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Abstract :[ Objective)] Phosphoenolpyruvate carboxylase (PEPC) involves in carbon metabolism of
plants and has an important role in carbon and nitrogen interactions. This study investigated the changes in
grain shape and composition of rice with exogenous C,-PEPC to clarify the effects of exogenous C,-PEPC
and the role of C,-PEPC in C; plant rice. [Method)] The grain shape of Hang 2 (CK) and rice with C,-
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PEPC was analyzed using SC-G Rice Automatic Test Analyzer (Wanshen). The starch grain structure was
observed by scanning electron microscope (SEM). Rice quality indexes including amylose content, gel con-
sistency and alkali spreading value were determined according to the standard method of rice quality deter-
mination. The grain amylopectin, sucrose, soluble sugar,carbon and nitrogen contents were determined,and
amino acid content was determined using high performance liquid chromatography (HPLC). [Result) The
grain of rice with C,-PEPC was shorter and narrower compared with CK,and grain length, width, perime-
ter and 1 000-grain weight of rice with C,-PEPC were reduced. The starch granule of CK was arranged
densely,while that of rice with C,-PEPC was arranged loosely. In contrast with CK, rice with C,-PEPC
had lower grain amylose content, sucrose content,soluble sugar content, chalkiness rate and chalkiness de-
gree, but higher amylopectin content. The gel consistency and alkali spreading value had no difference be-
tween CK and rice with C,-PEPC. The contents of grain nitrogen and 14 amino acids including Asp,Glu,
Ser,Gly,His, Arg, Thr,Ala, Tyr, Val,Cys, Leu,Phe and Lys decreased, while contents of Pro,Ile and Trp
unchanged in rice with C,-PEPC. [Conclusion) Introduction of exogenous C,-PEPC caused smaller grain,

loose starch granule,lower contents of grain amylose, sucrose, soluble sugar, nitrogen and most of amino

acids,and higher amylopectin content.

Key words:rice;exogenous C,-PEPC ;rice grain shape;grain quality

18 T s 1 =X T B 7R AR AL T (PEPO) |2 A7 46 T
S L7/ N R LN R NS S AN | S ei= 411 I S
B R R AN S 504 ik R Ak 45 T 2
RsH& AR, I HAE AR L0k BT Z R BRI RES .
16 C, Fig KEHE Y o, PEPC (% 32 %5 A= B84 2 [
SE SR A AR (COL AR 1) R 4k s (R e dE B A
TEHAEL S C; #i¥)h, PEPC J& = RER TG (TCA
TG IR 1AM 3 3 A28 108 G B il b 8 2 s e =X, 1A T
iz (PEP) 5 HCO, [ i 2E il Bl £ 2 COAA) I
S REANH] 3 0 77 ) OAA J& TCA 9F 35 i) 8 2 5
UL 5 C ML, CYROEA SRS, CO,
N = (A ) S W e R PR P S v i
CO, (X4 PEPC % CO, 11 3% Fl Jy 58, I i 3
CO. ZEMINE R, [F) B RE AT 25040 i A% W5 -1, 5-— W i
FR AL /048 B (Rubisco) B 4 15 2 . B AR ' I 1
RE . B RATR AN C B EMERESIA
C, /Y, 4T 7% C, #HY PEPC T A% C, 1
YWIBESE . F, 418 81 C.-PEPC £ C;, fH¥IK
R ME . T Sy C, 3 R 0 4y b o F Co A9
BEE WL B SR

HAEr. A X8 C, BILH T A C, Y0 HF 5 5
%, Ku 7584 0 £ oK PEPC % AKHE , & BLE;
KUK AE S PEPC % 1 W W 42 5 O S Ak ek 55 (H
oA R T E R KB, AR
PEPC Ja /KRGt & 3 R4 AR R B 3 im0, R
FLFEERG I, CO, Wus 8 AR 3 42 . CO, b
A AR AR B H s B PEPC

J& s KRB 0 e A R A TR L S Ah LK
fe e A PEPC 3N 5 PEPC A DL 3 49 15 7
BRI AR A DA S50 B I R 3 R S R BB R
fRBE H T AE R OER R L 5 PEPC 3 N KRGk
SRR TR A A K R B R E s R
iR YA, 7E At 33 BT SN R A AL BT L B
PEPC £ [H /K 7 th 26 B0 5 % BEOR — 19 A B 4%
P, TEIREAS BT % PEPC J: KR8 22 90 it %
R 32 Bl 20 G SR T P s L B 5O P I R G S
P23k B, OF L & g s bk = m e, TR e
.5 PEPC SLPRUKRE ML & Kbt A1k R G e I +F
FE RT3 8 1 A P TR T R XA R
PHIVE R BRI PR aE s L R 5 b
KA K Ca® L NO, H,O, Ml CmfE S 1L a
S BN IR LR £ TR L 3R R K B R A A B
Al DL R & ok PEPC KRG 64 s 2]
I 5% C,-PEPC JK A5 f A B M 2 A 7 B S A A
. B B EH % C-PEPC KAF#E— 20 0 H
FTHF KM C,-PEPC £ 3 #5155 F f& w5 K F
TR IR E B A R AR A RS B T —
R BN (A E— 25 A O S A,
C,-PEPC %5 A 2352 Wi 7K R AL v 1) 28 B 43
W, FESEDY MBI R 5 PEPC KRS FRLH AT
VoS W R B R R B R S R G
AR iRV A BESE R B L e PEPC KRG AF R o
J I T3 2k 4 00 0 o T M O A BB AR
IK G IRy RV Ry 1 S5 e A BOC B 2



11 &

¥ 25 MR Co-PEPC XK Fs bLTE FRE K 5 K 53 B9 5 1 37

25 L RT R B R O 48 S 43 B 5 M R
C,-PEPC sK A5 A B A AL 7 . A 46 06 A 55 1
PO B 25, T 6 T C-PEPC RS K 52 Wi 1Y BF 52
B, REFEIL AT C-PEPC KA HRE . A
KV B L 43 A5 15 D A K i JRVRE K B 43 » DA oA 5%
3 C,-PEPC 78 C, Ha ¥ /K R H (1 T B8 70 A7 42 4K
.

1R

1.1 Rges Rl

fit 2 5 X B CCKO 7K R B AN TR) Bk R 1 AR 7%
C,-PEPC JKFgFh . ¥ el A 2 4 A Mk B 2 Be K A5
W GE I Al AR A ER AR P 2 S K R R B BB 5 4y F &
PO G000 AR, HARIOIR BIRCE 3 M H R
T a2l % .
1.2 KA E
2.1 BHod RHAFTESCG R [ 3% K&
TR S HHALXT AL 2 5K Fg fif% C,-PEPC K A& #
TFHRE HEAT 43 B o I 43R0 0 A LB L AR
AR TR &, B FEMEEIE 5 K B E
2 150 Hi,
1.2.2 dgpfafusg #2595 ki C -PEPC
PR 2R R 261 A 8 AL Bl 2% e Al o et s o 55 46
I H ARAIF 5 T 5 H B 4 il R 25 4 T R B R R
TR RV oD VR - N iR 2 9 R 7 S 1RV Ve =3 [N i
LR A 1 Ak RS
1.2.3  KRAegnz Yk AR+ B3R T . = ik
WCE 3 AH . BRI 200 g R AR R
I Al A A BB A o oK B I s U7 2 (NY/T 83 —
2017) XK b 1 K JBT 2E AT DU A L B AN RE S 23
YT R i, o R R B
18 T DK B30 EE o K VB Fh 28, S 1 R R U A A oK
e A A A TR AR KRR TH R L

1.2.4 AEHRAHELS TN T FEHLEFEH
1A C-PEPC KRERR R EAT G SL 10 4 0t & it
WA o A % A 8 AR Bl 2% e Al o 3 s 1 5 4
2 AR AIE 5 7 900 2 A K R Rl 25 i 5 B A B DA K T
VoS T M D R S (0 I S DL R ) A B A S
P65 R 26 1R 5 N B A W R A BR 2N F D
FESEEVER . BRI EE N E 3 W,
1.2.5 BAERFAALBRAZTHMNE RKHAILIK
B R I R OK B R U s SR R RIOBAH € 3 vk
(HPLC, Agilent 1100) %2 f& K 17 Fh & 5L MR & & .
FEAFERE R 3 K,
1.3 HiEAIE

TR0 KR R B R R Ty 22 0 M B ke 56 4 T
DL P<C0.05 25 5 % R SPSS #f4 & Mi-
crosoft Excel 2019 #4710 ¥ AAE I .

2 HiR5 0

2.1 % C,-PEPC KTBHRFE S
BRERLIE A3 45 5 (3 1) SR, 5 0 IR AR 1L, 7
C,-PEPC /K # 3 4~ ¥ % (tPEPCI. tPEPC2,
tPEPC3) [ 7% ki JA K 24 4 % Bk /7. 8206 ~
9. 27 % Ak K At BRI /N 8. 00% ~10. 33% . 22 ki
oAt BN 8.31% ~8.92% H¥ R B H.
C,-PEPC KAEHR R (1 45 KL B AR Fl A AL T AR A A X
BN H G (PEPC3 BRR S XTI 2E 7 3% .
A H C-PEPC KRS 3 AN Bk & B Tk o &
PR /N B et BB AIG 8. 96 00 ~ 11, 74 %0, H:
i tPEPC1 #l (tPEPC2 Bk R 5 X M 2= R W 3%,
tPEPC3 tk R S5 X I 22 5 W &, 5 X JAH b, #%
C,-PEPC/K FE M) & AL K B |, X Bkl oc J5 %
C,-PEPC/KFEHIFE K MM (B 1., kg%
B, 4ME C,-PEPC 3 A B 228 7K F A8 25 19

KT

R 1 % C -PEPC KTEBEHRR S

Table 1 Grain shape of rice with C,-PEPC
FE AREJE K/ mm AR/ mm A KL S /mm KL B A% /mm A4 KL A/ mm?® TRLB /g
Sample Grain perimeter Grain length Grain width Grain diameter Grain area 1 000-grain weight
Xt iR CK 25.454+1.81 10. 26 0. 69 3.25+0.24 6.76+0. 46 26,0044, 04 30.2442.60
tPEPC1 23.4040.42" 9.38+0.16" 2.97+0.10" 6.33£0.12 22.414+1.11 26.69+1.45"*
tPEPC2 23.4640.47" 9.44+0.18" 2.98+0.02" 6.28+0.09 22.0940. 56 26.74+1.16" *
tPEPC3 23.0940. 26" 9.20+£0.61" 2.96+0.07" 6.17+£0.09" 21.3640.63" 27.5241.45"

X O 2 45 . tPEPCL tPEPC2 . tPEPC3 Jly 3 A% C,-PEPC KFEM FR; » KR ZEF B F (P<0.05), » « R/nERHREF (P

0.01). T,

Note:CK is Hang 2. tPEPCI,tPEPC2 and tPEPC3 are three transgenic lines of the rice with C;-PEPC. % and * % indicate significant

difference at P<C0. 05 and P<C0. 01, respectively. The same below.
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B

A A B K. Bar=1 cm
A. Hull rice; B. Milled rice. Bar=1 cm
1 % C,-PEPC X7 tPEPCI FIXJ K FFORLIE 1) oL
Fig. 1 Comparison of grain shape of rice with C,-PEPCand CK
2.2 ¥ C,-PEPC KEFBAEEENBREABIZE DA BB 4 A, SR FH P, 8 91 41 W0 45 R A A AT 45 2R L [
H TR C-PEPC ) AR TB 2 WMAE K 2,

15kU X 90 200 p 15kU X 90 200 p

15 kU X 1500 10 um

I15kU  X3500 S um

AN IE 3B (PEPCL; A1 Hl BL. K 90 4% 5 A2 il B2, Jitk 1 500 4% 5 A3 il B3, Jit & 3 500 4%
A. CK;B. tPEPCI; Al and Bl. 90-fold magnification; A2 and B2. 1 500-fold magnification; A3 and B3. 3 500-fold magnification
Bl 2 %% C,-PEPC 7K FfE 4 ff I oY) W 45 43 il WL 8¢

Fig. 2 Scanning electron microscope for grain cross section of rice with C,-PEPC
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X BRI TG 22 R R B3 . IR AR A
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Table 2 Grain quality analysis of rice with C,-PEPC

B il HEEEM SR/ (mg- g™ JRAE/mm RN (ER TR/ % EHEE/ %
Sample Amylose content Gel consistency Alkali spreading value Chalkiness ratio Chalkiness degree
Xt CK 137.2440.15 86.0041.41 6.0040. 00 68.50£0.71 16.42+1.38
tPEPCI1 135.0740.73 84.5040.71 6.0040. 00 62.50+0.71" 12.32+0.97
tPEPC2 133.2040.99" 85.0040. 00 6.0040. 00 67.00+E1.41 15.434+1.75
tPEPC3 118.7042.69~ 82.0040. 00 6.2540. 35 61.50£2.12" 12.65+0. 50

2.4 % C,-PEPC BXMEHMELLE

RS A I A3 W IS DR O %o A oK e 1 R Bk
PR T AR TR RN SRV R S AT T L
F 3. mFE3SALFWL.¥ C,-PEPC /K (tPEPC)
T oK (4 S Bl 5 1 R OO A e L (H 5 X R B 25

5 C,-PEPC &g K 1) 32 55 V€ By & &2 5 % 148 &
7.00% 25 5 5 2 5 BB A B R R AR 24, 1600,
25 SPGB AIC 31, 0626, 22
SR, FWANE C,-PEPC S A% T f5 K
TR RS 2E & = 40 I .

F3 BHC-PEPCHEBARHBMEXRSENNE

Table 3 Determination of total carbon and sugar contents in grain of rice with C,-PEPC mg/g
B il J=¥ 3CHE VE B TEWE AL PEAE
Sample Total carbon content Amylopectin content Sucrose content Soluble sugar content
Xt CK 815.48+29. 56 681.09+12.41 4.54+0.05 9.81+0.10
tPEPC 865.50+37.09 728.25+16.31" 3.4440.16* * * 6.764+0.15* %~

v o x KR EFIER B FAKFE(P<0.00D), FEMHE.

Note: * * * indicates significant difference at P<C0. 001. The same below.
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K B 73 B B BB B S A ik A DR i

St gt — 2P I E TR OK P R RS R 17 Rl R R
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Table 4 Determination result of total nitrogen and amino acids contents in grain of rice with C,-PEPC

%‘Oﬁ{;ﬁigfn D 186.57+3. 84 170. 2040, 76" * * ﬁ;ﬁﬁﬁ’/("g gD 1 496. 3954, 43 1199.91-+83. 62
fﬂfﬁﬁﬁ/(“g "€ 4784442373 3 941.71468.65" ﬁ‘%f@“”g gD 1123.52+19.88 1006.31+22.31""
g%{m/(“g gD 7 418.17446.09 6 415.114119. 03" * é\"t,’ﬁfm/(“g gD 1 202.56+8.57 1016.02+60. 72"
grﬁﬁﬁ/(“g gD 2041.22452.79 1 748.22420.44" * E’;’tfﬁﬁ““g gD 132.92417.47 75.6648.02"
ﬁnfﬁﬁ/(“g gD 1730.55+15.29 1 458.76460.02%* i’ﬁ“g‘ﬁﬁ/(”g gD 842.53+1. 26 726. 2154, 67
%f‘ﬁﬁ/(“g gD 822.77456.03 684.174+33.25" ii‘i@/(yg g H 2 659.69415. 58 2 254.454+127.59"
ﬁf‘ﬂﬁﬂfig gD 2 819.824125.21 2 399.75+28.19* " lﬁ?ﬁ@/(”g e 1 635.43+38. 82 1363.93+78.30"
?‘f@/(“g L 985.09+9. 62 824.61+44. 16" "?f@““g gD 29.20=+1.70 27.44+2. 26
Ef%(“g "B 5 037.02428.98 1 773.09462, 74* fi;ﬁ@//(“g e D 919. 6246. 28 821, 61440, 77"
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