 3£-P3 1Y
UREhTEPERR, 3£P1 IR, 3f-P4 5 3£P5 [k
IRTEHEAHIE , 3P MUK E RS (& 8). XH]
250 mmol/L NaCl AbPAL IR A F 5, FR 3/-P4
55 3£P5 b, i Hofth i BE L LU R GUS

7 HEEEEMH GUS £2BLER  1-6 4
MR pCAM-3f-P -P1, -P2, -P3. -P4, -P5
AR B i PR AR R

Figure 7 GUS staining results of transgenic
tobacco leaves. 1-6 represent transgenic tobacco
leaves harboring pCAM-3f-P, -P1, -P2, -P3, -P4, -P5
vectors, respectively.
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FIRTEPEASA W g, b, ¥ 2K R 3+
3P BIFESEUME T, GUS 3 PR I 3,
A% 222.5 MU/(min'mg protein), JEA%Z: NaCl
WBER 3.3 f%; 1£ NaCl 95, 3£P1. 3£P2
1 3£P3 Friksh GUS BG M BIIA%] 195.5,
199.3 Fl 244.0 MU/(min'mg protein), &K%
NaCliESAY 1.2, 1.9 F1 1.2 f%5, UiBHFE 3£P &
3-P3 PR AT REAEAE R NaCl i 1o 4 1F 45T
16 NaCl B 235 , 34P1 Frkzh GUS il i 1
& 3P HY 87.9%, 3f-P4 FFUKRzh GUS Wi &
3£-P3 1 43.2%, HEDE 3f-P-3f-P1 Fll 3/-P3-3/-P4
A BEAFTEXT NaCl M B (%) IE W4 ek 3/-P3 it
WK GUS EETGTER 34P2 1) 1.22 fiF, e
3f-P2-3f-P3 Z[EJ Y75 ] BEAF7EXT NaCl i
JOE 1 67 45 T o

—~ 3007

£ a = Control

5 2507 o NaCl treatment of 12 h
j=9

200 t

£ 150}

= cf e
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L 50t
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8 NaCl LERIEHEEMBEMF GUS B8iE
M HE 210

Figure 8  Quantification of GUS activity of
transformed tobacco leaves. Bars are the standard
deviations (SD) of three independent replicates
(n=3). Error bars labels with different letters
indicate significant differences at P<0.05 between
treatments according to Duncan’s test.
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2 NaCl if5 319 3.3 15, VLW 4hRabG3f Ja 8+
E— A5 NaCl iR E 1. 52 NaCl if5 %
J&, 3-P1 irBR sl GUS B i6 J1 /2 K4 NaCl 5%
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