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Effect of Ethylene on Starch Biosynthesis During

Endosperm Development in Maize
LIU Xiao—qing, WANG Ping, ZHAN Yan—ting, WANG Yue, YANG Yang, LI Hao, DONG Xue—hui
(College of Agronomy, China Agricultural University, Beijing 100193, China)

Abstract: To explore the ethylene effect during starch biosynthesis, maize inbred line B73 was used and

sprayed with 400 mg/L ethephon at 10-leaf stage. The results suggested that both 100—kernel weight and starch con-

tent decreased significantly after the maize was treated by ethephon solution. Also, the activities of many enzymes

that related to starch biosynthesis all decreased significantly, which involved ADP-glucose pyrophosphorylase, solu-

ble starch synthase(SSS), starch branching enzyme(SBE), sucrose synthase(SS), etc. Additionally, we used qRT-

PCR to analyze the expression patterns of endogenous genes relevant to starch synthesis. The relative expressions of

ZmSH2, ZmSS1 and ZmSH1 were all decreased at certain seed development period after exogenous ethylene spray-

ing. These data revealed that ethylene affected starch biosynthesis through influencing enzymes activities and genes

expression levels involved in starch synthesis.
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g SAF R EEAE A S mL 42 BUK : 50 mmol/L
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DTT.2 mmol/L EDTA , 12.5(V/V) H il .5%(W/V)PVP-
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WS 35 WA T AGPase . SSS .SBE . DBE 1 SS i 14
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4 mmol/LL PEP . 200 mmol/L. KCI. 10 mmol/L. MgCl,.
1.2 U PN R % 38 , 30°C7K ¥ S0z 30 min, 1 7K 74 7
2k B 1 min, ¥ E . BT 0.40 mL 2 -
50 mmol/L. Hepes-NaOH(pH {H 7.4). 10 mmol/L Glu-
cose , 20 mmol/L MgCl, .2 mmol/L. NADP 7531 2] 2
Ja A 1.4 U HK.0.35 U G-6-PDH, 30°C /K i J i
10 min, 340 nm [,

SBE {1 PR R « 1l 3% M RS R RS kL B
78RN 0.01 AN BLEE{ . 0.2 mL £2 BOE T A
50 mmol/L Hepes—NaOH(pH {& 7.4), 5 mmol/L G-1-P,
1.25 mmol/L. AMP, 54 U B iR fL. i , 30°C 7K ¥ [ hif
20 min, A 0. 05 mL HCI (1 mol/L)Z 1E 37, A
0.5 mL — H W AR & ¥ 2) J5 A 0.7 mL L/KI
(0.1% 1,,1% KI), 540 nm L0,

DBE & PRI - 1> Wl 3% 1 S S RS kL B
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{4 . 0.05 mlL 42 U A 0.20 mL S N7 -
50 mmol/LHepes—NaOH (pH {& 7.4) . 100 mmol/L AR |
10 mmol/L UDP, 30°C/K ¥4 J 1 20 min,, i 7K 7 Hr 2%
BRI 1 min, 341, DNS 00 A= B S pE ) 1
132 ERIEFLRNAFRRA LA & LE 2 PCR
RNA $2 B % H Invitrogen TRIZOL Reagent 15]
RNA $#2 B0 @ S T3 00, 3R AE ) 52 . i Re-
vertAid First Strand cDNA Synthesis Kit(Fermentas) i#f

fr e 5k . cDNA #E4T 4 15506 B a1 b i A,
SYBR Premix Ex Taq™ I(TAKALA) #1791 , I 78
7 500 fast Real-Time PCR A (ABD)#47 PCRY 1% . H
ABI 7500 Fast Real-Time PCR System TR ES
P R A X S22 B PCR A BOHE U 4T 40 M .
ZmACTI B NS5 W . WK R 20 pL: ddH.0
5.6 pwL.SYBR Premix 10 pL. 1F [6] 5] 4 (5 wmol/L)
1.2 pL 2185 #(5 pmol/L)1.2 WL .cDNA 2 pL.

F1 EHRHEEPCRIEREFSIWFI

Table 1 ~ Genes and primers used for gRT-PCR
PR LB P4 319751
Gene encoding protein Genename Gene 1D Primer sequence(5’to 3”)

HERES WG ZmSHI GRMZM2G089713 F Lglitcaccgeaattegea

R agacagglgaacgageaggc
TEM T S ZmSBEIIb GRMZM2G032628 F cgaaageclgggglgtal

R cactggagcatagacgacacat
5 RVER A G ZmGBSSI GRMZM2G024993 F glegaaggegaggagale

R cgctlattaggttgtgeca
AGP fEHER (Ll ZmBT2 GRMZM2G068506 F cgeggagigiceatetegatg

R caccacclcccagaatgatice
AGP fEBEIR (L ZmSH2 GRMZM2G429899 F tgggageggacacclatg

R tcaccacgattccagaccett
VR ZmSSI GRMZM2G 129451 F glctgctitggetgcctty

R aggacaacaacacaggtaataatc
TER B A ZmSU2 GRMZM2G348551 F atcglggtggelgelgaatg

R gltcactictaggtectgtectge
TEH 255 S ZmSUI GRMZM2G138060 F cggtegligiteggctic

R cgcaatacaaggatgatggag
MshaE A ZmACT1 GRMZM2G126010 F cgallgagealggeatlgle

R cgaaaaacagcctggatage

1.3.3 =M BT 62

WER 20 R oK, 3R A W4 AR
1.4 HELESHW

Bl R FH SPSS19.0 M Excel 2010 #4347 )5 2%
M 5 VEE, R H Duncan 3 #E 17 i 25 M 6 56 (p<
0.05)
2 ER550r
21 ZHAEMERERE R ERE

H 2 0 A1, AL BE 2 5 K ) A R T L
TR o I RIS, EORCER R RN 15.7% , PRI T
F5%20.7% . AL TRIE S Ao Bt A e 5
M), &b B2 HpA TR B R Aok S % REZELAH B3
B2 15.7% 1 15.4% o HMIE G AL BT F K TR 2R

K KR MIAR R . O BRREICE
KR ER RO PR A TRLE, AT R
KRB TR A
22 ZHEAERRFREEMSESTHENSE

H % 3 T, B B2 I BB, TR E
By i i | ELEETE M MO BEVE R i N R SRV
K3/ LB E K LU AN W s , AR A B2 A R 20
2 R . 76 DAP3S, AbBRA] P A sk B S %
HEZH AR HL T P24 8.5% , SCHEVEM & i F R 12.5%,
VLI RVER & TR Rl T e A TR
2.3 ZEAEBEENER S R XEEREM

B & 1 AT, 7 DAP10,15.,20 H, X B8 41 H )
AGPase 7P 2.2 5 TACFEZH . 7£ DAP1S, Z Ak 3
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Z 5 AGPase i i 1 55 0f BEZHAH LU RS VE R IR 2 BRI PT AE S i A B SR & B AR T 0

19% . 1E58 )7 10 ~ 20 d, BLBE DR EM AR R A a iy RN
KEERTH], X Beif 1] A M AL P2 = AGPase 1 LY

R2 ZHAEXB73EHEFRIRIT

Table 2 Yield components of B73 under ethylene treatment

SE
I

ab 3 K FRK TR hn) FE M TR (g) AL ER () HHRLHE (g)
Treatment (cm) (cm) Kernel number (cm) Grain weight Kernel number 100-kernel
Ear length Bare tip length  per row Ear diameter per ear per ear weight
ETH400 10.65+0.31 a 1.57+0.17 a 17.47+1.25b 34.77+0.68 a 23.75+0.84 b 235+8.84 b 10.79+0.22 b
CK 11.04+0.27 a 1.33+0.17 a 20.73+1.16 a 35.74+0.55 a 29.96+3.93 a 278+12.26 a 12.81+£0.93 a

1 [Rl—F AS [F] SR R m A PR R) 22 573 1835 (P<0.05) . ARE N 2016 4E I RE 455, 5 2015 A e 45 R B 5 25 57 .

Note: Different letters in a column indicate significant difference among treatments at P<0.05. These data represent the results in 2016 which had

no significant difference with the results of 2015.

R3 ZHEXBEIREIEREHSENIE

Table 3  Effect on the starch content during endosperm development under ethylene treatment

b BIER 4 (%) HETER O B (%) SCREVERR B ik (%) I EHETER
Treatment Total starch content Amylose content Amylopectin content Amylose content / mylopectin
CI5 37.52+0.35 a 45.61+0.31 b 54.38+0.41 a 1.19b
E15 32.25+0.22 b 49.98+0.15 a 50.01+0.25 b 1.00 b
€20 55.26+0.14 a 42.64+0.17 b 57.35+0.32 a 1.34a
E20 51.25+0.19 b 47.17+0.54 a 52.82+0.14 b 1.12b
C25 68.35+0.33 a 38.39+0.32 b 61.80+0.14 a 1.60 a
E25 60.24+0.02 b 43.66+0.12 b 56.33+0.12 b 1.29b
C30 75.51+0.41 a 34.19+0.21 b 65.80+0.14 a 1.92a
E30 70.25+0.34 b 41.21+0.25 a 58.78+0.21 b 1.43 b
C35 75.54+0.24 a 30.10+0.23 b 69.90+0.36 a 232a
E35 70.59+0.12 b 38.88+0.17 a 61.11+0.25 b 1.57b

T 2 [l B R ) SR R F2 05 5 = i ) (9 b 3R ) 22 57 853 (P<0.05) . C F/R CK,E /R ETH400,

Note: Different letters within a column indicate significant difference at P< 0.05. The data were collected at certain time after pollination.
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Note: *indicated significant difference at the 0.05 level. The same as below.

1 ZIEXREZL A B2 AGPase #1 SSSiE 2L B9 22T

Fig.1 The effects of ethylene on the catalytic activities of AGPase and soluble starch synthase(SSS) during endosperm development
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Fig.2  The effects of ethylene on the activities of granule-bound starch synthase(GBSS)

and starch branching enzyme(SBE) during endosperm development
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Fig.3 Effects of ethylene on the activities of starch debranching enzyme (DBE) and SUS during endosperms development
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Fig.4 Effect of ethylene on the relative expression levels of ZmBT2 and ZmSH2 during endosperm development
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Fig.5 Effect of ethylene on the relative expression levels of ZmSSI and ZmSU2 during endosperm development
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Effect of ethylene on the relative expression levels of ZmGBSSI and ZmSBEIIb during endosperm development
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Fig.7  Effect of ethylene on the relative expression levels of ZmSUI and ZmSH1 during endosperm development
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