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Abstract: As an ecological weed control method, allelopathy is considered a potential sustainable approach for controlling
weed population in the 21st Century. Therefore it has received increasing attention. Our previous studies showed that the
allelopathic effect on the target weed, barnyardgrass, was enhanced when the allelopathic rice cultivar PI312777 was
exposed to limited nutrient conditions. Furthermore, the enzymatic activities of protective enzymes increased, and the
expression of genes associated with phenylpropanoid metabolism was also up-regulated. This activated phenylpropanoid
metabolism functions in the de novo synthesis of allelochemicals, and hence increases the contents of phenolic
allelochemicals contributing to stronger ability of the allelopathic rice to suppress the target weeds. It was also found that the
alleopathic potential of rice was dependent mainly on the species and content of allelochemicals produced in
phenylpropanoid metabolism pathway. Activation of genes encoding key enzymes participated in the phenylpropanoid
pathway leads to increased releases of allelochemicals, and in turn suppresses growth of accompanying weeds in

hydroponics. Activation of these genes can be regulated by various biotic or abiotic factors. The phenomena complicate the
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elucidation of the underlying mechanism. Further understanding of the functional genes of allelopathic rice in regulating the
adaptation of plants to stressful conditions will help explore a possible method of enhancing rice allelopathic potential
through biotechnology. The ubiquitous higher plant enzyme phenylalanine ammonia-lyase ( PAL) is the first key biosynthetic
catalyst in phenylpropanoid assembly, which catalyses the non-oxidative deamination of L-phenylalanine to trans-cinnamic
acid and regulates phenylpropanoid biosynthesis. PAL is encoded by a small multigene family; the gene transcript level of
PAL is responsive to a variety of environmental stimuli including nutrient deficiency, UV irradiation, pathogen infection,
wounding, extreme temperatures and other stress conditions. Silenced or disrupted PAL genes result in retarded plant growth
and development as well as responses to environmental stresses. Rice contains at least 11 individual PAL genes and is
regulated by various environment factors. The present study was to identify the specific members of the PAL family that
regulate allelopathy in rice. Specific primers for each putative PAL gene were designed by the Primer Premier 5.0 software.
And, the real time quantitative PCR ( qRT-PCR) was used to investigate the differential expression patterns of 11 PAL
genes in allelopathic rice PI312777 and its courtpart, Lemont. The result showed that a detectable amplification product was
obtained for 9 genes out of 11, and 9 of the PAL genes, which were differentially expressed. Among them, PAL11 was up-
regulated in the two rice accessions, with 3.29- and 1. 07- folds up-regulation in PI312777 and 3.92- and 1. 08- folds up-
regulation in Lemont when exposed to lower nitrogen and high density of barnyardgrass stress, respectively. PAL3 and PAL9
were only up-regulated in PI312777, with 1.83 and 2. 66 folds under lower nitrogen condition, and 1.46 and 2. 65 folds
under barndyardgrass stress condition respectively. These two genes were down-regulated in Lemont under same stress
conditions, with 1.05-fold for PAL3 and 1.24-fold for PAL9 under nitrogen deficiency and 1. 14- and 1. 16- folds for PAL3
and PAL9, respectively, under barndyardgrass stress condition. No expression of PAIA and PALIO was detected in the two
rice accessions under the same stressful conditions. The findings suggested that PAL3 and PAL9 genes may participate in

regulating allelopathic potential of allelopathic rice in early stress response.

Key Words: rice; stress; allelopathy; phenylalanine ammonia-lyase; real time quantitative PCR
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PR TGN, -5 R TN S R i i ( PAL) TR PRI AT 517 PAL AR A B S0 I QI i) S el 2
F /N 22 30 DR 2 R TR R, NS AT 3 NIRRT A 4 AR AT S NN KRS PAL
— ARG L 2 11 A SRR AR 51, A [R) A 25 DR 7 9 428 A () %) B AL o, T R v R 4 S PR ol 5 e S
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AL IBEL ( Echinochloa crus-galli L. ) 32 KK ¥}
1.2 Kk
1.2.1 Atk R FiE

P TIUH J /K A B E h 36 TRI s, P — S S I, PRI SR 38 51 i /KRS S BRI, o0 B R
10 L 588 3R IR A IBRI 2 (45 emx35 emx15 em) KB R FR 7 d, BRI EFE—E N 1.5 cm HIEREH
TEHLRN 35100 EAR 2 em HY/NFL 40 S (8x5) , /K R AR HE 43 S B il T FL b O AR AE 18 72 | 4L 1 Bk,
WEXEFE T d J5 R 5E E IR TR 2K R 78 45 37 W NH,NO, K, SO, #11 KH, PO, 3 Fi{b &4
A, Hi N P K A9 EE 20510 20 mg/L.5.65 mg/L F142.72 mg/L* 514

(1) fRAa

TR e A HE AR R R4 30 MRAKAE AN 10 AREUAR LA BRATHEN 5 emx5 em, BRECAR th A3 T K A AR bk
e o AbERLH FRAL (Sme/L) & IR 37, % IR L0 IE % &L (20me/L) B R 45 321 | A BT A HE 41 4%
W3ANEE, ERELLTE 24 h J5 0950 BB H X BEK RS AR R IR AE T -80 C

(2) BEphn

P a0 AR R R F IE B USSR AT % AL BRA R 4543 20 RROKRE AN 20 RREEARFR 55 X HE 4
40 PRAKAE , AL FRLH XS BRL 341 3 NS, FE SHRLRE 24 h 5, 43 AL 38 %k BEOK R AR 2R, VAL LR
TRAET-80 C.,
1.2.2 . RNA #2H¢

WREMEF 43 5K K R AR5 S A 5 R F TR1zol ( Invitrogen ) ¥ 1E47 5L RNA AYHEEL, &L RNA F DNase
I (Takara) RfAIR B FE K 41 DNA | S8 48A] WG4 FE 1 ( Cary50, Varian ) A0 BT 75 RNA BE 5 00k B F4 B
1. 2% BB HEEE I FEL UK AT TN 5 RNA i ) S 3842
1.2.3 c¢DNA B& K

cDNA G52 ML 5T RARAY TIANScript RT Kit i B AL 3R EAT
1.2.4 qRT-PCR il

Fiz BEFRUE qRT-PCR 5913 5 3K R A P B A 18 A2 G Bl PAL Y qRT-PCR 5191 (£ 1), LA
KFEWLBNEE A Actin MNARIER . DEESEH 0T 7E Eppendorf 4 realplex’ %€ ft PCR AU H#E1T, SOV K KRBl E
Z: IR KM RealMasterMix ( SYBR Green) f# F U6 4, 20.0 pL RNVARZ A 2. 5xRealMasterMix/20xSYBR
solution 9 L, IE[A A8 51445 1.0 pL,cDNA #i4g 1.0 pL, CHF/K 8.0 plL,

%1 PAL EEZKKH qRT-PCR #3854
Table 1 Specific primers of each putative PAL genes used to qRT-PCR

P24 FR(Gene) E B 51 #1)F 5 (Forward primer) S 151 ¥ 51 (Reverse primer)
PAL1 5'-CAAGCTCATGACCTCCACCT-3’ 5'-TCATGGTGAGCACCTTCTTG-3’
PAL2 5'-GCGATCGGTAAGCTCATGTT-3’ 5'-CCTTGAAGCCGTAGTCCAAG-3’
PAL3 5'-CTTCTACAGCAACGGCCTTC-3’ 5'-GTCTGCACATGGTTGGTCAC-3’
PAIA 5'-TCATGTCCTCCACCTTCCTC-3’ 5'-GTTGGTGCTCAGCGTCTTCT-3’
PALS 5'-GCCAGGAAGACTCTGAGCAC-3’ 5'-GCTTCTTCATCAGCGGGTAG-3’
PAL6 5'-CCGTGCTCTTTGAGGCTAAC-3’ 5'-GATGGTGCTTGAGCTTGTGA-3’
PALT 5'-TCCTCCGTGTTCTCCAAGAT-3’ 5'-GCTCTCCTTGATCCTGTTGG-3'
PAL8 5'-TACTGCTCCGAGCTCCAGTT-3’ 5'-TGAGCTTCAGGATGTCGATG-3’
PALS 5'-AACACCTGGGACAAATGCTC-3’ 5'-TCCCTTGTCTGCTGGAAACT-3’
PALIO 5'-CTCCCGCTCGTCTCCTACGC-3' 5'-CCTTGGCGAACACTGAGG-3'
PAL11 5'-CACGTGATGTTGGTGCTTCT-3" 5'-GTGGGGAGCTCTCACAACAT-3’
Actin 5'-CTGCGGGTATCCATGAGACT-3' 5'-GCAATGCCAGGGAACATAGT-3'
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2.1 RNA ZfiEEFN5e 8L

FIFH TRIzol 3277 43 B2 B A AS [] kb B R AL JEOK A8 PI312777 K AR ALK RS Lemont AR 2 5 RNA 5S¢ 84k
U, 0D,/ 0D, 7 1.9—2.0 JE N ,28S rRNA 1 18S rRNA ZHF 52 2y M, AR PR (1) .

Pl CK1 PI-BYG PI-CK2 PI-LN Le-CK1 LeBYG Le-CK2 LeLN

E1 FEMEEZE THBKTS PI312777 F13EL /K FE Lemont 1R A5 RNA
Fig. 1 Root total RNA from allelopathic rice PI312777 and non-allelopathic rice Lemont under different stress conditions
PI-CK1 ; A5 40 FR (4 %t B8 PI312777; PI-BYG . B#t Jfiril 2k P PI312777; PI-CK2 . {6 & 4L B1 #4 Xt B8 PI312777; PI-LN . {% & AL BE Y
PI312777 ;Le-CK1 . BRI 2L BEAYXS IR Lemont; Le -BYG . BE AL IEH Lemont; Le -CK2 . IR AL HAYXT IR Lemont; Le -LN . IR Ab 3
1Y Lemont

2.2 ARBUKHS PI312777 SAEALIBUK RS Lemont F PAL BY4% i 51 3L R Y qRT-PCR 93 i 28 5 i g it 28207

L SR IE L eDNA J5 1T PAL J£ (% qRT-PCR 34T, ML 2 7T LUE 90 E & 30 ) 7 i 2 FL 4
B FRBIX I R Y i . N 3 T LUE A5 3 DR g R £, 7 ARG IN 43R E V FRL  R
HH—IER] BLRTE PCR P f rp & dERR S M 1= I 5 1) — 3Rk

2100 |- 1900 |+
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B2 kEkTE PI312777 FndE4L Bk Lemont B PAL EEHIEE K R A qRT-PCR 18 #h &

Fig.2 Amplification curves of PAL multigene family in allelopathic rice PI312777 and non-allelopathic rice Lemont

2.3 RAW A T AEOKFRE P1312777 FEHEACIEROKFE Lemont 1) PAL 45 B 5% FE R ) 25 57 3R 38 40 B

fRE WA R PI312777 Fil Lemont HRZRAY 11 4~ PAL FE R BY 52 1 3 R B 2047 BT R[] (18] 4 ), Horp PALA FI
PALI0 ¥IARZ R, 5XF AL, fLBOKRE PI312777 AR R PAL3 \PALS .PAL6 \PALT .PAL8 .PAL9 .PAL11 ¥ I
PEFEIE, A R BEAT R 1.83 1,84 .1.39 1,18 1. 04 2. 66 3.29 %, 1fii PALL PAL2 W43 5 R T 1. 66 1
1.3 A5 MR S50 T B93EABOK RS Lemont WY PALS PAL6 PAL8 PAL11 FiZEik AN IEHRZESMT
M 1.05.1.09 4. 11 3. 92 f%; PAL1 . PAL2 PAL3 .PALT .PAL9 W43 W [ 1F A 2 45 T #1.78 4. 17 1. 05,
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Fig.3 Melting curve of PAL multigene family in allelopathic rice PI312777 and non-allelopathic rice Lemont

1.31.1.24 %, B n] 0L RERRIL S 264 Ak BOK RS PI312777 7EAREMNA )G , HAR & PAL Z805E 3L K
B EIRZEA AR T A T 2 B 2L B B, i A 1 S5 AR, AR ALK RS Lemont X PALS F11
PAL11 BRI SRR A2 B RE T 8855

400 BPI-LN 6.00 ALelLN
3.00 i
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g 100 |

=2

g

-%O
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-3.00 o 1 -6.00 b——
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SEEEEEERERE SEEEEEEERE
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4 {REEME TR PIANIEL B KAE Lemont Fi PAL B 11 45 RE B KX R iX 5 #
Fig.4 Relative expression analysis of the genes encoding PAL multigene family in allelopathic rice accession PI312777and its counterpart

Lemont under lower nitrogen treatment by using qRT-PCR analysis

2.4 MFEE T EOKAS PI1312777 FIAEALIEIKAE Lemont (1) PAL Hr 45 i 3 KL R ) 22 S K 4307

MIEL 5 T LA S TR % R R e A OK AR PI312777 FIEHEALEIK RS Lemont ) PALA \PAL10 AR
K, BRI AN E S E R A T BB OK RS PI312777 4 8 > PAL FEH ik Hirp | PAL3 Fika Jy X} e
B 1.46 15, PAL9 Zih 8 X MY 2. 65 15, PAL1  PAL2  PAL5S .PAL6 .PALS PAL11 W43 51 |3 1. 01 .2. 41,
1.44 1.56 .1.76 1.07 f%, #Rifi, A 254 F HAEAL KRS Lemont 1 PALL \PALS Fl PAL11 fE2387455 i,
SRR BRAY 1,01 4% 1. 03 £ H01 1. 08 1% ; PAL2 \PAL3 \PAL6 .PALT ,PAL8 PAL9 W35 R 1.79 1.14 1.29
1.54 2.21 1. 16 15, HEE R FILEOK ARG PI312777 H PAL J R ok v 2 B BREE R 7 Fly i 7 52 480, DA T 188 5 G
TE SRR (L) SE 4 AL A B AR RE 1 5 5 AR S, AEALIE K AR Lemont 78 2 % BE B IR BT 24 T, K04 PAL 3
PRI AT U], 13 PR 2 A B Jo G JCRE 0 B AT, A I T T R
2.5 IREFIBE A S50 T ALK S PI312777 FAEALIER KRS Lemont T PAL 3 [F i 36 34 5 [

FEEAR AR St 28 R, 4B B K R P1312777 FHAEL K RS Lemont MR 58 PAL IR i R 3528 1k (1
6), 25 R R PALL ZERTRE G FALEOKAE PI312777 MAEALIEIK RS Lemont H1¥4 L8 &1k #EM PALIT J&IK
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Fig.5 Relative expression levels of the genes encoding PAL multigene family in allelopathic rice accession PI312777and its counterpart

Lemont under barnyardgrass stress by using qRT-PCR analysis

RSO0 705 BE IS I B L BEAh, PAL3 1 PALO 1M B 25 it F AR R P1312777 Ty eik
LR, TZE ARV R AR ALK RS Lemont 1 F 946, 611 PALS i1 PALO PR ETA 5 0N F K RS
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3 1ig 5.00 2 PAL3
AR K R T R Sl (S AN Rl oo : m PALS.
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TR — R 38 SN B Oy 2R GE , DA T 38 4 AL ) ok 31
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JR——TE G T B RO X 53 TN R B SR K R AL -100 |
B S VRS S e Y TR k] efa i 2
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AXTRANR, HA AR FH A8 KR b b e & R i (5% PAL3 PAL9 PALI1 Fi R FE AT Bk 47
BT, FERIE S LB EGE SN HI 4222 Fig.6  Relative expression levels of the genes encoding PAL3,
B R A AR T S5 AN E R K A i FP 2 B jF PALY and PALIL in allelopathic rice accession PI312777and its
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( Centaurea maculosa ) XT At S W VG FRA - 19 5 J8 M AE PLBYG. FLEC it 4 B[ PI312777; Le -BYG: B 25 i b 51
REARRAAN T 255 50% ,S8000, ANRAEHS T IA 5 Lemont
TP W2 o O 2 B R 28 53 DA %) A J JBi, LA SRR vy )
AR TR IS PE 2 A 15 R ATG 85 % , IR SE 4 SRUL I 1 AL E IR e it B POl 3 i, [l oA 2
BAEWTY BOR 4 (C. diffusa) PG 208 B 17 K 2245 (Acroptilon. repens) [ {23 A 1145 21 1 4R 1)
MEE RS W S0 IS F I PR BE A8 BE T LB 1 3 P Rk PR A B B 1 A 1, AR SRR I
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REAE 5 WURE 1 PAL 22 JIREE , VLI PAL B[N AP 200K 32 1) 52 a4 X Se iR I 45 5 L B A
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