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AN E 4R B o T FF AL B IS 72 i AR R

mES X#EHE XN BIH F & AmHE BAW
CPTAL A MR A2 B/ 7 A B ) TR R T A 56 9 % BT e 712100)

B E ARARGEFBEERIBPEHNREIGHER. AN GF 25 2475 . °H0816 -3’ 2REZ’
AANGERFAMAA TR EEHEFENRIRFPEDRMEXBEETRRARTN IR EN L ENOREL
it 47, B Logistic Z M AR DR R, FHAHEXSH., ERAVN.ZEFEBRIRP, A4 RN L
BN AGLRBBRR BRI 0, MABAFRER 4 ANE 2 R 00 50 6 R X B8 35 =B B H) 8 4 B BF B AL
B (AGPase) \ B 5 2 &5 4 B (GBSS) \ T I H & M B (SSS) Fe e 4 L B (SBE) ¥ 28 LA B THA S, #
BENBREFS Logistic 72, HEAMSHINE R . AEREL ZH 7T 5 0816 L3 ZXEHREREY
HALERE S~ d. I ERGES GF 25 P ZREL RTRERERFEARALERSE 15~18d. ME LN,
I Y AGPase BEEMR LS T H R AR FEIM I FZ EMX, AGPase ZEE M SR KB, K2 Ko d
mEBRE EEdH AGPase 241,

KEBIW %a; BhER; BBHESRMXE; AR XLHERED
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Starch accumulation characteristics of different mung bean
varieties during grain formation

YANG Simin, LIU Beibei, WANG Kexin, GAO Yumeng, LI Xin, LIN Ruichang, GAO Xiaoli”
(College of Agronomy/Arid State Key Laboratory of Crop Stress Biology, Northwest Agricultral and Forest University, Yangling 712100, China)

Abstract To uncover the relationship between the accumulation of starch components and starch metabolism during
mung bean grain filling, four mung bean cultivars, ‘Lvfeng2’, ‘Anlv 7”, ‘Ankang’ and ‘Ji0816Mao-3’, were used in
the study. The accumulation and changes of amylose, amylopectin and total starch as well as the changes of enzyme
activities related to starch metabolism during the grain formation of mung bean after flowering were measured. The
starch accumulation process was fitted by Logistic equation and the correlation was analyzed. The results showed that
the accumulation of amylose, amylopectin and total starch increased continuously during the process of mung bean grain
formation. The starch synthase AGPase, GBSS, SSS and SBE of four mung bean varieties showed a trend of increasing
at first and then decreasing at the grain-filling stage. The dynamics of starch accumulation in the seeds of all cultivars
can be fitted by Logistic equation. The maximum starch accumulation rate of *Anlv 77 and ‘Ji0816 Mao-3” appeared in
8-11 d after anthesis, while the maximum filling rate of ‘Lvfeng 2’ and ‘ Ankang’ appeared in 15-18 d after anthesis.
There was an extreme significant positive correlation between AGPase enzyme activity and starch accumulation rate. In
conclusion, AGPase is the key enzyme of mung bean starch synthesis and the accumulation of total starch in mung bean
is mainly regulated by AGPase.

Keywords mung bean; starch synthesis; amylosynthease; amylose; amylopectin
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GO REREEENEINEEED . ERFEE N
DRIHRE A R U R . VE R R R ALY
FENSZ— A TEN 54%~71%% kR
¥ a S R B — R B AR A B R A 2 A
YA e B AR R ERBE S 0, A AL VE B G LY 1
AR T W R 4 e AR Bk IR 1L g (ADP-
glucose pyrophosphorylase, AGPase) . € ¥ & h¥ i
(Starch synthase, SS) LI K 3& # 43 > B ( Starch
branching enzyme, SBE) , H i3 ¥r-& il B4k P
BT X 53 SR AL M BE B & 8 (Soluble starch
synthase, SSS) Fl i ki 45 & V€ #1 i ( Granule-bound
starch synthase, GBS, AGPase J&H ¥ 7€ ¥ &
IS8 2 R R it , o B A 5 S UE R L O
By 4 ADP- 45 B . GBSS 32 % i 42 1 4
Frigg a e . SSS 4 SBE k[ 2 45 3 4 B K 19 &
J [ I SBE 5% Wi #H 4) E Bh 1) RS 40 25 4 . GBSS
1 SSS LA K SBE 4 38 7] 3 45 o A7 Bl T 9014 3¢ #i
RS, Vb B SRR By 5 B AR OC B I ME T 9 2 4
PR AEY KA N R B AR
KT AP RLIE Bt B b ORFRL UE M 1Y B R R AE L U
136 BURH DG il 04 30 25 78 Ak Je — 35 ¢ F n W 9 ik UL AR
T, ABEFELL 4 A S SRR O B XRRL T B it
TR vp 3 By AH SR AR RN UE A5 A O 8 3 PR R AT R ST
AT BTER R &% AP RIE W B v vE p AR R R
DU Ay & & R 3 R L PO E R E = %

1 BT

1.1 R

PINRIFIGR G 2 2 2 557 FN SRR (KR
RULRG ek 757 F1° 3L 0816 B-37 3k 4 4G4
FpOR B AR . G T P Jb AR MRBR B R 2 R AR — 3
(34.29° N, 108.07° E)#A47, 2020 4 6 H a1 #EF .
HIH] 0~ 20 em #F )2 - SR Ail & F= RO K - A HL
19. 69 mg/kg,2A 1. 29 g/kg, B % HE 42. 00 mg/kg,
B 226. 50 mg/kg,pH 7.9, BIEEY H/INE,
1.2 REH*E
1.2.1 &K%t

IR B AL X H it 4 RE &, /N X AR
20 m*  fTHE 0. 40 m, BREE 0. 15 m. H W4 P [E Y
MR H A TR,
1.2.2 WMERABAF ik

FRtE B bR D, B )5 5~13 d JER bR
/N, ELY) 300 3. 46 )G 17 d ERURESE L i B Yy

150 3¢, HEHUIR O FERF R R, — B AT R 2l AR
PRI E T — 80 “C ARl VK A6 P& AF . H T il 0%
PR, —PAARRE M 5 T 000E JE k& 1. A BE
TEM S HE VE By M S VE By S R E SR OB K
TR VE R A R O TS 1 X ORI 1 LR 4 N
A G AT E % 3 IRER .

1.3 HiESH

LI Mirosoft Excel 2010, SPSS 23 #1 Origin
2019 PEAT i Ha b BRI

f#i B Origin 34347 Logistic 44, LA TE M TR
B () 5 # E KE (o) &7 Logistic fi 2k, 77
(W]

y=k/[1+e*]
Kb e HAERKBEZHESEA B HEIHSE,
5 BRp gt [a] fEH B R AT ¢,

AU 7 B4 S 1 VE My B R AR IE S 80 | KRB
BRI ] (T s ds Towe = — A/B3 BB TG BRAE
K (LY 58 0E B B AR 900 K%L, D) . d. D=
[In(1/9) —A]/B; i KL E ¥ K (V,..), mg/d,
Vi = —RB/41 0

2 HERE5HW

2.1 S@REFFREMRITEPIENORRIFE

M E AL EEIF AR 9~17 d, “Z RS Gk
B BTEM &R AR T AL S AL B 21 d, R
FRGE G R R R BIEM R LR i 5 3T 0816
E-3FRT BER T RESFARE ALS 25 d. &
FRGG R RERST R ZRT7T5 25 A0
FOHBEMT E 2 SO P RES SR, B
T H 0816 B3R RIS . EIF 9~13 d,
‘3L 0816 B-3T MR RIEM SR 0.29 g/g WK
#0.52 g/g. bS5 13~25 d, “FL 0816 F-3 " ¥ hirp
MIER S EEH 0.52 g/g WK F| 0.57 g/g. LREAT
7 AR M 0 A5 45 5 RS TE R A R e IR
‘4E 2 570,66 g/g) > RS E(0.63 g/g)>
CEEE T 570,60 g/g) > #0816 F-37(0.57 g/g) .

& 2 WAL IR 9 d, 2R Tk ki B
HEVEM & B W AL T HAh G, C R 2 5 gk
7B 0816 B3 M AL HEEVE M B 2 HF N
W, WG 13~17 d, “LFELEE KR R TE R
O N ABATY 53 AR T [ 0 A R B VS A
W, R 21 d RS G R e SRS
‘BL 0816 B-37 MLk 7 5 KR EEE TE R B i
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Fig.1 Change of starch content during grain development of different mung bean variety
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Fig. 2 Change of amylose content during grain development of different mung bean variety

255N AR 3 A S RORF R T R E R O i Y
FMTFGFE 25, HF 25 d. 4 D MFHE B AR
BERETE R S B BRI, A BRER T 3K 0816 -
37AFRL R LA E R 22 OR L 2 A R ORF R
THEER T EEERT Z8 75 HRES T
‘25,

B 3 AT AEJE 9~25 d, *& 3 2 Bk ki
SCHEVER T 0,21 g/g MK E 0.47 g/g. TEME)E
25 A8 2 5 kP b R TE R A T H A
il AEJE 9~17 d, © % ek BRFRLH S BE TE R
HEERTHEMMSFEG 21 d. RHESE 5K
0816 E-3"FF R P X HEVEM ST Z R AR E )G

25 d, “ERRG R R S HEE R T i W T
0816 F-3", 55 ok 7 57 FF R rp SCHETE K o &= 22
SARE R EFEMRT SF 2 5 kR D R E
T, fBJ5 9~13 d, "3 0816 B-37 L HETE M & it
B 0.20 g/g BEK 3 0. 38 g/g; 5 13~17 d, ‘3L
0816 F-3 " FFAr 3 B UE M B R R AR %, S HEVE By
FrikH 0,38 g/g BIK ) 0. 40 g/g:s )5 17~25 d.
‘BL 0816 B-3"AFRIh LEETER S 0.40 g/g
M2 0.37 g/gs4E)m 25 d, “38 0816 B-3" #fF ki
HEVEM S B LT AL SR, E)E 9~21 d, %
BTSRRI SCEEVER R 0,20 g/g WK R
0.42 g/gs b J5 25 d, H X #EVE M & &= T B T
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0.003 g/g. 0816 B-37FF R U by AR R A P, T Hy B 2R S5C #E

2.2 EMIRE Logistic HZ& &

1 A%, ¢ OOk B JE M B R o B AT A
Logistic H# y=4k/[1+eA"* ], ‘G 2 5 HE
TG BRA KM (D) e K e R B R (V0 S/ s B
TR RN JE R R B B g F 2 5 JE M B R R
B8 H 58 i vE by PR T EE R BT ) A, 2 35. 26 d,
CTERRER T B RO R R IR ] (T 0 e R,
TE oy BR R O 0 LG FG A & R e S B 2. 58~8. 96 d.
“FL 0816 B-3" M Vo K s T S D f/IN BEHH © 32

I H H Al S AP R 1. 31~8. 96 d H B, S8 L TE R AL R
THEA IR 2 R 12, 27 d, e H A S AP 9. 92 ~
22.99d, ‘BT 5 T, M D/INTGFE 25 H
CRREGET M Tax & Dy H KT 3 0816 -3 1)
Tow B D ULHA <2258 7 57 L G2 2 57 TN ¢ 2 e gk
GO ER B W R 5. 07 ~7.65 d. b3
0816 E-3"M 1. 31 d, 58 kP BL UE Fy B R 5 22 119 i)
[ L2k =F 2 457 fn AR D7 /0 10, 28~13.07 d,
L3 0816 F-37£ 9.92 d,

F1 FKEEMIRRE Logistic &S

Table 1 Logistic fitting of mung bean starch accumulation
it A Logistic J7 2
R’ Toax/d D/d Ve / (mg/d)
Variety Logistic equation
&4E 25 Y=288.93/[ 1457 01107 0.99 15. 22 35. 26 2.44
Lvfeng 2
WG T Y=284.23/[1+e=7 "1 ] 0.99 17. 80 32.47 3.15
Ankang
3 0816 B-3 Y="55.76/[1-+e® 5 06107 0.99 8. 84 12.27 8.94
Ji0816 Mao-3
LTS5 Y =66.32/[1+e -850 1807 0.99 10. 15 22.19 3.02
Anlv 7

2.3 FEMFHNERIEREHEREFHE

A 4 T, 4 A5 55 FlOFF R AGPase 1
PERIAR ., 30816 B-37, %L 75 M 4F
2 5 Rk AGPase 3 P48 fb ks 4 2 Bk s 4B IS
5~9 d, ‘3 0816 B-3" M K T 5 Mk h

AGPase {GE 2K BEHE BTG 9 d 2350 5
B, <3 0816 B-3 " Fhih AGPase 1% o Il i hy
1.33 U/g, “ &5k 75 kRt AGPase 1 P i i
M 1.12 U/g; HEJ5 9~25 d, “3 0816 F-37 Ff ki
i AGPase 17 1.33 U/g FFEZE 0.67 U/g, %
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0 RS B A N

Eitd 2022 4F 5 27 %

gk 7 SRR TP AGPase WhitEH 1,12 U/g FHEE
0.70 U/g, 5 5~17 d, ‘@ F 2 5 ¥ ki th
AGPase it 0. 61 U/g #3 % 1. 26 U/g, T4k
JE 17 d R B 17~25 d. & F 2 58
Kirh AGPase W PEH 1. 26 U/g FHEZ 0.70 U/g.
SRR TR AGPase {1 PR AR 1b s $ 5 R0
M AEIG 5~9 d, <% gk & PR AGPase T 1 H
0.61 U/g W88z 0. 82 U/g, ik F 45— 15
G 9~13 d, “ %L E kR AGPase i ¥
0.82 U/g FI&ZE 0.75 U/gs )5 13~21 d, %R

LRIFFRLT AGPase i PE ETFE] 1. 11 U/g. 15 5
BRI )5 21 ~25 d, “ZHRE T kR h
AGPase WEPE TR 0.72 U/g. 14 DEE M
B R, <38 0816 B-3° KT SN
9 d it AGPase {f P R AH . ‘4¢3 2 5 T 1L
Jii 17 d B AGPase i YEfe K 2, RS E T
1) 21 d B AGPase 36 P 5 K = . 4 4> 55
il AGPase I M 5 KD 1t 1 e SRR B 32 0816
F-37(1.33 U/ > F 2 571,26 U/ > &4t 7
(L 12 U/ > g (1.11 U/,
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Fig. 4 Enzyme activities of AGPase during grain development

1 &5 AT, 4 A b Rh S TORRLE 8 R R
GBSS T tE A bt 4 s B ideolR . g3 2 B AF R
i GBSS {h tEEAE G 21 d ik 1. 61 U/g.
CLEPRER G M AL T 5 FERL T GBSS T MELE AL S

GBSSJHFEM:/(Ulg)
GBS activity

17 d kMW, © 22 B &% 7 FF R rf GBSS 3 #:
HIE(E R 1.89 U/g, &4k 75 Ak GBSS i 1%
MW K 1. 92 U/g., “# 0816 FB-37 K ki
GBSS W& MEAEAL G 13 d A RHIg(E . 1. 66 U/g.
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L 6 7T, 4 A& 00 S FPOFFRL I SSS i 1 AR
LR N IE U B, b 2 R g T kL
SSSHEME TG 5~13 d B 0.39 U/g iR &
0.54 U/g. JFEAE)T 13 d ik KR £ )5 13~
21 d SSS itk 0.54 U/g FFEZE 0.45 U/g. E)5
21~25 d X FFF % 0.50 U/g, ‘@F 28 ‘%
0816 F-3"Fl “Z4g 7 5 Fhirh SSS WAL )G
5~17 d Frgk¥sm, ¥ TR 17 d 355 K & 1H .
‘R 245 kPRI SSS E M A K A {E R 0.58 U/ g,
‘3 0816 B-37 A ki b SSS i M & oK E (N
0.60 U/g, “Z4t 75 ki SSS i Pk i K it
9 0.59 U/gs3 A EhFArkih SSS M T 165 17~
21d FRE, g FE 2 5 kR SSS IE M T R 2
0.37 U/g, 3 0816 T-3" fFkirh SSS iitE T =

0.65  O%tF2'5 Lvleng 2
O 27 HEL¢ T Ankang

0.47 U/g, “4& % 7 57 ff ki SSS i T b =
0.41 U/g;3 AEhFlFFRIH SSS IG T A6/ 21~25 d
N BT gt 2 SRR SSS TEE ETFE 0.44 U/ g,
‘B 0816 B-37 Kk SSS iEtE ETFE 0.49 U/g,
CAEE T SRR SSS TG ME ETFE 0.42 U/g.

7 ATRT. 4 A2 525 FPORFRL Y SBE I 4 AR
R B Rk, BT 2 5O Bk T SRR
o SBE i MEAEAE G 21 d kI, 4k 2 5Ok
i SBE 16 PEfe R E(E A 1. 09 U/g, “&& 7
SRR SBE TG MR RN E R 1. 06 U/g; “ %
JELR G F L 0816 -3 FF kL Hh SBE 1 P ¥ 1E 1k
J5 17 d 3R A, © 4 e Sk R RL Y SBE 1 1
R AEH A 0. 99 U/g, ‘3L 0816 F-37 Ff i
SBE #f P fe KM H(H K 1. 10 U/g.

a
a a
060 I 53081673 Ji0816 Mao—3 T %ﬁ
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Fig. 6 Enzyme activities of SSS during grain development
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2.4 EMANBEHESEMMRBERMOBXIESFT S SR RRE R RN L IEMR, 56
M3 2 0, 4 D ER A FAF R AGPase i AP BUEE R L 0 38 a0 35 IEAHOG , REAR B

R2 EMENBEESENRBERNBXESN

Table 2 Correlation analysis between starch synthase activity and starch accumulation rate

AT AR R R ELEEER AR AR SR R AR R

fif A )
Starch Amylose Amylopectin
Enzyme Varieties
accumulation rate accumulation rate accumulation rate
gE 25 0.94% 0.19 0.94%
Lvfeng 2
YRR 0.89" 0.83" 0.67"
Ankang
AGPase
3 0816 £-3 0.97" 0.96" 0.97"
Ji10816 Mao-3
g M= 0.97" 0.41 0.92"
Anlv 7
gFf 25 0.84" 0.47 0.61"
Lvfeng 2
WG 0.55° 0. 26 0.52"
Ankang
GBSS
#0816 E-3 —0.77" —0.82" —0.76"
Ji0816 Mao-3
LTS 0.22 —0.53" 0. 34
Anlv 7
ZE2%5 0.67" 0.02 0.75%
Lvfeng 2
LT —0.46 0.00 —0.53"
SSS Ankang
0816 B-3 —0.64" —0.69" —0.63"
Ji0816 Mao-3
K- W) 0.50" —0.29 0.58"
Anlv 7
&g 25 0.13 —0.27 0. 34
Lvfeng 2
YRR 0.70" 0.33 0.66"
Ankang
SBE
#0816 E-3 —0.78" —0.77" —0.78"
Ji10816 Mao-3
.- S —0.73" —0.49 —0.65"

Anlv 7

Heox FE 0,05 G CBUR) , M OCHE L3, x££ 0. 01 N (W) A ek B 3,

otes: an ndicate a significant correlation at 0. 05 and 0. evels (bilateral) , respectively.
Not * and ** Indicat gnif t 1 t 0.05 and 0. 01 levels (bilateral) pectively
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‘3 0816 B-3" ) AGPase 1% Pk 5 15 5 JEH T Bl
AR A o 3 TE A OG, LA T Rl AGPase Wi PE 5 B
BEE A R B R AR e R B . 3L 0816 B-37 M
CLEEE T3 GBSS T B E R A R R Y
BEENEE A, RE 2B RS T
GBSS 16 PE 5 B 4 7€ ¥y B 28 5 00 Wb 35 A0 Gk
CLREE 2 SR sk T 5 W) SSS TG M5 S HE TE
TS R G I S i S IR A OG R AR L 3
0816 E-3"HY SSS i T 5 355 vE # P 2 3 5 I 3
FAHOE, B 0816 B-3 "M %4k 7 %7 1Y SBE I 1
55 3 e Ry B R R ) B W R R A O, 4
F 2 571 SBE 1 M 5 308 UE Ry AR HUR A G A
3, LG 1) SBE 1 M5 A e A L R R
ERFEEMX,

RIS .

KR TE B & 8 32 B % AGPase, GBSS, SSS Al
SBE % ¥& 8y A& WA 56 W 1Y 0 4L 7R KRN L D
AT IR R SR RABHEY) W o 45 R 3
AR—F, AFEREEHEEGRE™ KAV CO,
JERS A R T Ak 5 O 38 35 O R0V IR k) it
FHUD) KA [ it b L v U 3 5 B AH G il 1Y) 3% P
RGeS TR B A BT 25, AGPase 1E 38k L Bt 72
rhOR R R AR EEE TE R R SR TE R 1Y G UK
Y AGPase AL AY 74 ADP-# 2 B2 . #H &
AT R S EFPRE S B BE R B B R
AGPase i Pk 5 M i 35 1 AH 56, HL 48 5k R UE # B
RBRHRYE AGPase 1 P & 0 (F H B ] 421
Bo XH/ANEDm R R B EEY b i
FAERM—B WIE T AGPase & 1Y) &8 & I
(1) S B PR il X — WL AT 3G AGPase BTG
PERT DLSE v VR W 0 TE R G B RE i T 4R v AR
WY IEAJE I Ak T SRRk R AR B g
ALY AGPase 1fE R BI 2% 4645 .

GBSS = 5% W B4 V€ M & i . SSS Ml SBE
F B SCEEVE M A, b SSS A 45 S B TE R B
AL, SBE 45 43 SOF i S BE . A 5 R B
JIETH 43 B0 SSS T P FE AR L SSS T 1 “NTIE
W 2 AT RE SRR AR S IR AR 06 . ARBESE
4 ANE AP Y GBSS, SSS Hil SBE §i £ A 56 4 #r
Mg S5 e KRN g R
gried FHOUREE U R AR ST A e AN R — B
X AT BE A2 PR O U R G AR 7 T A 5 R PR 4 5 ) 3 ]

TERTF ey 2 20 i . FEVE R & g b, AR
2P R DR TR BB, (H R AR B R[] i R 28
AN TR IR 55 1 45 5 ) 1 % i S TE D, SO
PR AR R AR AR L HE T S R UE R 0 B, SR T TE R
A R G i X B 2R A I s e R R — 2B A

4 A28 5 AR IR R R /N TG A R 3R e T
GYN 2 PR, JNRITULR R Gk 2 R B Ak
T VE R PR AR RN B e, B R R R HLTE R AR
SHFLRE A, AINVRIBISR T G E 2 5 R KRSk
BRI G T 5 3 0816 B-37 A
R B TE M X AT BE R TR R /N R AR A N VE A
FURFFL K . KR AL G 3L 0816 B-37 fl“ %
g7 S e A B S G E R B,
VE M FH B R A b HL U H AR B R 2 B ) L 52 A
VE A FR B R R Ve M O i O R s AT L A R T
O AR R T 4 38 R I BH R AR R AR R R
PRSI T X A AR R LS B R A 5 ) S EAT
PR o8 CTE A R B A R T S 43 R A R BR
Bi AP0 ™ it s A SR PR B S LAY A5 A Ll A
B T B A e 2 R R UE B AR R JE K E R B R
WA R TS

4 # g

ASHIF 5T 45 SR 2 B L 4 TORF R R UE M Y A R S R
HFEH AGPase £l . AGPase 5 i 4% & ki JE
AR B L 2 G T R A Y B T L A [ 2
2 TS R UE Ry B B R AR A AE 22 S, OB Y 4 Y UE
Wy A ESE I TE AT 9 d 5 A, /0N R 4 1) BE
AT 17 d AL /NRRGE GF 2
SR CRRRG TR KRG T ek 7 5 3
0816 -3 ML Ay S VE M & 5 0. 03~0. 09 g/g.
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