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W E. KART PCR FEMDEZRBHEH 2T HFRF R w48 I & H (Starch synthase 11, SS
I1)#F 4 cDNA } B (600bp) (GenBank No- EF221761), Bl IR M L4 B8 7. T 5 GenBank F B4R #y SS 1T F
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TEM R R ZHAEY) (Infe 2  B25) Fh 1 55k
2 A RE Y . AEW T IEN h ELEEER) (Amy -
lose) F1 S 45 JE #) (Amylopectin) P KR AL, H A&
Bk B E B AE ADPG fE W BRIV ¥ ( Adenosine 5
diphosphate glucose pyrophosphorylase: AGPase) . IE
¥y & i (Starch synthases SS) € #3433 i (Starch-
branching enzyme. BE) M JE¥) 247 SC g (Starch de-
branching enzyme. DBE ) % ) AL B s
BEAETERY & b LB A RIRER

AGPase FVE IRk BOCE VR IR A% S — 1
—BEER (G — 1 —P) 1 ATP #7258 it ADP %] %) B
(ADP —glucose, ADP — Glc) A1 ADP, H:i ADP —
Gle 2 & BIEM IR, NI, AGPase $IA N EH
FIER 1 IR B, SS J& LA BB AT K. ADP —
Gle fRR#, it a1, 4 SR, #L ADP—Gle £y
Gle EFIFERNE b, T8 i B BV R 870 STHERY Y 4T
T Sk, MRIEESE I SIEM AL 25 & 1R
SS 43k kL 45 & U ¥y & B ( Granule bound starch
synthase, GBSS) 5 A& VETER & B (Soluble starch
synthase. SSs), BE HAWEY)fHE. — 77 1B REV]
FFRL o= 1, 4 RSz R A SR (045 LB TE R 51
SCHEVER R ELBEIX) » 5 — 5 T E X REAEU) T By A5k
WL o1, 6 MR TRk b, h TREMS AL
RpEEE LTI o L, 6B E R MU ERSHA Y 2 T
HTER RGN 454, DBE fY = B4R I B HE R K
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Rl EE—FhTTIAYE SSs TE BRI A P B R
HWEANFEM., F£KAY SSI 5 DP (Polymerization
BRI 615 pusstE & 5% . ss lla 257 D
=24 (K EEG B DR R Ss I fEML T 5 DP25—
35 Bk B 1TSS T AE i &K B Y S BEVE R &
AP E T SS B ABERR A 1R

B /N2 3 FhJEAL SSs 75 A BT RERIF 5% 1
RIARIE, Wik, AT PR ekt 7SS 1
FER B cDNA #5 Fr B K A X L RNA (Antisense
RNA. asRNA) Fl RNAi T4 A, B e Bl /N &
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AR SS AR /N TERs & B R D RE B 2 2k
fif.
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ok K B RE . pMD20—T T R AW A H]
FIXEH K pBI121 pCMBIA1301 RNAi T #) # &
pF GC5941 5 )i #T i DHO« 25 B k3 i i g 4l
KEAEY R TREE & L = R AT

fifg [ 2 B MMLV 38 4% i T o 2 SR A
Asc I‘ EcoR I\ Hiind [ﬂ‘ Nco I\ Sac I‘
Sma 1| Xba | ZEfRHEYEPIIEES AT MBI A H],
Taq DNA Polymerase 14T _EifgA: TAEYH A HIR
NI
1.2 IWAHE
1.2.1 RNA ## B % RT —PCR RNA MI£HL.
TG 2 S/ ESFER PRI 20 d Zi47) . BL
0.5 g ZhBAKFRL, B TR N VR ZHIE BE 2 40
FAks H Sigma PNFHEFRHY Trizol $REUEL RNA

RT —PCR.cDNA &S MBI AH £ M
—MLV RTase cDNA Synthesis Kit SZ5G /A Bt
7. BEOEETIKE A1 &g B RNA 2 ML
Oligod(T )18 1 9 ML DEPC Hz0, 70°C 5 mim, #£&
O N 4 PL ROV B g (5 x) . 2 ML dNTPs i1 1
ML RNA Em#I5). 821, 37°C 5 mim. fJF AN 1
ML R M — MLV (200 U/PL) RS G BT
PCR Y, 42°CHEIR R W 1 h, 70°C K 10 min,
cDNAET —20C A,

1.2.2 SsSB4 %K 208 Hukman 2% 5508
SS I ZE[N cDNA FEBFri iy 5 149 (514 i dt st B
B HEARBRAF L)

Sense primers: 9 —GGTTGTGGTACC AAG-
GTATG G—3’

Antisense primers: 5 —CCGTATGATGTCGT-
GAAGCC—3’

PCR #HIK R AEFA 0.2 mL BL.OE AN 3
ML PCR 2w i (10 x), 0. 6 ¢ dNTPs (10
rnmol/L)\ 1 ML Sense primers (10 P’mol/L)\ 1 1,
Antisense primers (10 P‘mol/L)\2 M, cDNA Bk,
0.5 ML Taq DNA B4H§(2 U/PL) J 21.9 ML TG
WZEIK

PCR ¢ #2595 C A2 £ 5 min, 30 fi§ . 95°C
50 s, 55°C 1 min. 72°C 2.30 min. §2/57F 72°C FiE
{10 min,

1.2.3 SSIlcDNA S5 £ B R B A7 6502 K
FAFH SS 11 5 pMD20—T ## )5, #AL KIn T
DHb5a, Z1H ¥ PCR ¥ 3, KX b7 Xoa 1 A0
Sac 1 XUEGEY), &S MBHYERY B ToRE . 6 2 i
YRR A EI T cDNA BHYE e FE i 45 29 pMD20—T

—ssll,
1.2.4  sS Il g sUk ik # 4k (pCMBIA1301GSS 11 )
eyt fERTSERER SS 1L Bodr, 7844 400 bp Ab
A EcoR | BYINL A PRIALAE, 4 Bk pMD20—T
— SS 1 E 4 bt AT Bg D) 4 2 400 AR Sss I
£ pMD20—T F2IERHBRANSUE R FiEA

TR B R ot R A T S R A S T4
AH) pCMBIAL30L R FE17H0E . M pBI121 ik
FH Hind TF0 EcoR 1 XEGY). Y1 358 J&5 5+
FINOS 217 Jeha ) GUS N, 4B 1L B i 7
2[5 BE W EF Y] B pCMBIAL301 % {& L
(pCMBIA1301), RP7E pCMBIA 1301 Bk () £ 5ol
L BT BB F AL 7 T AME A G
IEEGE Y 2R AU A T pCMBIAL301 () Z 7e ks
fLBIRE T GUS G X AT AR A GUS 2
0500 LA O 3% B DR A R A 7 (S R RS ) 402 A
.

FEASZEG of AR YIS e i SS I il
F| pMD20—T J5, H] Xba | Al Sac 1 %t pMD20—
T —SS I Fobrdt A7 Xy, 0] iy SS 1 3L fnz
A REXU V) B pCMBIA 1301 Pirs ik, f T4 %4
EpE T, M T SS I |k X 323k # &k pCMBI-
A1301SS ITA (P 1), FFmEHI %,
1.2.5  SSIT B FH A (pFGC5IAISS [T sa) &4
#iE AT THE RNA THEk R RATRIE
RNA THUEK pFGCO94L P YIEE A S 5 71 7E |
RS 9 s 23 A IR Y (4 P DT, 24 Ss IT
FrECE 1A JE ] pFGCO941 Bk B, £ B sense
primers 1 antisense primers H 5 343 301 _E Neo
1 (GGCGC GCC)YFI Ase | (CCATGG) N YIEEHL &
Fe5, B ik pMD20 —T1 —Ss 11 5 41 fokr e 474~
Y0 e Bl FRREE] pMD20 — T
L3RR Neo I A0 Ase T K b XUESEWIH)
SS 11 By B 32124 R B YA pF GC5941 Jf
bz b A R E 4 TR pFGC5941SSs, 3FH Neo |
1 Ase | gy %e ss I B &%F pF GCH941 Jif
hr b,

2SS [0z (aEF) Eikfy pPGC59418s Il s &
2R R X R S pMD20— T 8 41 ok ()R
) 1 Xba | 1 Sma | #E4TXEGEY), Y1 T
SS11 H Y A B 312 FAESUEFDIR pF GC5941SSa
JFRE b M g A E 4H TORL pF GCO9418S [ sa (18] 2),
HH Xba LF0 Sma 1 WEgYI%E SS 1 RA S
pFGC5941sS Ils |-,
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HindIll

Sacl EcoR 1
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11000bp

pVSl sta

pvs1

EcoR [
BamH [
Smal

i Hind TITRIEcoR 1 3 8§ 4]

pCMBIAL301

11000bp
pVSL st

Xba TF1Sac DN B 1) l

Hind T Nco ISpe I

pMD20SS

lszggII{V XbaIiﬂSaclilﬁ’EU‘ S‘"Ij" n

L NOS
EcoR I pCMBIAL30L

11000bp
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Bl ssIEERNFEHBUE

Fig-1 Construction of SS Il antisense expression vector

2 R 50Hr
2.1 SSIEREDNA Wy 8 REREE
DASEER A /N2 FERL RNA W BEAR, F O i i
HER 4R 25 14347 RT —PCR #7319, 153 600 bp 22
4B DNA B (& 3), ¥ H4AY PCR P& 4ifbinl
WeiE s i T SRR 5] pMD20— T, A il 41
ok pMD20—T —SS I, Bk BEHATH 7% PCR 3
R, X o 1 AN 2  TC R B0 1 B TR R AT TR 4
JFAE e A AT Xba LA Sac | SUEEE) % 2 1]

T2 650 bp K/ B (3B Bk BN EEYINL
—BF)) (& 4), UEFH PCR ¥ #8#0) F B B se b 2]
pMD20—T #fk |,
2.2 SSIERMFFIRIE . REFBEANNVEETIEE
MFLERELW, Frockei /g ss 1l cDNA F
B E 242k 600 bp (£ GenBank 538 7515
:EF221761) (£ 1), 5B Ay /NE SS TIEH
AJ269502 A J269504  AF155217  TAUG66377 H
97% ~ 99% fy A P Sk ss T R
AY 133249 s 97 00 g [ I 1 I R0 o s ) 3¢



112 TR AT R

26 %

BHE ek 7SS I ERE B #5> cDNA F51,

MAS promoter W%,
Km 35

pFGC5941
11406 bp

CHSA imtron

Nco |
Asc [
Swal

MAS3'

BAR

m
pFGC5941SS
12106 bp

ocs3’ SSII =0
: \Xbal

Smal

Fi # & Nco I dsc 18§ V] A 55 1
SSIERMIE. RI|IHITH 4,
¥ 3% 3] pMD-20T+H

|

Bomt 1
’ am.
MASY BAR Amp+ Smal [
MAS promoter %‘éfﬂ%v
Km 35 i Neol
pFGC59418S pMD20SS  SSI
12106 bp Nco [ 5100 bp
J— Ssll -— QSCI{V
A imtron co
Ascl  NcoIfidsc X E§ V] ’ %(ball I
st
HindIIl

EcoR |
BamH |
Smal |
Sac |
EcoRV

SSIT

pMD20SS S
5100b '
P > EcoRV
Xbal |
Pst ]
HindIll

B2 ssIEE RNAI FHh#daE
Fig-2 Construction of SSII RNAi vector

Xt I 45 AT 4 A, K IAE 400 bp A —
EcoR L B UL & (1 Rl pMD20SS F 415k ) »
Y% pMD20—T Lt A A7 S5 . i EcoR 1
Xt pMD20—T —SS Il Bkt f7 s g e, ssl
FEREEAENE] pMD20—T b, | 7] 37 1) 1
250 bp Ze A7 By 2%l s A R IalAE N U U i 470 bp
IR, B 4 £ EcoR 1%t pMD20—T
—SS I Bk s ), Y1 1 470 bp AEATHY 44T &
B SS I adf AN E] pMD20—T ik,

SS 11 3N J S 33k # 4 I RN Ai

R M Sl D) A e
3.1 sSIBERARNFEHEREEE

Wtz SSI R ik (pCMBIAL301SSIIA )
(Bl 1) Xba 1 F1 Sac 1 XUEEY). Yl T 650 bp 1y
(A —BOEUR BRI R RS (K 5), &
B SS Il B /& i dd A %] pCMBIA1301 g4k b, Jz X
Fek ik pCMBIA1301SS 1T A M@ Azl .
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2000 bp

1000 bp
750 bp

500 bp

250 bp
100 bp

H:1 8 2% SSI#E; M % DL2000 Marker
Note: 1 and 2, SSII gene; M, DI2000 Marker

H3 NESSIEEATES DNARBRTHNER
Fig.3 Agarose gel electrophoresis of SS I gene

7.1 pCMBIAL3018S IT F 41 Fk. 2 pC MBIAL3018S IT 41 Fhi 4
Xba 1Ml Sac 1 XEGIKI 55 M 2y DL2000 Marker,
Note: 1 pCMBIA1301SS I restructured granule; 2, pCMBIA1301SS II
restructured granule cut by enzyme Xba I and Sac I: M, DL2000 Marker-

Bl 5 EHRH pCMBIAL0ISS I

2000bp Xba 170 Sac | WMEGHIMIZER
1000 bp Fig- 5 Identification of pCMBIA1301SS Il digested
630 bp 750bp with Sac | and Xba |
480 bp 500 bp
250 bp 3.2 SSITEERNAI FHEAE (pFGC59418S [ sa)
100 bp HIBBTIE E

A Neo L0 Ase 1 EEYINz &AM SS I
FE[N ) Sense primers Al Antisense primers 5|47, P4
pMD20—TSS Il 24 Fokr AR T4 3 11
T Ase LA Neo | HiiyE B A B (H
VKN ), T By R SO S RE F) pMD20 — T
Ef Neo LA Ase T 3047 XUEGEY). ) B9 Fr Bk
FIZFFEXEE VIR pF GCO94L T M ., My ag
F TR pF GC59418S s, Xof il B 40 Bk 61T Neo
A Ase TXUEEY). VI T 640 bp (&4 A YIEE)F
Bl #2551 6), &M ss 1L N 1F 1) % 5
pFGCO94L ik |

*x1 BrEHNE sSITEER DNA FF

Table 1 Cloned sequences of SS I gene in wheat plants

H:1. pMD20 - TSSII F 4 fik; 2. pMD20 - TSS [l B4 M £
EcoR T HEYIMEER; 3.pMD20 - TSSI AR KL
Sac 17 Xba I XUE#YIEI%5R M, DL2000 Marker,
Note: 1. pMD20 — TSSII restructured granule; 2. pMD20 — TSS [I
restructured granule cut by enzyme EcoR I ;
3. pMD20 — TSS1l restructured granule cut by enzyme
Sac 1 and Xba I ; M, DI2000 Marker.
4 M4pMD20-TSSIEHARKL EcoR 1 LB
@ Sac 18 Xba I NEBYINER
Fig.4 Identification of pMD20 — TSSII digested with single
EcoR 1, and both Sac 1 and Xba 1

AGGAAGCCTA CGATGTCGGA GTCCGAAAAT ACTACAAGGC TGCTGGACAG GATATGGAAG
TGAATTATTT CCATGCTTAT ATCGATGGAG TTGATTTTGT GTTCATTGAC GCTCCTATCT
TCCGACACCG TCAGGAAGAC ATTTATGGGG GCAGCAGACA GGAAATTATG AAGCGCATGA
TTTTGTTCTG CAAGGCCGCT GTCGAGGTTC CTTGGCACGT TCCATGCGGC GGTGTCCCTT
ATGGGGATGG AAATCTGGTG TTTATTGCAA ATGATTGGCA CACGGCACTC CTGCCTGTCT
ATCTGAAAGC ATATTACAGG GACCATGGTT TGATGCAGTA CACTCGGTCC ATTATGGTGA
TACATAACAT CGCGCACCAG GGCCGTGGCC CAGTAGATGA ATTCCCGTTC ACCGAGTTGC
CTGAGCACTA CCTGGAACAC TTCAGACTGT ACGACCCCGT GGGTGGTGAG CACGCCAACT
ACTTCGCCGC CGGCCTGAAG ATGGCGGACC AGGTTGTCGT GGTGAGCCCC GGGTACCTGT
GGGAGCTCAA GACGGTGGAG GGCGGCT GGG GGCTTCACGA CATCATACGG AATCGTCGAC
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2000 bp

1000 bp
750 bp

500 bp

250 bp
100 bp

¥ :1.pFGCS941SS [I s T 41 KL ;2. pFGCS941SS [T s 4 iR £
Neo T #0 Asc T SMHI#45R ;M 4 DL2000 marker
Note: 1, pFGC5941SS 1l s restructured granule; 2, pFGC5941SS1 s
restructured granule cut by enzyme Neo [ and Asc I; M, DL2000 marker.
W6 EARK pFGC5941SSlls & Neo 17 Asc [INEBIIRIE R
Fig.6 Identification of pFGC5941SS 1l s digested
with Nco 1 and Asc [

¥ :1. pFGCS941SS [l sa W41 AL ;2. pFGCS941SS [l sa WAL 2

Sma 1 %1 Xba 1 SEHIH45HR ;M K DL2000 Marker
Note: 1, pFGC5941SS1I s restructured granule; 2, pFGC5941SS 1l sa
restructured granule cut by enzyme Sma I and Xba [; M, DL2000 marker.

M7 EARK pFGC59418S[sa £
Sma 1% Xba 1 MEIHER
Fig.7 Identification of pFGC5941SS |l sa digested
with Sma I and Xba |

Xt SS I A & il A # pMD20—T8S 1 F 41
R ) Sma 1A Xba | 347 50Y) . W) 09 H B
R T E B OE B E LR &R BRI
pFGC59418Ss 41 fFi bz [, My gl s 1 LN

RNAi T#H#K pFGC5941SSsa, [#E. B Sma |
A Xba L XEEYICEAL TR YR T 630 bp A 5%
W (& YIRS (B 7). %0 SS TTEER E
HEAE] pF GC59418Ss AR, SS I K RNAI
TN pF GCHILISSsa Fy kT,

30 i

TEREEY F. ss I ggshae T ge A~ @D,
Tk SS U257 LERMKEN SR D8 E
f SS Il Herp 2 K BE Y SRy & U R B
IhRE, (B X/NER SS I RF 1 ek h iy o)
BENGAR WARE , ABTeke T SS I 3N f4) FF
P, FEAER T RN B R L IE Bk AR AT RN AL T4
BRUR T2 0 T2 50 N A R K R Fh A N E N
Fzep, TR SS 11 B[ () 335 a4 b i
FERNRPRL SCAETE YL A 2R AR 98 s T
TR FERE N SCRESERY & PO PE A

(i ARy TAELME R LK FEHAR
IAEEEFHETR,)
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Effect of calcium on protective enzymes activeness and physiological
characteristics of maize seedlings under salt stress

WANG Yufeng, WANG Qingxiang: SHANG Liwei
( College of Agronomy, Shenyang Agricultural University, Shenyang, Liaoning 110161, China)

Abstract. A solution culture was conducted to study the effect of CazJr on the growth of maize seedlings,
chlorophyll content, free amino acids content, the activeness of several protective enzymes and other physiologi-
cal characteristics- The results show that the Ca’’ concentration at 4 mmol/L could obviously increase plant
growth and restrain the decrease of chlorophyll content reduced permeability of cell membrane, and enhance
SOD and POD activity in leaves and roots- With the increase of Ca’" concentration, the CAT activeness in roots
was increased but that in leaves was decreased- The free amino acids and soluble protein content in roots in-
creased in terms of 274 mmol/L of Ca® concentration but decreased in that of 6 mmol/L. Soluble protein in
leaves was decreased with the increase of Ca’' concentration- The above results suggested that the appropriate
Ca’ " supply can enhance the salt tolerance in maize growing in salt stress-

Keywords . calcium; salt stress; maize; protective enzymes activeness; membrane permeability
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Molecular cloning of starch synthase I partial sequences and construction of
its antisense and RNAi expression vectors

KANG Guozhang'» YUE Caifeng's GUAN Chun-yun”, HAN Qiaoxia';
GUO Tiancai' » ZHU Yunji's WANG Yonghua'
(1. National Engineering Research Centre for Wheat, Henan Agricultural university, Zhengzhou 450002;
2. Agronomy of Institute, Hunan Agricultural University, Changsha 410012, China)

Abstract. Starch synthase I (sslh partial cDNA sequences (600bp) (GenBank No. EF221761) from
grains of common wheat ( Triticum aestivum. Yujiao 2 cultuvar) was amplified by RT-PCR- The result
demonstrated that the cloned SS I gene sequences were 99% identified with the reported SS Il genes in Gen-
Bank previously . In addition, its antisense expression vector was constructed with pCMBIA1301, and RNAi
vector was also constructed with pFGC5941. These constructed vectors will provide a good background to study
the function of SS Il on biosynthesis of starch in wheat plants-

Key words: wheat ( Triticum aestivum ); starch synthase Il gene; expression vectors



