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Analysis of starch accumulation and starch synthesis-related gene expres-

sion during tuber expansion stage of yam

SUO Ningning, ZHANG Yanfang, GAO Yuanli, ZHAO Lingmin, GE Mingran, LIU Jiecai, HUO
Xiuwen

(College of Horticulture and Plant Protection, Inner Mongolia Agricultural University, Hohhot 010019, Inner Mongolia, China)
Abstract: In order to explore the accumulation mechanism of starch during the expansion stage in yam tubers, we investi-
gated the changes in starch content of various types, activity of key enzymes in starch synthesis and gene expression pat-
terns of starch synthesis key enzymes in Dahechangyu yam tubers. The results showed that the accumulation of total
starch, amylose and amylopectin showed a trend of increasing first and then decreasing during tuber expansion stage of
yam, and amylopectin accounts for 88.35% of the total starch content 150 days after planting. The increase of total starch
content mainly results from amylopectin accumulation. Glucose- 1- phosphate adenylyltransferase (AGPase) and
starch-branching enzyme (SBE)have significant positive correlation with the accumulation of amylopectin, and are impor-
tant functional enzymes directly involved in the accumulation of amylopectin. The gene expression level of 4GPase, SSII,
SSIII, SBEII was positively correlated with amylopectin content, which was the key factor of amylopectin accumulation in
yam tubers. SBE showed a directly positive effect on starch accumulation, AGPase and granule bound starch synthase
have directly positive effect on amylose accumulation. These studies are of great significance to reveal the molecular
mechanism of starch synthesis in yam tubers.
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ARG EEER . 7A@ SR PR
BRI, W R aa AR 7 AR R A CARE B 1) T X0
o) R R I B P ZE N, SRS & ADP-H %) B AR
T 'R 14 ¥ (glucose- 1-phosphate adenylyltransferase,
AGPase) . 7] ¥ V£ V€ ¥y & & B (starch synthase,
SSS) IR A PE M & il (granule bound starch syn-
thase, GBSS) . & ¥ 73 3 W (starch- branching en-
zyme, SBE) 55 & iy i 5% B g 1) P 170 1 FH A A Vg
¥y 1 & Y AGPase fiE A4 % BLUE ¥ & 1 1) KA
ADPG, &A% H < g Bl MR 3 Mg o 5 AT AR IE
HIH Patatin J5 213X B¢ AGPase K1k, ¥ Kk
DR 5 58 B 1R e 7 RO AR AR v T 35%. A
BRI BR AN ) AGPase 315, T8 ek & &= Lot
HAIK 4%~35%". B E P LT AGPase T2
5lie GBSSI (315", GBSS 3 Z 471 5F ELRE iE b 1
B I ARA FAl A BT AUCIZ I BE . Kitahara
SEMH H RNAL H AR 0] GBSSI %35, KL GBSS
A BT EFEVE R AR 8, T Bk 2 5 S8 E
KHER & R IR 7 B AR AL , SSS #7) hik
LR, AR ZAE Y h 22 4R SSITRT SSIIT,
FLAE SRRV R (1) & b R B E ™ LRSI SSU
(RIS S AN 2 S Wi P P A K T 8 R E K 11 25 &, (LA
il 5 PP AR SR B B, XA R R
WEFC AR ) 7 AU &5 R, SSIT L RIE =
A5 i 7 A R B PR /NG R RL , O B A R
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BN SRR SRR I 2 3™ i SBELIIRIA , 4
S UEMRLGE K R AR, SO R MV ELBEE R I
SN F SBEI)ZRK %] B FER & =M 52 A
3 5 M0 B N SBEIFN SBEIL, B4 h ELEESERY &
I 75%" s S UE R 8 & 2% B (pullulanase,
PUL) & JiE 4 & 1% i (sucrose synthase, SUS) tH 5 5
TUER G . SRR DR b SUS IS, Bk
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REVE A E R AU % 77 T B SR AR 2T AR
MM, 124Kk T 1L 25 TR & oS i g 5 Ho g 0 2k
R 1A B SR 1 AT SN EE A B9, 1 2 R AN RUH
Rrik— G240 .
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BRI . XA BT 87 1 25 B 25 5 A
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d SR B L1 258 B E bR B SE e .

1 MRS TGk

11wl

Ll 25 i o R A 2 1L 24 (Dioscorea opposi-
ta ‘Dahechangyu’) , N2 FTE R E— YR
1 E B, T 2021 4 5 A¥IAE 10 A RMREEN S
O R E L 2 P T B R . 8 L 15 em A2
A W FOG 407 %) P Ly 2 5 - R R, R R 8 2Rk s L WU T
PR 75 50, 478 60 em, #RFE 20 em, T 5 H 7 HA
TR R ) B
1.2 AiE

PSR X ORI 3 1L 2 A FE A AR S 75 d B
EFFUER K165 d Bk R T RE 5 9 90,105
120,135,150, 165 d B, BN & B 3 IRAEY)
SRR E G REAZI 3 R A — B 2
ITHL R PR . HPRAR R LS, HZE R
B2 g, 3 HRERRFE, S ARAEE IRl AR E
7 ,—80 °CiH A7
1.3 INEMNE
1.3.1 Lh3E M ARG 2 bR RA
BOROM BE P Ja B 2R W BRI B, o T AEAR
U &
132 Zhmasmle  SIEEPOSR XK
W E R ZEVE N S . SCEEE M A B E B
538 nm Jyill E WK, 758 nm NS K HEEE R
R IE LL 624 nm il E WA, 410 nm A S HE
Koo BIER R/ Y%= BT R B & (%) + SCBETE R
TE(%),
133 RHHmFEBEEGMNET HKNL1.0g
TG BHRZE  FE TVA R o B ok R, DN 5 mL
FEU & 100 mmol - L' pH 7.5 #J HEPES-NaOH,
2 mmol - L' EDTA, 8 mmol - L' MgCl,, 12.5% H il ;
50 mmol - L' B-Fi £ &, 1% PVP-401], Ff X AF B
J& »4E 4 °C 10 000 r- min™ &0 15 min, FIEWHAIE R
I 5E AGPase.SSS 1 SBE ¥ ¥ M B . e
FRIIN 5 mL $&BUR, I%3% 27 3 S e 1R e
GBSS W& FIHE R . S5 587 REECIR 7 1L 8
AGPase.SSS fil GBSS i . SBE &1l 2 2=
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134 =AM mXaEGEREAEE N80 °Clhk
A7 HIBRZERE B AP 4R LR RNA. WL 2 pg $2ECH
& RNA Fl H & % 5 6 71 & (PrimeSeript™II st
Strand cDNA Synthesis Kit) & il .55 cDNA. MZE
R A T A L2 R s Y A R 3RS AG-

Pase- SSII. SSIII. GBSSI SBEI. SBEII 1] %% K J7 %1,
{8 H Primer Premier 5.0 #4152 1H F T 52 286 &
= PCR (quantitative reverse transcription polymerase
chain reaction, QRT-PCR) [ 5| #) (58 1), PLA E
cDNA MM, L2118 NN S5, FIH Tag
SYBR®Green qPCR Kit (Bio- Rad) i 7 & # 17

#£1 AT qRT-PCR HI5|4F 5

K A4 TR 1E 514

EEEIEY

AGPase TCCCTTCTTCACTTCCCCT

MY/ ATACTGAACCTCAAGCGACTGG
SS1I AAATCTGCCAGCATCGTCAC

GBSSI
SBEI
SBEII

AACTGGAGGGCTTGGTGA

CCACAGTCACGCAAGCAAC
CCAGATGCCGTTGGTACTAC
18§ GATCGGAGTAATGATTAACAG

TCATAGTAGTCGGCACCCAT
CGATGGCGAAAAATAGGACT
CCACTCTCCCCATCTCTTCTCT
CCTTGTACTGATCGTAGCGTG
TATGATAGCCCCTCTCCCC
GCCATACTTCAAAGCGAGAG
TTATGGTTGAGACTAGGACG

qRT-PCR. 48 J5 J% 25 5 J , 222 il 47 At iih 2 DA £7
IV R Rt . RSB AT ICE 3 IRE A, 2
AT R AR ik i .
1.4 FUES

¥ H Microsoft Excel 2021 347 i 36 £ #5 43 My
Kl B, K SPSS v27.0 B AF 47 5 22 40 B AH O
P AT S B AR AT

2 AR50
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J & K BE AN B AN W 3, P S 90~150 d 2
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150 d B B/3 thiskb 8 0.132 (] 2-D) 5150 d B,
LM M RABEE, 5 RER ST EM
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% g7 denl i PN F36%
F2 HREFEMIARMEXED
5E TN A R B S TEN £ PR B HE [R] 1 20K
AGPase itk SSSVEtE  GBSS itk SBEW&ETE  AGPase  SSII MY/ GBSSI SBEI SBEII
HERER SR 0.910%* 0.661* 0.447 0.884%*  (.782%*  0.623**  0.826%*  (.544* 0.809%*  (.795%*
HEER B 0.592%* 0.202 -0.062 0.811%%  0.640%**  0.604**  0.806**  0.239 0.480* 0.692%*
MUEN R 0.621°%* 0.233 -0.031 0.829%*  0.659**  0.615%*  0.821**  0.262 0.508* 0.709%*

VEIRTE 0.05 KPR o URTE 0.01 K P2 RHES.
ERFIEMK. Saiehae

KR AR

AGPaseSSII.SSIII . SBEIIZ5 3[R ) 22 i/ th A% R
EIFMR, 5 SBELER MFA R R E IEM . HEE
TR RSN G ORI RIS BN R E
B 2 IE AR 9C , 36 WX SE g D Y K B o e e 1)

x3 HRER

BRI E S L ZHRETER MR RA VIR .

2.6

LIZHREE

MIRERBESN
fisBhi@ R it — Do ek &

ol B il %

LA it DR R0 xS YA ST U b AN LB VE
BRI (R 3) . HIKEERHEEY], SBE(S4)

MRRBE N

EmET gy AN :
S2 S3 S4 S5 S6 S7 S8 S9 S10 #it

RUER R*=0.974

S1 -0.254 -0.176  -0.192  0.785  —0.045 0.013 0273  -0.111 0.158  0.172 0.877
S2 -0.229 -0.195 -0.300  0.634  —0.040 0.012 0.163  -0.115 0.149  0.155 0.463
S3 -0.326 -0.150  -0.211 0421  -0.032 0.009 0.109  -0.073 0.112  0.109 0.294
S4 0.897 0222  -0.162  -0.153 -0.047 0.014 0271  -0.111 0.156  0.187  —0.067
S5 -0.053 -0218  -0.171  -0.197  0.798 0.015 0272 -0.093 0.126  0.179 0.711
S6 0.018 -0.178  -0.155  -0.156  0.709  —0.046 0221  -0.088 0.105  0.186 0.598
S7 0.319 -0217  -0.117  -0.112 0762  —0.045 0.012 -0.045 0.106  0.157 0.501
S8 -0.187 -0.151  -0.141  -0.127 0535  —0.026 0.008 0.076 0.155  0.121 0.450
S9 0.187 -0215  -0.182  -0.195  0.748  —0.036 0.010 0.181  -0.155 0.164 0.320
S10 0.209 -0209  -0.170  -0.170  0.801  —0.045 0.016 0.240  -0.108 0.147 0.502
HEER R=0.891

S1 0.978 -0.078 0.114 0883  -0431  -0312  —-0.067 0.146  -0.698 0376  -0.067
S2 -0.102 0.752 0.178 0713  -0376  -0302  -0.040 0.152  -0.655  0.340 0.762
S3 0.193 0.577  -0.094 0473 -0304 -0215  -0.027 0.096  -0.493  0.240 0.253
S4 1.009 0.856  -0.072 0.091 -0.448  -0.353  -0.066 0.147  -0.687 0409  -0.123
S5 -0.503 0.838  -0.076 0.117  0.898 -0.384  —0.067 0.122  -0.555  0.393 1.286
S6 -0.447 0.684  -0.069 0.093 0797  -0.433 -0.054 0.116  -0.461  0.407 1.080
S7 -0.078 0.837  -0.052 0.066  0.858  -0.430  -0.309 0.059  -0.468  0.344 0.905
S8 0.246 0.581  -0.063 0.075  0.601  -0250 -0211  -0.019 -0.681  0.265 0.298
S9 -0.824 0.828  -0.081 0.115 0842  -0339  -0250  -0.044 0.203 0.360 1.634
S10 0.458 0.803  -0.076 0.101 0901  -0432  -0397  -0.059 0.142  -0.647 0.336
SCREVE R R*=0.976

S1 -0.329 -0.180  -0.209  0.765  -0.020 0.033 0290  -0.126 0211  0.156 0.920
S2 -0.234 -0.253 -0.326  0.618  —0.017 0.032 0.173  -0.131 0.198  0.141 0.435
S3 -0.354 -0.194  -0.216 0410  -0.014 0.023 0.116  -0.083 0.149  0.099 0.290
S4 0.874 -0288  —0.165  —0.166 -0.020 0.037 0288  -0.126 0208  0.170  —0.062
S5 -0.023 -0282  -0.175 -0214  0.778 0.040 0290  -0.105 0.168  0.163 0.663
S6 0.047 -0230  -0.158  -0.170  0.690  —0.020 0.235  -0.100 0.139  0.169 0.555
S7 0.339 -0282  -0.119  -0.122 0743  —0.020 0.033 -0.051 0.141  0.143 0.466
S8 -0.212 -0.195  -0.144  -0.138 0521  —0.011 0.022 0.081 0206  0.110 0.452
S9 0.249 -0279  -0.186 0212 0729  —0.016 0.026 0.193  -0.175 0.149 0.229
S10 0.190 -0270  -0.174  -0.185  0.780  —0.020 0.042 0255  -0.123 0.195 0.500

¥E£:S1.AGPase;S2.SSS; S3.GBSS; S4.SBE; S5.4GPase; S6.5S1I; S7.SS111'; S8.GBSSI; S9.SBEI; S10.SBEII »

o 74 -



553 1

T T A AR IIPTE R BN A A DRI R A 0 Hr

R BE R T

TR S TE B R S VE R AR SR ME — R IR B R IR AR
J%(0.897,0.874) HITE K & S B ; 3@ i SBE [ [A]
B2, AGPase (S1) . SSS(S2) . GBSS (S3) % i
Wi FH S Bl Ry BB ORI T — 8 1 IR 2 1E AN
(0.785.0.634.0.421;0.765.0.618.0.410) . AGPase.
SSS B AR X 3 HE vE B AR R B R SRR
(-0.329,-0.234) , {H H.ifiF GBSS.SBE 45 HAth [X -1
X SCEE VERY B SR R AR T )42 IR AU (ATt 0.920,
0.435) , HLH T & AT 0 B 42 51 AR . AGPase Al
GBSS X} B4 e M A 2 B vamk/E UK T SBE.

AGPase(S5) .SSI(S6) SSIII(ST) GBSSI(S8)
SBEI(S9) \SBEII(S10) %} B 25 & g by A1 S e vk AR
R N R AR REBOR T B85 RE U
HH I 26 F R 0 ok JF A o IR 7 1 ) 422 FH ok
PWEIE MR . AGPase I GBSSIW 53 R 1) K1k
B BN R RN E B AN
(-0.023,-0.212) . GBSSIF1 SBEII*T 4 & ¥ B R
UL T — 5 I EBEIERN (0.246,0.458) , LERDL T
[B] % 1E 2% (0.298,0.336) o

3 W4

TER RAEY AR N = B BROK AL S AT, T
PAFE TG HL LA E HLR T, 2ol B 7=
WFFRME S L Ed et EREE
IR KA, FHAE S 90~150 d F2 bRt 185 K 447
5L [Fw, WA POER K, BT oL, RS
TER IR REBE VI OC JE R 2 L 2 2 & K
FHL ARk () L pr kR 7 SR, H AT F b2
PZEVE R A A ORI BL ) AN BRI . Ve Ry A BB
AR AN SCHE VE A PR AR AR AE T 2 T B E R 5 S
BEVE R T & 0 FUAE A 0% DU DE DR B VR R
R 50 B L 2 H R p SRS RY £ S e
B 80% , ELEEE R 5 20% A A, SCEETER S
o U A AR B PR A, TR R R OK T
BB BT AR, BB S R IR A, R
(AR B6: e 25 5 K 3 IR) B/ 3 b 508 T B
B, LM S B BB R S B Ek S B
BL, o U R R 1 G 0 A R SR VE R B Y
I, X SR IE S0 SR E RS R —EGH
2 P25 e R B/ S B S LI TRR i £ AR AL
s, SEHEM R E/ LR B N RREAEE
AN X AT BE SR SRR SRS 2 A O (AR
IRV R H EMMEE 80~110d B/ LR E TR
B% , 45 ] R A2 I B 31 B BT b A B R N T

SCHRETER G, X 5 E I A A R — 3

VEN A BT U6 T 1-5 8 7 %) B A1 ATP 7E AG-
Pase (AL T & ADPG, i% W J2 JE 8 & i i
X PR D B R AV B R D I B, W8 S E AR
JRAR B 22, SBE 35 [ 1) 2 5 1 QRS 1 5ot
SCEEVERD (M)A A B EE 50, N 5 A AR B A
s B AERKKREE REERN. EikiE, [0
il SBEIF SBEII/NFZ ELA4E e Ky 75 & M 25.5% 32 = 2|
70.0%""; 1M SBE (13 2 128 AT i 4% B PR /K e S B e
K o0 SCHEC N B35 W LRI, VB T il oK et g
AGPase. SSS. SBE 7t 111 24 He Z5 e Fy #1220 F2 v
PEAR AL AR — 3, B W & 5 B3 R &
P, R IS 135 d IS 1 AR Gk B B K1, AGPase-
SBE 5 B e #y AN R B AR 25 IE MO, IX 5 4%
O B MRCSE RIS S AR BT RIS
FHEE Y O TR FUE R A O BB L K] AGPase.
SSII.SSIII . SBEII) FHXT 3255 F 1) 2 AW BT
e R AGPaseSSII\SSIISBEIZE F )
AT R AEAKFAE 135 d BT FRSEIE / , IF 5 SCREVE R
R B AR, X S IR ST 2

LA BT A T FE i SCBE S R (1) 6 BT ZEE By
B B 2 B] — 5 P2 FE R R C &5 SR SE e Xt
/NS TV L S A )R 3R B L SR VE R B R —
SRR B R E A R RE G, T
X T KTE R A4 (1) 7T 3 B, SSILSSITRI SBEILZ []
fEER E-EEM AR, E-E8WHTE sk T &
J5i W B2 1k ©9.  SSI- SBEIIa. SSI- SBEIIb A1 SSI-
Ta-SBEIIb & i FAH BLAE FAE/NEE oK WK FE
IR W, KRG IEHRIE T SBEIS PUL [AHHAE
Y (2R Ry —Fp B X R R AL () S5 1
T VR IR R 2 A N ZE P AT IA E |
KNE KFEEEY A, X0 3805 M
LE, ek & AR BRI DhREMLHIANE] . B W F
2 5 e A S (0 OB B AT [F] I 3R s SBE J2 X 3
TE R R E A AR BRI A T 4 T AN U A
KBENg , 8 SBE MY W) £2 52 W , AGPase. SSS-
GBSS i SCBE e A BRI — 5 1A e IR 508
SBE 5 3CHEE R I 2 S I 35 IEAH DGR EPHIE 17X
— RN SBE W] B8R it HAh g bl R4 et
PR SCREE R AR 2, BARNLH IS A it — DA 7T

gE LRTIA , KA A (L 2 e 25 v a5 i
BN A2 Bt T SRR IR R B R B R
A FPHE S 135 d WER R BREEAR NG AG-
Pase.SSS.SBE X L1 24 e 25 V& # (AR 282 0 2211,

« 75 -



KBS R 5T

hoE R

e

ES

364

AGPase.SBE TRt 2& H#Z 5 e M B E

i

Bl s AGPase SSII SSIII - SBEII: K] 1F 7] 428 B

LRI R . B4, SBE X & KIEM R R
R A BB IE N, AGPase GBSS X B84 Vi ¥ #1
R E BT .

(1]

(2]

[3]

[4]

[3]

(6]

(7

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

Sk
MRERAE, P, 53004, 55 . 23 DaANS 3K 7 [ K R 1k 2% 57
SrAT] AR B 244, 2015,51(6) : 853-859.
CHANDRASEKARA A, KUMAR T J.Roots and tuber crops as
functional foods: A review on phytochemical constituents and
their potential health benefits[J]. International Journal of Food
Science,2016,2016:3631647.
MBI , HERR 2 , AT, 46 MU 7 B X L R 2R
BT BRI SR S )] AR 245 2021,35(5) : 1196-1208 .
STARK D M, TIMMERMAN K P, BARRY G F, et al. Regula-
tion of the amount of starch in plant tissues by ADP glucose
pyrophosphorylase[J]. Science, 1992 ,258(5080) : 287-292.
MULLER-ROBER B, SONNEWALD U, WILLMITZER L.
Inhibition of the ADP-glucose pyrophosphorylase in transgenic
potatoes leads to sugar-storing tubers and influences tuber
formation and expression of tuber storage protein genes[J]. The
EMBO Journal , 1992,11(4):1229-1238.
LLOYD J R, SPRINGER F,BULEON A, et al. The influence of
alterations in ADP- glucose pyrophosphorylase activities on
starch structure and composition in potato tubers[J]. Planta,
1999,209(2):230-238.
KITAHARA K, HAMASUNA K, NOZUMA K, et al. Physico-
chemical properties of amylose-free and high-amylose starches
from transgenic sweetpotatoes modified by RNA interference[J].
Carbohydrate Polymers,2007,69(2):233-240.
ABEL G J W, SPRINGER F, WILLMITZER L, et al. Cloning
and functional analysis of a cDNA encoding a novel 139 kDa
starch synthase from potato (Solanum tuberosum L. ) [J]. Plant
Journal, 1996,10(6):981-991.
MARSHALL J,SIDEBOTTOM C,DEBET M, et al.Identification
of the major starch synthase in the soluble fraction of potato
tubers[J]. Plant Cell, 1996,8(7):1121-1135.
ZHANG X L, SZYDLOWSKI N, DELVALLE D, et al.Overlap-
ping functions of the starch synthases SSII and SSIII in
amylopectin biosynthesis in Arabidopsis[J].BMC Plant Biology ,
2008,8:96.
EDWARDS A, FULTON D C, HYLTON C M, et al. A
combined reduction in activity of starch synthases II and III of
potato has novel effects on the starch of tubers[J]. Plant Journal,
1999,17(3):251-261.
WANG J, HU P, CHEN Z C, et al. Progress in high-amylose
cereal crops through inactivation of starch branching enzymes[J].
Frontires in Plant Science,2017,8:469.
JOBLING S A, SCHWALL G P, WESTCOTT R J, et al. A
minor form of starch branching enzyme in potato ( Solanum
tuberosum L . ) tubers has a major effect on starch structure :
cloning and characterisation of multiple forms of SBE A[J].
Plant Journal , 1999,18(2):163-171.
SCHWALLG P,SAFFORD R, WESTCOTT R J,et al. Production
of very-high-amylose potato starch by inhibition of SBE A and
B[J]. Nature Biotechnology,2000,18(5):551-554.
BAROJA-FERNANDEZ E,MUNOZ F J, MONTERO M, et al.
Enhancing sucrose synthase activity in transgenic potato

« 76 -

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

(33]

[34]

[35]

( Solanum tuberosum L. ) tubers results in increased levels of
starch, ADPglucose and UDPglucose and total yield[J]. Plant
and Cell Physiology,2009,50(9):1651-1662.
TUNCEL A, CAKIR B, HWANG S K, et al. The role of the
large subunit in redox regulation of the rice endosperm
ADP- glucose pyrophosphorylase[J]. FEBS Journal, 2014, 281
(21):4951-4963.
B JRIE 2, G IR AR e AR R K
ZE 5 A T[] AR 2, 2018,39(6) :61-69
T 45, F6, MmN, 55 . CDPK20 B ik L Hxf il 228
IR FEAE IO AL P LA 274, 2021, 41(2) : 189-196.
PR, B, 1, 55 L ZREERE AR S IAR
B[] (R 4%, 2011,37(5) :903-910.

WA, L, 4 B AIENE L 2 b AR SRR
B B[] & AT S I, 2017,38(13) £ 150-154.
FET7 I W 2z, P, A5 L LRI A RLE S R e b
PRI A B P RS RFAE L] AR 524, 2001, 27(2) :201-206
AR TT, TRUE, BRAE 55 . Q BEAE /K ARRATRL2E U B F
T A2, 1997,23(3) :338-344.
VRS, T H A AR DR SR 23 ST TR R[]
AL F 5441, 2007, 43(6) : 1167-1169.
W, SRR BERIR, 55 . BN & BRI SRR 4L A
FITEK St BT[] AE 2% 5 2016 (6) : 44-48
HANYU H Y, JIANG H X,BLANCO M, et al. Characterization
of normal and waxy corn starch for bioethanol production[J].
Journal of Agricultural and Food Chemistry, 2013, 61 (2) :
379-386 .
H2Z 5 ARG, 5 H YR RO R o SR R P A
i EL/SCECEIWEFE )] - v BRI 2741, 2022, 37(8) : 144-150.
LhEh 5k 5, sl ik, SRR 1 B R T IR S Ve i AR R AH
KEGIE JI)] . RS, 2022,35(1):24-31.
A XU R &L UE R 70 S (SBE) 2 K] 1 4
E AW E B MR GE B [(JOL) . A AR
%, 2022.[2022-11-01].https://kns.cnki.net/kcms/detail/46.1019.
$.20220916.1645.006.html. .
REGINA A, BIRD A, TOPPING D, et al. High-amylose wheat
generated by RNA interference improves indices of large-bowel
health in rats[J] . Proceedings of the National Academy of
Sciences of the United Stated of America, 2006, 103 (10) :
3546-3551.
KIM W S,KIM J, KRISHNAN H B, et al. Expression of Esche-
richia coli branching enzyme in caryopses of transgenic rice
results in amylopectin with an increased degree of branching[J].
Planta,2005,220(5):689 - 695.
SONE, P, B A A B RVER A RO B A PR S A S 3T
LU 7 BRI B B R A PRI FET]. ) A, 2022, 42
(4):639-647.
TREE, AR, EAL. RV S RAE DR e S
O B O P DR R0 e b A SR (0] A% AR A
2021,35(3):737-744.
TETLOW 1 J. Starch biosynthesis in developing seeds[J]. Seed
Science Research,2010,21(1):5-32.
LIU F S, MAKHMOUDOVA A, LEE E A, et al. The amylose
extender mutant of maize conditions novel protein-protein inter-
actions between starch biosynthetic enzymes in amyloplasts[J].
Journal of Experimental Botany ;2009 ,60(15),4423-4440.
CROFTS N, ABE N, OITOME N F, et al. Amylopectin biosyn-
thetic enzymes from developing rice seed form enzymatically
active protein complexes[J]. Journal of Experimental Botany,
2015,66(15):4469-4482.



