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Abstract; Plant allelopathy was a very complicatedly chemoecological phenomenon, which was significantly mediated by
ecological factors, such as N nutrient, one of the important factors. In order to explore the inducible mechanism by N
nutrient, which markedly affected allelopathic potential in the suppression on the target weeds, we studied the changes in
morphological characters of allelopathic rice PI312777 and its counterpart Lemont in the responses to different N supplies
and their differences in N nutrient efficiency at the seedling stage, in turn we further detected the differential expressions of

the key genes, which were involved in N metabolism and secondary substance synthesis in the two rice varieties concerned
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using real time quantitative PCR(FQ-PCR). The results indicated that allelopathic rice PI312777 was more insensitive to
the nutrient stress than non-allelopathic rice Lemont, performing its stronger adaptable ability and higher N nutrient
efficiency especially in lower N supplies. The results obtained form the real time quantitative PCR showed that the relative
gene expression quantity of nitrite reductase( nir) and gstamine synthetase( gs) in the leaves of the two rice cultivars were
decreased to different extent, indicating that the two gene expressions were down-regulated by 1.2 and 1.4 fold times in
allelopathic rice PI312777, and they were also decreased by 3.0 and 1. 8 fold times respectively in its counterpart Lemont
under lower nitrogen supplies. The decreased ranges of the two genes in non-allelopathic rice Lemont were 2.5 and 1.3 fold
times as those in allelopathic rice PI312777. Different trend were observed in the case of phenylalanine ammonia-lyase
(pal) and 3-hydroxy-3-methylgstaryl-CoA reductase( hmgr) concemed, which were the key enzymes in phenylalanine and
isoprenoids metabolic pathway, indicating that the gene expression of the two key enzymes in the leaves of PI312777 under
lower nitrogen condition was up-regulated by 6.0 and 1. 6 times respectively compared with the control under normal
nitrogen condition. The reverse was true in non-allelopathic rice Lemont, showing that the gene expressions of the two
enzymes , i. e. PAL and HMGR in the leaves of Lemont under lower nitrogen condition were down-regulated by 1.3 and 6. 8
fold times as those under normal nitrogen supplies. These findings suggested that allelopathic rice was characterized by its

active molecular ecological properties especially in the responses to lower nitrogen stress.

Key Words: plant nutrient; allelopathy; nitrogen nuirient efficiency; gene expression; Oryza sativa L.

TR AE 2 78 — b 7% PR 49 (344 Donor) 7 A= 3 LA 8 % ( Volatilization ) , ¥k # ( Leaching ) ., 43 3
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BT, B NSNS 225 XL BB e PR R A5 LR R I 4088 5 5 W R AR B A AL LR S AR T K
B BRI TR " AT AR BR 38 (R sidE A ) 45 B R N R bl 4404 T 4= B 7 1 4 F
PLEBBF AN B St ABFFE LA E bR AR (550G R PI312777 #1 Lemont yszibii '™ 52
b N 285 52 bl B A= B DO LA R N BRI 2 5, Hi5 2t & & PCR $ AR (FQ-PCR) #l5 N
Z R AR LB R B B F23 , DL E 577K - B BA 5 R A s 1 AR A By 2 B A L, S ek
SIS T HRYUKFE LR PR LB Rl
1 HRE5H®
1.2 St

AR BR A A B R AR K RS b PI312777 (3] B 3EE, fIFR PL) R 40 ) i KRS
i Lemont (3| 5 EE, 85K LE) WBFFEA Bl BHEFEH PL | LE FFABBARS R SREE H—i
B, Ph e ST R B 10 L S22 (LB — B ) KBB4 (45 em x35cm x15 cm) RE
10 5, WA EE—ER 115 cm HWEERNERR , 7R KR LS A HFERZ 2 em B/MFL40 (8 x5) ,K
R TIL MR E, 7L L B, 4REE NS em x5 em TR KBINTLEFHR W E NH,NO, K,S0,
1 KH, PO, 3 Fhib A4 AL, Hiof N P K HI9R 4 B 20,5. 65 mg/L #142.72 mg/L, #55 10d J5H 2 4N
BEFKTAI, B RZABEFRB, &M N RITH IN MIZLERB N R4 /4,108 174N, R
3REE, SOIEFWET d B 1K, B35 20d SR, RITF 2006 4 6 ~7 FIERBRKKZER A
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SR ZE N HELT, BriREdE R A DPS #1757 o
1.2 SERHHE
1.2.1 N EZBFSRUEIMT

TEYIXF 775 BIAR B 8 € SOMEYIRT R 4 R IR , RIEM A B R IR B Ty . #83 E 3R 2
KA PR G BRA BN E 4 WA T RIEEY X2 B et ) SR AR, ERARIKK RS 8T
AR E T YR E € SOV YIRS A BRI R, DX T YRR RENMEE AR EEEEYEE K
B BB 75 8 BURAR B 985 . SR HE 83 AL BB KAE SR AR iRm BT I E . B A0
BYRECH 20 R, MIETE, 1T, 200REE, M T2ERE, REHM EHNM THO TYEEE. HKRT
¥ H,S0,-H,0, 10, RS- WA EENE N RS &, FTAEHAES 4.
1.2.2 WHRREIREEE (nir) , 2B S SRR (o) RN ERB A ER (pal) 5 3-825-3 HEK
Braing A RIREEEE (hmgr) BSEETE 8 PCR 4047

28 Trizol i3] ( Invitrogen ) {8 FH 1388 52 BUK R - (8] —nf) 414X RNA, 38 ff§ UV-Visible Spectropho-
tometer( VARTAN A 5] ) R illl#E f RNA W4 &8, DL 1% B3R MR Ae i BE e v Dk R il RNA Ay s 8&1% ,
R FEA DNA (K2 B8 TaKaRa DNasel (Rnase free) i FiiliBH 34T, ¢DNA 4 B #% M ExScript'” RT
reagent Kit 47, SCh)ER PCR #% M SYBR Premix Ex Taq " 7E CFD3120 MiniOpticon %% ¢#: {4 ( BIO-RAD)
E3ttr. BHEFRF Opticon Monitor3 3 AFH) A AC, #4371, Trizol i3 ) F Invitrogen; DNasel ( Rnase free) .
e R F Real Time PCR R NFFA & ¥4 T TaKaRa( FEKE) AF] . ERAREZDEER PCR 5|
BIHENET PCR 514, &5 |1¥FFWE 1,

#1 IaHZEERTHREFRHEER, AEERAEBER FRERREABERS 3-RE-3 FERX_BHE A TREERNSIYWF5
Table 1 The primer sequences of actin, nitrite reductase, gstamine synthetase, phenylalanine ammonia-lyase and 3-hydroxy-3-methylgstaryl-

CoA reductase
FH A Fh Kind of gene 5|# ¢ % Primer sequence
Wizh ZE B EH actin 1E Y Sense 5'TGTAAGCAACTGGGATGA 3’
52 X Anti-Sense 5'CCTTCGTAGATTGGGACT 3’
TEAGER A JE B EL [ Nitrite reductase( nir) 1E Y Sense 5'GAGATTGGAGGCACATAA 3’
52 X Anti-Sense 5" AGTCGAGCACTTCAGCATT 3’
BRBE R EE A Gstamine synthetase ( gs) 1E Y Sense 5’ GCGGTTGGCTATTGTT 3’
52 X Anti-Sense 5" ACCTGTTTTGCTGGAGTA 3’
EARRBEBER IE X Sense 5’ CCGTGCTCTTTGAGGCTAAC 3’
Phenylalanine ammonia-lyase(pal) 52 X Anti-Sense 5’ GCTTGTGAGTCAGGTGGTCG 3’
3-RE-3 HER _BEEE A DR BEA 1E X Sense 5" TCGATTGGAGGTTGGCAGTGA3’
3-hydroxy-3 -methylgstaryl-CoA reductase( hmgr) 52 X Anti-Sense 5’ GCGCTGCTGTCCCACCATAAC 3’
2 HBRESGW

2.1 AEMLEREE KRN N R KRB SEE S

M2 LA, 7606 N N T, PiKTE B b a9t B3R 2 B dl , (ER MK R A AR, PLAI LE 43
AN T 2% 1 33% , 6 SXHR(IEF N KF) H HRE BEKF, GEBREEKF. MHTHE,
PRI A —ERERIE K B PLARBE KT &1 NEGERER,PLRE LKSEREXT LE, B
BIE 4 55.3% ,MJGE 2 34.4% . WA FEREERFMNT,LE MR MRKE AT PL AT HRE X IR 2
ZAKF, RRIBBNBEKF ,EBRAEMRNRGT, AHENDTEE. TRIBRARE KR PL 5550E 1K
8 LE M A BRE T B IR EZ 6, 88Ul LE B AL M.
2.2 AFEALEE T KFEXHE N ihiE B st 2 5

M3 LA N, EIE® NKFE,PLALE WAYBERARE HEEMR N £ T, PIREBERT LE,
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i N AR PLOMRIFER BRI T YRR, 8 LE ®iih 14.75% , 257 B . =Y PLXTEIr e R8UR T
/NFLE, IR T RN TYRE,PL & LE B 47.50% , 257 % 8&, W0, BLEKRE PL RAR
SRAED N R EFIHEEIRES

£2 PRUBENABEFSAAEXGTHESZERLER
Table 2 Comparison on morphological differences in different allelopathic potential rice at seedling stage under different N supplies

R 5 Shoot( cm) AR K Root(cm) MR EL Root/. Shoot( % )
Accession 1IN 1/4N 1IN 1/4N 1IN 1/4N
PI 45.6Bb 44.82Bb 11.7Bb 18.0Aa 0.257Aa 0.399Cc
LE 53.25A a 40. 18Cc 17.6Aa 17.9Aa 0.331Bb 0.445Dd

Fl—ERE P RRN I NE ZBANERERIEDN 1% 5% BFKF, TR Different capital and small letters in the same column means

significant at 1% and 5% level, respectively, the same below

£3 FRUBENABESRAERHGTHEANEDRILE
Table 3 Comparison on relative biomass of different allelopathic potential rice at seedling stage under different N supplies

Y& Biomass(g) XA B Relative biomass( % )

Acizon # 17§ Shoot H T3 Root AR Plant :Etg}{(i‘ojﬂ‘ft[S ﬂb‘R—(l:(‘):‘fK E:ft
1IN 1/4N 1IN 1/4N 1IN 1/4N 1/4N/1N 1/4N/1N 1/4N/1N
PI 0.417Aa 0.379Aa 0.102Bb 0.187Aa 0.514Ab 0.584 Aa 90.89Aa 183.33Aa 88.01Aa
LE 0.411Aa 0.278Bb 0.118Bb 0.115Bb 0.517Ab 0.366Bc 67.64Bb 97.46Bb 70.79Bb

2.3 ARALERESKERRRF R

M4 PHLE N, EEREFRARMGT  PLEKREK N RBREMT Lemont, 2 F R B &  FEMMERFM
TR, PL R LE §9 1.6 £, i5% BE K M N FBR T, A RPFKREXT N RIF0HRERE
TR (B T RER IR ], B Lemont B9 IR E B2 AT PI ,LE ,PL I TFRET 2.72 71 1.63 £, 4%
BRCERME 8 N Ha T A KRB R RERERBEEEBF LR T HE. AR KR ESHRER
FIERZMGT PL R T LE, RERBEKY, EHARRERLTE,EERERRGT N RIEEHARER
PI i & ™ T LE;7EME N Ma R T, WEREEARMERER AR E . B4R E3AH T, 2R R
BRAHTRAKBREAEARKRN, X E3WE, 2 N &4 T PLS LE 23 A 83, MK N &4 PLiK
BE/NF LE, T RN A , BIZEW AR AT PLIGIREBZE R T LE, WUt ™R, ESUERM4 T, RER
RKRE PL A=Y 20T AR RS PR IR A 8 5

F4 FRAUBBAKBERNEEFFTH N RRERE,  BEHEREEN ARE
Table 4 Uptake efficiency, transport efficiency and utilization efficiency in different allelopathic potential rice at seedling stage under different

N supplies
T o R BiaiR F A% # Utilization efficiency(g/g)
Acizon Upzari(l;/;flf':sncy Transpo(rt%elsﬁclency Hi_E &R Shoot HL T BF Root A& 4% Plant
1IN 1/4N 1IN 1/4N 1IN 1/4N 1IN 1/4N 1IN 1/4N
PI 13.4Bb 8.24Cc 89.4Aa 83.6Cc 34.7Cc 55.1Bb 71.8Cc 138.1Aa 38.3Bb 70.8Aa
LE 14.0Aa 5.15Dd 85.0Bb 77.3Dd 34.5Cc 69.9Aa 56.2Dd 98.21Bb  36.9Cc 70.9Aa

2.4 FLWTOLER PCR ¥ M ER MK LRG| 9 — RN

N T Kde PCR Y IMEE A M, F—E MBI B B9AF i cDNA 18 5 IRE &, [F] i i B BA P (No template
control, {7k NTC) . MK 1 WILIFE 1, 5 B I ) F B L B NIC AT ¥ HBX R B, REA
B2, 5 WERRRHEMmZE Y 0.20, EE HBF A5 5 —1EFMEAE ( Cycle Threshold, 7K Ct) Mt 43
HARBEAES, 7V EHH T INTP IRERED, REME SN ERFZHEROEN, SBEAMA B,
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BARNERRLER ., AN, EHST T IEFEM AT . W2 I LT LA 465 A il 2 7E 48 A B 4 R
AR, T B R Y T R G =R,
2.5 N RNEMERBENERE nir 5 gs BSLHER PCR 27

MIE 2 LA ARG N Ba &4 T, PR KRB =i P B nir F gs BRI RIZ BB R (EF N 2K
) MARRRER T HE , XY N RESRH— M RREiLE. ERE T ANERAR,PLA LE 535 F
AT 1.2,1.4 £5713.0,1.8 £%,LE TARIERE 23 KT PLLE THRKNEE AR PLEI 2.5 f5F1 1.3 f5, 7]
., LE 3§ B PR B vT AR BOKR , T PL BB sh B/ X SPRUKREXHIE N e B Susidk 2 572 — 306,

0.125 — 0.125 —
VoI
Melting temperature
0.100 — 0.100
3 3
§ 0.075 - % 0.075
= ) BRI z
Ey RERIE No template control -
w 0.050 Cycle threshold w 0.050
= R
K ®
0.025 0.025
. | J ——
0 10 20 30 40 50 55 60 65 70 75 85 90
% Cycle number KEf#E ¥ Melting temperature (°C)

1 ZFtER PCR ISR ERRR R T 1Y KRR

Fig.1 The repetition verifications for real time fluorescence quantitative amplification, and the examination of primer dimmer

2.6 WAHHMXEERI A pal 5 hmgr FY5EHE & PCR 34T

32/ FQ-PCR % pal 1 hmgr ZEBIFH KR o A o

MEBZFM,ARER(E2)  URLERRER 5 o §

HIKRRERTIR, AR RN SR R Acin 908 F5 20 SN

2 {6 N &4 FPFUKRRE) pal 1 hmer miSMEAE 2220 T T F u
— y N & 6|

BN PLIESURE pal R hmgr 35 EWS, SR 5N .

M AT 6.0 5501 1.6 £, T LE b A R 2 14
THEFRE, 2 THET 1.36FM6.8 5, TR,R .5t B2 IMREEBER(wr) SRRESRBEH (), KA
BUKRBAER AR L RMRE ORI TR LAY  SRRENER () 53553 FER-BRNAN A TFHER
£5, HIRBARARER PEEF RS gRgry (e WERRESN. RERREAURRAMIE
pul 5 N T OIS SR, KTORBAER ) [ e e
(PAL) RAEMT= B Y S IS, TN B, ) and 3oy ety Co. ductase ) i
BT ,pal M REFR BB FEALBIKFE PL P2 LM rice leaves. Black and white bars stand for PI and LE respectively
BB KRR AR R B T4
LA,
3 gigSitie

AP , 5 SRR KRS LE ML, BRALERIS 1K PLSt N B8 38 Rt . £ BRI
ANTTE E—  PLIH B RRR B, TR RS IR R, B3 PRI R E X T LE, 5=,
5 N Z RS EEELE N Z6Z 1940 F %35 FANIRE LE B35 KT PL, 448" SRR R
TR 5 ol oA 5 B 22 5 T L e e 2 ARG TR B RS 5 R B 2 2 0 A TR A Oy - DR R K 2, R
FAE KB QT RRR FO RIS SRR AR TR RN A SR 2 A V5 M , RIS 1) , B MO T A
o SR 2 1 R T S 2 B R T AL AR . ASBFAEIE A FQ-PCR RN T 5 N AR S b 2
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ERAER , VBER T RESUKREE RIS TS

FARREAEMYBEFREAA RN NS S8R, AR BT RS N A E A B G TR A F. W0
A RS AR R R RR A R AR ARE " . TR TR N ZHROTRRAN,
FAERE S B, Moll" i/ N FERFEMR N A0 T A HA AR E N B3R R LEOR I, T N K 4K
R RYER R, Singh" FUHFEME N BHRBCHERANAE BA SR N ZRRBRER LM —HE
ZERABMS B N RBRER ABIRGREY, FEIEH N K0T 8 R B A4 B 2008
ALEUKTE PL B N R IR TTIRBOR , AR N A4 T MR R BR I TR B . W T 540 BUK TS LE
T WA R o BT LS TS [F A g B K A i o R RS R R A0 A BRI 3RS A N R BR I TR 72 9 B
5. BREVERME , EER NAKFEGTHMKERNECRIEZFARE, MM N F4T,PLAER
SRAER S AT, SRALERE KRS PLZEMR N B8 T iy N R RER

N ZF SV AR, EREREYNERAT, MR G REY R ERERS YR
SrES, T B-S3 S WA K. Y7 RIS IR T R ALsep R AL S A A5 AL R E T ST R Bl
FEAi o A IR BAE Y7 ] B S2 B R BB A T P 8 55 TR RS O SR A T AN [, Sl %ok B ) T
AAERESRMEY RAMY SEYZ AMERFEER, LEEE YV HATERIHS S04 %
(Bidens pilosa) 354 HUBHIM.2,4-D AL BFRMF T AR BB LBIER, BEREN, ERDHRZ R0
TERMBE=MHEZFNBRT, BABIERY I &I (Arochis hypogaia ) | AL L (Amaranthus
retroflezius ) \ BN ( Cucumis sativus) 25 A6 32 ( Lolium multiforum ) BGHNTHI 1R 3G, M YLD IR EZRK
AR, TR AE SR EZ R RN ABANR R AR R, RRNERBEAM(PAL) 5 3-8
-3 HER B A )RR (HMGR) 23 1 2 3% Wi 45 i 12 1Y PR B A OC B Mg, B “ P R4 77 B9 4R
FAT AR U RSB T KRS LR R S H T A B LA N B B AR A 5%, IRl
PSR BALEK M A RN [UERE Al (PAL) IHHE R 520K R BB T B & B 20 K&
HIM R FR R /M — B0, FHHEN PAL 5B & B B RIBUR I R/NE Ko Mokey!™! 2543 Bl 7E 13 F 35 A%
22 HEBTP R AR B P RO SR R A, 78 IR IR 0GR T ROWE 22 1 o0 P, BRAK R B R B BOW b A R A
PRE IR S B B R N T L ERS E BN S TSR SRR E R 2 . e 5iE
MEFEERASBORPIR TKBEABER K 2 THLEL, 4R R R ROKR PI312777 7R EHE T K4
FEA AN PAL, fiik JREE H (Trx-m) ,HMGR 533 EALY)B (POD) o BT MEE RAKF 2347 158 . 5510
BOKTETE N REFEZHRMAT pal M hmgr FIANFE BN ZR, R EIR pal A hmgr TEALBRHE A R
KEHHRPRRB TR EFEBEESR . #EN pal M hmgr T REZESRIER/KAS PL MALEBI M I EERMA
6, BORA B T — B BY5E pal 1 hmgr BITIRE S FRIAKFE

Y FHRAEANERR T EEZREINERE BN E R, REEEIEMER TR, T
P SRR TTREE RA LR Lo Chapin™ YOk, ZERL A PI A7 7E —FRBNE R BLAY h.0 RS, B FT
gL F3 5 7 rigis (WEREZ) B RSB AR Y A K E R S Y R, 223058 R 1 BRI
BT YA T RRESMAR RN ERES RE, A E_EAEHm R, A5 AR R, 78
BRFREZ HAMT EYXA IR IREA A B0 e AR A7 BE ) , L il 8 CSE 2 i AL R ) TR R 3 3
B HEEFERN, — TR TR EWEY R IS BA” , B —Ir At T HE M. X RRRIRAL
ROKTE PR AL A IR 209 A R 2 T 5 Ll D3R5 AR L M A

AR UE BB — KRBT A RME BV Y E R S A LS UK LBER 5
WY BEFEEEERPIT, I FQ-PCR BAB GTH KB E B RIAZF , AT KF w02 BB T ki
BRI o AR, R, AT T A RGERE S KM AR P X R RIAE R, T
HERA W ERYHFEP B RN EERREL — , FEYREREURAHRLT IR, £ 1
v 5 + SR A R SRR MR A A S AR M AR R B, BT ALK REAR B A W2
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HRAERWEIE SREE L,

AL BT, SRALBOKRS P 555 LEUKAS LE MH I, PLXY N R EFR AR BN HEE, N RFRSHE
B, B AR R, B — URAE B RRR N < HEFUIA SR AR Y T I, BB 55 ALK R R FE R R
Sy B FR L SRBUR [ B TR R , 3 5 AR B4 A — B o 4R, ABIIBT R A X B SR 2
Bl E B A1T T A B BA A R BRI . AP R K BR R E RA TR, I THES
JFRBI T EREASERFREMURAMA SIESL, BAMGTRN S LRE AR 5k
B R A — T BR T MORE 2R B RS , X O 3R B MR T R 7 U0 BUK 8 i A RlE AR
AR BREABKRS PLLETEM N &4 T AMURABRER N R 0RCER M LALRE /13858, X 0 RA
FFRESTH TAERE T Ot EM
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