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Abstract

Allelopathy was defined as a phenomenon which certain plant species, by secreting
metabolites to the environment, can suppress the growth of themselves, seed germination and/or
growth of other plants in the same habitats. Banyan ( Ficus microcarpa L.f.) is a plant species in
our campus likely to have allelopathy effect. However, documents describing such action on
allelopathy were rare. In this study, we applied the crude tissue extracts including leaves, stems,
roots of banyan onto the germinating seeds of Pai-Tsai ( Brassica rapa L.ssp.chinensis ( Rupr.

(Olsson))) , Chinese cabbage ( Brassica pekinensis Rupr.) and Arabidopsis ( Arabidopsis
thaliana, ecotype Columbia-0) to study the effects of such plant extract on the germination and
seedling growth of other plants. It is found that allelopathic effects on seed germination vary among
different tissues used for extract preparation. Different concentration of the extract also yield
various degree of allelophathic effects. It is also noted that the application of extract onto the
post-germinated sprouts has less effects on plant growth. The extract of leaves was subsequently
chromatographed over silica gel using hexane/EtOH gradient solvent system and HPLC. The result
showed that there was one fraction about 8 min in the chromatography of HPLC eluted with 25%
EtOAc in hexane had the most inhibitory effect. SDS-PAGE analysis on the electrophoretic profiles
of water soluble proteins has explored a different band pattern between the treated and non-treated
sprouts. The observed band difference might provide a clue for exploring proteins which reacted
differently upon the application of extract. DNA microarray analysis on the effect of banyan extract
on Arabidopsis gene expression has also been employed to characterize genes responsive to the
allelophathic treatment. Cross-comparison between the differential transcript and protein profiles
will reveal key regulators in plants experiencing allelophathic condition.
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(8) ffes
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(10) Fipter
(11) EIA reader

(12) Typhoon-9200 scanner
(13) GenePix 4000B scanner

2. %Fﬁl{[ :
(1) wl@wﬁﬁ
(2) I—=l%k
(3) Iy
(4) ”E‘ﬁ*‘f e T’?’ﬁ/’ﬁs (Merck 7734 (70-230 mesh) )
(5) TLCH/%8 (Merck 55554 (Kieselgel 60 F254) )
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(7) MS salts (4.4 g » GIBCO - BRL cat. # 10632-016)
(8) plant cell culture agar (Sigma > 70K0884)
(9 Bt e (075mm)

B RS EA R | R
B 15% 10%
Total 30 ml 5 ml
30% acrylamide 15 ml 1.7 ml
1.5M Tris  (pHS8.8) 7.5 ml 1.3 ml
10% SDS 0.3 ml 0.05 ml
ddH:0 7.05 ml 1.9 ml
10% APS 0.15 ml 0.05 ml
TEMED 0.0099 ml 0.002 ml
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(10) Ft FEE (075 mm)

(11) =
(12) &
(13) =
(14) =

i AR AT IR e 2 ff e
NG 5% 5%
Total Sml 2 ml
30% acrylamide 0.85 ml 0.33 ml
1.5M Tris (pH6.8) 0.625 ml 0.25 ml
10% SDS 0.05 ml 0.02 ml
ddH-0 3.4 ml 1.4 ml
10% APS 0.05 ml 0.02 ml
TEMED 0.005 ml 0.002 ml
ZEk—~  (10% TCA 6.8g > 0.3% DTT 1.7g > acetone-E! =20 ml)
k= (0.3% DTT 0.06g * acetone &l =20 ml)
ZiEk= (1% DTT 0.2g » OM Urea®&l =20 ml)
% ERR)Y (2X SSB)
Glycerol 15 ml
20% SDS 22.5ml
1.0M Tris-HCl (pH6.8) 12.5 ml
ddH2O 50 ml
U IR0 5% pY 2-mercaptoethanol A 2.5% FY 0.1%(w/v)Bromophenol Blue

(15) 7l P&%\Lﬁ“c EZaNQNES)
(16) coomassie blue H&e' 188 ([ff&4- )

EXC S

(1)
(2)
(3)
(4)
(5)

7[‘?7&? ( Ficus microcarpa L.f.)
t&7#+ (Garcinia spicata Hook f.)
| F 12k %= (Brassica rapa L.ssp.chinensis ( Rupr. (Olsson)))

AR 1A~ (Brassica pekinensis Rupr. )

[fe b fp*‘ﬁ #£21+" (Arabidopsis thaliana , ecotype Columbia-0)
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ﬁ.lﬂlffz

B 1 2 3 4
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Pk (0 B | 0 | 0075 | 015 | 075
Total #A#i(m)) 3 3 3 3
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15% SDS PAGE  Coomassie blue R250 M Unstained marker 10u1
Sample:50 ug 100 V ;16 hours

Bl 7-1 SRR CRAL I B4 ) S TR

S0 M—marker I FEREAEEA o B 2,59 —I'JH 2.5% F VSRR A -
B 506—IJE 5% B INRASHAORA > B 100618 105 P ViR E -

L AU 7-1 SR AT E’lﬁ?ﬁ,ﬁm}} :
(1) PRSBSOS 3 512
< EBIFH8 kDa) 34 (574 E15921 kDa) DY % HFU F TTASFLED R B

R S e Hufﬂﬁ S S VETRUASLE S 4 -



30ug 22.5ug 15ug

M Agar  #0.5% Agar 30.5% Agar  #0.5%

kDa
170>
130>

100->
2> | —70KD
55->

| —45KD

e | —39KkD

33->

24->

10% SDS PAGE Coomassie blue R250  M:pre-stained marker 10 ul
Sample:30, 27.5, 25 ug 100 V ; 120 mins

Eﬂﬂ 7-2 Bﬁ]ﬁlﬂ_ﬁ (7810 14 =) E’E'ﬁ?ﬁ;ﬁﬁg
ﬁ%i : M—marker » Agar— '} Agar FERE[IOBEA - B 0.59 —I'JE 0.5% & VSRR E -
2. U 72 [ (O AT

(1) 1JB% SRR PR HIPIRE 2 LN RS (53 BIF¥I0KkDa) ~ 6 (53 Ei5

45kDa) -
(2) I'J3H FRERI R il I"%fﬁ“’ 7 (53 E5%39kDa) o
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 ABABTARE] (5 (S5 2 (17555 b BN A TR —microarray

F8-1  HRERT ARV EI - 4 TN VR PERR - A
'T‘JF} Function category Locus Clone ID |CalcMr| % 0.1% | & 0.5%
il (kDa) |normalized|normalized
1 |Transport AT2G40300 B1E1T7 29.0 0.443 0.483
2 AT2G04032 |AT2G04032 [39.4 0.429 0.39
3 AT5G04340 (103P14T7  [25.2 0.477 0.485
4 AT5G01600 [110B4T7  28.2 0.407 0.354
5 [Protein modification AT2G31010 |At2g31010 [87.3 0.388 0.32
6 AT2G29400 (142G13XP  [36.3 0.461 0.34
7 AT4G13540 [T6G15_90 24.9 0.430 0.451
8 |Splicing AT2G47580 38C6T7 28.1 0.289 0.228
9 |Chlorophyll biosynthesis AT1G58290 (G4A8TT 59.5 0.318 0.452
10 179N10T7 0.391 0.483
11 |[SRP-dependent cotranslational| AT4G19650 T16HS5_10 |64.6 0.377 0.15

protein-membrane targeting
12 |Aging AT3G47340 207C15T7  |65.6 0.257 0.164
13 122C15T7 0.366 0.304
14 AT5G23030 [AT5g23030 [29.5 0.420 0.186
15 |Photosynthesis AT1G29930 [140N10T7 28.2 0.489 0.249
16 AT1G31330 [178K9T7  [24.2 0.446 0.269
17 AT1G60950 (179D11T7 |15.5 0.423 0.363
18 [Removal of superoxide radicals [AT4G25100 [111G16T7 [23.8 0.337 0.339
19 167K8T7 0.320 0.284
20 |Stress response AT1G29395 [165H20T7 24.3 0.391 0.32
21 (Unknown AT5G21940 4OB7T7 28.0 0.374 0.259
22 AT1G77220 (G4B1T7 55.4 0.206 0.377
23 AT5G01590 |AT5g01590 148.9 0.0557 0.436
24 AT5G66052 (142H19T7 {7.0 0.405 0.451
ﬁ%t D % 0.1% normalized FEHEERT S 0.1% FISHHAD Agar (1) F ﬁl[ﬂﬂ@p E=fif

A (0.5% normalized ELEF
%Uf?[
e T AU R R F
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Gkid Description

1 [ferritin

2 |metal transporter (ZIP7); member of the Zinc (Zn™)-Iron (Fe**) permease (ZIP) family

3 lzinc finger (C2H2 type) family protein

4 fferritin 1

S Iprotein kinase family protein

6  serine/threonine protein phosphatase PP1 isozyme 1 (TOPP1) / phosphoprotein phosphatase
1

7 fexpressed protein

&  ismall nuclear ribonucleoprotein UTA

9  lglutamyl-tRNA reductase 1

10

11 mitochondrial transcription termination factor-related

12 |asparagine synthetase 1 (glutamine-hydrolyzing) / glutamine-dependent asparagine
synthetase 1 (ASN1)

13

14 |senescence-associated family protein

15 |chlorophyll A-B binding protein 2

16  photosystem I reaction center subunit III family protein

17  ferredoxin, chloroplast (PETF)

18 Isuperoxide dismutase (Fe), chloroplast (SODB) / iron superoxide dismutase (FSD1)

19

20 [stress-responsive protein

21 expressed protein

22 expressed protein

23 expressed protein

24 expressed protein

r% : %ﬁﬂ“rfﬁ%‘ F o Al 2RI -

E;uﬁ',;fggﬁ Sy S Féng [ﬂp@?&ﬂp* H‘: e[ I@"’T’qu—ﬁﬂ‘qﬁﬁ\l pfﬂgl[ﬂ o
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83 R RSB LSRG T ) U SLPITEE - ikl

a\r-} Function category Locus Clone ID |CalcMr| Z 0.1% | & 0.5%

il (kDa) |normalized|normalized

25 [Transport AT1G29020 (G6E3T7 118.5 .08 17.57

26 AT5G67330 |[AT5G67330 (56.4 3.38 3.10

27 AT4G16370 |AT4G16370 [71.1 2.57 2.76

28 AT5G09720 |AT5G09720 [44.7 2.96 14.41

29 AT3G58810 |AT3G58810 47.4 2.81 4.93

30 AT4G12470 311G6T7  |16.7 3.87 3.94

31 AT2G30770 204L23T7  |56.8 5.00 4.07

32 AT3G55090 |AT3G55090 {79.9 2.01 2.93

33 AT1G55910 |AT1G55910 [35.4 2.37 .87

34 AT2G32270 |AT2G32270 36.0 2.03 7.42

35 |Anthocyanin biosynthesis [AT5G42800 [AT5g42800 42.8 4.31 119.10

36 |Protein metabolism ATSGO8180 [AT5g08180 [16.9 2.09 2.88

37 AT3G12700 MBK21.6  50.6 2.33 2.04

38 |Transcription ATSG13080 [AT5g13080 |16.8 2.61 2.85

39 AT1G66390 MYB90-Wu 28.1 2.21 76.10

40 AT5G43520 (712D2T7 28.6 .12 2.42

41 AT2G44370 (181C13XP  28.0 2.52 3.41

42 AT2G27660 [At2g27660 [76.5 2.07 3.38

43 |Protein modification ATSG53450 MYNE 6 [75.7 11.93 3.86

44 Sugar metabolism AT3G13930 MDC16.18 |58.5 2.56 3.66

45 AT5G66530 (185G4T7  [33.7 3.22 2.54

46 |Ethylene biosynthesis AT1G77330 [61D2T7 34.9 2.32 4.89

47 |Defense response AT3G12500 92G1T7 34.6 .61 4.50

43 AT2G43550 |At2g43550 |11.9 .27 .17

49 |Pollen tube growth AT3G22200 [116G12XP  [55.2 2.15 2.27

50 |Unknown AT5G48540 |AT5g48540 29.0 2.12 2.49

51 AT3G18250 MIE1S.4 (7.4 3.83 3.38

52 AT2G33790 (172M14T7 25.7 2.08 15.57

53 AT2G46050 |At2g46050 |66.3 2.25 4.87

54 AT1G70810 9SL17T7  |18.6 2.13 .51

ﬁ%t D % 0.1% normalized FEHEERT S 0.1% FISHHAD Agar (1) F ﬁl[ﬂﬂ@p E=fif
B 0.5% normalized ELEFRRRE S 0.5% HIEHAD Agar (2) F?{ﬁl[ﬂﬁ REAR Sl

ENTiIN Fus FIa %p = *‘rﬂﬁﬁlfﬂ
g[ﬂﬂ YR iy Hu < BBl R E’E[ﬁ%ﬁ:ﬁ%‘l PURLA -
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Gkid Description

25 lcalcium-binding EF hand family protein

26 INRAMP metal ion transporter 4 ; member of the natural resistance-associated macrophage
protein (NRAMP) metal transporter family

27 loligopeptide transporter OPT family protein

28 Mg™ transporter protein

29  zinc transporter

30 |protease 1nhibitor/seed storage/lipid transfer protein (LTP) family protein

31 [cytochrome

32 |ATP-binding cassette-sub-family G-member 2

33 |metal transporter; member of the Zinc (Zn2+)-Iron (Fe2+) permease (ZIP) family

34 inc transporter

35 (dihydroflavonol 4-reductase

36 ribosomal protein

37 laspartyl protease family protein, chloroplast nucleoid DNA binding protein

38 |[WRKY family transcription factor

39 myb family transcription factor, putative / production of anthocyanin pigment 2 protein

40 DCI domain-containing protein

41 DCI domain-containing protein

42 DCI domain-containing protein

43 protein kinase family protein

44 dihydrolipoamide S-acetyltransferase

45 laldose 1-epimerase family protein

46  |l-aminocyclopropane-1-carboxylate oxidase

47  |asic endochitinase

48  trypsin inhibitor

49  d-aminobutyrate aminotransferase / gamma-amino-N-butyrate transaminase / GABA
transaminase / beta-alanine--oxoglutarate aminotransferase

50 [33 kDa secretory protein-related

51 fexpressed protein

52 Ipollen Ole e 1 allergen and extensin family protein

53 pentatricopeptide (PPR) repeat-containing protein

54 |C2 domain-containing protein

=p

: ?tw[rﬁm%guyﬂ?ﬁ %L'_P‘ iﬁﬁﬁ[ﬁ[fﬁ .

e VR 2 PO AT BRI R
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F 85 HFRERE AR BIREL P fifl— [T
il Intensity ?JFT} Intensity
PAgar (1) 0.1% B |Agar (2)0.5% B | |#K|Agar (1) 0.1% B Agar (2) 0.5% %
1| 24480.6| 10833.00 25201.6/12175.0, | 25 2140 659.0 61.6 1083.0
2 170.30  73.00  189.6  74.0| | 260  2520.0, 8517.00  2542.1] 7890.0
3 2838.8] 1355.00 2283.6) 1107.0| | 27 5448.9) 13999.0 5113.4] 14128.0
4 3514.0p 1430.0f 1834.5) 650.0] | 28 149.6,  443.0 14.00  201.0
5 2533.00 983.00 22155 708.0, | 29 489.5 1375.0 380.1) 1874.0
6|  7539.3 3477.00 6060.9 2058.0 | 30,  2026.6, 7843.0,  1228.1] 4834.0
7 770.3]  331.0 72571 327.0 | 31 637.6f 3188.0 771.0, 3137.0
8 16751.5 4836.00 17651.2] 4026.0| | 32 191.7)  386.0 2709  794.0
9 67231.5 21369.0 75309.9) 34038.0] | 33 572.8  1355.0 758.00 2173.0
10 53825.7) 21058.0f 61173.0/29533.0 | 34 984.9] 2002.0 3284 2436.0
11 1727.3]  651.0 274277 411.0 | 35 117.0,  504.0 10.0, 1191.0
12| 69306.6 17793.00 80915.0/ 13256.0 | 36 553.8] 1159.0 539.2] 1554.0
13]  7973.3 2917.00 56489 1719.0 | 37 390.8  909.0 5543 1131.0
14 7780 327.0 11113 207.0 | 38 494.6/  1290.0 339.1]  965.0
15| 14616.7) 7152.0, 11195.1) 2790.0/ | 39 97.9]  216.0 10.00  761.0
16|  23180.5/ 10333.0] 15887.8 4267.0] | 40 5682.3| 12031.0 6565.9| 15916.0
17, 10113.4] 4276.0f 8073.4) 2934.0| | 41 7078.0] 17823.0 7748.2| 26402.0
18 7668.7 2584.00 39164 1326.0, | 42 1740.1|  3601.0 1329.5] 4493.0
19 99347 3181.00 5689.6 1614.0| | 43 1061.6| 12669.0 1146.1| 10151.0
20 17888.00 7003.0f 23475.1] 7503.0 | 44 388.00  994.0 351.9] 1286.0
21 99473 3720.00 9757.6] 2525.0| | 45  2892.8] 9308.0f  2908.4| 7382.0
22 54787.6] 11262.00 66269.1{24952.0| | 46|  9068.4/ 21076.0]  5813.4{ 28419.0
23 8147.0f 454.0 11230 49.0 | 47 5139.2) 13409.0 4611.31 20755.0
24 3694.3] 1497.0f 3512.2) 1585.0] | 48 2474, 561.0 113.00 245.0
49 5544.0 11932.0 2655.7  6037.0
50 776.8  1643.0  1308.9 3253.0
51 2836.1] 10852.0 43637 14727.0
52 1624.4)  3371.0 1415.3] 22037.0
53 3288 741.0 2534/ 1234.0
54 9292.7 19751.0,  10899.3] 27398.0
=

I:[_.

R AP LT -
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[fi' 8-1 = 4% ffr7t DNA microarray (FA', 15000 HLEH )

e TET A RIS R AR BN > Rl P A DS AT BT

FA A AR AR ST -

. UBR -1~ 84 ARMIR T TS SR (P POLPARTE Y e

ERIIOALEY (14 0 25-34) BERJRER -

C 81820 ’l‘?‘[ﬁﬁﬁ F Ik ﬂ]ﬁjﬂﬂﬁ’ﬁ [FIft Ao Fsgfilglisd. ( SRP-dependent

cotranslational protein-membrane targeting) (11) ¥ FL\' (BH] (15~17) ﬁl%%gﬁglw

A BRI B FIHIEZ PR =

- AR 810 82 ARSI S TV R H R REL IR EL P BL AT2G04032
(2 39.4kDa) FIHELN AT2G29400 (6 » 36.3 kDa) fHiFE & BUSTE VDY 55~ BT

B T 11 2 RS VETEE T (39 KDa) o HLEY AT2G04032 BIGRELf35

UEAIG8 ~ GEBES O Rl LD AT2G29400 588 iy | EOALG 1 VTR )

B -

o A 83 84 *ﬁﬁﬁﬁé *F ?V‘?T&ﬁl'ﬁilﬁﬁ’ﬁ e F[lﬂé’?g@%“?”’i@ﬁﬁ’?‘} ( Anthocyanin

biosynthesis * Ethylene biosynthesis ) ﬁ‘?fdﬁgﬁl P BEREL > BB R IO R AR S
RLEEPER

. A 8384 Eﬁﬁiﬁi‘% IV ER | BRI (REERSEL P S AT4G16370
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(27> 71.1KDa) #L[X AT2G46050 (53 > 66.3 kDa) S8R ey 197 53 &
LTURER PSRN 1 AR e l’?f’n%ﬁ 5 (70kDa) « B[N AT4G16370 JEE LAY &
F VA IE TS Jjﬁﬁﬁ? ET% HLN AT2G46050 f JﬁJF <EH E'[i?f* HI o
BB 8384 AEHERIS vy > 8 %Zﬁ‘%&]ﬁwﬁ SHLPIF 1 P ATSG09720

(28 > 44.7kDa) ~ AT3G58810 (29 » 47.4kDa) ~ AT5G42800 (35 > 42.8 kDa ) fEE #
0 VL 53 BB ITER  J B+ RBL S 1TV 6 (45 KDa) © HL1
ATSG09720 (28 » 4.7 KDa) HGEEL 1 VIV STifiy i » AT3GS8810 (29
47.4KDa) GRS OSSR - ATSG42800 (35 > 428 KDa) G811
S VETHIRL- 78 7 ST PRRUVRUT -

P9t 38 3 ZUAs e £ {7 pli— PP puRLEN o U e VRIS ~ PORT RS

( Protein metabolism ~ Sugar metabolism ) 3" ﬁ'l?ﬁﬂ PR+ ﬁﬂ’ﬁﬁ% g7
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HER TRk ALES i [l
1[4 fixing A.F' ITift(Methanol) 150 ml 300 ml 30 73
“4J% (acetic acid) 30 ml(® | REEREE ()
<> ] 300 ml
2.1?%% incubation | B.F'If#(Methanol) 75ml 250 ml 15 73
“f<->"pE] 250 ml
3.J&1% washing < 250ml | 5533w
4.%% incubation | C.3&I (Na:S:05 + 5H0) 50 mg 250 ml 120 )
<> ] 250 ml ety
5781k washing 7 250ml | 30 Fp*3 7w
6.55 silvering D’F@JE&%L 05¢ 250ml | 2573
&> 1] 250 ml
7.78V% washing 7 250ml | 60 Fp*3 7w
8.51% developing | E.Na:COs 7.42 g 250 ml - e
F' I (formaldehyde)37% 0.125ml
il C(% 5 4)5 mi
“f<->MIE] 250 ml
.75 1% washing 7 250 ml | Briefly
1045 1F stopping | FNa-EDTA 3.5 ¢ 250 ml 10 53
“f<->MIE] 250 ml
11.75% washing | 7f* 250 ml
~ ~ Coomassie blue & e 1B ¢
HER 1Kk LES [ el
Lys W A.coomasie blue 500ml 500mL 60 73
2358 %& | B.Methanol 400 ml 500 mL 30 73%2 W
Glacial acetic acid 70 ml
>NE] 1000 ml
3334 #: | C.Methanol 50 ml 500 mL 60 73
Glacial acetic acid 70 ml
>UE] 1000 ml
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= Bt et CAgar 784 1475 )

AR T BRI CRERERE 0.196-78471 14 =)

fEH e g CRERERE 0.596 781 14 =)

P~ B BB

F 1-1 0 ARSRpI R L PIRpES R
] 0 A | RS R T EEEp a (96) | L[ IR S A (%)
1 I+ 98 4£1.0 100.0+0.0
2 [fhEE 10% 14,4129 328857
3 |[hHER 5% 30,0447 728457
4 | 2.5% 87.43.3 92.0+1.9
5 [t 10% 98.4£1.0 98.4£1.0
6 |fEtH 5% 98403 99.2+1.0
7 [EhE 25% 100.0£0.0 99.240.7
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01 AESRPIZE R LIRS i S
Bk | i?ﬁf& AP IR TR (%) | TPIRTEET F (%)
1 < 96.8£1.9 99.210.3
2 1L 10% 02.0+3.3 98.4%1.0
3 5% 01.2+5.0 04.4%3.8
4 1L2.5% 96.0£3.0 100.0£0.0
5 #* 10% 88.013.8 96.0+3.7
6 # 5% 02.813.8 09.2+0.3
7 # 25% 96.811.9 96.811.9
& # 10% 11.2£1.9 36.0%9.8
9 # 5% 32.0%5.7 76.813.8
10 |# 2.5% 88.816.8 03.611.9
F 3.1 FEREET4 NN NIRRT I pUR R A S Rk
Adif 15 NN
S 3?“?‘7?2 3{5:)4 4= - TI;J 8~ @T;‘M -~ - T;’IS ~
AV EEES I EEE S AN EEE L A
(mm) [~~~ (mm) [~ ~ (mm) [~~~ (mm) [~ °
IS 6.4+0.6| 1.00+0.09| 9.2#0.6| 1.00+0.06|12.740.3| 1.00+0.02|18.6+0.3| 1.00+0.01
2 |FL10% | 6.24¢0.5| 0.97+0.08/10.8+0.2| 1.17+0.03| 11.2+0.3| 0.88+0.02| 18.9+0.6| 1.02+0.03
3 11459 6.1+0.3| 0.95+0.04| 10.5+1.6| 1.14+0.17| 11.50.2| 0.91+0.02|20.3+0.3| 1.09+0.02
4 I#2.5% | 6.640.5 1.03+0.07|10.540.2| 1.14+0.03|12.5+0.4| 0.98+0.03|21.8+0.5| 1.17+0.03
5 |# 10% | 4.9+0.4| 0.77+0.06| 9.0+0.3| 0.98+0.0412.0+0.5| 0.94+0.04| 19.9+0.6| 1.07+0.03
6 |% 5% 5.2+0.3| 0.81+0.04| 8.6+0.2| 0.93+0.03| 11.840.1| 0.93+0.01|18.2+0.4| 0.98+0.02
7 |#25% | 6.1+0.3| 0.95+0.04| 9.740.4| 1.05+0.04|12.6+0.7| 0.99+0.05|20.2+0.1| 1.09+0.01
8 | 109% | 1.7#0.4| 0.27+0.03| 4.5+0.3| 0.49+0.03| 3.1#0.7| 0.24+0.03| 8.8+0.3| 0.47+0.02
9 | 5% 2.8+0.2| 0.44+0.03| 7.940.7| 0.86+0.08| 6.6+0.3| 0.52+0.02|15.00.5| 0.81+0.03
10 [B 2.5% | 6.6£0.2| 1.03+0.04| 11.4+0.7| 1.24+0.07| 12.7+0.5| 1.00+0.04| 20.4+0.6| 1.10+0.03
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Fe 32 FRFEIT A R IT RAHERT I R ] I VLR ALY Rk
NN MR
AEL I m;J — ﬁ;‘m — m;m — ﬁ;m —
S EEEE T B TR BN (SR B [CCE T
(mm) (mm) (mm) (mm)
1 |I7: 18.4£0.5( 1.00+0.03| 42.1+2.6] 1.00+0.06| 23.4+0.5] 1.00£0.02| 56.5+£3.7| 1.00£0.07
2 1fL10% 15.4+0.5| 0.84%0.03] 36.2+0.8| 0.86+0.02] 20+0.7| 0.85x+0.03| 47.4+£1.0] 0.84%0.02
3 [#5% 17.4+0.3| 0.95%0.02] 39.5+£0.8| 0.94+0.02| 21.5+£0.2| 0.92+0.01]| 52.8+4.1] 0.93x+0.07
4 #4259 [17.5£0.2| 0.95+0.01|40.9+1.2| 0.97+0.03[22.5+0.3| 0.96+0.01|52.1+2.3| 0.92+0.04
5 % 10% 7.920.5( 0.43+0.03| 18.4+1.2( 0.44+0.03| 11.2+0.6 0.48+0.02| 26.1+0.3| 0.46+0.01
6 & 5% 10.2+0.3| 0.55%0.02] 24.2+0.8| 0.57+0.02| 14.2+0.4| 0.61+0.02| 32.6+£1.9] 0.58+0.03
7 |#2.59% |12.7%0.5| 0.69+0.03| 34.6+1.6| 0.82+0.04| 17.3+0.7| 0.74+0.03| 45.2+2.8| 0.8+0.05
8 |H 10% 3.1+1.3( 0.17+£0.02| 9.2+0.5( 0.22+0.01| 6.5+2.0( 0.28+0.04| 16.8+2.9| 0.3+£0.05
9 B 5% 5.6£0.3| 0.3+£0.02f 13.0£0.6( 0.31+0.01| 8.9+0.5( 0.38+0.02| 20.7+0.6( 0.37+0.01
10 [ 2.5% 7.920.4 0.43+0.02| 23.4+0.5( 0.56+0.01f 13.3+£0.4 0.57+0.02| 32.1+2.5( 0.57+0.04
F 41 FEEDY 8 “ARIRE IR W) PR PR AALE Rk
eI T
S I = " = e " =
S EEE N CEEEN B E e B N [FE
(mm) (mm) (mm) (mm) ]
1 |I7: 9.1+0.4| 1.00%0.04(43.2+2.2| 1.00+0.05f19.2+1.3| 1.00+0.07| 54.3+£5.0[ 1.00+0.09
(P~
2 |Ed¥ERH [ 9.0+1.2) 0.99+0.13|36.8+1.1| 0.85+0.02| 18.4+1.8| 0.96+0.09| 46.6+2.3| 0.86+0.04
10% )
3 | 10% 4.5+0.8| 0.49+0.09] 9.6+0.6| 0.22+0.01| 8.2+1.2( 0.43+0.06| 15.4+1.0[ 0.28+0.02
F 51 PFFEST4 SARSRIR SR/ S (B D)
] TR [EA e B o (%) AT A & (%)
1[5 " 102420 800121
2 ik 60.422.1 95.2+4.5
3 |0s%Ti 85.043.3 95.0+1.2
4 J0.1% K 95,0£2.3 95,04,
5 [0.05%ikk 100.0£0.0 100.0£0.0
6 | 100.0£0.0 100.0+0.0
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F 52 FEREET 4 SR IR TR R AN 25 (B 1)

i i E(?n:iﬁﬁ; R [ mii)h T{i g
1 [5%ikik 2.0+0.3 [0.10+0.01| 10.7#1.0 [0.51+0.05
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Exploring Genes Related to the
Effects of Ficus microcarpa Extract

on Seed Germination and Growth

+ Introduction

Allelopathy was defined as a phenomenon which certain plant species, by
secreting metabolites to the environment, can suppress the growth of themselves,
seed germination and/or growth of other plants in the same habitats. Ficus
microcarpa is a plant species in our campus likely to have allelopathic effects. In
this study, we applied the crude tissue extracts including leaves, stems, roots of
banyan onto the germinating seeds of Brassica rapa, Brassica pekinensis and
Arabidopsis thaliana to study the effects of such plant extract on seed germination
and seedling growth.

Various chromatographic assays can be served for revealing possible
compounds involved. Recent advance in genomic and proteomic studies also
provide rapid tools for exploring genes and proteins related to different
environmental stimuli. In the following, we reported the effects of F. microcarpa
extract on plant seed germination and seedling growth. The exploration of possible
genes correlated with the effect was also screened through DNA microarray and
protein profile analyses.

+ Materials and Methods

Plant Materials

Ficus microcarpa L.f
Garcinia spicata Hook f.
Brassica rapa L. spp. chinesis(Rupr. (Olsson))
Brassica pekinensis Rupr.

Arabidopsis thaliana ecotype Columbia-0

a b wnN

T

- X
Arabidopsis thaliana

Brassica pekinensis
Fig. 1 Plant materials in this study.



Experimental Scheme

Preparation of crude extracts from different tissues of F. microcarpa

v

Effective concentration tests

v

Select F. microcarpa leaf extract which has the most evident
allelopathic effects for the following studies

v v v
Column Allelopathic effect of leaf SDS-PAGE
chromatography extract on A. thaliana analyses of B. rapa
and thin-layer and B. pekinensis
chromatography ﬁ‘—+ proteins
v DNA SDS-PAGE
HPLC microarray analysis of
purification analysis A. thaliana 4
proteins Cross-comparison
A

+ Results and Discussion
A. Allelopathic effects of F. microcarpa extract on seed

germination and seedling growth.

» ltis found that allelopathic effects on seed germination vary among different
tissues used for extract preparation. Different concentrations of the extract also
yield various degrees of allelophathic effects (Fig. 2, 3, 4). It is also noted that
the application of extract onto the post-germinated sprouts has less effects on
plant growth (Fig. 5).
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Fig. 2 Comparisons on seed germination rates of B. pekinensis and B. rapa with the
F. microcarpa (an allelopathic species) and G. spicata (a non-allelopathic species)
extracts.
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Fig. 3 Effects of concentrations and extracts from different tissues on the growth of
seedlings 8 days post-germination in B. pekinensis and B. rapa.



Fig. 4 Growth of seedlings 8 days post-germination in B. pekinensis (Left: with the water.
Right: with 10% F. microcarpa leaf extract. ).
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Fig. 5 Comparisons on shoot and root growth rate of B. pekinensis and B. rapa 8 days
post-germination.

B. Chromatography of F. microcarpa leaf extract.

» The extract of leaf was divided into two fractions (Fig. 6). EA extracted fraction
has more effects on inhibiting plant growth, and was subsequently
chromatographied over silica gel using hexane/EtOH gradient solvent system
and HPLC.
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Fig. 6 Comparisons on seed germination rate and root growth rate of B. pekinensis
with EA extracted fraction and H,O extracted fraction. EA: ethyl acetate.

C. SDS-PAGE and DNA microarray analyze on proteins and genes

related to the allelopathic responses.

» SDS-PAGE analyses on the electrophoretic profiles of water soluble proteins
have shown different band patterns between the treated and non-treated sprouts.
The observed band difference might provide a clue for exploring proteins which
reacted differently upon the application of extract (Fig. 7, 8). DNA microarray
analysis on the effect of F. microcarpa extract on A. thaliana gene expression
has also been employed to characterize genes responsive to the allelopathic
treatment (Fig. 9, Table 1).
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Fig. 7 SDS-PAGE protein profiles on
the seedlings of B. pekinensis and B.
rapa germinated under different
concentrations of F. microcarpa leaf
extracts.
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Fig. 8 Comparison of the
SDS-PAGE protein
profiles on the A. thaliana ~ *”
seedlings germinated
under 1% agar and 0.5% F.
microcarpa leaf extract. 8>
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Fig. 9 DNA microarray assay on 15,000 genes
for the effects of F. microcarpa extract on the
transcript patterns of germinated A. thaliana
seedlings. Red spots indicated up-regulated
genes by the F. microcarpa extract treatment,
green spots indicated down regulated, while
yellow spots indicated genes with no
significant differences.




Table 1 Candidate genes responsible for the allelopathic effects.

Function Locus Calc | Microarray Description
category Mr data

(kDa) | Leaf | Leaf
0.1% | 0.5%

a| Transport |AT2G04032| 39.4 |0.429| 0.39 |metal transporter (ZIP7);
member of the Zinc
(Zn*)-1ron (Fe*)
permease (ZIP) family

b Protein AT2G29400f 36.3 [0.461| 0.34 |serine/threonine protein
modification phosphatase PP1 isozyme
1(TOPP1)/
phosphoprotein
phosphatase 1

c| Transport |AT4G16370| 71.1 | 257 | 2.76 |oligopeptide transporter
OPT family protein

d| Transport |AT5G09720| 44.7 | 2.96 | 14.41 |Mg®* transporter protein

e| Transport |AT3G58810( 47.4 | 2.81 | 4.93 |zinc transporter

f| Anthocyanin [AT5G42800| 42.8 | 4.31 | 119.1 |dihydroflavonol

biosynthesis 4-reductase

g| Unknown |AT2G46050| 66.3 | 2.25 | 4.87 |pentatricopeptide (PPR)
repeat-containing protein

» There are 54 genes possibly related to the allelopathic response. The table has
only listed 7 genes which encode proteins with resembling molecular weight of
protein bands with differential pattern between the treated and non-treated
sprouts in the SDS-PAGE protein profiles. Analyses of these genes/proteins are
expected to reveal key regulators in plants experiencing allelopathic condition.

+ Conclusion

1. F microcarpa extract did show the allelopathic effects on plant seed
germination and seedling growth. However, variations in tissues and
concentrations were noted.

2. Leaf extract was found to be more effective than the ones from stems or roots.
Serious inhibition on germination rate, shoot elongation and root length were
observed when seeds were grown with 10% F. microcarpa extract.

3. Application of F. microcarpa extract at post-germination stage was found to be
less effective than directly applied in medium for germination.

4. SDS-PAGE protein profiles also indicated the differences exist between treated
and non-treated seedlings.

5. DNA-microarray analyses revealed genes possibly related to the allelopathic
response and some candidate genes responsible for these allelopathic effects
were shown.
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Fig. 4 Growth of seedlings 8 days post-germination in B. pekinensis (Left: with the water.
Right: with 10% F. microcarpa leaf extract. ).
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Fig. 6 Comparisons on seed germination rate and root growth rate of B. pekinensis
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related to the allelopathic responses.

» SDS-PAGE analyses on the electrophoretic profiles of water soluble proteins
have shown different band patterns between the treated and non-treated sprouts.
The observed band difference might provide a clue for exploring proteins which
reacted differently upon the application of extract (Fig. 7, 8). DNA microarray
analysis on the effect of F. microcarpa extract on A. thaliana gene expression
has also been employed to characterize genes responsive to the allelopathic
treatment (Fig. 9, Table 1).
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yellow spots indicated genes with no
significant differences.
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expected to reveal key regulators in plants experiencing allelopathic condition.
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4. SDS-PAGE protein profiles also indicated the differences exist between treated
and non-treated seedlings.
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