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Analysis of starch accumulation and differentially expressed
proteins during the development of Chinese yam tuber

LUO Hailing'?, GONG Mingxia'?, ZHOU Yunyi', HE Longfei'
(1 College of Agronomy, Guangxi University, Nanning 530004, China;
2 Institute of Vegetable, Guangxi Academy of Agricultural Sciences, Nanning 530007, China)

Abstract: [Objective] To understand the rules of starch accumulation during development of Chinese yam
(Dioscorea spp.) tuber, and provide theoretical references for breeding and cultivation of Chinese yam with
high yield and quality. [Method] Using ‘GH16’ as material, starch accumulation during development
process of Chinese yam tuber was measured. The changes of tuber tissues, cells and starch grains were studied
through paraffin sectioning. The key proteins related to tuber development were discovered by two-dimensional
electrophoresis. [Result] There was no starch accumulation in early stage of tuber formation (April to May). In
the early expansion stage (June), starch grains distributed uniformly in parenchyma cells. With the development
of yam tuber, tuber cells and starch grains enlarged gradually, and starch accumulated rapidly. In the mid and
late expansion stages (after September), substantial starch grains distributed near parenchyma cells around

vascular bundle. In the late expansion stage, tuber cell size reached the maximum in November with cell
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longitudinal diameter and transverse diameter reaching 121.685 and 89.572 um respectively, and starch

accumulation reached the peak with longitudinal diameter of starch grain being up to 27.608 um (December),

and transverse diameter being up to 16.450 um (November). There were 179 differentially expressed proteins to

be found. Among them, Fifty-two proteins with relatively larger differences in expression were analyzed by

mass spectra, and 31 differentially expressed proteins were identified. Most of them were enzymes related to

sugar metabolism and starch synthesis, such as glucose 6-phosphate acid dehydrogenase, fructose-

bisphosphatealdolase cytoplasmic isozyme-like, ATP synthetase alpha subunit, UTP-glucose-1-phosphate

uridylyltransferase and phosphoglycerate kinase 1, and these were up-regulated after the early stage of tuber

formation. Chinese yam tuber specific protein, Dioscorin, was accumulated in the late stage of tuber

expansion. [Conclusion] The expansion of Chinese yam tuber is the results of cell division, cell amplification

and starch accumulation. The main differentially expressed proteins during development of Chinese yam tuber

play the key roles of sugar metabolism and starch synthesis.

Key words: Dioscorea spp.; tuber; growth and development; starch accumulation; microstructure; proteomics
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Table 1 Isoelectric focusing (IEF) parameters

IR HE/V THHAE i [F)/h
S1 50 &t 12
S2 500 aMt 1
S3 1000 &t 1
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S5 10 000 P 11
S6 500 S R
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25 g L BRERGNTE VAN 400 mL H ) B4 3~5 min
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TOF/TOF iG55 # 4, BARIRAE S 5 E11
i
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Fig. 1 Morphological changes during development of Chinese yam tuber
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Fig. 2 Changes of nutrient constituents during development of Chinese yam tuber
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Fig.3 The cytology observation during development of Chinese yam tuber
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Fig. 4 Changes of parenchyma cell and starch grain sizes during development of Chinese yam tuber
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Fig.5 Two-dimensional electrophoresis of proteins during development of Chinese yam tuber
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Table 2 Information of partial differentially expressed proteins

A Mascot¥ ¥

ANIE 3 A ik B A

FPs el S fih M S 5/6 5/11 6/11
126  t|WINY18  JLT /M 75 26204 4.89 2.73 50.22 18.41
211 sp[P80052 T Pk D55 2 W g 106 28859 4.80 - 0.28 0.49
6207  gil33312115  RZEARE-1,5-ZEERRRALEE/ AN KA 151 32695 5.90 2.15 9.04 4.20
8427  gi[731391631 BHE FilE LY 61 33147 443 3.38 6.24 -
8119  gi|586751268  JKF:H & BRI & 57 44 g 80 26347 9.26 1.55 3.44 2.20
1411 gil46917481  HREZEfEEEH 318 35982 5.69 0.16 - 7.93
7522 gil719974028  HWE-1,6- _WEERIE 4G 193 40958 6.04 0.26 0.06 0.23
7618 gil603221 6Tl 95 7 2 W TRt 2L 19 110 67906 8.40 0.43 10.11 23.61
8707  gil20160920  ATPH ol 3 66 61537 8.49 - - 196.00
9111  gi|l1079652  MEKEMMFEEED 145 17567 9.49 0.12 - 13.29
5724 gil449456208  UTP— % Hl— 1 -1 1% PR 7 ok 4 74 il 96 52062 8.08 0.39 0.41 -
3005 gil672122878 40SIZHEA L H 106 18124 5.82 0.10 - 19.18
3522 gil102139814  BERR H IR Wil 198 42269 9.58 0.30 - 2.80
4209  gil12229919  HEMFaIrIE 63 27506 5.75 0.18 - 2.63
4526 gil732559013  WEER H IR NG 1 89 53026 5.65 0.12 - 5.24
5311  tr|C7E3TS DioscorinZk [ 283 31815 6.10 - 0.10 0.11

1) “7 AFZEaENANHGERAZTELEFARRE (P>0.05,045%)

KGN —F Bk, fEPZERE SRR b, B AN
TE R B R A G i U 6Tl IR T A A TR B A
UTP- % 51— 2 PR EF I 4 R I 2 SR B —1, 6-—
WRER AT . ATP 2 o V36 B RRH I BRI 1
SSIEMZE KV G LR, 1E AR A A
RE AR, (R R AN R A AR K

JUT R BRI N ) 72 2 W R A o 02
LRESPIEMXNEA, LT RELE 3 N BA N
NYERIE, YBH LT AR B Y B )
Pk, TR 4o 2 G 20 R s TR
PR Y] 3% 2 WG B I ) 32 R TR B 2K 1K)
UG R R pi AR R A .

WERG R B I & B (M=17 567) HLZEfif i
FEH (M=35982) # Dioscorin & (M=31 815) 7E
B R KRR, KRR E R
R 226 2R AR ORI (6 ) REM R,
Dioscorin 25 ATEZ KEHA (11 H) REM R,

3 Wit

RENERZE N ERIEYERE, NI
BT 30 2K 5 30, 1 2 B 2R R AR K T4
100 %, M4HAY K T 21 10 £, [FI, Bh2E4e8 R
J& T AN BRAEE O, BUEAE B 2, ToTE Ak
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