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Abstract; The purpose of this study was to explore the key enzyme activity of starch synthesis and its relation with yield
and starch accumulation during the development of Kudzu root, and to reveal the intrinsic physiological mechanism. With
“Guige 1’ (Pueraria montana var. thomsonii) and ‘ Guige 8’ ( P. montana var. lobata) as materials, we determined the
agronomic traits, the content of amylose and amylopectin, and the key enzyme activity of starch synthesis, and analyzed
their relationship of dynamic changes. The results were as follows: (1) During the development of root tubers, the
activity changes of ADP-glucose pyrophosphorylase ( AGPase), soluble starch synthase (SSS), granule-bound starch
synthase (GBSS) and starch branching enzyme (SBE) in two varieties of P. lobata showed a single peak curve that first
increased and then decreased, it was basically consistent with the trend that the contents of amylose, amylopectin and
total starch increased from slow to rapid and then stabilizing, that was, from formation period to expansion period, they
increased gradually; they reached the maximum in the later expansion stage and declined rapidly in a later; to the
maturity stage, they declined gradually and maintained at a higher level. (2) The yield and starch content of ‘Guige 8’
were significantly higher than those of ‘Guige 1’7, the enzyme activity of ‘ Guige 8’ was also significantly higher than
that of ‘Guige 1. (3) The average length and width of root tubers, fresh weight per plant, dry matter content and yield
showed a trend of “slow-fast-stable” , and starch content showed similar changes. (4) Correlation analysis showed that
four key enzyme activities of starch synthesis were significant or highly significant positively correlated with the contents
of amylose, amylopectin and total starch and the average length of root tubers; they were positively correlated with the
fresh weight per plant, yield, dry matter content and the width of root tubers, but the difference was not significant. On
the whole, the increase of starch content is the result of swelling and thickening of Kudzu root. Improving the enzyme

activities of AGPase, SSS, GBSS and SBE and the ability to compete for substrates can improve the accumulation of

42 %

Kudzu root starch and its components, thereby improving the yield.

Key words: Kudzu root, key enzyme, enzyme activity, starch accumulation, correlation

% ( Pueraria montana) S J& 5. RHE R AL TR,
R A B b R B UE R N S R R
| HAS 28 [ A5 Y 1 52 A% 48 10 25 B S AR )
B R 1 2 5 B AR 1 T 3 1 ) (Keung,
20025 P HE - 45,2016 ) o HAR H EL i BE B A1 S 6k
TE M P R A AR UE R T Y AR AR (KT
45,2006 ; T4 ,2012) R 0 1R A A A R
W& 1L B ( ADP-glucose pyrophosphorylase , 45 5 &
AGPase) , BRI VER A= W5 BT #9265 — 4>
K T RN B 2K [ ( Slattery et al., 2000) ; A] 3% P 3
136 L ( soluble starch synthase, 45 5 & SSS) , &
55 3CHEUE B 1A L R AR A G E R GO
( granule-bound starch synthase, 48 5 &1 GBSS) , &
5 EEEVE R A (A R 223, 2003 ) 5 3E K
4% 37 il ( starch branching enzyme, 45 5 N SBE) , &
Y5 SSS Hh[a] M Fl #E 47 SCHE UE By B & 8 (Hirose &
Terao, 2004 )

TE Y G FURH G 8 28 A 0E By 18 56 AT — 2 O
o ERAIET , 77 AGPase WG MR E T &, 5
ADP-Gle tRIER R LR —E, ADPG MIEH; & H1Y
KNSR HE S 4 B TCA &2 7= B 3G A 245 R ( Yu et
al., 2017) , EKBH G 10~25 d, Fl 7 E5ETER

BTN, 5 GBSS 15 MR 58 45 R —2(Guo et al.,
2006) , B FFRLEE J 3, AGPase , SSS., GBSS I
SBE iV 2 Ll il e A8 4k, 5 BLAEVE By | S HEVE B
FMETER & REEEEIE K 2K A B TRE
18 Ak i — 3 (GBI SE,2018) o A fiTid & B,
ELBETEN & T 00 G R GBSS I PR # R S B T
By 5 v 1Y R, SSS TG M . AGPase il GBSS
T BB U R BB R I 3 IE A OC 1T AGPase
SSS 1 SBE ¥ P 55 4 Ve iy AR 2R 3 R i 3 IE AR G
(FBIFIESE,2018) . ARER[E AL FI AR AGPase )
T 5 S R RS UE R A A 3 IR R O
AIAE S i B AR UE Ry AR B RE ) 1 AR A (S,
2010) , EUEM A S A AGPase 16 24 & TIK
VE K i B (15386, 2015) o ASHIFSE Y HT AT S B
CHEES 1S AR R TER AT PR AR KL
RO EIMYEERT R85 (IKFHSE,
2017) M H HEE 15 SRS TE R & & | B E
WMEEMEESEER BT RS 8 S 1
LR VE A 5 B WA AR B (SR AE,2018) , B AR
KB R UE R A RO R T 2 A 7 A
MR R AR WA, Wi, AW L R 1
SORCHEE 8 5 MR, T AR R o R
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For LR B il 1% P 7 A B SR A AT S
PIAAE 7R N TE Y 2R BEAL B, S 4 v 8 AR vE b o
I R ah AR A A

1 #HEF*

1.1 ##

HEAL B R 7 P R 2 A 2 B 8 S R 4

F.2 T B ECNE M E (Pueraria
montana var. thomsonii) ‘ FE 5 1 5 Fll 24 £ 3 FH AU
5 ( P. montana var. lobata) ‘FEE 8 5 M,
2016 AERIAE T VU KA 2 B 20 2= FHOF S b, 19
A E 3 AS/NX, BEAS/INX 35 B, 2016 4F 3
A A TR & 1,4 A haRE A AR 3T S
FENKH, 6—7 H WHARIE i, 7—8 H iR
R AT, 8—9 H N HUARREZ K rh 1, 9—10 A ik
IR G, 11—12 A SR i s, M 47 iR
1.2 m BEHE 0.65 m, X 56 H 3 AL H &2 A I8 900
kg » hm™, SCATH KL B) 45 2
1.2 ik
1.2.1 BRAFFLE 2016 4F 6—12 H , 4 H 45
TEICRE /N XA A G — S et A R4S 2 BR (3
AEREIL6 M) . RIZH T AR, I H: o bk fef &
HHRAR w8 A1 B U R, R AR 43 B AT
— 21, BRI 3 0 45 o 1) HUAR W T T e Y B
FEIM, 105 °C F A% 30 min, 65 C P4t Z 46
6T AT A IS o R B AR
it 100 HFi, FH T H 5% 0E M F S B e B i &
W 5 55— 21, BBUHT & 1) Hei & F il 20 s R s
TERBAKR (-80 °C) VKA - A7, I T 3E M & LR
SR P R 0 5
1.2.2 REvEm T FPRROER K, R+ R
N AR, BP0 T IO 5 >R FH R 7
Mg, 7= it (kg - hm?) = ( HRk fif 5 kg x 667 m? X
15)/ (4785 m x BREE m)
1.2.3 A4t ZERHEZINE EHTES M
MR (1985) 3 I 45 (2013 ) 19 XL 32 I 7E
ELEEF S BEVE B AR MEAE S I A b R E L
Al ELAEE R a2 LL 600 nm A E U K
496 nm RS WA, SCHEVE R & 1 E LA 546 nm
RIE B, 700 nm S G OGN AE A
#r ol UV-2450 BUEE AR A3 OO0 B3, BER & =
(%)= ZEEVER 3 (%) + HARTEM T (%) .

1.2.4 Bob R FEBERENT SEHBRTRS
(2003) BY 77 ¥ SR ORI . PR IBOHT SE AR 1 g,
A5 mL ¥ A9 BUZE W (50 mmol - L Hepes-
NaOH .pH 7.5.8 mmol - L' MgCl, .2 mmol - L’
EDTA 10 g - L PVP-40 .1 mmol - L DTT) , vKi%
TEER AT, K AR E T 10 mL BB LN,
10 000 1+ min™ (4 °C) T &L 30 min, ¥ 5% H
F AGPase,SSS . SBE ¥ 1l 5 ; 76 UL 3 H M A 5
mL $2 R i, BB S T GBSS I AE

Z: B MG A5 (2006) [ )7 3200 5E AGPase ,SSS Al
GBSS 1%, (H FEEFRAAE 340 nm P AR 2 W
B, LAEE 1 min 300 0.010D {8 1E by B 1% 1 8037
(U) ;SBE 7514 %2 2 B8 Nakamura 25 (1989) 28K
BEAE(1997) 19778, HIEEFRUAE 660 nm A< AR &
WGAE, LA%E 1 min FEAK 19 BEE (E N BRTS PAAL(U) .
1.3 BiBRIT 9

fifi F 31 Excel 2013 FTER {4 SPSS 21.0 Xt
5 T A5 8 500 HE A7 Ak BRI S AT

2 ERE A

2.1 BREZEIEHRIROREERET L
21,1 BPREHRSE FIRTHREZTHLNR
ME T RTRUE S AR I K k&, B
ANE R SRR B AT S 2 A AR R
IR~ BARRI N HARIE iU 2= 1 K e
W (6—10 H )3 Tifa bRk, 34 I8 2212, g K5
2B (9—12 H )3 WS AR PR 34 i, I 76 i 2
W(11—12 A) 27838 B EF KV, 7EARREEE
FEE MY RS R NE T L A s 5 >
CHEE 1S 3 TR ARAE 12 H kB S AR, R
H8S i E 15 W 195 1.9 5
1.58 fi5, KB HEE 85 HAWHN ™R,
2.1.2 B3Rk TN EHRRAERE TSR
RS B AR B F AR R A AR R, BLR SR
AR U (6—7 H ) PR i, Yedid i K9]
W=EEW(7—10 A) g2 58I, 1 K5 1 2
WIC10—11 A ) Pk s, s (11—12 A) T+
RE, ‘HEE S X ES T HEE 15",
16 12 HikB s R MER, HER 8 5 R HRE 15
119 15 (E 2)
2.1.3 B3ARNARAE T HHRRAFSRES, W
SRR HOR 1 S AR R BT . B AR T B &
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Fig. 1 Changes in fresh weight per plant (A), yield (B)
and dry matter content (C) of root tubers during the
development of two varieties of Pueraria montana
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Fig. 2 Changes in average length of root tubers during

the development of two varieties of Pueraria montana

® O
(=)

—— HEH 15 ‘Guige I’ a a
—a— {585 ‘Guige 8’

o\
[T )

Lyl
3

Average width of root tubers (mm)
oW A
S & S

—_
(=]

(=]
©

6 7 8 9 10 11 12
H 4y Month

B3 PN G A i A e v DR S RO Y A £l
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development of two varieties of Pueraria montana
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Fig. 4 Changes in amylose contents (A), amylopectin

contents (B) and total starch contents (C) of root tubers

during the development of two varieties of Pueraria montana
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Fig. 5 Changes in the AGPase activities of root tubers during

the development of two varieties of Pueraria montana
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Fig. 6 Changes in the SSS activities of root tubers during

the development of two varieties of Pueraria montana
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Fig. 7 Changes in the GBSS activities of root tubers during

the development of two varieties of Pueraria montana
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Fig. 8 Changes in the SBE activities of root tubers during

the development of two varieties of Pueraria montana
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RIEMR, B2 R KRB REFEKE, SRK R
By SCHEE R BB BEAR A R W W IR A
Ko BRI ARG SR B bR fE 7T
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2010) , EH YR K& & f v YR T4 i &
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P A IEA G (B K SCE,2011) , FEIIZgH
ZERB AR 2R T SRR RS R
B AR bk He 25 I ) 2 A8 18 i, B K RT3 L rh )
PRI B K B3k B de KAE S, s T
ERNE N (B A5 2018) , JTEMRIETOLS
YER  VER R R0 25 5 0 506 G /E B DIAH G, B
FEY IZGREEN R F ZOLEM RS MO0E
SR TERT A O B R O 2 DDA G 1l 2 B 2R
VE R AR LA T R TR T R R 4 v R B Ak
S T I VE R R B B BT (R
GE,2011) , EARSZEEVEN  BUER O i 5OLA R
S M ARG, SRR T B e R B R
TERY i SO AR IR ARG (SR 45, 2018)
ARG EE R H AL B RAEY 45 R —B(F
MG, 2018) , B HUR AR MM, bk E |+
Py & i i AR R P - T AR Ak
B VE R S R AR AL, 3 I T R 2 S B
WA EZEH R T, 0 FEE 8 5 R AT
SEDEER T HES 15 WK RS Rk
& TR S EAEE R | SCRE TE R K R
Wy P i 35 S W B 3 OEAH G 1 B D R A B 2
BRI A EE R, N, 5 O A R R
WA B i B AR Y T TR AR
32 EREMRESEMERKEEBHLER
TR & M K AGPase . SSS ., GBSS Hl SBE 4
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F/INZZ 55 Z BRI 98 4% B T AGPase , SSS |
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1 BERZFEIBPARZUHERIER. EMEEREM AN XBEETENBEXESHT
Table 1  Correlation analysis among agronomic traits, starch content and key enzyme activity
of starch synthesis during the development of Kudzu root

FPRGE i%f pk g L i%gﬁ E’ﬁﬁ AGPase SSSTHTE GBSS  SBE
b Fresh 7R OB Lengh widn  op FEEE et T i
Index weight  Yield Dry of root  of root v Amyl'o— Total AGPase activity ~ GBSS SBE

per plant matter tuber tuber Amylose  pectin — starch activity activity  activity

content content  content  content

HRR 1
Fresh weight per plant
Vs 1.00 3 1
Yield
T 0.99 %% 0.99 #*x* 1
Dry matter content
R 0.72 #%  0.72 %% (.70 s 1
Length of root tuber
AR 0.78 #x  0.78 ** (.82 xx (.78 *x 1
Width of root tuber
ELEEVER O 0.64 %  0.64% 0.67 %% 0.83 %% 0.9] #x 1
Amylose content
SCREVEN A 0.72 %% 0.72 #% 0.69 #* 0.89 #x 0.72 %% (.81 s 1
Amylopectin content
STER 0.72#% 0.72#% 0.71 %% 0.91 %+ 0.84 %% 0.94 %% 0,97 #* 1
Total starch content
AGPase {1 0.12 0.11 0.08 0.57 * 0.33 0.59 % 0.72 %% (.70 #:* 1
AGPase activity
SSS i 0.22 0.22 0.19  0.62%  0.45 0.70#% 0.75#% 0.77 %% 0.97 # 1
SSS activity
GBSS Jif Pk 0.18 0.18 0.15 0.61 * 0.36 0.64 % 0.72 %% 0.72 %%  0.94 #x (.97 *x 1
GBSS activity
SBE i 0.19 0.19 0.14  0.75 *= 0.39 0.66 % 0.78 x* 0.76 ** 0.90 x* (.88 = (.89 =% 1

SBE activity

W FRWEMIK(P<0.05) 5 #= Fmk i EAAE(P<0.01)

Note: * indicates significant correlation (P<0.05); #* indicates extremely significant correlation (P<0.01).

A4l (H RS 2017 KRS, 2018 5 BB 5,
2019) , i AGPase FL IR TE#3 AL B3 | (H AN
W B I o3 1 A AR R IFJE K & (Nakamura et al.
1996; EIF5FFIEE,2004; £IRAIZE 2011) , 5
FABEVE K G AP Y AGPase . SSS . GBSS F1 SBE i
PE 5 TR TE B i B, 55 0 U R S R 0 B UE R AN
SCHREVE M T A TR TE A A — 2 (B SO
2017) ,SSS 5 SBE {f M 7E A A &8 B 2 2 stk
A O, FE AR VE R I B S AR R R R
WA B i ot A Y PR (A58 5% ,2015) . K
YR AGPase 1 PEE AR & B i B8 b 22 e K e
Ree ALK A BRI T 2 A8 b, 5 L DE A | S DE A A
SV R R B 0 B 28 12 i 88 T AR 1Y
HAF—F, E TR S AGPase T 2 TR TE
WAl 5 Ve & R ARG (3 ,2015) , bz
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