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Abstract A 1 100 bp DNA fragment named SpoA-pro was amplified from a sweet potato cultivar (Chuanshu34), by PCR with
high-fidelity DNA polymerase KOD-plus. PLACE online analysis revealed that the promoter of Sporamin contains basic
cis-elements of promoter such as CAAT-box, and some functional domains associated with the expression of storage protein, stress
response and sucrose inducible in the sequence. Furthermore, the plant expression vector for this promoter was constructed, and then
transformed in tobacco and sweet potato mediated by Agrobacterium. 15 tobacco transgenic plants and 18 sweet potato transgenic
plants were obtained and identified by PCR analysis, GUS staining assay showed blue color only happens in roots of transgenic
tobacco, whereas the blue color appears in roots, stems and leaves of transgenic sweet potato. While transgenic the plants were
treated with 5% sucrose, strong GUS staining were detected in the roots, leaves and stems of transgenic tobacco butonly in roots of
transgenic sweet potato. Therefore, we thought that the SpoA-pro smight be a promoter that should have the characteristics of root
specific and sucrose-inducible expression.

Keywords Sweet potato; Sporamin gene; Promoter; Plant expression vector; Root specific expression; Sucroseinducible expression
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H 2 ik ek 2 11 (Sporamin & — FRBURKF Ik 8 Discorin £ [ [7] J& 2 A MR 25 4% B Hh 1 Rr e ek 2 A
Ji, F1985%F HMaeshimak I, FA7E T H Z PR A (Racuseu and Foote, 1980; Harvey and Boulter,
T HARES B H U G (Maeshima et al., 1985), (HEAR  1983). fifEE 2> A, BHANIEE: Sporamin A

ATV A 160%~80%, FEREMIERAR  DLEAAR A AiSporamin B (Hattori et al., 1989; Murakami et al.,
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1986), F AN V. FE R 2 i AT A 15 64~ BA B 1 R i
(Wettstein and Chua, 1987), 7283 K 5% A A [A]
Y5 994%~ 98%, 1T ZC IR ] 1 [A) 5 982%~84%
(Wettstein and Chua, 1987).

Sporaminff)&K ik A PARK 5, SHABES
2B KB EHZEYIR < A (Hattori and Nakamura,
1988; Hattori et al., 1991; Ohto et al., 1992; Takeda et
al., 1995), [FIIf 52 BIRE IR K B B BOFG & i)
. Sporaminsg HEIURF R EH, HEZF
WS B YR e, SERERNZES) T, BT DA
HNEEERE H AR T A A, IS H
HRAF R IB AR R H (1) A, A FURE A
Sporamin AL FHI¥ 1514, IEIdPCRY IG5k T
JABhF B, R SORER B 31 RAIAGUSEER I /a1
A BT AEMR A H E AR RIS R

1R 500
L1R Bk RAEWE RS

KA 345 DNANAE TPCRY 1, 193
K1 100 bpZe A5 5w 5 35 e 1k — 2%, IRl
DNAS#HAAPMD19-Ti%H:, FAL KA % IM109,
AT IE ABEIRIE, BRI BEREFR M T 4, 153
71 144 bpl)SpoA-p A B (K1)

1 000 bp 1114 bp

&1 SpoA-p HITakE

¥E: M: Marker V; 1~4: 1 100 bpHISpoA-p

Figure 1 Clonging of SpoA-p

Note: M: Marker V; 1~4: 1 100 bp fragment of SpoA-p

PLACE ¥ 4% £ (A database of plant cis-acting
regulatory DNA elements)EZL 7 HTH1 . E 31 H
HRO BT 0 ECAATBOX], Bi 5 & BRE FH 3K
S P A R i 2 20RE S PR TS BT S s TG
{HSREATMSDER FEFEZRIAFHIE; 959(-)  CANBNNAPA
T HICNAACAC, & fi st H 8 2 iz LA
4, SRR napindE A # sk AT TR iR R T, B
A5 5 300(-)ELEMENTYE K B IR 2R 11 b/ N
FAE AR E 3 TR B oo AR A
959(-)2SSEEDPR OTBANAPA 7E 1R £ fif ik 2 14 )5

1512

T HRAAAE, 5 & A2 FINapd s 37 1 s vk
HEIENLE; ACGTATERD1HIABRELATERD1
TR TR FRIAFT LA o,
FEH 7 ARRLAT & 7R /K R 3 AE i 41 8 A1 3 2 7
R Bl CACTFTPPCALRCAEYIM: 2 [N 4F 3%
ik BN R o 359(-)WBOXNTERF3ILE 4 5% 41
HIERF3E:A 1 )3 8 F X K IAFAE, FREZ B I oS
WIER A 5%, 265(-)CIACADIAN LELHCZ 75 41 Fii
A= 3T 22 R 08 B I DE JA 3 F 1 4 40X 38
950(-)DOFCOREZM #& £ >K Dof & 1 Ft 75 I AZ 0o 7
M, WWEAR A SHE LIRS, MRS
(1) — 2RI S R 7, FENGR U R 57 (1) B B Dof 45 FA 4k
FEWE 5 DNA AN AL [ AH FLAE F (R D Rl [RIRS
WAL AR D Re A (GR L)

128k

FIEFARPBIL217 JH 31 ACAMV35s I GUS
FH, AL HindIlBamH 1 M fEFICAMV35s/5
EjSpoA-pHliE, HALTE E40I KT EIM109, 1
B BH 1 J5 ki DNA, 7 FIHInd I KX Xba T XU LI,
731 144 bpHISpoA-p B, UERHAA Al 2 (K12)

1200 bp

=1

%7€ pBI1121-SpoA-p:gus

K2 W)
Figure 2 Identification of pBl1121-SpoA-p:gus by double digestion
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I N, R RS em B ) i N AE AR ES
FrkEr, %2@%&%720%%@%&@% 163K 43
(BT IR R 2% AR AR 1) P A 0 7 DL 3.

WHZ R BT R SRS, SRR
TFEHFREHAL05: pBI-SpoA-p::GUSHH TR 4L, 30
minZFR ERGFEIEAR IR, HEEE9R3 diE N Tk
BB 14 dE M RS8R, 25 BOM i
FHERE R, TEREHER, ATk FE R
ot th2F . BEJE At i B, i AT AR
B9%, W93 7 1ok AR (E4).
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F1 SpoA-p BT FF 54T

Table 1 Prediction of the promoter of SpoA-p

i oot (A=) L3 Hf#

Cis-element Site Core sequence  Annotation

-300ELEMENT 914(-) TGHAAARK  Upstream of the promoter from the B-hordein
gene of barley

2SSEEDPROTBANAPA 959(-) CAAACAC  Important for high activity of the promoter

CANBNNAPA 959(-) CNAACAC  Core of “(CA)n element” in storage protein
genes

ABRELATERD1 428(-) ACGTG Responsive todehydration

CAATBOX1 939(-)609(-)223(—)881(+)874(+) CAAT Responsible for the tissue specific promoter
activity

ACGTCBOX 434(+)434 (-) GACGTC Plant bZIP protein DNA binding specificity

ANAERO1CONSENSUS 198(-) AAACAAA  In promoters of 13 anaerobic genes in silico

ARRI1AT 792(+)56(+)484(+) NGATT A response regulator

CACTFTPPCA1 423(+)690(+) 442 (—)482 () YACT A key component of mesophyll expression
module 1 in the C4 plant

CCAATBOX1 1134 (+)609 (-) CCAAT Synergistic effect of upstream sequences

CGACGOSAMY3 53(+)433(+)601 (-) CGACG Required for Amy3D expression during sugar
starvation

DPBFCOREDCDC3 956 (-)1107 () ACACNNG  Transcription factors

EBOXBNNAPA 475(-)239(-)362(+) CANNTG E-box of napA storage-protein gene

GATABOX 206(—)455(-)953 () GATA Required for high level and tissue specific
expression

IBOXCORE 886 (+)952 (-) GATAA Light-regulated

NTBBF1ARROLB 524 (+) ACTTTA Required for tissue-specific expression

OSE1ROOTNODULE 141(-)207(-)948 () AAAGAT Organ-specific elements of the promoters
activated in infected cells of root nodules

PYRIMIDINEBOXOSRAMY1A 546 (-) CCTTTT Partially involved in sugar repression

SREATMSD 1122(+) TTATCC Sugar-repressive element

TATCCAOSAMY 471 (+) TATCCA Alpha-amylase gene expression

WBOXHVISO1 276 (-) TGACT Sugar-responsive elements

I3 HEIE R B 3 A

Figure 3 Acquisition of transgenic tobacco plants

1A% B RUMH R H R 7 F R

FE IV BHPEXT BE KK i DNAHEAT PCRY™ 1
S > FLPKRSIN A L5 A AR B R B %o HE T HH F) 41 000
bpffI2&T,  F 1 B R 5 SRR UM AR AR A L2515
FH I 78 15K B B4 Dl 5 N T SpoA-p: [AI#A10

1513

R H 2 B 5E 9 PR PR R (1515) o

1.5%% B2 R M B K B A AR I GUSHR

B GUSHLH N 37 CIR I R A BA ME XTI . H 2
FORB IR, 25, -2 959% 2 1 i €0 22 B 1k 5o R
SEANEM, WEEIFIRA. Yetsh BRI 5 TR
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Figure 4 Positive transgenic sweetpotato plants

MI1 23456 789101112 13

A
1 M22 3 4 5 6 7 8 9 10 11

B

KI5 FAERIPRPCRE E

VED A JHEE; M1: 500 bp marker; 1~7, 8~10: FAMEMIKK; 7~11:
B PEREAR; 12 BIMEXTHR; 13: FHMEXTEE; B: H 2, M: Marker
Vi 1o BITEXTRE; 20 PHPEXSIE; 3~10: BHVEREME; 11 BITAER
Figure 5 Identification of regenerated plants by PCR analysis
Note: A: Tobacco; M: 500 bp marker; 1~7, 8~10: Positive
trans- genic Plants; 7~11: Negative transgenic Plants; 12:
Negative control; 13: Positive control; B: Sweet potato; M2:
Marker V; 1. Negative control; 2: Positive control; 3~10:
Positive transgenic Plants; 11: Negative transgenic Plants

NBHPE R R AR YL T, 25, O IR AR
2 SRR IE AR BLE6); T H A R A
N BRI 35 AS R E A Y H W € o HED LS B AT
RETE H 25 YRR i 78 2R 1 6 I A A B S Bl BE R 3R
ik, BARRRIERRE, GUSHRTIEIF 2
AR, T BESpoALAS FLiEME . E Al 5 R 1 0
GRS, R R E S IR, 2 R A
R _E I (Hattori et al., 1991), i FH 5% e b 7%
WO FL R MREAT TS

1LeEMIES
V715 3] 4 2 i DR AR B A R T T B Yo W 11

1514

BEl6 2 B PR R AR T GUS S £
Figure 6 GUS staining of transgenic tobacco plants

Rt Bid S FR24 hig, BUSSERAL A AME AR Geta,
ITCIHR G KIMGUSIEE R IR F Ly, AL Ar
BT W, R W AR A g, ARTER
T B () S AR Tt S S € R BH AR AR5 3 110 (b) f5 () 1Y
XA, AT W HR (GRS 2 RIAEAR) 2= TEGUS Tk (K]
7A). KAHb, cHIEREI 22 s 5EI Y B CHIE
(E7), NGB T I MR R T W, 25, A
1k, 10 3 5% FEBE 55 3 S5 AR (D) 25 (B) A (F) 4350
HE(ET). K 3R e I G B ARTE B LS,
FHFIERGUSEKIEH &, HARIR(ETG; ETH).

o H AR MG TGUS e t, R, ZERIH R
Yo AT EE, 5% EHE S S AR B T W 4,
R W A BLES). MHE K H R RE RS A S0
WEHIL R B 732 BRI S, MBS R R RIA
Ja BT
20

AW T b T B A e A R S BT
SpoA-p, 73 HrEWISpoA-p&H BB TR A LI
CAAT-box, fi#ijk &5 A RIAJurE HEREAH DS T
P55, 5 GUSHERIEE: fa i N, BE LRI 5 4%
B Y OISR BRAR N, T LR 3 T R AR SR
AR, BAMREEE . KBAEr e LR RIE
AR N Z G, 6P AR R R R AT GUS Y
t, RHBEG, HENX—BshFEH 2R R A
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B 0 B0 B A B DR AR R O 3 T 5 GUS e 1 100

VED A ST IR (a); BHAEFRZERE AR (0); 5% RHA S P AR (C); B: bl £ Htf; C: i 2 5t D E. F: 25 ACK
AR, . 2K GHIH: R TS S AR AR e

Figure 7 GUS staining of negative tobacco control, transgenic plants and sucrose-inducible transgenic plants

Note: A: Negative control (a); Positive transgenic tobacco(b); Positive transgenic tobacco were treated with 5% sucrose; B: The same
ash; C: Thesameasc; D. E. F. G. H: GUS staining of roots and leaves of transgenic plants

AR R, T RE AR IO R, CRINIGAGPaIIAGPaZ EIN B\ 1 H 8
I . FEE] T H BN, 40472 IAGPase?E H #h
H 2T 7 v = 7B = ¥ Ay C Y
IR SRR BE VS B, GUsi  SLb AT T PHLEILESOKIL T, 00
IR A TR, B E R 3 60197, Pk e By
AR S T HARARE, U ¥, pp.99-127). [ ML 2T OB S e 49
B, BRI S TIEE TRE. MESH SRR A R R R, R
SRR RUFSE T SpoA-pJs FREMEE b T, PREDHR) . AR (110 & FOBLEE T e
AT SF, N HRARRRER T B S E
SPOA-PRL NI GBS REEN T % 3ppl 5k
JE BT T AR L B 53k R SR , B}
5 s SIBUREREE RS THIRE
B, AWt YISporaminty & 5 H EHAR FiEk & AR o
2 IFMI5¢(Nakamura et al, 1991), AN 78 /NATETE N34Ty I AT R IUSDNA, 22 LKl
W AR 635 TR M0 30 e SRR S IO SE SRAMIRIIEL AT . W31 #ISpoA-p F: AAGCT-
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K8 H SR N5 30 JF GUSH

A FFEIEMRGUSHLt; B,C: 5% HENE 155 fE GUSH
Figure 8 GUS staining of transgenic sweet potato and sucrose-
inducible transgenic sweet potato

Note: A: GUS staining of transgenic plants; B,C: GUS staining of
sucrose-inducible transgenic plants at 5% sucrose concentration

TTGCCAAACAGAGCCTAAATCCATC, R: GGAT-
CCTCATGGTGG CAGATGAGATGACAA, TRIZH
JF 5053 3 951N B ) 4 A DT Hind I, BamH 1
I B PCRY 1Y F B, 36 26414 49: 94°C 5 min,
94°C 1min, 56°C 1min20s, 72°C 1 min, 301/
Wo HIKRMPCRAY, R B v B #8044
PMD19-Ti%E#z, W rakEillfF .

328

FH SpoA-p # AR 1A # 4APBI121 71 f)CaMV/35s,
JFEEIGUSIHE K KA. FIHIndIILEBamH T [F] i XU
P14 45 SpoA-pIIPMD19-T X At ¥ % ik % /A PBI121
(I RIDNA, A1 SpoA-p5PBI121 K F B, Tl
B, BT AYINIIMI09H . BREFH M v, 47
HY 5 R DNA, | H Hind 111 & BamH 1 X% i 17) 5 iiF
PBI-SpoA-p::GUSIEHR B M) 51 o K FI MR g A 4T 1
EHAL105#) 2 T FHFREHAL05: pBI-SpoA-p::GUS.

3.3\
ARG B R TCBE B 14, 320K,
W BT R0.5 cm2 )/ AR AT % (EHAL05:pBI-

1516

SpoA-p::GUS)E YL 535923 d; B & Fik R R
B 7 (Kana, 9 b s RARAAEH A R AR 2
WREFREE Lo 2F; fEMSHEFR 5 L AEAR B AE
SERERE K o

BHE: MHEM FES20 pm/LIMSE; 775
28 CHIRT IR, ARHT I AR bk 3 77 2 OD1H
N0.3~0.5, RYHZEM 30 min; LHEIELRKR T2
REW, BEREE54E20 g/l Glucose. 0.5 g/L MES
2200 um Acetosyingone}t 1 77 3 | 28°C It 1% %3
d; 5 NE760.2 mg/L 2,4-D. 0.2 mg/L Zeatinfil 50
mg/L kanaff]jii i i 77 5L - £59%60~90 d; HRE=E
Gibberellic acid 0.05 mg/L 1434655 953 E k47T A
FERIRE TR, SR Skanai Ve H MR . FE4ITE K
25 emiE L BIRAN T

3 AR R 2T

SEHUHE MR S DNAJNEAR, A il TAHRA
H] A K 1 000 bpffGUSH A4 57514,
F: 5-TCTGGTATCAGCGCGAAGTCT-3, R: 5-TG-
TCACGCGCTATCA GCTCT-3'. PCRJiEH 44
GUSZEH, LLFTRIDNANBH NI, REAHIF—
FE R BB AR S DNANBA X R . PCREFI25 Lz
NAE F: 2150 ng DNARIAR, 2.5 ul 10 X PCR Buffer,
2 uL 2.5 mmol/L dNTPs, 1.5 uL 25 mmol/L MgCl,,
5 umol/LI_EFUESI4%1 uL, 1 U Tag DNAKE
g . PCREEFI HIFLT H: 94°C 5 min, 94°C 1 min,
56°C 2min, 72°C 1min, 30/MEHR.

3.5% E R AR KIGUSHL

X-Gluc (5-bromo—-4chloro—-3-indolyl-b-D-glucu-
ronic acid)J¥ F 365t RARAEA B A BR A F], Bl 77
%27 (A A B 22 S B0 FR RS ) . 100 mg Gluc,
JeT1 mLEIDMF, X80 mL 50 mmol/LF) i 4
2P (pH 7.0), IIAL mL 50 mmol/LAkE LR, 1 mL
50 mmol/LiIFZkFALER A2 mL 0.5mol/L EDTA (PH
8.0), FMAC¥MMGIuc, J5m20 mLrHFEE, 8
S JG IR BEARAT o 73 I B3 ar TN g B A4 A R
BRI R I 22 HIONGUSHYR A :  [F]IS
AR e 00 5 S H S R PR AR D [ 4k o FRE ] A TN
GUSHSR T, 37°Cib#, FJE/K ZEEANAH Mt (0
WYL,

(WAL N
SRUE . AT JREE AT T S50 BT RS da Bk 7t
HIPAT N TG RIZE I H R L i s R i 5ie 30
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