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Cloning and function analysis of starch synthase SSIla promoter in maize
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University, Changchun 130118, China; 3 Jilin Academy of Agricultural Sciences, Changchun 130124, China)

Abstract ; [ Objective] To clone maize (Zea mays) starch synthase SS[la promoter, analyze its function,
and provide a basis for its future research and application. [ Method] The SSI[a 5’ flanking sequence was
found on Maize GDB by BLASTing the maize genome sequence published on NCBI, and the SSI[a
promoter was cloned from maize B73 using PCR. We analyzed the cis elements of the promoter using
PlantCare. Fragments of 1 407, 867, 633, 483, and 365 bp were cloned with specific primers, and were
inserted into the plant expression vector pPCAMBIA3301, respectively. Five plant expression vectors with
different 5’ deletions of the SSIla promoter were constructed and named P1, P2, P3, P4 and P5. The
transgenic Arabidopsis thaliana plants were obtained through Agrobacterium-mediated transformation.
[ Result] A DNA fragment of 2 526 bp was obtained by PCR amplification with maize B73 genome DNA
as template and SS[laF/SS[[aR as specific primers. The positive A. thaliana plants, which were screened
by herbicide, had gus gene by PCR detection. The histochemical analysis of GUS showed that the
expression vectors of five promoters were blue in leaves and pods at maturity. The quantitative analysis of

gus gene showed that among five transgenic A. thaliana at maturity, the expression level of P1 in leaves

WAS B :2016-07-31 4156 H BR A 1] :2016-12-28

5 H AR PRI ; hitp . //www. cnki. net/kems/detail/44. 1110. s. 20161228. 0937. 028. html

fEERN T (1972—) , B, 81 #4%, 1% &, E-mail; chenzhanyu2000 @ sina. com; i@ /515 % . £ &3 (1971—) , &, # 3%,
¥+, E-mail : cuixiyan2005@ 163. com

ELTH:BRAARAAFLAA(31200611) ; F + A4 R A a#F 5 & 5 5% 3 5 R A (20130102066)C ) 5 #5 34 B A 3 o A8
¥BH F K+ (20142X0801004B)

http://xuebao.scau.edu.cn



16 1

[ S A NI S

538 &

was the highest and the others were basically the same, and the expression levels of P1 and P2 in seeds

were similar, both being higher than those of P3, P4 and P5. [ Conclusion] The maize SSIla promoter

has been successfully cloned. The five constructed expression vectors with different 5’ deletions of the SS

[la promoter all have activities in transgenic A. thaliana, and the promoters with the length of 1 407 bp

(P1) and 867 bp (P2) have endosperm specificity.

Key words:; maize; starch synthesis enzyme; SSIla promoter; cloning; vector construction; function

analysis
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FFBAMEAR AR . PCR A I % 5 40 B I BH PR AR R, SR Y
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DNA, —20 CA-A745 . Ri7eik344& pCAMBIA3301
HI T AR A A A B2 2 B AR W k2 5 00 B W)

FEPIZH DNA 42 U & (Bio Teke) | BR i1 N
Y)W EcoR | .Bglll #1 LA Taq Y30 H TaKaRa 4=4)H
BRSOk UK 7 A & DNA BERE MR 57 & K
AxyGEN 23w 7 it

ek SSIa FE A r L5149 SSILaF: 5'-
TGTCAGACTGGTTAGTGGAGC-3'; i 5|4 SSIlaR ;
5'-AGAAGGTGGAGGAAGAGGACG-3',,

P A [ B A 3l 2Rk sk 1y B 51 an
T

SSIlaF1:5'-CGGAATTCCCTTGACTGGCATCCTT-
CCTA-3',

SSTaF2: 5'-CGGAATTCTAGAAAGATGTCCCAC-
AGAGA-3’,

SSTaF3:5'-CGGAATTCTAGCCTATGCTTACCTT-
TCAG-3',

SSllaF4:5'-CGGAATTCACGCCATTTTCCATCGT-
GCCA-3',

SSIlaF5 :5’-CGGAATTCCTCGCTGGGCTGCCGTA-
GGTA-3',

LR A9 51 9 A SSIaR: 5'-GAAGATCTGG-
CGGCGGGATCGATCG-3

TR 53 2 EcoR T ( GAATTC) F1 Bgl 1l
(AGATCT) BRI {5 s 731 o

gus FE K U pr A b UiE 51 9 GUS-F: 5'-
TTCCTGATTAACCACAAACC-3'; F it 8] % GUS-R:
CGGTTCGTTGGCAATACTCC

gus HEPR 7 5t 20 B i ] B-Actin N2 A
214 Actin-F: 5 -TGCCAATCTACGAGGGTTTC-3';
WiB1% Actin-R:5'- GCTCTGCTGTTGTGGTGAAC-3';
HHY gus FEH EiF5] 4 qGUS-F: 5'-CTCACACCG-
ATACCATCAGC-3'; FifE5| % qGUS-R: 5'-TACCTT-
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CTCTGCCGTTTCCA-3',
1.2 SSlla B3 FHIZERF S5

AR & P2 B F oK B73 =i 5 BE D 2
DNA , # 4% T K 8048 FE (hitp .//www. maizegdb. org.
sst/ ) A5 S, BLAST 4% 3] SS Il a F:[H 5" 35 )7 51,
FIF Primer 5. 0 # b3t vipE s |4y SSIlaF 1 SSIaR ,
K H B PCR ik y 14 SSITa JEH 503 5 51,
PCR 45144 :95 °C 5 min; 94 °C 30 5,69.7 <C 40 s,
72 °C 150 5,35 PME#;72 °C,15 min, ¥ #E7=4 1%
He3] pMD-18T 24k I, e AL IR 3% 45 T DHS o, Bk
WO vk 22 PCR ME5E ik 2RI T AEY) TR )
M, Iy 4558 5 2 AT 51 XS, A PlantCare
( http ://bioinformatics. psb. be/webtools/
plantcare/html/ ) J& 85~ 1E Lk 73 8573 v L Tt )
B FIRAE S RO E R .
1.3 SSla Fah FREMREHENAE

yelEry SSlla J& 522 91 o Mt I, K T RE T
PERTE AL &, B S X 51 % SSILaFl i1 SSILaR
SSllaF2 #1 SST aR ., SSI aF3 #1 SSI aR ., SSII aF4
SSllaR \SSIlaF5 F1 SSIlaR , F-7£ & T ¢ 51 9 w5 il 43 5]
-t EcoR 1 #1 Bgl I BV, 973 SSlla )i 8l 7%
SR 437) 8 1 407 867 633 483 1365 bp, T
g S ARG BE SSTla J5 3l i 2k A A1 6 35 4%
P S Bl IR BT A (38 KL 435
56.5.56.5.56.5.62.9 f162.9 °C, ¥ PCR /=¥ 51
W3k # ik pCAMBIA3301 735 UGV , 16 “Cad i
e H S Fh AL A (A 4% 9 PLP2 P3 P4 Al
P5) 7AW 5 A T DHS o, PRI ZE PCR K% il
DS UE IS A BH A e B TR, 16 2 b 2 AR W) A
S
1.4 BIETTREEREL

FHE LB R I , A AP I EHAL05 F1% HELP
JORE T R 4 o AR R 27 A A 22 B AR W ko
o 7AYo i s R AL, pEE Yk - g A7 MS
b Silwetl-77 .6 — FEEZ IENEIS (6-BA) (B5 4EH: 2,
FEME FIAE P (Rif) 2R 3 Kan $14E 2 100, DA K&
LB SR 5M YEP iR BE X & T Rl A TAY T
] o

ORISR NG A M) AR AR AR,
TR RS 77 T N LA, U I K IR R
KT R T RAE R Ak R SR o7, WOk M 1,
AL, I3 790 i 8 BH M AR AR, £ DA 2 R 36 T 3 0 4
B

ugent.

1.5 SSla FEhFEIETFHRITIEE D
1.5.1 gus B8 PCR #2m|  $EHUS 5 AR
J B ) DR 0L e BH P AR AR ( DA 3 R 40 R
FERF B ) I LRI ZH DNA, DAHS RO, #il  2%
KR pCAMBIA3301 |1 gus JEP N H AR 1T
514 (GUS-F,GUS-R) #£47 PCR 43, Jp 51K iy
402 bp, 2 10 g - L™ B AR IHEE I A S AG
1.5.2 #A Rtk GUS BB AL 54 4B
& P1. P2 P3 P4 il PS 1A iy FH A e AR 2 A 72 41
RS, A 5 43 BT e R SEHE T GUS e 2
M8 Jefferson 7735 (WA BN ) , BARAL BRADHE .

1) V5V« T ] TG B /K 6 R A O, 5 BR AR i R T
=245

2) Getr R RhI B SR ML AR L e A
3| GUS Yefaygrh BT 37 CHFAP IR

3) Wi g G o b RS TIRF 3 4CH 80% 11 &
PR R P €8, ) 00 2 s VAR 0 €, i sf B o 2, i
R, EEW M T B e i (a2, 2E
) o s AT EHAROILES 10 5% .
1.5.3 gus ARy 2204 IR AR
BERCGSH I AR 19 RNA, JUFE S cDNA S
B, LA B-Actin £ S N2, S 980 € & PCR 51
S gus HEH A, 3 WEA, R 2% kit 4
Mr, i qus FEPIRIAIG F

2 #ERS5HMm

2.1 SSlla B3 FRERSTER

FAE>K B73 FL[H2H DNA Ry#idk, SSIlaF, SSIlaR
AT vk, A 3 2 526 bp JRH (DLEI1A) , 5
pMD 18T % 4% , b J5 4 1 , T M PCRI TIE 45 31 4[]

M 1 2 3

M | 2 3

252650 50001 «2526bp

1000 bp
750 bp

0
S
0O
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P
%
P

ASERE ) B: PCREGIE 4
M:DIL2000 DNA Marker;1 ~3:SSlla J3 3T,
1 SSHa F3hF 5 PCR BIEREIKE R
Fig.1 Electrophoresis results of SSlla promoter cloning and
PCR amplification
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1B i, 4 56 d 9 FH P o s 0 3R 0, 3R A5 Y
2 526 bp A 1 MRS, 52 78] L — 2tk
4 99.96% , 2 PlantCare {73 Hr 2 W 1 Bl 5 ) 2
FIFRTER S F IRETTIFAL , A5 J5 3l 11 DIRE

TR W 7 25 3 R D se ge o M R an i 2 e
7N, 2% PlantCare 3014438 &K B, SSlla J# 4 & H £
Ja B hw AR e, BAR ST E Bk 1
Jis , Hrh 435 TATA-box, CAAT-box 50, %JF

GIFETE 9 4 TATA-box, & SSlTa KK ATG fi (4 H
A4bF 504 bp 4LHY TATA-box (18] 2 ZLE T HEH B
BRICZ AL, o3 Wik A B T AR 25 H B A S RE T 1F R 2
AR (1), filln 1) MBS:MYB 4547 45, fE g
BE 7K g3 AR I 55 39558 W 35 2) Skn-1-motif I
GCN4-motif : PRFLFE K Fir 75 (14 i XA FH 764 53 ) motif
Ih . 2 55 5 v B2 0 oL () N RETC AT 34) O,-site: 2 5 £
oK v A A R S RETT I o IX SE T RE T Y

-2 486-TGTCAGACTGGTTAGTGGAGCGGTGGAGTGACGGCGGTCACTTCGGCTCTGCCGGGGGCG
-2 426-CGTGTCAGGATAAAGGTGTCAGGCCACCTTTGCGTTAAATGCCCCTGCAATTTGGTCAGT
-2 386-CGGTGTGGCGATTTAGTCAAGGTTGCTTCTGAGCGAAGCCAAGGCCTCGGGCGAGCCGGT
-2 326-GATGTGTCCGCCATAAAAAGGGGGCCTCGGGCGAGACGGAAGTCTCTCGAGGTCGGCTGC
-2 266-CCTTGGCCGAGGCTAGGCTCGGGTGAAGCATGATCGAGTCACTCGTGTGGACTGATCCCT
-2206-GACTTAATCGTACCCATCAGGCCTTTGCAGCTTTATGCTGATGGGGGTTACCAGCTGAGA
-2 146-ATTAGGCGTCTTGAGGGTACCCCTAATTATGGTCCCCGACAAATGGTTGCCTCGTTAAAA
-2 086-ACCTATCTAGGTAAAACTCACACCTCATGAGAAACCCTATATAGAAAAATAGTACAATCT
-2 026-AGCTCATCAAGTTCATATGTTCATCATCAGGTTCATCTAGCCTTAGCAGTGGGTTGTTCA
-1 966-AACCATGGGGCCACCATAATATTTGTACCAGACAATTTCATTTTGAGCTCAGGGAAATGA
-1 906-ATTAGTTCATCAAGCTTTTCAGGAGAAGGGAACTGCATAATATAACCCTCTTGGCATTTC
-1 826-TTAGGTTTCCACATTTTCCCCAAGGAAAATGATAGCTAAAATCCTTTTCAAGATCAACAA
-1 766-CAGAGACTTTTCCTTCTAGGACCCTAATCAAACCAACACATTCATGCTTAGGTTTTTTGA
-1 706-CATGGGTCTTAGCACACTGCGAGGAAAAGAATCCTAGCTCATCTGTAGCTATCCCCACCA
-1 646-CCAGCATCAACAGCTTGCTTTGCCTAGGCCAGACGCATCTGGTAGTCACATGGGTATCCT
-1 586-TGCGACATATCTCACACCATAGAGACTTAGAGCAGTCTCTAGCGTGATGCCCTTCTTCCC
-1 526-CACACTTCTGACAAAAAACCTTCTCCCCATGTCATGATCTACCACTGGAGGGGAGATCTG
-1 466-AGAGTTAGGGTTACCTTGCATCAACATCTCTCCGGATGAAGACGATCCAACGAAGTCGCC
-1 406-CTTGACTGGCATCCTTCCTATAGGTGGCTTCAATCTCCAGCTCAAGTTCCTGTTCCTTCC
-1 346-CCATTGTTGCTGCTCTTGAGGACTCTCCTTATTGTTGCCCCGCTCCCACTTCTGAGTCCA
-1 286-GTCTTTCGCCTCCCTCCTCTCGGCCTTCAGCAACGACCGAGAAATCCTGAATCTGAGACG
-1 226-AGGCCACTCCTCACGGCCTGAGGGAGGTTGACGCTGGATCCACCGCCAACCCCCATGGAA
-1 166-GCCAATGCGAAAAGTGGAAGGGCCACCCACAGCAAGGAGGAGAAAGCGGCGAGGTGGGGG
-1 106-AGAGATAACCTACCAATTAGGTCATTCGTATCCACAACCTTCAACGATCTCGATCCATCC
-1 046-ATGGAGGATGTGGCGCAATCTGTTGAAACCGAGCTCACGGGCTAGGCCAACTGGACTCCC
-986-GACACCGCCGACGCAACCCAAGGATCACCCAAAACTTCCACCTCAGACCCCAACCCCCTC
-926-CATGGCCCCATAACTAGAGAAACAACAACACTACGTCCCTACGAAACGCAAGCAAGCCAT
-866-AGAAAGATGTCCCACAGAGAAAGGGAGGAGGGAGGAGGAGGAAAACAAATTIICAATICAGG
-806-ATTTTGTGCCGCCGCCGCGATGAAGGTTGCCGTCGGTGGAACATGTCAACTGTTGACGGT
-746-TTTTTTTTTCGAGAGATGGAACTTGCTTTTCTCTTTTTTTGAAACATGGGATTCCTGCAG
-686-TCTGCTCTTTACCGTGTCCACGGCACCATCCTCCGCCGTCGGGTGTAGCCGTCTAGCCTA
-626-TGCTTACCTTTCAGCTGAGTGACCAAACACTGCACCCTTTCGATCATGCTTCCTTCCAAG
-566-GCACAGCCCGACTGTCAGCACGCCACTCTATTGCTCTCTATAAAGTGGGCCCCGCTGCT
-506{ATACA AGATCCATACCCCGAAGCACGCCATTTTCCATCGTGCCACCTTTCCAAGTAGCAA
-446-AACCCCTCGGGTCCACTCGTGCGGCCGACGGGTGGGACCAGTGAAACTCCGGGCCCACGT
-386-GTGATTGGCAAAGCACGGCCTCTCGCTGGGCTGCCGTAGGTAGCCGAAGCACACCAAGGA
-326-AACGGCTGGCAGCTGGCTCCTGCTCGTGCGCCGGCCGCTTCTTTCCAAGTGCGCGCGCCA
-266-CAGCCGCAAAAGCGCGAGCAAACGACGGGAGGCCGTTCGCGCGACGCCTGGCTCCGTCAC
-206-GGCGTCCCCGCCGTGATCCGCTTGGCCCTATTCGCCAGCCACACAACAACCTCACGGGGT
-146-GCCGTAAACCCTCCTCACTCGCCACTCCCCACTCTACCGCTGTCCGCTGCCCACCGCGTG
-86-CGCTGCGCTCCCGTGCGGCACTGCCGGCGGCGCGACCCCGCGCCCATTGGACGAGCTTCC
-26-GCCCCGCCCCGATCGATCCCGCCGCCATGTCGTCGGCGGCCGTGTCGTCCTCTTCCTCCA
+35-CTTCT

Bt % B S0 B ARSI AR OG0, b 3R 20 D HE PR UCh S e 28 A8l 24 R FLAG v 3R ThBE DL . 2 5P R 7 519 MYB 25
A0 TATA-box . SS [T a 3R 4A %5 F ATG,

2 EX SSla BEhFHIF SR

Fig.2 Sequence analysis of maize SSIla promoter

http://xuebao.scau.edu.cn
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FAAE, UL EOK SSHla FENRERE 52 2 2250 A= ) S AR A=
Yolia i 5 SR , i A A IR FL R ek A
DEETLlE. 2R s 7 H SR T RESCAF T 5T, X T &

KSSH aFE N B FEIR P IBRAL IR SIT R IR L
Riashr BAEZEE N,

&1 SSla Bz FRIEERTH

Tab.1 Cis-acting elements of SSIla promoter

PR S gl T IRE TG E

CAAT-box CAATT .CAAAT, R X AR E R -2 380, -1 094, —2 088, — 1 165,
CAAT Juff -1377. -1 166, -1 095, — 1 915,

-2013,-1032, -815

CAT-box GCCACT 553 AR AR oo -1225, -546, -127

CE3 GACGCGTGTC %5 ABA fi VP1 i 3 p4E F o4 -2 430

CG-motif CCATGGGG S o7 TG4 —1945

G-box CACATGG SR R TG -1601,-392

I-box GGATAAGGTG S i TG AL -2419

MBS CGGTCA MYB 25537 5 -2452

Skn-1-motif GTCAT JR 2L 235 e AR T -1497,-1087

GCN4-motif CAAGCCA JHR L2 3R W 1 FH T 14 -875

Spl CC(G/A)CCC S 7 e AL -1279,.-1 145

TATA-box TAATA TATA . B FIoo i (fEE S REMS  —-1850, -2 028, —1 389, -1 847,
ATATAA | i) -1931,-1848 -2030, -529 . -508

TC-rich repeats ATTTTCTCCA 2 55 5 R FI N 18 2 v VR AR oA -1 815

TGA-element AACGAC A 22 N 4 T G 1 -1256, -247

TGACG-motif TGACG % 53 FT0 H G R 197 oo —2458 -1198, -754

ABRE CACGTG % 5 [ BRI B A T -392

CGTCA-motif CGTCA 2 53 FT H S R 197 FH oo -213

GARE-motif TCTGTTG R N ANEF e -1029

HSE AAAAAATTTC Z 5 3 25 WA F oG 14 -3824

MBS CAACTG 2 5H 52355 MYB 45407 5 -1000, -761

0,-site GATGATGTGG S5 FREREEARBRENER G -1044

motif ITh CCGCCGCGCT JI5k % R i g TG A - 796

2.2 SSlla FEIFIIRETT 5 th RAAERRK AT

ABEFE I FERE T FKTERY & L 5 3l SSlla
12 526 bp Ji B, I HI i PlantCare 45 H #4743
BrHO AR A Be b I 21 T2 B TS
it S"BROGHAAR, Ho A B RAR PL RS 8 AN
MR TCHE (CAAT) 3 A5 70 A= HZURIB A G
75 1 CAT-box, 3 A 2K i W& H & i I 1Y JT 1
CGTCA-motif F1 TGACG-motif,3 G0 1 7644 GAG-
motif 1 SP1,1 7% 5 2 W & J04F GARE-motif ,2 4~
WL FE 3540 X AE B Je 4 GCN4-motif F1 Skn-1 motif , 1
AP BAVE I JCAF HSE, 2 M2 5515 35 F 1) MYB
540005 MBS, 1 A2 5 FOREER 8 AR 19
Fo: 0,-site,2 4~ TATA-box ,2 A~Az < Z i )i oG4
TGA-element, 1 /it Y& fig i) b 7044 motif 1Ib,

[ N NI T R e U [T W (S S v 5
(CAAT) ,2 573 HE LA M SC I T CAT-box,

2 ANRFTR F BE e B A9 oo CGTCA-motif A1 TGACG-

motif , 1 G L G GAG-motif , 1 3 i /E A oG
fF HSE,1 2 542145 1 MYB 454 i 50 MBS,2
A~ TATA-box, 1 A K Z b oG4 TGA-element , 1 4>
5t 7 B2 e )9 TG motif T,

BRAGAR P3 A4 2 A 570 A SR AR SC Y T
CAT-box,1 P #iig H g 57 (19 7644 CGTCA-motif , 2
AN TATA-box , 1 MK Z i 7614 TGA-element,

BRAEAR P4 AL 4G 1 A5 00 AR HAUR IR ot
F CAT-box, 1 ™24 i B H g iy 17, /) T /1 CGTCA-
motif , 1 AR E W G TGA-element

BRI PS AL HE 1 A5 00 A H A RIB A G TT
 CAT-box, 1 A>3 Fij iR F i Wi 17 Y 7 {4 CGTCA-
motif , 1 M ZE N T0/F TGA-element , P4 5 P5 Iy
REJTAFAAIRIE PS 55 PA AH L ik /b F0I 21 (1) 5% s 62 1
FLE (TSS) P41

http://xuebao.scau.edu.cn
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2.3 AEKE SSlla F31F S SRREEY RIEHE
g

HRAE SSla J& Bl 17 4l 2R, 73 Bl 6 B ik

KRG Wy EAT PCR §78, § 9 25 R I 3A Jr 7w o

K EcoR 1 Bl 1 73554 5 FA [ BE SSlla )i 3)

T PCR ") A ¥ 2 38 #ik pCAMBIA3301 HEAT

XURFDL, 73 IR EE T 5 A SRS AR Y IR 3, B4k

KI5 B R A AL IS, LB R AR A T B T
PCR 3ok (P 3B) , 43531l S Bkt 470U U Bk,
HRILE 3C, B SSlla i3 3h T ik
A A BTy, 43 Sl i 45 - pPCAMBIA-3301-P1
pCAMBIA-3301-P2, pCAMBIA-3301-P3, pCAMBIA-
3301-P4 il pCAMBIA-3301-P5, LT & # i P1, P2,
P3 P4 FI PS5,

M 1 2 3 4 5
M 1 2 3 4 5

5000 bp

5000 bp 3000 bp

; 888 Ep 2000 bp

P 1500 b

1500 bp <1407bp | 500 bp

1000 bp «—867 bp P

750 bp «—633 bp 750 bp

500 bp —483pp  S00bp

+«—365 bp 250 bp

250 bp 100 bp
100 bp

AN Y

B. H A1k PCR B 1E

M123 435

1407 bp kL 10 487 bp
«— 867 bp
«— 633 bp

5
30

«— 483 bp % (5)00 bp
1

«—365bp 1000 b 976
50 bp 033 bp
483 bp
500 bp 365 bp
250 bp
100 bp

C: WU 38 Uk

M:DI2000 DNA Marker;1 ~5 435 Jy etk P1 P2 P3 P4 1 PS,
3 AEKE SSla B3I FHEMNY 18 . EAH A PCR IGIER WEVIEIEL R

Fig.3 Amplification of SSIla promoter fragments of different length, PCR verification of recombinant vectors and double

enzyme digestion verification

2.4 SSla FhFEMETT P RITHEED T

2.4.1 gus A B PCR &l JHBR 550 5515 2 g
IF ARAS BT AR 2 0 B BUE R 41 DNA, DA A A5
M, gus FEPR A HARIEBFI#EAT PCR RGN, 255 UL 4,
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Fig. 4 PCR detection results of gus gene in different
expression vectors by electrophoresis
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Fig. 5 Histochemical analysis of GUS activities in leaves
and pods of transgenic Arabidopsis thaliana plant at
maturity
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Fig.6 Relative expression levels of gus gene in leaves and
seeds of transgenic Arabidopsis thaliana plant at

maturity
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