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BIGETE ATER IR 505 RIMUES . R LB E R, R MK B h E AR SRR RE TR ( EART
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rice PI312777 and non-allelopathic rice Lemont were employed as donor plants and the morphological and physiobiochemical
characteristics of receiver plant branyardgrass( Echinochloa crus galli) mediated by the two donor plants were investigated
under low potassium stress (5 mg+L 'K, denoted as K — ) and normal potassium (40 mg-L 'K, denoted as K + ). The
result showed that, under K — condition, the two rice accessions inhibited the growth of barnyardgrass to different extents.
The inhibitory effect (IR, % ) of allelopathic rice PI312777 on barnyardgrass was greatly higher than that of non-
allelopathic rice Lemont, showing 56. 19% (IR, the same below) VS 14. 67% in the suppression of root length of
barnyardgrass, 35.78% VS 9.27% in plant height, and 46.24% VS 9.47% in dry weight. Under K — condition, the
activities of superoxide dismutase ( SOD) , peroxidase (POD), catalase (CAT) , and the root activity of barnyardgrass were
descended at a higher rate when the target plants were co-cultured with allelopathic rice PI312777 than those with non-
allelopathic rice Lemont. Furthermore, analysis of Real time Fluorescent Quantitative PCR(FQ-PCR) showed that, under
K - condition, phenylalanine ammonia-lyase, cinnamate-4-hydroxylase, hydroxylase, and O-methyliransferases, which are
the key enzymes in phenolic metabolic pathway, were all up-regulated in root and leaves of allelopathic rice PI312777. But
all these enzymes were down-regulated in non-allelopathic rice Lemont except phenylalanine ammonia-lyase in leave. HMG-
CoA reductase, squalene synthase, monoterpenes cyclase, sesquiterpene cyclase, and diterpene cyclase, which are the key
enzymes in isoprenoid metabolic pathway, performed the same expression pattern in roots of the two rice accessions, and it
was also found that in leaves of non-allelopathic rice Lemont, HMG-CoA reductase was up-regulated and the other four
enzyme genes were down-regulated. But in allelopathic rice PI312777, only squalene synthase showed down-regulated, the
reverse was true in the other enzyme genes. The result from the analysis of phenolic acids in two rice root exudates by using
HPLC showed that, the total amount of ten phenolic acids concerned in allelopathic rice PI312777 under K- condition, was
2.30 times as those as under the K + condition. However it was only 0.91 times in non-allelopathic rice Lemont under the
same condition. It is therefore suggested that enhancement of rice allelopathic potential in the suppression of the target
weeds under K deficiency might be attributed to the up-regulation of the key enzymes involved in phenolic metabolism,
which leaded to the activation of phenolic metabolism, and increased phenolic allelochemicals, consequently inhibited

growth of barnyardgrass.

Key Words: rice ( Oryza sativa L. ) ; allelopathy; potassium deficiency; gene expression; phenolic acid

I FAZK RE LR A (allelopathy ) #554R FI 24 BE 2 21 AR BRI FRgeR L A TRERZ -1 Y
TEIRAE FARAE — TS A (A donor) 72 3 LASE % (volatilization ) | k¥ (leaching) \ 73 ( excretion) Fl43
8 ( decomposition ) %77 3\ [ P BRI A A ) T B2 4R AR A ) (FR B 24K, receptor) E K R F AL
FEBFEIRT o FIFKREE SRR FIR B IA R F 4% 25, T Mo 4 2 Bk B A 490, AR ARG A 7= A R
PAESHEMEM A, R R RS B2 R R, FIKRERERT By LT
FEEPR AR,

WRE AR Z R FEHNBEREER, KEZAERTOBM " . W E5 RN, LRy
R SR AN ERIRSE A 1F BN, SR M8 VR T 2 O R 3R AL BRI TR B R, FFR BE AL B BN
YINERRELBISMIRER S P o FLIARTEXT L EILBAE BT ST o R BN, AR AR T AL 80 )AL R AR R A 3
38, Moo BT R I IR EUE T A LA B 3R, IR B R AL B R A S
HEBRASSEEE, B R B NE K. TARERRABRIER, B— MREERMLEESET
2 EERIREEIFHE T o SR HRTBIITE FRHRE R R KR8 LBV E R R 20 58 H7E RANWE, X TR 87 a8 T
IKREALERTE ST R R, B AT CBOY R RIS . AL FHRETRZ — KN EIHERET
REBBEOEAS . BESFHERNER MR TERE, BiRE LRGP ERE Y A
HUOE B R KRR LR B B BRI R L. i, AR LA E RS B AR BRI
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RE R Fh PI1312777 FNAEALIE/K RS Sl Lemont bbbt ~'¢7 | 3525 5 40 e 3of 7K 75 AL B 3 28 4k B S M, LASH 1
IR 38 S AR AL R 7 BB AL, D B R 18 s A3 4 R R K RS AL E LA 5 8 7 R AR IRAE .
1 #HRE5FZE
1.1 SEH#It

BEZFER P312777 (51 EE, &#% PI) \Lemont (5| HRHE, HfR LE) RBER 7o 5B A ASD,
Z M, RSB R 2R 101 SE2 357 IR (Hoagland FLJ5 ) RYZERIE (1K 45 cm x 335 cm x & 15
cm) SRR PRIREN 1. Sem BEBRIRAR , WIRR LIS ER 1. Sem B1/MFL 40 A, BMRE 7d, F
BB, BRI K TR EHRRERE, K 2BAKFE: 5 mg 8L (R B8 KE, 470 K - ) #1140
mg #+ L' (EEHHKE A58 K+ ) FAFWHEN K- MK+, BNKFE 3 ANER. R KESHRERE
ZFE—Rla, T 1R, KR ARBRE REE 735108 35 ¥R S AR, BRATEEDN Sem x Sem , BB HE—HE, I
PP KRR o, A DURRISI R K4 T WIEMREE (40 %) A3, 8558 7d 5, #EAT M CTR E BIE ,
FrEdE R H SPSS B #EAT R I 434
1.2 BERTIEIRT

FRAEHENEEX & HE R KR HETIE . B0 EHRECH) 10 #k, METE, B S HR#E
EiTA,120CAFE,T0CHT 2 ERIFHRE/RATYRERE. BETYRREMNHERIHEZAX R =
(1 -TR/CK) x100% 5,24 IR >0 Fy3EI/ER, IR <0 R EHE/ER . b, IR . 343 (inhibitory rate) , TR : 4k
M &8 ( treatment ) , CK ; %f BRI E1E ( control) ,
1.3 SRR A SRl

ZAREAR AT HMERA TTC &7 M A4y A B ( SOD ) 15 M= 1 R K U ks , 3 SR AL Wy G
(POD) #& 1 R F Ay B A By e W 5E , 1k S AL S BE (CAT) T4 W3R &AM ot ik e, RIE#BIES
SCER
1.4 BRAmER AR R U SRR F LN TOLE & PCR 447

RS IE T, KRB RS R R B A T L R E N ER KRBT R AL OLE R PCR FiE
BT, MR ERE BB MRS T R,

®1 KREDEHEMFEXRRERERBBEERELN FQ-PCR 3| #igit RF5I
Table 1 Design of the primer sequences used for FQ-PCR analysis on the related gene expression involved in phenolic and isoprenoid metabolic

pathway in rice

KB BRY AR L2
The key enzyme Accession number Source Primer sequence (5'-3')

[GESw patE ERERBEE AK068993 Omveas sativa S-CCGTGCTCTTTGAGGCTAAC

Phenolic metabolic pathway Phenylalanine ammonia-lyase g A-GCTTGTGAGTCAGGTGGTCG
PIERR-4- 2L E , S-ACCGCAGCGTCTCCTTC
Cinnamate-4-hydroxylase AAVA4089 Orysa sativa |\ CCACCCGAGCATCCAG
B , S-CCGCCTTCAACGACAA

AK069765 0

Hydroxylase 0 TG SAE Y CGCCCATACGACGATT
O-F HEEHE , S-TGGTGGAGTGCGTGCTG
O-methyltransferases ABBI0678 Orya sativa—\  \ GGOGTTGGCGTAGATG

FRILZHRERZ HMG #EE A DR , S- TGTCCTGTGAAATGGGTG

X . AK060545 Oryza sativa

Isoprenoid metabolic pathway HMG-CoA reductase A- CCTCGGAACAAGAACTG
fE2LME R IR BADI9972 0 . S-TCGATGGAAGAACGGGCAGAG
Sesquiterpene cyclase TEG S A TCGGCGTCGCTAATTTCATCG
BTEEAMLEE , S -AGCAGGTCCCTTGCGTCTT
Monoterpenes cyclase AC090120 Orysa sativa I MGTCGTICCCGTCGTT
FRRATH , S- TGGGAGCAGGAATGGCAAAAT
Squalene synthase BAA22557 Orya sativa 10 CGTCCCACCAGCATGAC
=75 S- CGACGCTAAGGGCTCCCAGA

TSR BAD17278 Oryza sativa

A- GCCGTGCGAAATGTAGCTGG

Diterpene cyclase
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1.5 KB RSP B R BY R & B i

BRI SIS 7d ERWAKREREFRE (SR KBRRSWY ) & 1L, KH pH {6/ HCL 7
2.6 £4,ESCREZRZEY 10ml £4 ,@XSFHRT /5, H 2ml BEE(Gi54) %/ M T HPLC 5317,
R8N B BRAR AR B9 HPLC A 4551 R A By BT AR M R 2 N : JLZEE 8 x 107 mmol - L™, JRJLZXER 1.5 x
107° mmol-L™", [BIZE—H} 8 x 10> mmol -L™" , MHERR 5 x 10 ™* mmol L™ | X EFEFEHER 6 x 10 *mmol-L™', T
FE1x107° mmol L™ FEEL 8 x10 *mmol-L™", /K8 2 x 10 > mmol-L™", FiJ#HEE 6 x 10 > mmol-L™", iy
RS 4 x 10 *mmol-L™', HPLC 43745/ waters 1525, A& M5, A 1E4E % C18 ARK:, WBIAH 5% BETR
(A) ,BitaiFEE(B) , %@ 1.0ml -min ™', BEEEVEB A% :0 ~2min,A:B 3 1:1,2 ~3min, A:B % 2:3,3 ~
5min,A:B 4 3:7,6 ~20min,A:B 3 2:3,
2 BR5HW
2.1 {REPHE T A RICRRE Tk R BT AS H

B 1.2 EREH, SIEHEFRFMMHEREME T, /LEOKAE PI312777 59E4LRIKAE Lemont Xf 3% #
ERKSEEMTEYEWHER. EEERZGT, WBOKRBILFRERK WS . TEHIH RE
37.51% ~46.11% ,E4LEKFE Lemont 5 8.73% ~11.77% o {&SF AT ,AER/KHG PI312777 bl M 4R
KR TERMHIZER 46.24% ~56.19% ,IELEIKFE Lemont 7y 9.47% ~14.67% . B WL MK REAEM
XN EFAEBEER FRHRAEEFRDET EFENHE,

70 -

W K+ OK-
o nor B K+ OK-
S 50 + 60
% w0 3 50 s *x
3 | R
ﬁ-ﬁg > 5 E 40
25w L
£ 0 s £
= = 20
ns ns =
il  mi N .
0 1 1 | 0 1 | |
¥ Root %55 Shoot T Dry weight K Root #E Shoot  TEE Dry weight

B 1 AEHESZMETIEABAKRE Lemont HEERK HEMT B2 ARESREM TR PB12777 HEERK SHEHMT
BHIHE B

Fig. 1 The root, plant height, and dry weight inhibitory rates of Fig. 2 The root, plant height, and dry weight inhibitory rate of

barn-yardgrass mediated by non-allelopathic rice accession Lemont barnyardgrass mediated by allelopathic rice accession PI312777 under

under differeft potassium supplies different potassium supplies

2.2 (RSPHME T S R RE Sk R R 5 A B A o

B 3 GREH, SIEWEFRFMML MRS IRET , Bk R X 3L 58 5 1 E ALY 1L E§ (SOD) (&
{CE B (CAT) LA ALYEE(POD) RAE S MEIE MK, RAEMH RN, EEFERKMET, &
BOKAE PI312777 X 34 55 R 5 i) AR 2R ¥ 7 4 i 4 A & 58, X5 POD {5 i A9 4 %I 1 A 8 59, 1 4 R 20 F O
40.08% ,9.54% o TARAL/ERK RS Lemont X 3L 288 5 A= BAEAR R ML/ , SR BN FLXH B 5 2R 9 4 A P 1 001
RBIREIPGET. 84% , X CAT FE MBI E MR ARG A CHEER . MR HET , IFEKAE Lemont
XIS ) A AR AR AR B I IR 3R — B R B0 BT, B B FHiE B TR T AL B0k RS PI312777 HikMk
BEKF AIESFRMHET , fLEUKA PI312777 X 3L 3585 A 28 R 48 R A4 L AE ALK RS Lemont 38 , 3
AT HEEFERZ I TRBEFRE
2.3 SWPOLER PCR ¥ I8 ER WAL LR T 9 — R AR HAa

T RS PCR ¥ MEEN, H—EMBIRERNER DNAE6 REE, B4 TLUEH, 5OLERS)
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B PI312777 0O Lemont
80 — 80 sk

a b I
60 60 SR
2 40| 240
% e e g
Ez Ep
55 20 - EE 20
= = E
| | |

(]

I s i
L] LET_‘l
SOD POD CAT| MWARWEN SOD POD CA' WEEN
Root activity o L Root activity

B3 RHREM T RN A BT R
Fig.3  Effect on physiological characteristics of different allelopathic potential rice accessions accompany by barnyardgrass under different

potassium conditions

a. EBHEFRLM T normal nutrition condition,b. KA potassium deficiency

T MAREL TR, REENY HlZ. 6 MERERMEY, Bl RMEIFRE (cycle threshold, &R Ct) fifiE
P AREAES, VA H T INTP R E KB, REBHE RS2 HER W, SBU LA 72
B EAERRER . BRMASTEREN ERARE (Tm) 4 RF — R0, 7] WBA JE R Rk
Yy g RS — Rk

0.050
0.045
0.040
0.035
0.030
0.025

0020F
ooisl  EFRRE i

0.010 \
0.005

0 L L b ‘ AN
5 10 15 20 25 30 35 40 65 70 75 80 85 90

I Cycle {5 Temperature

a

FEYEI I Fluorescence

B4 ZERPOLER PCR N ERERK RS Y REREN
Fig. 4 The repetition verifications for real time fluorescence quantitative amplification and the examination of primer dimmer

a. PIiZR amplification curves,b. BAZHIZR melting curves

2.4 T KEEBEAERRERRPREBERNNERREM T

1B FSLRT R E & PCR H AR (FQ-PCR) AR &4 T , K BB XR B Rb RE AR MM R ZE
Ro ERFVFGRL) MBRHET , WBUKEE PI312777 ARFEAM-FH , REER & 2R IMHEER PTERER S - 5
FIZRIR T T EREF I S BB N AR R . W R-4-2LEE AL . O-F AR BHSNERREEY
i, B VR RI 2.59.0. 61 .3.96 1. 13 4ER12.74.1.35.2.87.2. 35 4%, TidE4Lm/KAS Lemont 43 E5HH
MNEFHEFEFREB T A, TIREES9 1.94.2.98.0.77.0.86 15, HEH R XN ERAEHEE RS
ELATO045 5, EL3 MNHEMNERLEZNSFTAT 1.42,0.21.0. 15 5, 770, RE M8 T, (LEOK
PI312777 B2 Rie R R BB EF FA &3 A, THAELERIKRE Lemont NIRRT M, # Mz A LE
R IE T , LK ARG P1312777 B2 R E 42 L AR Bk A Lemont FE

MR 2 BA AN, RHEHET , KBRS RE Y R ——HMG-CoA IF JFEE I HHE 52118 . 5
M=0EE B R AT AR WAL i LB AR ERFELER, &
REHREBET BB S IR BKRER ER 5138, HMG-CoA 1R JRES A H 3 L iRRE , K LBk
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PI312777 b 1.52 5 1.97 £, JELBOKAS Lemont 138 1.55 5 1. 14 fF, BE— 50 AT B Rk RS o BTG A 26
TCEE AR BRI UEE  —BE R INL BRI A 206 S R R R 8 . RLBUKAE Lemont AREFFANH H A+ 4 B
MZEFFXBIYTHE, TRMAEE DA 1.73.3.89.1.67.1. 91 571 1.21,0. 34,0. 16,1. 64 £, TALRKFE
PI312777 WRFFEAMEHIMCER G F BEIAIMUEE W5 AU A A % S B R 22 R 23 T 2R3k 1.36.,1. 60,
0.34.1.37 £% . {HAEALBUKRE I EE, M A BB T IHR5 0. 46 1%, UG MR EMUEE 5 F 5% 25 (L Bg, — 5
WIMeBg BRI, 2150 0.26.0. 58 £5F10.23 £, AT JLH KRG i AR A8 54 5 28 6 B OGBS PR 4
B B TAT N AR R BAR IR, X5 _ B BT A By R ACHR B B B AN o TR R B YL e R R B
RAHMAEZTENER, HItAMKREZ HFEE —ERNER,

®2 TRAHRFGTURESELRABRBUMHDHEMFERRFREPTREBEANERREDT

Table 2 Differential gene expression of the key enzymes involved in phenolic and isoprenoid metabolic pathways in allelopathic and non-

allelopathic rice root and leaves under different potassium supplies

s s Lemont & R A f2450 PI312777 HEFREH
,ﬁﬁﬁﬁé Rt Gene expression folds of Lemont  Gene expression folds of PI312777
Metabolism pathway The key Enzyme

It Leave 1 Root It Leave # Root
MRREAE _ EREmRER 1,0. 45 1, 1.94 1,2.74 1,2.50
The pathway of phenolic metabolic Phenylalanine ammonia-lyase
PIEEER-4- (LB
Cinnamate-4-hydroxylase L 142 v 298 T, 135 T, 0.6l
#4kBE Hydroxylase l,0.21 1,0.77 t,2.87 t,3.9
O-F 555 HF O-methyltransferases 1,0.15 1,0.86 1,2.35 t,1.13
SRR HMG-CoA & [ HE
1.14 1.55 1.97 1.52
The pathway of isoprenoid metabolic =~ HMG-CoA reductase r T f, 1.9 r
BARERSINLES Monoterpenes cyclase 1,1.21 1,1.73 1,0.26 1,1.36
ﬁﬁéﬁﬁﬁ%’ﬁkﬁ@ l,0.34 !, 3.89 t,0.58 1, 1.60
Sesquiterpene cyclase
ZHEH IR LES Diterpene cyclase 1,0.16 l,1.67 1,0.23 1,0.34
4L BE B Squalene synthase 1, 1.64 L, 1.91 1,0.46 1, 1.37

2.5

IKFEAR R LY+ By 2R R & B #r
& S ATRAE 10 FEYRRIR & AR FE AT it # i) HPLC SR F FEAT LUBEI B, R 3 AL, (R

SIEWBUKREFEE ¥ EFRAOG T BRE AT , R AT BY T B RMEEASHL, BESB EFEER. |
RIDAIE WM MHET , LBOKREPI312777 By RIS 6 B IE W B FR A4 T 192 3065, T IE 4Lk

0.0015 —

C:3.241
1. 8.734

=)
<
v
e

0.0010

H:7.245

AU

0.0005

> 7:17.021

N

! ! ! |
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
fisf /] Time (min)

A5 10 FERERIE-A 4 H) HPLC Bl

Fig. 5 Chromatogram of the ten phenolic acids in mixture

A. JLZE R, Catechins; B. JR JLZEER, Protocatechuic acid; C. [B]ZE B}, m-dihydroxybenzene;D. HIMEER , Caffeic acid; E. YR EFEFHER,4-
Hydroxybenzoic acid; F. T & BR, Syringic acid; G. FHFE R, Vanillic acid; H. XK#E&, Salicylic acid; 1. PJZEER, Ferulic acid; J. PyAEER,

Cinnamic acid

http ://www. ecologica. cn



12 54 EWR F ARSI IEXTKAE (Oryza sativa L. ) (LB S 280 R 1 6225

7 Lemont R MFE(T, BERBIKMTHI0.91 e 0y fp s e rumst amARARS BHBRE SR
St A R TR BB T ALK R PII2TTT R oy e

%ﬁ"%%% EPE\%@@% H‘Jiﬁ jJH ’ EE%“% EE ﬁﬁﬁ‘ ﬁ %%’ Fig. 3 The relative content ratio of phenolic compounds in the root
BB B R B NS 1 . REia T, R B F  exudation of allelopathic and non allelopathic rice accessions under
ﬁﬁ 1_? IEP%"% ?]e: % 'ﬁ:—F*ﬁ e ﬁ J:ﬂ‘ 'ﬁ":?ﬁ( H'{in /J\ %% different potassium supplies ( the ratio of peak a.rez;)l —

R, THRE > WNEERFR > WHERR > KB > [ e W77 Lemont Lemont ( E#R area)
ZB > PR > RAER > FILKR > LR >FE Code  K-K+  K-K+

K+ K-

BR(HIFE 3 R ALBRKES PIBI2TTT B K K + 368),  — (e (AR
Rl % 3 AR IR B SR A 1 T ALK RE 5 3R ALK B Los 0.96 s 150
RBMAYFELABNLETES, ERMERAN c 1.87 0.88 0.97 2.05
T LBk RS PI312777 4R 2 454 BRBR 2K ) R i ; o o o -
B AELRK RS Lemont 9 1. 32 4, TR 40 e T W) v 51 087 L os s 80
K 3.34 %, B DLRAR I8 E AL BOK RS PIR12777 4 G ND ND ND ND
IS H 2 B RS IR, HE TR A LA B H 1.99 0.91 2.05 4.49
. I 1.83 0.94 2.15 4.17

3 F‘Hﬁ J 1.70 0.93 1.13 2.07

WRAEZ G AEEY CRIERE I EUN S Tea it 2.30 0.91 1.32 3.34
FHLH, X FIRA B R FIFE 2 F A ACRE VLSRR ND HARME] No detective
BHEBEEWEISMBLE S, EWR T LRI RS RS — . AT REH, R IE SBUkR
AR BE S 158, AR H R ALK AE PI312777, i — BT Z B EMERIBREN, AR ERZET . %
FRENRPERMBRE IREBED, FTARRERYA, EELENRE TEERBEERBH RS
RIS . EHERAMRBWERE, N EY FEEHEIMEM. Bh FEYAERKSEECSBHELT
TEHEEER R AR EER 4 (SOD POD CAT %) MIEF AP R G WP /1LY (Car Fla 1 Pas 45) ,
WTEIE ¥ &4 THMIEA B BER=ENERLE TS EERED , AFREREREFIET,
KRS L5 B 1 £ 37 ES R (SODPOD CAT) 1544 KAR RiE SR T 1%, (EALBOK RS P1312777 Xf kL
BE PR B BT B B TR ALBUK RS Lemont, Shen™" SRS RBERMA T , BEE iy 4 B B /B B R MBI 45
MRociEE™ maEgE P RIACIBRILE ST MBRER R RS, FHEERE, AhESEHE,
G E AR, BT S SRR AR BB R B . Mckey & BIor R, BEHRES T HM P IR LH
PR AAEY) B B2 Y R B E R R . Koeppe & I H EAEGRBERM4 T SRR R WE Z WEEY
JEPY . AT RARSEINA T , ALK A AL £ B 7308 7T BB 5 HUR B AMBE £ MR RIIE A X

AR5 iE LR € & PCR # AR (FQ-PCR) il T Hal /K FEAR FE - 3R Br R FIiG 2AC g R e i i 2
HERFRE, SREW REIE T, Bk PI1312777 BE5 5030 By RS 4 N CBET R E Y LA
ik, MAEABRIKAE Lemont HAH N BEELE T T, BRI MA N KR AR LiARE . ERRE®REL, ™
FRKREAR IR LR R P REE R E RSB A FE S 3R A IR EROK RS AH B B ) B B Rk
KN EMRFME, K REBR AR IS . 05 M LB R 5 A R4, 7 AN BRI R A - AR A
A, EIRE R EIRELMET ARSI BRK G 5 R0 AR RS2 R 20 b 2 B B kAT M HE R
SR, HUARRE T BOK BB R IR T RE 5 TR R AA K, AT T LR A, B4
e N BOK B E R R, S RMEREBRARREBNERREI LA, AM=EAELZNHEYERE
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