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1.1 # #

LI H AR fE 5 b Kitaake” (Oryza sativa L.
subsp. japonica) R ¥ K, 4Bl T A E KB
PEPC.PPDK .ME [, 3K 153 AN [7] (1) %% 5 P oK
FERER . 76 Bl I 5 B 44 38 7 s, AR 0 ik 3K
BHaE s PEPC+ PPDK XK fiss PEPC
+PPDK+ ME = 3£ H KR4 R0, K REF
2013 4E 5 H F1 2014 4E 5 H %) 7E /g 5l #& A . 434
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AR 25 45, B (36 cm X 32 cm X 33 cm) H #%
5UC BT L AE SRR OGS TR R LAY B
FE KRG WA R 25 A B HR 5 it IR E 25 BREE
FELBALRR S IEAT 7 R R 2R T R 3R A D
1.2 BEEANE

R K ERR AR 2 g AR G0t 7E
Zw K (F% 50 mmol « L' TrissHCI, 10
mmol « 7! MgCl,,5 mmol « L™! DTT, Jii & 47
ok 22 PVP RUAB - $0Ch 10 % H i, pH 7. 8)
KBS .8 ZL At g, U8 4 CE.L, LI
VORI D REL T V. R s e A R R R A L T T
i W R — 9% Al . NADP-3¢ SR 2 iy . NADP-3¢ 3 iR
Jii S (NADP-MDH) ) 7% 1 43 511 2 B8 Gonzalez
9 (Hatch 881 (BRSUA SN M2k S 1y
BE ., EE S WLCBCEEE . JER .
1.3 (XEERRMNE

TE 7R il 3, 3 MR K A — B ok AE L
CIRAS-2 #0566 W R 48 0 2 32 28 3% (K 6
MR [ O B R R A L CO, Wk B 340
pmol « L™, 0,0 21% iR BE K 30 C, 2l ok
k.

1.4 EFESNE

FE A KR S A2 05 T 50 C T 28 46 5 &t B e
it 40 H G TE IR 5000, 4 i BR L A3 5)
2.0 g R 3T H3E (GB5009. 3-2010) 17 Kk
&k (GB5009. 4-2010)17% | 28 R #2 B ik (GB/
T5009. 6-2003)" | #l & & & % (GB5009. 5-
201005 W2 /K f# ¥ (GB5009. 9-2008) 21 | B H
L oy A A2 KRS K Ay R Gy I L R A
JOT L UE Ry AT T ) I B

2 HREAN

2.1 C, EEKBXEXBEHENE

M 1 ATA, K F C Kitaake” 4§ C, Y6 &
il 5 e s S A PEPC.ME fl PPDK [ 5
WK #%, PEPC.ME F1 PPDK 3 7E 4% 3 k. WT
Yy 21.56.5.04 F1 5. 95 15, 2R B E(P<
0.05) ;% PEPC+ PPDK Xk #5 iy PEPC H1
PPDK & PE4r50& WT iy 18 £5#1 3 £5 ;% PEPC
+ PPDK + ME I /K # v, PEPC, PPDK Fl
ME & PR3 & WT 19 18. 69.3. 54 F1 4. 94 %,
Ul B 4 B B DR bR R TR S e AR GK T AR Y C, Tl

1 BHBC EEKBEEGREHEEN

Table 1 Activities of C, photosynthesis key enzymes in transgenic rice

Ee B 3 4 / (pmol » mg™! « h™!)  Enzymes activities
Varity PEPC PPDK ME MDH
WT 62.1043.85 b 23.5241.08 ¢ 20. 6441.76 ¢ 93.2444.91 a
PC 1 337. 4633, 82 a 23.1743.40 ¢ 39.7048.89 b 100.10+5. 90 a
PK 57.08411.98 b 116. 668, 34 a 25.4346.12 ¢ 99.3044.39 a
ME 56.96413. 65 b 31.3245. 24 122.65+3.35 a 107. 614677 a
CK 1 252. 09 65. 65 a 96.6147.64 a 41,0442.58 b 108.97+5. 33 a
PKM 1 159. 55-65. 64 a 83.4746.80 b 102. 60+6. 64 a 98.0545. 44 a

I WT. B 4 B K 7  Kitaake” s PC. # PEPC 3£ KK #5 ; PK. #% PPDK £k s ME. # NADP-ME #: Pk ; CK. # PEPC + PPDK
XUHE BRI K A s PKM. 5 PEPC+ PPDK+ME FEFRUKFE . $ods R 3ME AR E2E” (n=5) . [R5 A [5] 5% B 3 1 16 4718 1k 35 1 22 57 (P <<

0.05), F[H.

Note; WT. un-transformed rice ‘Kitaake’; PC. PEPC transgenic rice; PK. PPDK transgenic rice; ME. NADP-ME transgenic rice;
CK. transgenic rice with PEPC and PPDK genes; PKM. transgenic rice with PEPC, PPDK and ME genes. “Mean =+ standard devia-

tion”, values with different superscripts (a,b,c)in same column have significant difference at 0. 05 level,the same as below.

2.2 %C ERKBEHXGERP)MEBKTE

EOLE T 5 C RRKFEREEENS
WT A 825, 5 HEE Gk, WT,
PK fil ME 4 f1 P, 5 20 ypmol » m * « s ', i
PC.CK 1 PKM %% B K 7K #5400 Fn P, A 35 2] 30
pmol » m * « s ', LK F ‘ Kitaake” o $2 & i
50% (F 1), PC.CK #l PKM i FH & i 6 4 ik

M PEPC [iff 1 4 , FL BB 7™ & ATk BT i 0 3
T WT,PK fil ME, iX & B J& T 4 bR BB
B e A R R R (R 2D,
2.3 HC, EEKBHUNNERKS S

M 3 AT LIFE L C, BRI KRR SR
Fl K #e © Kitaake A 1 1 T 1 % 22 5 (P>>0. 05) .
R E R AT R A O OK E A K R AR



« 212 . (L 13

W

O 26 %

14, 0% LATR, 5 I 3 DR K A B4 7K 43 I3 o 0 5K
BEKEBEL T, 5EAM WT M. 5% PK 5
B \ME 35\ PC 3£ A .CK Fl PKM %% 3k K K A5
IR 53 T3 Sk 43 B0 DL B S 4 v (P=>0. 05) , BB C,
B 5 A IR 4 BB LT 1A R

5 WT M, % PPDK ., ME % [H K #§ K i
Wl W B4 fn, i % PEPC., PEPC + PPDK #i
PEPC+ PPDK+ME %% 3 R 7K F& g Wi [ 5 43 5%
Ay 31. 2% .38, 4% Al 46. 1% , B W] PEPC
FEHEM S AHEF T RSB R, %
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ME 3[R 7K 58 19 V€ By T & 5 BOms A R AR, B 5
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Fig. 1 Light-photosynthesis curve in flag leaves of

transgenic rice with C, genes and WT

x2 BHCEAABNEMSEMHERMEEER

Table 2 Comparison of component factors and yield with C, transgenic rice and WT

st A SRR RS BRI TR R/ g bR i g
Variety Panicle number per plant ~ No. of grain per panicle 1 000-grain mass Grain yield per plant
WT 14.61£1.21b 71.67+4.16 b 19.3+£1.20 b 28.46+3.18 b
PC 17.23+£1.42 ab 77.93+5.26 a 25.03£0.54 a 33.32+1.85 a
PK 13.34+0.87 b 69.2346.43 b 20.044+1.97 b 27.54+2.88 b
ME 15.32+1.32 b 70.2346.55 b 21.444+2.12 b 29.47+2.68 b
CK 18.23+3.35 a 78.3343.06 a 25.13+1.94 a 33.32+1.85a
PKM 19.44+2.45 a 78.7544.55 a 26.14+1.67 a 34.714+1.50 a
x3 BHCEAKENEFRASRESTH
Table 3 Nutrient components mass fraction of C, photosynthesis enzymes in transgenic rice
i i K3/ % Ky % e i/ % VER/ 2 HEA/ % AR
Variety Moisture Ash Fat Starch Protein Soluble sugar
WT 11.8740.94 a 1.47 +0.062 a 1.28 +0.052 b 72.23 £5.42 a 6.33 +£0.38b 12.18 +1.17 a
PK 13.73+ 1.13 a 1.39 40.093 a 1.28 £0.057 b 73.91 £4.25 a 6.45+ 0.49 b 12.624 0.96 a
ME 13.25 +0.87 a 1.32 £0.079 a 1.37 +0.064 b 74,15+ 7.43 a 6.734+ 0.32 b 13.21 +0.83 a
PC 12.38 +1.06 a 1.46 +0.11 a 1.92 £0.079 a 72.71 £6.26 a 7.92 +0.47 a 9.03 +0.67 b
CK 11.45+1.11 a 1.34 £0.094 a 1.96 +0.082 a 71.23 £5.77 a 8.04+ 0.63 a 10.36+ 0.75 b
PKM 11.85 +0.93 a 1.41 420.086 a 2.08%£ 0.095 a 70.44 £4.98 a 7.96 +0.59 a 9.59 +0.81 b

3 ik
ELA7 Hi it 9 F 5 4 W1 % PEPC 3K 4 K R
JIVCRIC R C B M i A C RO A

PIRA DR KL AR Hh 2 K& /AU @ 1%
(19 Fre B0 AL W0+ T K 4 2 R 1 AR 3 M T 4 TR
(A3 I o IR B i i R AR ok E A
AR ) N TR R DI L 1) & AR AE IS )
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Y e 4 D 2R, O B B8 TN TR R ¥R 1L 8 (PEPCase) I
LG A R AL (ACCase) (A X 17 P o 52 W5
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PR IS — Ny, ARWF5 &M PEPC 3
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2R AR FE (P>0.05), 8 15 AR 28 i &= 5 4L
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Grain Yield and Quality Analysis of Transgenic
Rice Expressing C; Enzymes

ZHANG Bianjiang, TANG Ning, CHEN Quanzhan, YANG Ping and WANG Like

(School of Food Science, Nanjing Xiaozhuang University,Nanjing 211171, China)

Abstract Taking untransformed rice (Oryza sativa 1. subsp. japonica) and transgenic rice with dif-
ferent C, photosynthesis genes as materials,the activity of C, photosynthesis enzymes and the net pho-
tosynthetic rate (P,),the moisture, ash, fat, starch, protein and total sugar mass fraction were meas-
ured. The results showed that C, photosynthesis enzymes activities in different transgenic rice had
high expression and P, of PEPC transgenic rice increased significantly. The moisture,ash and starch
mass fraction in the transgenic rice were similar to that of control. The protein and fat mass fraction
significantly increased in PEPC transgenic rice,the PEPC, PPDK transgenic rice and the transgenic
rice with PEPC,PPDK and ME genes, while the soluble sugar mass fraction was significantly lower
than those of the control The PEPC gene was beneficial to protein and fat accumulation in transgenic
rice,and it maybe the physiological and biochemical basis for improving photosynthetic productivity in
transgenic rice expressing C, enzymes.

Key words Transgenic rice; C, genes; Grain yield and quality; Nutritional components

Received 2015-12-08 Returned 2016-03-09

Foundation item Natural Science Foundation of Jiangsu Province (No. SBK2015040083); Natural
Science Foundation of Jiangsu’s Universities(No. 14K]JB210005).

First author ZHANG Bianjiang, male, Ph. D, associate professor. Research area:crop physiology and
molecular biology. E-mail;zhangbjiang1979@aliyun. com

(EFE%HE K B Responsible editor: CHENG Min)



