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Abstract: The study of high light efficiency for the purpose of improving crop yield has become a hot issue
of common concern in crop breeding and cultivation. Aiming at the problem of rice yield improvement in
China, especially in southwest China, this project uses the chloroplast gene (VALI) overexpression rice
plant (VALI-OE) obtained in the previous study as the material, starts from determining the restriction
factor of light energy utilization efficiency, and uses the characteristics of significantly increased photosyn-
thetic pigment content and photosynthetic rate to study the physiological mechanism of rice photosynthetic
regulation. The experimental results showed that leaf chloroplast development and photosynthesis-related
genes of VALI-OE rice, such as the light-harvesting chlorophyll a/b binding protein of PSII gene (Lhc-
plI), P700 chlorophyll a Al decoprotein gene (psaA), PSII D1 protein gene (psbA), cytochrome { gene
(petA), cytochrome b6-f complex subunit gene (petG), riboketo-1, 5-diphosphate carboxylase/Oxygen-
ase large subunit gene (rbcL ), ribotose-1, 5-diphosphate carboxylase/oxygenase small subunit gene
(RbcS) , and chloroplast ATP synthetase a subunit gene, their transcription levels were significantly up-
regulated. In addition, the leal mass per unit area and the photosynthetic pigment content of VALI-OE
rice leaves were significantly increased. Under both low and high light conditions, the electron transfer
rate (ETR), net photosynthetic rate (A) and light energy utilization efficiency (LUE) were significantly
higher than those of wild-type rice. However, the total leave area per plant of VALI-OE rice is low. The
dry matter accumulation and yield of VALI-OE rice were not increased significantly. The results show that
the optimization of leaf light energy absorption, electron transport and carbon assimilation in VALI over-
expression rice is the key to improve photosynthesis and light energy use efficiency. The small photosyn-
thetic area has become the main factor restricting the accumulation of more dry matter and higher yield of
VALI overexpression rice. Based on VALI overexpression rice, while achieving high photosynthetic capac-
ity, selecting the phenotypic materials with high leaf area to increase the photosynthetic area is a break-
through to further improve the dry matter accumulation and yield of this rice material.

Key words: purine synthetic pathway gene VALI ; overexpression; rice; photosynthesis; physiological reg-
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BIHAWESE & B0, M-S Bk 2 3 I (Virescent-Albino Leaf 1, VAL 4% 1 VALL, 2S£ Y&
BRI GRS 5K RE R E o R i gk R E L g R AR A A L. R
VALI FEBFE R R 3K, 3R15 T e & 1R 5 48 o B3R ARS8 K R Bk R (VALI-OE)"™ . A BF5E
W 25 R 7R . VALL-OFE 7K et B4 [R5l AR ' s 6 R 5% i i A 2R B, X 3R B VALT-OE JK i /] i
A SR RS A e RE . 78 AR, AR R BRI L4 I A O RS e A i R AR AT, X
—HEVEAE VALI-OE /KR8 IT GG i B 5T B9 A 34 Bt A SCHbhad i iF 58 VALL-OE &5 8 A4 B #
TELA BRI SCREBO B & ik R RBCR S5 A B AR 1 22 5%, #8378 VALI-OE /K F 3 3806 & 35 1V BE )
B GG ik R A BOR (PR AL, D d2 8o B IR XK R 3G = 7 07, T IR I A R SR IR AR S

1 #EMAE*
1.1 KRR

YT 2020 4F 4 A % 8 A7EPUR K2F/KFEHESE T8 D (Jb 4 N29°46'4. 20", A4 E106°21'53. 07") i 4
Fe AT, I S 10 SEF AR (WT) fl VALT 8 E KK R (VALT-OE) Jil 56 A1 6, 76 i B ik 47
BRBSRRAE . it R 8 AR ZOGRERI R I E 550 . Ui i 2 KRR, T4 HEf, 5 H
6 H A% 2 W JHRL, #RIE AR N HRATHE 16. 67 cm X 26. 66 cm, FMRI/NX 10 4710 31, 3£ 100 £k, &8
AR R M. 3 X 3 m mAbis HB S e E as . DB Ik 520k B 52 i il 0 25
1.2 HARXERLE

KRG, SR8 BEIA KRS 43 0 HEAT 66 U L €8 38 0T o 43 550 g R0 T 49 J5T 4 T U 7

IR A5 B OCOR 2 Bl KRS S Rl A G REAG | RRSOR R Rl s SR RS LA 7 R R A
1.3 MEWMBRA X
1.3.1 #A AR T

FE A AR X oK ARG AT HORE BN IS /N O SRR A MR 3 bR, YRR FERUE £, SRS I 6 AH DG AR BR.
AR RE AR L P EERCR L L TR (LMAD L BRI AL CS) L M TR (W DL RS 3 R A A,
W R E RSO RA R

S =W/LMA

1.3.2 "X REH &ML

A 0 2 0T A3 B0 5 T vk . U ERE YD A i R ORI bR R R M R K IR A . SR s
A 10 mL M2 Z4R IO, BB EIR R 48 h, MM 12 h B4 1 ¥k, 55 FH 2 M0 6o B B o6 . e
BFEERT 20 min B 24N G EE T, FEWARES 5, DLas (Y ik BB BORAE % 1R, 430 il 7€ 645 nm,
663 nm B4 T I HE UK 1 OB (OD) .

Chl, =12.20D s, — 2.81 OD,,;
Chl, = 20.13 OD,;; — 5. 03 OD
Chl,.,, =17.32 ODy;; + 7. 18 OD

OD 5 s OD gy 53 M FRLEPE K 645 nm, 663 nm F WA WICAE, Chl, s Chl, s Chl ) 5P RN ER a,
Mok R b MRS K (R .

B AR SRR RS 0(C . mg/m”)

C,=CXVx10/S

Aorfr, C MH R 2 R WS (mg/mL), V NSEIR AT (mL) . S Sl A & i f A (m®).
1.3.3 wetBmEega s

I ENED R &4 it O bR R R M BRI AD . e stsgdh 105 CR%F 30 min, #H7E
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65 CHEZREFTE , &5 A2 —RVFR BT,
1.3.4 e m & (A-PPFD) &9 @l &

JKAEM B A-PPFD (1l 2 iz il GFS-3000 FIXGHE i 7¢ 91X (Chlorophyll Fluorescence & P700 Measur-
ing System, DUAL-PAM-100, Walz, Germany) Bk &4 3 17 &E.

WEBOEZE EARE 1 ik R oI AE A, HEA T R R AT IS E I 30 min JRHEATIE. DE W, AN 27 °C,
X EE R 70 %, CO, ¥ SBEN 400 pmol/mol. FH A 400 pmol/s. Yo&H 80 ST B % &0 1 895.1 523,
1218,980,621,390,221,116.,85,55,30,17,7 A1 0 pmol/(m* = s). ¥EHL 1 523, 980 1 390 pmol/(m” * s)
3 AR Y REAT HAL

TEME A-PPFD B, G YOG P700 AT R ME , JCRGE THOCR S T 19 LB # 4% ETR 1
FETR IT 73 51 il g8 A A% B 00 E
1.3.5 F#HR. FEALMRE F M

T BT E < KA A A E A A TARBUE £, B TR P 105 "C AT 30 min, ARJETE 65 CHET =
fERCR A, A2 — KPR A

7 S AR B PR R B SE - KR T T A A N DR BB A R BEA. /NI 10 BREAT
v, Z R bR A B . — YRR . OB | T R SR RICR SRR R, AR 4 SRR R
1.4 HiESW

K H Microsoft Excel 2010 440 FREHE FAEE . H SPSS 21. 0 B4R # 4748 i F 0 . [W—iR 88 S 50K
(7] b B ) 249 3647 25 5 S S VE AT . p<<0. 05 W ERA G L. SCap i REARILL o +5 R,

2 H#REHSW
2.1 EREREMEBRESH

WAL VAL JER A6 57 AR RV RFE MK 10 5 (WD) it 4788 R 35 K048 T R B E KRk R VALL-OE
(l 1a) » 7553 BEWIXS BF A= BRI VALT-OE KA it Fr it G 4K 4 & FIDOG A A G BRI 4T T qRT-PCR Ml 22 43 #7
(K 1b). IRIELE R LW, 7ELREM I T, VALLI-OE KR F gt E a4 1T 454 % a/b 45 5% M
FE (LhepI D) B e oK PR By A B0 8 T 7500 FEM 1% Jr i, VALI-OE /KA M R 4% PS T P700
Mo R a B AL B (psaA), PS T D1 & HIER (psbA) , AHMIE R [ B4 5 R (per A) FIL 2
ffl (. b6-1 B A /NS TE R (petG) 17 KT 43 i 45 B A= B 4 55 228 %05 355 %0, 151 6 F1 258 % 5 E LA
BRACIE 51 . VALL-OE KA M A o g A% BB -1, 5- — BB 3R Ak i / i 480 6 K 3L 6 D) (rbe L) . A2 B -
1, 5-BEMIR AL BG /0 S B/ HE B ] (RoeS) R 24K ATP & UG o LI ] Car pA) 976 S IKF- 43 5135
HY AR BB T 370% . 131 % M1 375%. HIMAT I, VALI-OE /KAE M F b 83506l . A48 5 %6 4k i fe £ 3
SRR EE LI (p<<0.0D).

HA R AR B RRE 2 AR W 52 B e i T4 . 43 i B AR AL (WD) it VALL-OE 7K 55 44 kL) bk
B AT BEECE L T R SRR T AR AR MR IEAT T 22 R A b (B 2). S5 R . VALI-OE KFE A
BHEY L BT (LMAD & 3505 T B AR R, B BF A R 5 T 36. 95 % (p<<0. 01, &l 2¢) 3 VALI-OE JKFEH R
BRED 4 BE R B RN SRR I T AR IR T AR R (p<<0. 05) . ERBFAE RN BIEAR T 6. 75% (& 2a), 14.29%
(K 2b), 1 31.13% (& 2d).
2.2 RXARBESW

VALI @R IEMEH(VALI-OE) 58 AR (WD Z R 6 R T &8 ESAAESRITTFE X (E 3. K
W45 R RN, VALI-OE KA B AL A48 R a, BFSEER b FIM S FR (atb) B /0 80 & m T84
R (p<C0.05), 43 BB HF AR AUSE & 1 20. 3626, 8. 09 17. 86 %.
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30 -. WT 6r m WT
O VAL 1-OFE *% . O VALI-OE "
2| oz - g
_E 201 w ¥
H.K jﬂ *%
® 15t w3
L ‘,l;;' *%k i
E 10} 5, -
| L i i
ol =m 0
WT  JALI-OE rbeL RbcS psad psbA petA petG atpA LhepIl
(a) VALIFEI R E (b) MZEELENAE X BERBEAMNREIE
x Fom p<<0.05, * * Fm p<<0.01, ZRAGIH¥E L.
E1 HXERERRESH
i | @ WT 187 BWT 600wt e saet ) B WT
145 o VALI-OE A% - 0 VALI-OE 500 L O VALI-OE + 500 | o VALI-OE
14F
140 "
= 12 £ 400 g 400r
2 135 & 10 80 9
T = ~ 300 F “ 300}
£ 130 & 8 §
- : S 200+ 200 |
120 100 - 100
2
115 0 0 s ; 0
WT  VALI-OE WT  VALI-OE WT  VALI-OE WT  VALI-OE
(a) %= (b) HEEHE (¢) EEMtERE|MA) (d) BRHRMHETRES)
* R p<0.05, * x F/R p<0.01, ZRALIT¥EX
B2 #HBERBERSH
e ROt G E R EE R, E R TE 4501 T —
16 R B[R] 0 AT B 2 6 B 2L G A LA B e R A el 0 JALI-OF
. KRS VALT-OE AREMAR S B ER (WD Z AW 5 3%
TFALBAO S 4P HIAE 390, 980 Bl 1523 pmol/(m” + &) & [
_ 7 250
()% HR 58 B R %F B 4= BUAT VALT-OE JK R M B 6 R 48 ?ﬁ e
ARG 1 FRREA RN TS B EES. R @ il
GERRH], HEARIJERRREE T . VALI-OE KFEM EHE R *jl'é i "
Be 11 AL R G 1 3T B M 13 0 T B4 0 (P ), ol ﬂ
VALI-OE /KA BHE 390, 980 A1 1 523 pmol/(m* + s)
Chla Chi b Chi(a+b)

(' BB BE T O R GE T HL 4% 356 58038 43 ol A Y A AR 4 v
T 18.06%, 30.76% 1 33.09% (p<<0.05, Kl 4a); HF
i1 BT AL B R Ay BB A R R m T 16,149,
26. 58 % F1 30. 28 % (p<20. 05, & 4b).

* Fom p<<0.05, * * Fmm p<<0.01, ZRAGI$E L.
E3 ‘tEBRERESHERIM

Jea ik FEL AR Y T B R A SR XY A KR T BAEE IR, VAL 1-OE KR # RS B 2R
B WD TEA DL T LA o R AR 22 A ST 8 . IR A REW, TEARDEMIRE T, VALI-OE

IKAERE R e A 38 2 T AR R (p<<0. 01). #£ 390, 980 A1 1 523 pmol/(m”

P E T 82.47%, 100. 43% F1 97.01% (& 5).

s) B B SR 2R 73
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140 250
BWT BWT
120
O VALI-OE = 200 | OVALI-OE 3

100 f * " *
& & 150}
;,E 80 =
S =
£ oo * £ o}
S 4wf < =
= Q50

20 b

0 0
390 980 1523 390 980 1523
FHRIRE/(Lmol . m? . s1) KRR3RE /(tmol . m? . s1)
(a) PSS B FEBEREIRIDER (b) PSIFIXEHETEBEREIRNER
* Fom p<<0.05, * * Fm p<<0.01, ZRAGIH¥E L.
B4 XEBFERERSW
2.3 REFNAMENMYREVEFEMWHR ST

VALI-OE /K F&#1 kL 5 B A2 B (WD) 2R [ 65 R OB RE A &R 22 R g it 2% 5 (R 6) . Bdla 45
T, ERFJEIGRE T, VALI-OE /KA R 6 g A H 20 1 8 2 & TR AR (p<<0. 0D, #£ 390,
980 A1 1 523 pmol/(m® « o) B BR 5% T (19 )6 RE A FH 850 % 43 0l B B AE AU4RE &5 1 82.47% . 100.43%
M 97.01%. VALI-OE /K b4 8 5 BF A 0 0% 25 Fh s 25 S 3R W1, VALIL-OE JK A8 A4 RL 04 5l 28 40 T 9 12
OB SORIBC, ORI, RERA. TR EOR B T R S R R 22 R RS R LR D).

30
25
2 2
2
= 15
e
S
FERU
!2{3;
% 5
§
0

BWT L
OVALI-OE 44

*%
390 980 1523

JHRIRE /(umol . m? . s1)

x* FR p<<0.05, * x FR p<0.01, ZRAGLIT¥EX
5 AEAXBTAEHRELALNEERIN

0.04
*x BWT

0.04 O VALI-OE

0.03
*k
0.03
0.02

*%

0.02

LUE /(mol-mol?)

0.01

0.01

0.00

390 980 1523
Y HRIRE /(umol . m? . s1)
* FIR p<0.05, * x FoR p<<0.01, ERAGHHE X

Blo6 AENXBETHEMAYE(LUE)ESSIN

X1 MERERMEFEHEES
)] j:mi%/ﬂ;ﬂ /. N AN N =N Ky =N
F B MK/ em SREL /R PR/ b /A TR &/ g BrEE /g
TH /g
WT 44.143.72a  24.29+1.20a 125.56+29.38a 19.3345.00a 12.00+1.73a  282.4+4.48a 957.45+174. 44a
VALI-OE 45.4246.97a  26.57+1.87a 126.11+26.94a 25.89+7.72a 11.674+2.31a  274.4+6.63a 908.38+28. 95a

I RIS PR R p<<0. 05, ZRESHI#E L.



18 B HEKFFHRCA R FR) http://xbbjb. swu. edu. cn % 45 A

3 itig
3.1 BRIEVALI KBRUEM R XERK., BFEEMBRELURIRESLEERMXENAMENXE

JEW R BE 1 1 E R AR S E I BRI, MRS a/b S5 B E A SOL RS 1(PS 1D I I H o fEH
FEAINBRLE, G Z AR R S B R BP0, 2 5RREE L S A5, DL R 45 Bl R 55 Y 1
A B, XA RO A VE TR B SCBEE Y. BFSE R, 78 VALI-OE @ & kKRR, k& & ik
% a/b S5 A EEEE (LhepllD), i PS1P700 42 a A EE A Al 2K (psaA), PSI1I D1 &
FI3EH (psbA) . UM R BT IEE F 3L (per A) R R b6-1 B AR/ I (perG) B % 557K
P R (A D), X L PG SR 3 S A A TR T KRR 28 3 a RIS 2 b 1) i o 20 (B 3)
A ARG S5 1 F e AR TE Z HOGRE . (3G RE 1Y% L RN 12 388 (&L 4D, 3 T 2 /&5 ¥ Ol & 3R FDG R R 2L
K- 5, K 6).

WEEOT , bR R F s B RRMICEW . IR EN . VALI-OE @& kKA
F eI T N TR AE R (R 2) . XA R T e ZE AL AR RS T 2 AR A ADC A R A B4,
HETTHE & VALT-OF # RA K fg it Fr 72580 T 09 f T 1% 3 8803 (B ) L G ik [R50 (& 5) R RE R FH 2L
R 6). WIas R £, 7ERCEMT . VALI-OE @R B KR ETR I &S T ETR I1(E 4),
X BT OO N KRR PS T AY A U W E s, JE I S B0 B R AL R R R, TR
AU T i 1R A R T G ER T SEBUOE A PUE A B MY L 28 LT, VALI-OE # & 5 KRt R 5%
SOG4 A IR TR A SR KOT- 1 B, AR TOLA I E S B A IR R R TSI RO R S D
AT . VALI-OF #8335 /KR8 i 40 B A B HOA 18 35 106 A B8 71 A% BRI B50%.
3.2 EEAAEMIEESSHERREMN, #H—SREXGEAEREE XY KBEMHREO

HLA R B B RS AE R VR 0 S B i e R A Sl SRR SO R S 4 W A e R B A L i AR
RBUEK , MRA S HIE TR A, ZEFPHDHBUEMR RE 5k, a2 S5 /40 AT, BEOR P9 B A 5 B L BEMAOL
SRR E. ARG REY, ERMEN VALL-OFE #8235 K F5 5 5 4= 8T 9y i B8R 2 6] 2% B8t
SRR D AR EE RO B TR AR (E 2). XaRERE N VALT-OF MR KKEN i BA &
SRICHERET) . BMEM T Y R E RS A8 T, B BERTE T 20 T W R RC . U T R
SRR B K 2SS AN, TEURSR AT, VALI-OE 223K K R 5 B A 50 52 BRIk A bk 19 20 BERC R 25 S e
GiitEm X, g SE T A G . VALI-OF #8235 K A8 53 2R A5 — S0 5 04 S0 BESS I T |\ & 1
EpY Vi

PR AEY O CREY PR PP RE I IR AR A 3 A BREDE GRS . B O A ARANE KOG E I By AR
ARBEFE R, AR VALI-OE #8325 KR BA W% @ S 2 B o 80, Hnt i fgeot & R (| 2, & 3,
Kl 5), H VALI-OE #8335 K ff 5pk m AL 5K T B A AL (B 2). Se A AR /NS il 29 VALT-OE 3%
KOKFEASE L T i BRI FEE K. U VALI-OE #2355k 8 3l 7252w 64 e mE
BF, 55 E e AR R AR R, B A AR BRSOk T i — 2P BT R S 1

4 it

HFRIE VALT-OE KA R OGRE W, oL £ 328 A e 7] 16 2 42 & 06 & 4 F R BE R T 20 1 3¢
B, VALI-OE i kKR A MG & W g 11 2 DN L SP3BT it & | A i
OB RIS RO R B & T, VALLI-OE # 3R 5 K R uE 7 40 B A2 R 3 HLA 35 1 0l 9 i 1 1%
1B RO R, B HOBRE R ROR W . SR, Oba m AR I 25 VALL-OE # 3%
KK FEARAG T L2 T B BRUR = i) R E. DL VALI-OE B3R EK RN S, 78 508 & 64 fg i [+
If o 15 AR SRR, R e A A AR B — 25 3R 2R R R W it SR B R A A S
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