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SIRTES SRR AERFET R 2 ~ 10 d I 2 S E RPN F 9 A o VEM BRI & BURAH DG EE B A AE ) 3k H 4
HEKZER BT a-TEBBEAREIER (U3 a-AmylA a—Amy2A .a-Amy3A .a-Amy3B .a—Amy3C .a—Amy3D Fi
a—Amy3E) AHXS Fak L R R AL m , B T 6 R a— T8 BEI 2 5@ MK ; a—AmylA .a—Amy2A .a—Amy3D
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Abstract; In order to clarifying the effect of key hydrolytic enzymes on storage substance utilization in
seed of Sh2 sweet corn ( Zea mays subsp. saccharata Sturt.) during seed germination process, taking
seeds of inbred line BF109 and Q267 of Sh2 sweet corn as materials, consumption and utilization rate of
storage substances and activities of total amylase and sucrose synthase were detected when seed
germinated for 2, 4, 6, 8 and 10 d, and expression characteristics of nine related genes were analyzed by
real-time fluorescence quantitative PCR technology. The results show that consumption of storage
substances in single seed of two inbred lines increases greatly when seed germinates for 6 d, meaning that
storage substances in seed enter fast decomposition stage. With prolonging of germination time,
consumption of storage substances in single seed of two inbred lines increases gradually, while utilization
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rate of storage substances appears the trend of firstly increasing and then decreasing. On the whole,
consumption of storage substances in single seed of inbred line BF109 is significantly higher than that of
inbred line Q267 (P<0.05) , while its utilization rate of storage substances is significantly lower than that
of the latter. With prolonging of germination time, activities of total amylase and sucrose synthase in seed
of two inbred lines also generally appear the trend of firstly increasing and then decreasing, and activities
of two enzymes in seed of inbred line BF109 are basically lower or significantly lower than those of inbred
line Q267. Analysis result of real-time fluorescence quantitative PCR shows that during seed germination
for 2—10 d, there is a great difference in relative expression of nine genes related to a-amylase and
sucrose synthase in two inbred line seeds, but relative expressions of seven genes related to a-amylase
including a-AmylA, a-Amy2A, a-Amy3A, a-Amy3B, a-Amy3C, a-Amy3D and a-Amy3E all are higher
at the early germination stage, which is beneficial to synthetize a-amylase and involve in starch
hydrolysis. Relative expressions of a-AmylA, o-Amy2A, o-Amy3D and SuSy-2 genes all are higher
during seed germination for 2—-10 d, while those of a-Amy3A, a-Amy3B, a-Amy3C, a-Amy3E and SuSy-3
genes are higher only when seed germinates for 2 d, meaning that a-AmylA, a-Amy2A, a-Amy3D and
SuSy-2 genes are probably key hydrolytic enzyme genes of Sh2 sweet corn during seed germination
process. Overall, relative expressions of related genes in seed of inbred line Q267 are significantly higher
than those of inbred line BF109; it may be the main reason for causing higher activities of total amylase
and sucrose synthase and higher utilization rate of storage substances in seed of inbred line Q0267.

Key words: Sh2 sweet corn ( Zea mays subsp. saccharata Sturt.) ; seed germination; utilization rate of

storage substances; amylase; sucrose synthase; gene expression

Eif £ 2K ( Zea mays subsp. saccharata Sturt.) A K
J& (Zea Linn.) Hr PR BE G781 7 A= 19 1 A MERD, 32 %
5 sul su2 shl sh2 sh4 du . ae bil bi2 se 1 wx I
11 APt G ARRE N shT sh2 sh4 bel 1 b2 B:[H
GEAAR VR IR REMH [0 SE M) 10 718 o P B W A2 B, B LR
FLAY S0 & 0, LA IR FL Y ] 7 s 3 i s gk
15% VA I, i A 368 0 oK B 10 T B A 2R 58
B PP AAE TRE R AR HE R RE ) 22 W H R AR
A P2 P A AR PR i TR AE P i A
JE A v HORh 1 ) A A 8 A ke A
REST o

TR -8 K T Z AL AR IR S A2l i e w2 A
BBt SEE R E TR N A SRR A
Tk [ R A AL AR K ARy
WA P D S8 M, P 3 o Tl R R 5 I Tl 55— R 81
FEEROAE TR, TR R0 8 5055 P B 5 S A 4 Qa3
BEWHE RIT K AR i B AR AR AL Y
HIERAER Y L, FER R R T G K
TR SO AR A AR B

TEMD TR 5 BT 52 W) ol 5 2K 1 &)y 1 A
KA 2 MRS, HP o 78 (EC3.2.1. 1) ADRE
o 3 14 B A3 K it R B, S A AR AN ) P
AR BERE LT S RS A (EC2. 4. 1. 13) 2 FpF I
) S A AR T 8 SC B il 22—, IO T A TR
B LA AL R 23t | 2 — M R] 0, HCAE T a2

HEALTRERE R UDP %% 4Ly UDP -4 4 B 1 SRS
FAOG B ST 28 SR 0112 SR - ooV il AR & ik
e aa, JF H EEAZ 8% R (GA) FILVE B (ABA)
BRI . TEKFE ( Oryza sativa Linn.) #-F 85 & LB,
a-JEMEEFRL R (f13E a-AmylA . a-Amy3B .a-Amy3C |
a—Amy3D Fl a-Amy3E) TEA R LU iy R B B A
RIESOD EMEE BURE f Z D i (2, H
RBITEE K (Zea mays Linn.) FEL KT 3 S 5HHL
Az R DG 1) TRE M 5 il 2 B 6 KL 3 ) Ry Sk | Sus]
1 Sus3t o

Y W - TR R RE M S RS X I K Ao
7 el A b s R T RO T AR D) 2 A4S Sh2 it
FoK SR BF109 FI Q267 AR Ay Biztbs A}, X Al
T et AR P SO o ) T A R AN AR VR A
FEEME G 0Tl T PR B2 9 A AH OC i T (A48 ao—AmylA |
a-Amy2A .a—-Amy3A .a—Amy3B . a—Amy3C . a-Amy3D |
a—-Amy3E SuSy-2 Fl SuSy-3) ik FtE i sh A8 fb ik
17 o0 AN Ee A, LA A R A0 R b 1 35 5 BF 5T
PRI AR

L AR %
1.1 ##

56 FH Sh2 W oK A 32 % BF109 F1 Q267 Fh1-14
AR OK TR AR 5T v 43, /7 4 M35 [



20 LENE7/ I AR RS N N

%24 %

SRR B HER) A28 &, AR AL 9. 08 g; )5 # 2 A
HZHREEBF RN AZLR, AR E 11.75 ¢,

S A Y 32 B AR AT 7500 RIS 9O a2
PCR Y (25 ABI A T]) 5427R 5 1% 4 B O L (15
[ Eppendorf 23] ) F1 JS—680D HL 1K 5 58 i A% 53 T F
Gt ( FHERSE R FRA R s VERy B AR & iR
PRSI TR 6 1 Hh B T AR W TR R A R
Trizol 7 & g db 50 K Ky HCRH A BR 2 w72 &,
PrimeScript RT reagent Kit & [ i4E5E Y0 7 7= i,
buffer dNTPs Fil Tag DNA AW A £ T4 T
FE (L) By A BRA W) 5 B 5 | W6 a8 58 i A= T AR
YT () e A BR A R SE AR,

1.2 Ak

1.2.1 #F#HKX B GB/T 3543. 1—1995 &£
GB/T 3543.7—1995 " J7 ik #E 47 Fh + 8 & S50,
W7 AR50 0. 1% HeCL AN RE 15 min,
SRS ZEIB K bk 3 W, BRI 1 min s T K TR R AR
W T T 7K 43, Pk K/ INHA AT LA BRI ) A, B
T 104 CHAFE AL BE B R KEN 13% K5 FhF B
THIA3ZREIEA N & & (KJE 30 em, 58 %
20 em) 1 B S0 RiAP T AN AR 15 &L, & HA
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PRI IR, B RWEER T RGN, B2 RIL1 &
B &0 54T AH A A ARSI AN i R e 2k B AT
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KHI, T CFR R 50 KB 22 L BRFIAY 13% KA FhF
SR SY T o B MR TN R T8 R T a2 = a1
BH(W,) ., 2% TMTH%2.4.68 10 diF4H
| ARG KR ZE &N R i & i Al (AR IR
HRFIRZE ) 53 AkF R 43 TF | 20 5 4 4R ALt 51 B F
104 °CHEFE FPHF2E THRALHE 24 h SRR &, 4395 M B
PRANT TR (W, ) MR FRIR TR (W,) . &
H& Soltani %" ) J7 TG SRR 1 I 9840 I TS 6
(W) Bk A I B R 2R (R) A 451
HEW, =W, -W,” FI“R=W,/W,” , 28 3 WHEE,
GERBCT I

1.2.3 BB dal e R HTE MBS T (-3 R E
o3 ) ARSI ) 5 N G BT P AR 7] 6 23 il
N 5 ol 1 A e A 14 D A R RIS S
TEFIFEH & 2 4 6.8 F1 10 d B4R BIBURE V& BEITF T
FhFRIEK TG PR L ¢ BT, A 9 mL EE R il
(BCREREA B ) SRR, T oKIs TS BUAT 3K 54 °C

4000 r - min~' B0 10 min, b RN R BTE R (55
FEWHAS B ) AR, 4% A A A R S Ul B A rh
AR AL AR o 3100 o o~ 1 A o R v T o Rl R
WE-E BTG E B TE PR E A 3 W, A5 RO
18,
1.2.4 Sm%EZ% PCR M TEFFTHHL 2 4,
6.8 110 d I 73 R (e W % 2 d I EROR IR | 185
K4 ~10 d WHENE) , 28 Trizol IF &L H PRy
PRAE TR PE IR 7 RE A B RNA SR i (AR B 7 4k
1% BB MR I B KRG . RNA A9 Joi 8 ANk B 9
PrimeScript RT reagent Kit }f &L RNA S5 5% i cDNA
PAEK 18S tRNA J K 5% S KN 2 kT 9 A
oo~ Ay TR RENE B B 3 R ) AR S 5 | 1 (5 1 ) 80 O,
1) AT G E B PCR O, B EEM EE YT
W3R,

P 1 R AE 7500 ST 5 % & PCR Y it
1Fo RBIMAEZR BT 20.0 pL,f23E 14.5 pl ddH,0 .
0.5 wL dNTPs 1E [ M [0 514745 1.0 pL, 2.5 pL
10xbuffer 0.5 pL Tag DNA R4 5 1.0 pL ¢cDNA i
Wi, RPN .95 CHAEYE 1 min;95 CAPE 1S s,
F1 BT Sh2 MEKI A a-EMEEIEES RNEEEE L REALE
£ PCR ¥ 945 23953
Table 1 Sequence of special primers used for real-time fluorescence

quantitative PCR amplification of nine genes of a-amylase and sucrose
synthase of Sh2 sweet corn

FEF AR gl 4Zemt) SIHFH(5'—3")
Gene name Primer type' ) Primer sequence (5'—3")
a-Amyl A F ACCCAGGAGTACCATGCATCTTC

R GTTCGTTCTCTAGTTGCGCGAC
a-Amy2A F GGCAACCCATGCATCTTCTACG

R GAGTTCTAGTACGACGTGCTGC
a-Amy3A F AATCTGGCTGTGAGGAGGTGAC

R CAGCAAACCCAAAGTAGGCTCGT
a-Amy3B F ACAACCATGACACTGGCTCCAC

R GTGTGGGACCTCATGGGACGTAAA
a-Amy3C F ACACAGAACTCATGGCCGTTCC

R GTGTGGGACCTCATGGGACGTAAA
a-Amy3D F ATAGCGGGCTCAAGCCCTAAACTG

R CGAGTTTGGTCAAAGATGTGCCGT
a-Amy3E F AGCTTCGATCGATGTACGCTTCG

R GCCTTACATGGGACAATTAGGACG
SuSy-1 F CATCTCAGGCTGAGACTCTGA

R CAAATTCAATCGACCTTACTT
SuSy-2 F TCGGAGTTCAACCACAGGTTCC

R GTTTCGCACACGAACTGTGGTA

DF; IE[31% Forward primer; R: 154 Reverse primer.



3

FEWTHT, 45 2 A Sh2 T T oK 1 52 Z M1 S aed A8 o O BRI Sk TG 1k S AT S DN 3Rk ) sl 2 23 #r 21

65 CiRK 15 5,72 CHEM 5 min, FL 40 MER; e J5
T 72 CHEAH 10 min, YY) T 4 CIORAF &
SR 2749 H 3 R A A s
1.3 HIELERFITHH

% EXCEL 2007 F1 DPS 7. 05 Ziit43#r 5 14: ik
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2 HERAHAT

2.1 MEHREREMAARNHSEWL

FhF B & ok B2 Sh2 Bl oKk 58 & BF109
Q267 R IR 5T I A = R R 9 3 A8 b
W2, W2 FTLUE . S Rl A B R R,
H 32 % BF109 1 Q267 HY SR I 54 B M #E 1 1
T iR T AR I I R SR S A T
Je AR B AR fb a3, B 2 A~ A 28 F 19 BURLFR IR 4
J5 ) FH 5 e (Lt BB B R AS TR) 43 301 o o B &
6 18 d,

M2 0T L. 5 A3 & BFI09 ML, A& &

Q267 1) EURLFH - I 58 ) I T4 #E 2 A, H B
e 580 4 o A ] R AN, Rk 2 4 .8 #10 d,
2 A 28 ZR 0] 14 SR b~ T 3 40 o R e A4 A7
Z5(P<0.05) ;FFHi %L 4 8 F110 d,2 NHKX R
FUORLRRFIE R R R A B 2 R, R T
%10 d i, H 32 F BF109 Fl Q267 () ¥k b1 I8 4
BT FE R S AR & 2 d BFHEI T 9. 70 0
6.74 mg, VLI 7E RN F 8 & it B Sh2 #t £ KRR A
2E 72 PR~ 5 2 T D G 0 D4 5 T S R T
2.2 RiEMEBMEESKEEENETNK

P78 A& ok B2 B Sh2 B KoK H A8 &R BF109 A
Q267 F = F T A it AR A B T A 1 AR 1 D 3%
3, MEER3 ATIL. AT %2 ~10 d, H3 & BF109 F
Q267 Fh = ri ) A TE Ry il 1T IR 5 BTG PR B R S 5
TR R &, 16 A 38 & BF109 A1 Q267 Fi ¥
rh, SVTE R T I G PE o BITE R & 6 TN 8 d Ik ]
B E, /R 6.68 F17.63 U - g™ WEWES 1 i
TEPEI Ay AR T & 4 A1 8 d B IA B i fE, 430
H1.59 F1.50U - g',

R2 MFEEETRED Sh2 FENKEZE BF109 F1 Q267 FiF I FUEE S F B XM AT (X+SD) Y

Table 2 Dynamic changes in consumption and utilization rate of storage substances in seeds of inbred line BF109 and Q267 of Sh2 sweet corn

during seed germination process (X+SD)"

FORLRR TR B FE i/ mg

Consumption of storage substances in single seed

B & IFE/d

FORLRR TR BRI TR

Utilization rate of storage substances in single seed

Germination time

BF109 Q267 BF109 267
2 1.58+0.04a 1.37+0.02b # #
4 2.18+0.07a 1.77+0. 12b 0.34+0.01b 0.38+0.02a
6 3.09+0.65a 3.11£0.17a 0.50+0.02a 0.53+0.04a
8 5.87+0. 14a 4.89+0.49b 0.47+0.02b 0.56+0.03a
10 11.28+0.37a 8.11+0.41b 0.44+0.05b 0.53+0.03a

D, BUEBEIT 0 The values are close to 0. [FIATFARRIR/NG FEEE R 2 A H 38 R R — 545 2% 5 .35 (P<0.05) Different small letters in the

same row indicate the significant difference in the same index between two inbred lines (P<0.05).

R3 FMFEEEERED SK2 FHENKBEZE BFI09 1 Q267 FiF A iEMEIEES RENT N AT (X2SD) Y

Table 3 Dynamic change in activities of total amylase and sucrose synthase in seeds of inbred line BF109 and Q267 of Sh2 sweet corn during seed

germination process (X=SD)!

HEEREIFRIE/U - g

FEWE A BTG /U - o7

Wi i/ d Activity of total amylase Activity of sucrose synthase
Germination time
BF109 Q267 BF109 Q267
2 1.88+0.17b 4.11+0.95a 1.35+0.05a 1.42+0.06a
4 4.09+0.37b 5.83+0.09a 1.59+0.03a 1.40+0.03b
6 6.68+0.09a 7.19+0.37a 1.48+0.01a 1.40=0. 13a
8 5.84+0.21b 7.63+0.04a 1.37+0.11a 1.50+0. 06a
10 5.86+0.56b 6.70+0.11a 1.34+0.05b 1.47+0.07a

Y R T AR /NG PR 2 A A 38 & )[Rl — 15 bR 22 5 5.3 (P<0. 05) Different small letters in the same row indicate the significant difference in

the same index between two inbred lines ( P<0.05).
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MR 3 B AT UL FEFP i ik b, A S &R Q267
T v 1 ST 9 i 1k 34 T BF109, Rl A 2
8 110 d BFHT#H M FENE & BTG et s TR &, =
AT L 2 4 8 F10 d B Q267 R P A S TE R
BTG PR 25 T BF109 (P<0. 05) ; Q267 F - il E
WG BT YEE AP T & 4 d B E KT BF109, i
FERNF & 10 d BN 2505 F BF109, BNFERD 7 &
J 01, Sh2 Bt Bk H 38 R Q267 Fli - 4 ok 3 93 it 1 1R
WG TG PE R B T B ACR BF109
2.3 o-iEMEBMEEARBHEXERANRIEZEN

KA 5t E B PCR B AR X b7 & ad 72 rp
Sh2 HEK H 2 & BF109 Fl Q267 Fl 1 9 4~ a—JEH}
Tl IR S T A DG 35 R ) R 3k B AR A T R, 45 2 AL
24,

M4 7T LLE . Sh2 8t B 2K 3 22 & BF109 Fi
Q267 Fil 1 B % ik B P o — 3 M AT G 3 X (AU 4R

a-AmylA . a—Amy2A .a-Amy3A . a-Amy3B .a—Amy3C .
a-Amy3D Fl a—Amy3E FE& ) FFEHREA R EEAH O 3L K
(F2H5 SuSy-2 F SuSy—3 FEH ) AR F 5 AR 1k 22
SRR, Hf, a-AmylA o -Amy2A o - Amy3D Fl
SuSy—2 Fe R AE XS Rk EAERN T & 2 ~ 10 d IFAH
X M a—Amy3A . a—Amy3B . a-Amy3C .a-Amy3E
I SuSy—3 FHEPR (1 AH X 2 3k dat A AE P 20 (i &
2d) B, U a-AmylA a-Amy2A o —Amy3D F
SuSy—-2 FEPI AT e 500 Sh2 it E K Fh 1 & 1Y e g
TR AL

M4 BT UL R & 2 d B Sh2 Bif Bk H &S
% BF109 F1 Q267 Y a— V& 53 il 5k 5] FREAR 5 1 T A
ORHEDR AR 2R 3K B () M A4 AE I 35 25 5% (P<0.05)
SE E& T & W E B 22 R BF109 #1194
oo—JE A it RV B oS0l P G 35k PR 1 A % 28 35 I
HAZH Q267

F4 WMFHEIED Sh2 HEXKBE X R BFI09 71 Q267 FF i o MEEEME S HEAXER AN REZEMN NS EN (X25D)"

Table 4 Dynamic change in relative expression of related genes of a-amylase and sucrose synthase in seeds of inbred line BF109 and Q267 of Sh2

sweet corn during seed germination process (X+SD)!)

a—Amyl A FXF K E

Relative expression of a-AmylA

B &l /d

a—Amy2A XK E

Relative expression of a-Amy2A

a—Amy3A MXFFIRE

Relative expression of a-Amy3A

Germination time

BF109 Q267 BF109 Q267 BF109 Q267
2 0.20+0.01b 1.00+0. 10a 7.66x0.35a 1.00=+0. 10b 0.62+0.02b 1.00+0.02a
4 13.00+0.47a 1.02+0. 10b 0.39+0.05b 0.83+0. 13a # 0.07+0.00
6 0.06=+0.00b 106.32+6.34a 0.09+0.01b 4.31+0. 16a - -
8 1.20+0. 10b 3.27+0.11a 0.99+0.01la 1.05+0.07a - B
10 0.10+0.00b 3.80+0.35a 6.98+0.55a 2.91+0.18b - -
a-Amy3B X F A& a-Amy3C X F A E a-Amy3D X F kB
Hij Az fial/d Relative expression of a-Amy3B Relative expression of a-Amy3C Relative expression of a-Amy3D
Germination time
BF109 Q267 BF109 Q267 BF109 Q267
2 0.39+0.01b 1.00+0. 10a 0.40+0.01b 1.00+0.03a 0.17+0.01b 1.00+0.03a
4 # 0.05=+0.00 0.03+0.00a 0.05+0.00a 0.73+0.03b 1.02+0. 00a
6 # # # 0.23+0.01 0.04+0.00b 18.36+0.77a
8 # # # 0.01+0.00 0.11+0.00b 0.33+0.02a
10 # # # 0.01+0.00 0.03+0.00b 0.08+0.01a

a-Amy3E FEXT Rk

Relative expression of a-Amy3E

B &)/ d

SuSy-2 FRX Rk

Relative expression of SuSy-2

SuSy-3 X Rk

Relative expression of SuSy-3

Germination time

BF109 267 BF109 Q267 BF109 Q267
2 0.44+0.03b 1.00+£0.01a 0.54+0.01b 1.00+0.03a 0.02+0.00b 1.00+0.01a
4 0.01+0.00b 0.05+0.00a 0.68+0.02b 1.08+0.00a - -
6 # 0.31+0.01 0.07+0.00b 3.30+0. 14a - -
8 - - 0.52+0. 10a 0.02+0.00b - -
10 - - # 0.01+0.00 - -

D, AL O The values are close to 0; —: A Undetected. [AAT T AR [ M /NG FHEFR R 2 A~ AL R — KM R X E2ZER T

# (P<0.05) Different small letters in the same row indicate the significant difference in relative expression of the same gene between two inbred lines

(P<0.05).
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3o W

Pl & 22 A8 IR 2L B 5 A I 1
KR T 2 80 28 ') . Cheng 251 %
K FERD T A 4 d I PR o A ) ok AR
TR BB TAEABESE  , Sh2 il K A 28 £ BF109
F1 Q267 - MFLH ) B AR Fh 70 & 6 d ik

APH S BB, A R R (#ik 2 ~104d),
Sh2 FtEK A ZE R BF109 F1 Q267 4 F I8 4 ot
FEI A R AEAEROR 22 5, Horh BF109 B -7k
YIRS FE R EAS b T Q267 i H ey 5 R &
BT Q267, 3 HAERNF % 4 .8 F1 10 d B 2 4~ H
2 Z2 BT 400 I 3 RN R FH SR A A A R 2
5 (P<0.05), RLEFTH LR, P 5 F#E &
15 PR o, L I o R R AN — 2 e, RO
W] 2 1L R O IO T R S R FH R RS A G

A0 v 08 38 A B AL 46 o — JE A B A B —TE M
it , o, o V8B il 25 e B & R Al i A K
Ry 23>0 i B A e ) 3 A R A R
T 3o AR i U oy (2 2 o 1 e SR ARG ARBIESE S
SRR . Sh2 it oK A 3C &R BF109 Fl Q267 F - 1
RIEM WA — B2, R F I A 2 ~ 6
M2 ~8 d Frge T, Horf BF109 Fh 1 o7 /) S 38 #3 il
WPEER P& 6 d BHIA BB (6.68 U - ¢7'), 1l
Q267 Bt 1 L TE By Bl 15 M ZEFP 1 & 8 d ik
P (7.63 U - 7)), X AT RS Fh 7 8 & AT g-3¢
T ) AR T TR B o 3 T 1) R i 5 A K

YR H Y a-TE R BFA K I 252 GA Fl ABA
R0 I HAR T Y a—TE R AR SCSE R (2
$& a-AmylA .a-Amy3B .a-Amy3D 1 a-Amy3E FEH)
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