
CHAPTER III
IDENTIFICATION OF ETHANOL-INDUCIBLE GENES AND ISOLATION OF 

THE MYB-RELATED PROTEIN-LIKE PROMOTER IN ORYZA SAVVA L.

3.1 In trod u c tion

Rice (O ry z o  s o t iv a  L.) is a rich source o f phytonutrients and antioxidants. Rice 

has been cultivated and consumed mainly in Asia (Lim 2012). Many rice cultivars 

have evolved stress-tolerant traits to  survive under various stress conditions causing 

lower yield and grain quality. Stress-tolerant traits o f rice such as drought, disease, 

and cold tolerance are contro lled by genes involved in stress response systems 

(Pérez-Torres et al. 2009). Nutritions available in rice grain are also products o f gene 

functions in rice. เท addition, special characteristics o f rice including antioxidant 

compounds and aroma are also regulated by genes involved in different pathways 

(Vanavichit and Yoshihashi 2010). Understanding regulation o f these genes is 

necessary for crop improvement. Moreover, rice is an im portant m odel p lant for 

functional genomic analysis o f monocots, especially cereals (Ohnishi et al. 2011). The 

genomes o f cereals including rice, wheat, sorghum, maize, barley, and m ille t are 

highly conserved (Eckardt 2001). Therefore, knowledge o f gene function in rice could 

be w idely applied for crop im provem ent in other cereals.

The regulatory region or ‘ p rom oter’ that is used to  contro l target genes plays 

a key role in gene expression studies (Komarnytsky and Borisjuk 2003). Several 

promoters including constitutive, tissues-specific, and chemical-inducible promoters 

are generally used to  regulate genes o f interest in m odel plants (Li et al. 2005). 

Constitutive promoters such as the cauliflower mosaic virus 35S (CaMV 35S), 

ubiquitin, and actin promoters drive a constitutive expression o f target genes in all
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tissues and developm ental stages o f plants (Gurr and Rushton 2005). However, 

overexpression o f the target genes can lead to  deleterious effects on plant 

morphology and health (Fu et al. 2001). To overcome this problem , tissue-specific 

promoters could be used. Tissue-specific promoters confine gene expression to  

specific tissues or specific developm ental stage o f plants (Gurr and Rushton 2005), 

but the lim itations are tha t only few tissue-specific promoters are available, and they 

are restricted to  only a few cell types in some plants (Li et al. 2005). To resolve the 

lim itations o f constitutive and tissue-specific promoters, many chemical-inducible 

systems have been developed for gene expression analysis.

Chemical-inducible systems consist o f tw o transcription units (Padidam 2003). 

The first unit encodes a transcription factor tha t responds to  chemical inducers. 

Then, an activated transcription factor only binds to  its response elem ent in the 

second transcription unit and activates gene transcription. Chemicals tha t are used to 

induce transcription o f target genes include dexamethasone (Aoyama and Chua 

1997), estrogen (Zuo et al. 2000), tetracycline (Weinmann et al. 1994), ecdysone 

(Martinez et al. 1999), copper (Mett et al. 1993), and ethanol (Caddick et al. 1998). 

Among them, ethanol is an ideal inducer since it is biodegradable, cheap, and 

environm entally safe. Furthermore, only small am ount o f ethanol is required to  

activate the ethanol-inducible system in plants in which visible phytotoxic symptoms 

are not observed (Ait-ali et al. 2003; Caddick et al. 1998).

An ethanol-inducible system or ‘ a ie  sw itch’ comprises a constitutively 

expressed o lc R  gene that encodes an alcohol-regulated transcription factor (ALCR) 

and the ethanol-inducible prom oter isolated from the a lcA  gene that encodes 

alcohol dehydrogenase I. ALCR is in an inactive form in the absence o f ethanol.
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Under the ethanol treatm ent, ALCR is activated. The activated-ALCR binds to  a 

response e lem ent in o lcA  prom oter and activates gene transcription (Felenbok et al. 

1988). The a le  switch has been used to  regulate several genes in various plant 

species including a semi-dwarfing gene in transgenic Arabidopsis (Ait-ali et al. 2003) 

and chloram phenicol acetyltransferase (CAT)-encoding gene in tom ato  (Garoosi et al. 

2005) and C a th o ro n th u s  ro seu s  (Peebles et al. 2007). Moreover, the ethanol-induced 

expression o f T B P -a s so c ia te d  f a c t o r  [TA F ) could restore the male fertility  in the male 

sterile transgenic eggplant (Toppino et al. 2011). This information indicates the 

feasibility o f an ethanol-inducible system to  spatially and tem pora lly  regulate a wide 

range o f genes. However, this system is derived from fungus, A sp e rg illu s  n id u la n s  

which has a substantial genetic distance from plants (Felenbok et al. 1988), and two 

transcription units o f the o le  switch must be transformed into the transgenic plants 

(Padidam 2003). Therefore, the use o f a single transformation unit containing an 

ethanol-inducible prom oter derived from plants leading to  regulation o f a target 

gene expression is o f interest.

Recently, the ethanol responses o f non-transformed plants have been 

discovered. Vreugdenhil e t  o l. (2006) reported tha t ethanol broke a dormancy period 

o f non-transformed potato tubers and stimulated sprouting. Their study on gene 

expression analysis revealed tha t ethanol down-regulated the expression o f genes 

involved in cell division and storing reserves in ethanol-treated potatoes (Vreugdenhil 

et al. 2006). Sugarcane is another example o f a non-transformed plant that responds 

to  ethanol. The transcription profiles o f genes in sugarcane leaves were shown to  be 

altered in the presence o f ethanol, and the ethanol-responsive genes were identified 

(Camargo et al. 2007). The responses o f normal plants to  exogenously applied
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ethanol suggested tha t higher plants including rice may have all the components 

needed for ethanol regulation. Thus, it is possible to  use just an ethanol-inducible 

prom oter from a rice plant to  construct a single transformation unit to  regulate 

expression o f a desirable gene. This may function as w e ll as the o lcR -a lc A  switch 

from A. n id u ia n s , but much easier for generation o f desirable transgenic plants.

Therefore, this study was aimed to identify ethanol-inducible genes in young 

panicles o f rice plants treated with ethanol using cDNA-AFLP. The expression o f 

ethanol-inducible genes was confirmed by semi-quantitative reverse transcription- 

polymerase chain reaction (semi-quantitative RT-PCR). Furthermore, the prom oter 

region or 5' upstream region (บ'TR) was isolated from  a highly conserved ethanol- 

inducible gene. The c/s-acting regulatory elements were identified in the isolated 5’ 

UTR using databases o f p lant c/s-acting regulatory elements, PLACE and PlantCARE. 

The information obtained from the present study provides an alternative way to  

contro l gene expression. Moreover, this knowledge could be useful for generation o f 

transgenic cereal crop plants with desirable traits.

3.2 M ateria ls and m ethods

3.2.1 Chemicals and reagents

The chemicals and reagents used in all experiments were o f m olecular and 

analytical grade. Absolute ethanol was purchased from  Merck M illipore (Merck, 

Darmstadt, Germany). The Magnetic ทาRNA Isolation Kit (Cat. no. NEB#S1550S) and T4 

DNA ligase (Cat. no. M0202S) were obtained from New England Biolabs (New England 

Biolabs, Ipswich, MA, USA). The RevertAid™ M-MuLV reverse transcriptase, FcoRI, 

M se\, GeneRuler DNA Ladder Mix, and GeneRuler 100 bp and 100 bp plus DNA were
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purchased from Thermo Sciencetific (Thermo Sciencetific, Wilmington, DE, USA). The 

NucleoSpin5 Gel and PCR Clean-up Kit (Cat. no. 740609.50) was purchased from 

MACHEREY-NAGEL (MACHEREY-NAGEL, Diiren, Germany). The TRI Reagent® was 

purchased from Molecular Research Center (Molecular Research Center, OH, USA). 

The pCRTa12.l-TOPO@ vector (Cat. no. 450641) was obtained from Invitrogen 

(Invitrogen, Carlsbad, CA, USA). The High-Speed Plasmid Mini Kit (Cat. no. PD100) was 

purchased from Geneaid (Geneaid, New Taipei, Taiwan).

3.2.2 P lant m ateria ls and growth cond itions

O ryzo  s a t iv o  L. ssp. In d ic o  cultivar ‘ Pathumthani r  (PTT1) was used in this 

study. Seeds were obtained from the Bureau o f Seed M ultiplication o f the Rice 

Department o f Thailand in Bangkok. The seeds were planted in plastic pots filled 

with 3 kg soil and the plants were grown in natural greenhouse at National Center for 

Genetic Engineering and Biotechnology (BIOTEC), Thailand Science Park, Pathum 

Thani, Thailand.

3.2.3 E thanol tre a tm e n t and sam ple co lle c tio n

For effects o f ethanol on rice growth at the seedling stage, twenty-six-day-old 

rice seedlings were sprayed with tap water (control), 1, 2, 4, 6, or 8% ethanol until 

solutions dripped o ff once a day for 7 days. During the treatm ent, seedlings were 

harvested after spraying for 2, 5, and 7 days. Shoot dry weight and shoot length were 

measured. Three independent experiments were performed. One hundred and 

eighty plants were used for each experiment (ฯ = 10 per treatment).
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For effects o f ethanol on rice growth at maturing, one-hundred and sixteen- 

day-old rice plants at the vegetative (tillering) stage prior panicle initiation were 

sprayed with tap water, 1, or 2% ethanol until solutions dripped o ff once a day for 7 

days. เท each treatm ent, rice plants were divided into three groups. เท the first group, 

one day later after the treatm ent, young panicles were individually collected from 

five rice plants. Then one panicle from each plant was pooled together, frozen 

im m ediately in liquid nitrogen, and stored at -80°c for further study on gene 

expression analysis. For the second group, one day later after the treatm ent, rice 

plants were harvested, and agronomic traits such as num ber o f tillers, shoot height, 

shoot dry weight, num ber o f panicles, and panicle length were measured. And the 

last group, rice plants were grown under norm al condition after the treatm ent and 

were harvested at the ripening stage. Agronomic traits o f these plants including the 

num ber o f tillers, shoot height, shoot dry weight, days to  flowering, seed setting rate, 

and grain yield were determined. Three independent experiments were performed. 

Fifteen plants were used for each experiment (ท = 5 per treatment).

For tissue specific expression, all tissues were harvested from PTT1 rice plants 

grown under normal condition including, shoots from 15-day-old seedlings, roots, 

stems, leaf sheaths, leaf blades, young panicles and anthers from rice plants at the 

vegetative stage, each from five plants. Calli o f PTT1 were generated on N6D 

medium under a sterile condition. Calli were grown under fluorescent light (16/8 

photoperiod) at 32°c and were harvested acter the third subculture. Samples were 

frozen im m ediately in liquid nitrogen and stored at -80°c.
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3.2.4 cDNA-AFLP analysis

mRNA was isolated from young panicles o f contro l and 1% ethanol-treated 

rice plants using the Magnetic mRNA Isolation Kit. Immobilized cDNA was synthesized 

using RevertAid™ M-MuLV reverse transcriptase. Oligo d(T)25 magnetic beads from the 

Magnetic mRNA Isolation Kit were used as primers for cDNA synthesis. cDNA-AFLP 

analysis was performed according to  the m ethod described by Bachem et al. with 

minor modifications (Bachem et al. 1998). Immobilized cDNA was digested with 10 

units o f M se\ at 65°c for 1 h. Then immobilized cDNA with Msel-cut site at the 3' end 

was digested with 10 units o f EcoRI at 37°c for 1 h. Doubly-digested cDNA was 

separated from  singly-digested immobilized cDNA and ligated to  3 pmoles o f EcoRI 

adaptor and 30 pmoles o f M se\ adaptor (Table 3-1) using T4 DNA ligase. The pre- 

selective amplification was carried out using pre-selective primers corresponding to 

EcoRI and A/fsel adaptors (Table 3-1). Thermal conditions for pre-selective 

amplification were as follows: 20 cycles o f 94°c for 30 ร, 56°c for 1 min, and 72°c for 

1 min. The pre-selective amplification product was diluted 50-fold. Then, an a liquot 

o f 2 pi was used for selective amplification. A to ta l o f 214 combinations o f EcoRI and 

M s e I selective primers, with selective nucleotides (NN) added to  the 3' end, were 

used (Appendix, Table  A l). Touchdown program ( 12 cycles o f 94°c for 30 ร, 65°c 

for 30 ร which decreased 0.7°c every cycle, and 70°c for 1 min) fo llow ed by 23 

cycles o f 94°c for 30 ร, 56°c for 30 ร, and 72°c for 1 min was used for the selective 

amplification. The selective amplification products were separated using 6% 

denaturing polyacrylamide gels. Transcript-derived fragments (TDFs) were visualized

by silver staining.
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Table  3-1 Sequences o f adaptors and pre-selective primers used in this study

Adaptors and prim ers Sequences (5 '— »3')

EcoRI top  adaptor CT CGTAGACTGCGTACC

EcoRI bottom  adaptor AATTGGTACGCAGTC

M se\ top  adaptor GACGATGAGTCCTGAG

M se \ bottom  adaptor T ACT cAGGACTCAT

EcoRI pre-selective primer (E0) GACTGCGTACCAATTC

M se l pre-selective primer (MO) GATGAGTCCTGAGTAA

3.2.5 Isolation o f TDFs, DNA sequencing, and BLAST search

The up-regulated and down-regulated TDFs were cut from polyacrylamide gel 

and e luted in distilled water at 50°c for 1 h. The re-amplification o f polym orphic 

TDFs was performed using the same selective primer combination. Thermal 

conditions were as follows: 94°c for 4 min, 30 cycles o f 94°c for 30 ร, 56°c for 1 min, 

72°c for 1 min, and 72°c for 7 min. The PCR products were separated in 1% agarose 

gels, and were purified using the NucleoSpin® Gel and PCR Clean-up Kit. The purified 

products were sent to  First BASE Laboratories (Selangor, Malaysia) fo r nucleotide 

sequencing. The resulting sequences were analyzed for hom ology against Gramene 

database (hlLp ://w w w .grajrIene.org/) using BLAST search.
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3.2.6 Expression analysis by sem i-quantita tive  RT-PCR

For confirmation o f some selected differential TDFs obtained from cDNA- 

AFLP, to ta l RNA was isolated from young panicles o f contro l and 1% ethanol-treated 

rice plants. For expression in different tissues o f M y b - re la te d  p ro te in - l ik e  

(0s07% 0627300 ), to ta l RNA was extracted from callus, rice seedlings, and several 

tissues including roots, stems, leaf sheaths, leaf blades, young panicles, and anther o f 

rice plants grown under normal condition. Total RNA was isolated using TRI Reagent® 

according to the method described by Chomczynski (Chomczynski 1993). Oligo d(T)18 

was used as a primer in cDNA synthesis. Semi-quantitative RT-PCR was performed 

using gene specific primers corresponding to  the TDFs obtained from  cDNA-AFLP. The 

sequences o f specific primers, annealing tem perature and num ber o f PCR cycles 

used for the selected genes are listed in Table  A2 (Appendix). The PCR products 

were separated in 1% agarose gel and were visualized with ethidium bromide. Three 

independent experiments were performed for each gene. The amplification o f rice 

a c t l  gene was used as an internal control.

3.2.7 Phylogenetic analysis

Phylogenetic analysis was performed using deduced amino acid sequences o f 

Myb-related proteins from rice and other similar sequences from different species 

across the kingdom obtained from NCBI Reference Sequence database 

(h ttp ://w w w .ทcbi.ท lทา.ทih.gov/refse0 ./ ). The tree was generated by the neighbor­

joining (NJ) algorithm with p-distance and p.-irwise deletion o f gap, employing in 

MEGA version 5 program (Tamura et al. 201:.). A bootstrap statistical analysis was

performed with 1000 replicates to  test the phytogeny.

http://www.%e0%b8%97cbi.%e0%b8%97l
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3.2.8 A m p lifica tio n  and sequencing o f  th e  5' upstream  region o f  M yb - 

re to te d  p ro te in -tik e  (0s07§0627300 )

DNA was extracted from leaves o f PTT1 rice plants grown under normal 

condition using the cetyltrim ethylam m onium  bromide m ethod as described 

previously (Kistler 2012). About 2,000 bp-DNA sequences o f the 5' upstream region 

(UTR) o f 0 s0 7 § 0 6 2 7 3 0 0  gene in J o p o n ic a  rice (nipponbare) and In d ic a  rice obtained 

from Gramene were aligned using Clustal พ  version 1.4 (Thompson et al. 1994). 

Specific primers were designed based on the conserved sequence o f In d ic a  and 

J o p o n ic a  rice. The 5' UTR was amplified using specific primers P627300F1 and 

P627300R1 (Table 3-2). Thermal conditions were as follows: 94°c for 4 min, 35 

cycles o f 94°c for 45 sec, 69°c for 45 sec, 72°c for 2.30 min, and 72°c for 10 min. 

The PCR products were separated in a 1% agarose gel and were visualized with 

ethidium bromide. The DNA fragment was sliced from agarose gel and purified using 

the NucleoSpin® Gel and PCR Clean-up Kit. The 5' UTR was cloned into pCR™2.1- 

TOPO0 vector, and transformed using E. c o ti DH50C. Positive colonies from selectable 

media were screened by colony PCR using specific primers to  the 5' UTR sequence, 

P627300F2 and P627300R2 (Table 3-2). Fifteen positive clones from the PCR were 

grown in LB-ampicillin broth and the plasmids were prepared using the Fligh-Speed 

Plasmid Mini Kit. Plasmids were checked again by PCR using specific primers 

P627300F3 and P627300R1-2 (Table 3-2) which cover the m iddle region o f the 

fragment. Seven positive plasmids were sequenced using specific primers to  the 5' 

UTR sequence and pCR™2.1-TOPO<B> vector (Table 3-2).
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Table  3-2 Primers used in the amplification and sequencing o f the 5' upstream 

region o f O sO 7§0627300  gene from genomic DNA o f PTT1 cultivar

Primers Sequences (51— >3')

Forward strand

P627300F1 ACGGCGGTGAGCTTACCAAT

P627300F2 CAAACTTGAAACAATTTGATTTTGAC

P627300F3 GCATTGCCGAACAGACCCAT

M13 Reverse CAGGAAACAGCTATGAC

Reverse strand

P627300R1 GGT CCGGGATCCCGCATGTT

P627300R1-2 TCATACCGGTGGTCGAATAATGA

P627300R2 CGACTCCCTACAGAATGGCG

M13 Forward (-20) GTAAAACGACGGCCAG

3.2.9 Sequence analysis

The c/s-acting regulatory elements in the 51 UTR sequence isolated from PTT1 

were predicted using PLACE ( h 11 [ 3 ร:/'/ร O g O. d ท a. ล f fr - c. g O. j f ว/c g i - h i ท/ร ๐ g O. c g i ) and 

PlantCARE databases (http: [ 1 { 1 I it.be )t ls /p lantcare/h tm l/ ).

3.2.10 S tatistica l Analysis

Results are reported as means ± SE. The data were analyzed using Tukey’s 

honestly significant difference (HSD) test in one-way analysis o f variance (ANOVA) 

using SPSS software, version 16.0 (SPSS Inc., Chicago, IL). Significant differences were 

considered at p  < 0.05.
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3.3 Results

3.3.1 Effects o f e th a n o l on growth o f  rice p lants

To determ ine effects o f exogenously applied ethanol ๐ท rice growth, rice 

plants at seedling and reproductive stage were subjected to  ethanol treatment. 

Twenty-six-day-old seedlings were exceedingly sprayed w ith tap water (control), 1, 2, 

4, 6, or 8% ethanol once a day for 7 days. During the treatm ent, seedlings were 

harvested after spraying for 2, 5, and 7 days. Shoot dry weight and shoot length o f 

the seedlings were measured. The experiments were performed for three times. The 

results showed that, 2 days after ethanol application, a ll concentrations o f ethanol 

had no effects on shoot dry weight (Figure 3 -la ) and shoot length (Figure 3 -lb ). The 

effects o f ethanol on growth o f rice seedlings were observed after 5 and 7 days o f 

ethanol application. Shoot dry weight and shoot length were significantly decreased 

after application o f ethanol higher than 4% (p < 0.05) for 5 days. After 7 days o f 

application, ethanol showed stronger effects; applications o f ethanol with 2% and 

above showed the inhibitory effects on growth o f rice seedlings both for shoot dry 

weight and shoot length (Figure 3-1). Therefore, ethanol at the concentration o f 1 

and 2% were used to  determine their effects on growth o f rice plants at the 

reproductive (the panicle initiation) stage.
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Day 2 Day 5 Day 7

Figure 3-1 Effects c f ethanol on shoot dry weight and shoot length of rice at the 

seedling stage. Twenty-six-day-old seedlings were sprayed daily with tap water 

(control), 1, 2, 4, 6, or 8% ethanol for 7 days. Seedlings were harvested at 2, 5, and 7 

days during the treatments. Shoot dry weight (a) and shoot length (b) were 

measured. The results shown are representative of three independent experiments. 

Error bars represent SE (ท = 10). Columns with the same letters in each experiment 

are not significantly different at p < 0.05. C: control and 1: 1%, 2: 2%, 4: 4%, 6: 6%,

and 8: 8% ethanol.
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One-hundred and sixteen-day-old rice plants at the vegetative (tillering) stage 

prior to panicle initiation were exceedingly sprayed with tap water, 1 or 2% ethanol 

once a day for 7 days. The rice plants were harvested and their agronomic traits were 

measured. The experiments were performed for three times. The results showed that 

1% ethanol did not affect agronomic traits of rice plants (Figure 3-2). However, 2% 

ethanol significantly retarded growth of rice plants resulting in reduction in the 

number of tillers (Figure 3-2a), shoot height (Figure 3-2b), shoot dry weight (Figure 

3-2c), number of panicles (Figure 3-2d), and panicle length (Figure 3-2e).
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Figure 3-2 Effects of ethanol on growth o f rice plants at the reproductive stage 

(panicle initiation). One-hundred and sixteen-day-old rice plants at the vegetative 

(tillering) stage prior to panicle initiation were sprayed daily with tap water (control), 

1, or 2% ethanol for 7 days. The rice plants were harvested one day later after the 

treatment. Agronomic traits such as the number of tillers, shoot height, shoot dry 

weight, number of panicles, and panicle length were measured, (a) The number of 

tillers, (b) shoot height, and (c) shoot dry weight, and (d) number and (e) length of 

panicles of rice plants. The results shown are representative of three independent 

experiments. Error bars represent SE (ท ะ= 5). Columns with the same letters in each 

experiment are not significantly different at p < 0.05. C: control and 1: 1% and 2: 2%

ethanol.
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Furthermore, the effects of ethanol on yield and other agronomic traits of 

rice plants at the ripening stage were also examined. One-hundred and sixteen-day- 

old rice plants at the tillering stage prior to panicle initiation were exceedingly 

sprayed with tap water, 1 or 2% ethanol once a day for 7 days. After the treatment, 

rice plants were grown under normal condition and harvested at the ripening stage. 

Agronomic traits such as the number of tillers, shoot height, shoot dry weight, days 

to flowering, seed setting rate, and grain yield were determined. 1% ethanol showed 

no effects on the grain yield, seed setting rate, and other agronomic traits (Figure 3- 

3). Flowever, 2% ethanol affected the number of tillers (Figure 3-3a), shoot height 

(Figure 3-3b), shoot dry weight (Figure 3-3c), days to flowering (Figure 3-3d), seed 

setting rate (Figure 3-3e), and grain yield (Figure 3-3f) of rice plants. Based on these 

results, 1% ethanol, was used for further study on effects of ethanol on gene

expression.
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Figure 3-3 Effects of ethanol on yield and other agronomic traits of rice plants at the 

ripening stage. One-hundred and sixteen-day-old rice plants at the tillering stage prior 

to panicle initiation were sprayed daily with tap water (control) or 1 and 2% ethanol 

for 7 days. After the treatment, rice plants were grown under normal condition and 

harvested at the ripening stage. Agronomic traits such as (a) number of tillers, (b) 

shoot height, (c) shoot dry weight, (d) days to flowering, (e) seed setting rate (%), and 

(f) seed production (g/plant) of rice plants were determined. The results shown are 

representative of three independent experiments. Error bars represent SE. Columns 

with the same letters in each experiment are not significantly different at p< 0.05. C:

control and 1: 1% and 2: 2% ethanol.
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3.3.2 Iden tifica tion  o f  e th a n o l-in d u c ib le  genes

เท order to identify ethanol-inducible genes in young rice panicles, cDNA-AFLP 

analysis was performed. The rice plants were exceedingly sprayed with tap water 

(control) or 1% ethanol once a day for 7 days. The young rice panicles of 10 - 15 mm 

were collected in the next day after the treatment and were used for cDNA-AFLP 

analysis. The transcript profile of the 1% ethanol-treated young panicle was 

compared with that treated with tap water, used as control. Samples o f cDNA-AFLP 

profiles derived from fcoRI and Mse\ selective primers is shown in Figure 3-4. Two- 

hundred and eighty-nine of the up-regulated and down-regulated TDFs were 

selected based on their presence or absence in the cDNA-AFLP profiles. All the TDFs 

were eluted from polyacrylamide gels and were re-amplified using the same 

selective primer combinations. After the re-amplification, 99 fragments having the 

sizes between 400 -  500 bp were chosen for sequencing. Only 34 of these TDFs were 

successfully sequenced. Sequence homology of the obtained differential TDFs was 

analyzed using BLAST search in the Gramene rice database (h ttp ://www.gi-amene.org). 

Twenty-three of the 34 TDFs were found to be homologous to genes of known 

functions involved ท metabolism, biosynthesis, signal transduction, transcriptional 

regulation, stress response, membrane transport, and cell cycle. Meanwhile, 11 TDFs 

showed sequence homology with genes of uncharacterized functions (Table 3-3).

Among the 34 TDFs, 29 were up-regulated while 5 were down-regulated.

http://www.gi-amene.org
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Figure 3-4 Samples o f cDNA-AFLP profiles showing differential transcript-derived 

fragments (TDFs). One-hundred and sixteen-day-old rice plants at the tillering stage 

prior to panicle initiation were sprayed daily with tap water (control) or 1% ethanol 

for 7 days. Young rice panicles were collected from five individual rice plants one 

day later after the treatment and were subjected to cDNA-AFLP analysis using FcoRI 

(E) and Mse\ (M) primer combinations. The PCR products were separated in 6% 

denaturing polyacrylamide gel. The bands were visualized by silver staining. Solid and 

dashed arrows indicate the up-regulated and down-regulated TDFs, respectively. C: 

control and 1: 1% ethanol.



T a b le  3-3 Hom ology of differential transcrip t-derived fragm ents (TDFs) o b ta in ed  from  cDNA-AFLP analysis of young rice pan icles tre a te d  with

1% ethano l.

TDF Size Expression pattern Locus IDa Description E-value

(bp) up-regulated down-regulated

Metabolism

TDF 2 177 + Os08ç0478800 glucose-6-phosphate isomerase 3.2e-90

TDF 25 83 + 0s03ç0401300 sucrose synthase 1 l.le -27

TDF 31 178 + 0s09ç0509000 DAG protein, chloroplast precursor 7.5e-88

TDF 10 103 + 0s03g0359100 aminotransferase domain containing protein 4.0e-43

TDF 39 242 + 0s03g0661900 expressed protein 3.8e-136

TDF 110 129 + OsOlg0339900 protein disulfide isomerase-like 2-2 7.9e-60
TCP 112 1 TAi r o + 0s02ç0687900 putative serine carboxypeptidase 5.1e-73

TDF 115 148 + 0s06ç0646400 putative ethylene-inducible CTRl-like protein 

kinase

7.5e-68

Biosynthesis

TDF 34 84 + Os04ç0671700 class 1 glutamine amidotransferase-like 

superfamily protein

1.0e-33

TDF 57 150 + 0s03§0268300 digalactosyldiacylglycerol synthase 2 1.0e-74

TDF 64 99 + Os02g0180500 putative chorismatemutase l.le -23

TDF 66 250 + 0s03g0245100 probable 4-hydroxy-tetrahydrodipicolinate 

reductase 2

4.1e-139

TDF 100 274 + Os 10^0518200 cytochrome b5 7.9e-140



T a b le  3-3 Hom ology of differential transcrip t-derived fragm ents (TDFs) ob ta ined  from  CÜNA-AFLP analysis of young rice panicles tre a te d  with

1% eth ano l. (continued)

TDF Size

(bp) น

Expression pattern 

p-regulated down-regulated

Locus IDa Description E-value

Signal transduction

TDF 8 130 + Os03g0710800 14-3-3-like protein GF14-F 1.3e-61

TDF 37 99 + 0s06§0478600 leucine-rich repeat family protein-like 2.5e-41

TDF 101 179 + Os 03§0207250 mitochondrial ribosomal protein L51/S25/G-B8 

family protein

8.5e-60

TDF 109 163 + 

Transcriptional regulation

0s02§0759700 putative F-box containing protein TIR1 1 7.9e-88

-r-p.p 1 AA + 0s07§0497000 expressed protein 4.4e-23

TDF 95 126 + 0s07§0627300 myb-related protein-like 4.8e-55

Stress response

TDF 47 151 + 0s07§0240300 chloroplast lumen common protein family-like 

protein

1.9e-21

TDF 108 166 + 0s07g0645100 phosphatidylinositol 3- and 4-kinase family 

protein with FAT domain

2.4e-28

Membrane transport

TDF 14 87 + O s02§0175700 synaptosomal-associated protein 91-like contains 

ENTH (epsin N-terminal homology) domain

2.1e-31



T a b le  3-3 Homology of differential transcrip t-derived fragm ents (TDFs) ob ta ined  from cDNA-AFLP analysis of young rice panicles tre a te d  with

1% eth ano l. (continued)

TDF Size

(bp)

Expression pattern 

up-regulated down-regulated

Locus IDa Description E-value

Cell cycle

TDF 116 144 + Os03§0212400 SNARE domain containing protein 2.2e-69

Unknown function

TDF 3 136 + 0s02§0560450 putative uncharacterized protein 1.2e-64

TDF 5 127 + O s08§0179900 putative uncharacterized protein 1.3e-61

TDF 26 91 + 0s05§0392100 putative uncharacterized protein 4.6e-38

TDF 27 162 + O s03§0594700 expressed protein 2.0e-44

TDF 29 104 + 0s08§0505200 putative uncharacterized protein 5.6e-41

TDF 30 157 + O sO l§0656600 myosin heavy chain-like 4.0e-71

TDF 72 143 + Os07§0462200 putative uncharacterized protein 1.2e-36

TDF 90 206 + 0s02§0789100 putative uncharacterized protein 6.4e-104

TDF 93 101 + 0s03§0569000 putative uncharacterized protein 1.5e-28

TDF 104 241 + 0s04§0644800 putative uncharacterized protein 4.4e-44

TDF 105 104 + O s l2 § 0 6 2 4 700 putative uncharacterized protein 1.8e-33

‘‘Homology of TDF sequences to gene sequences in the Gramene rice database by BLAST search. 

“ + ” indicates regulation pattern of TDF when sprayed 1% ethanol to the rice plants.
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3.3.3 Expression analysis o f e th a n o l- in d u c ib le  genes

To confirm the expression o f the ethanol-responsive TDFs obtained from 

cDNA-AFLP analysis, the semi-quantitative RT-PCR was performed using to ta l RNA 

extracted from the contro l and 1% ethanol-treated young panicles as templates. 

Primers specific to  the 34 TDFs were designed based on their homologous genes in 

the Gramene rice database. Furthermore, genes involved in the ethanolic 

ferm entation pathway in rice were also examined including a lc o h o l d e h yd ro g e n a se  1 

ia d h l ) ,  a lc o h o l d e h yd ro g e n a se  2  ia d h 2 ) , and a ld e h y d e  d e h yd ro g e n a s e  (Lasanthi- 

Kudahettige et al. 2007). Three independent experiments were performed. The 

expression level o f the rice a c t l  gene was used as an internal control. After the 

amplification, 14 TDFs, a d h 2  and a ld e h y d e  d e h yd ro g e n a se  were successfully 

amplified. Five o f the fourteen TDFs and a d h 2  showed differential expression by 

semi-quantitative RT-PCR. These genes showed higher expression with 1% ethanol 

application compared to  contro l (Figure 3-5). The sequences o f the 5 TDFs were 

homologous to a chloroplast lumen protein (0 s0 7 g 0 2 4 0 3 0 0 ), a synaptosomal- 

associated protein (0 s0 2 g 0 1 7 5 7 0 0 ), a putative uncharacterized protein

{0 s0 5 g 0 3 9 2 1 0 0  and 0 s03g 0569000 ), and a Myb-related protein-like 0 s0 7g 06 2 7 3 0 0  

(Table 3-3). Information from the rice gene databases (RiceXpro database, 

htlpm m ccxpro.dna.aiTrc.go .jp and Gramene, http://wyAv.givrncne .org) indicated that 

M y b - re la te d  p ro te in - l ik e  {0 s 0 7 g 0 6 2 7 3 0 0 ) is expressed in several tissues o f rice plants 

and is highly conserved across species. The prom oter o f this gene could be used to  

regulate a target gene in several tissues and in a wide range o f p lant species.

Therefore, we focused our further study on this gene.

http://wyAv.givrnc
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0ร07§0240300 เ โ โ ไ โ J L . _̂__ 3

0ร02ร0175700 

0ร05§0392100 

0ร03ร0569000 

0ร07§0627300 

adh2 
actl

c 1

Figure 3-5 E xp ress ion  a n a lys is  b y  s e m i-q u a n t ita t iv e  re v e rs e  t ra n s c r ip t io n  PCR o f  

e th a n o l- in d u c ib le  genes in y o u n g  rice  p a n ic le s . O n e -h u n d re d  a n d  s ix te e n -d a y -o ld  rice  

p la n ts  a t th e  t i l le r in g  s tage p r io r  to  p a n ic le  in it ia t io n  w e re  s p ra y e d  d a ily  w ith  ta p  

w a te r  ( c o n tro l)  o r 1%  e th a n o l fo r  7 days. Y o u n g  rice  p a n ic le s  w e re  c o lle c te d  o n e  d a y  

la te r  a n d  w e re  s u b je c te d  to  e x p re s s io n  a na lys is  using s e m i-q u a n t ita t iv e  RT-PCR. T h e  

e x p re s s io n  le v e l o f  o ctl w as u sed  as th e  in te rn a l c o n tro l.  T h e  PCR p ro d u c ts  w e re  

s e p a ra te d  in 1%  a ga rose  ge l a n d  w e re  v is u a liz e d  w ith  e th id iu m  b ro m id e . A l l  p ic tu re s  

a re  re p re s e n ta tiv e  o f  th re e  in d e p e n d e n t  e x p e r im e n ts . C: c o n t r o l  a n d  1: 1%  e th a n o l.
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3.3.4 Expression analysis o f Myb-retoted protein-tike  (0s07§0627300) in 

d iffe re n t tissues o f rice p la n t

T o  d e te rm in e  e x p re s s io n  p a tte rn s  o f  Myb-retated protein-tike (Os07§0627300) 

in d if fe re n t  tissu e s  o f  PTT1 rice  c u lt iv a rs , t o t a l  RNA w as is o la te d  f ro m  c a llu s , 1 5 -d a y - 

o ld  se e d lin g s , ro o ts , s te m s , le a f  sh e a th s , le a f  b la d e s , y o u n g  p a n ic le s , a n d  a n th e rs  o f  

PTT1 rice  p la n ts  g ro w n  u n d e r  n o rm a l c o n d it io n . T h e  e x p re s s io n  le v e l o f  th e  rice  octl 

gen e  w as u sed  as an  in te rn a l c o n tro l.  T h re e  in d e p e n d e n t  e x p e r im e n ts  w e re  

p e r fo rm e d . T h e  re s u lts  s h o w e d  th a t  Myb-retated protein-tike (0s07§0627300) w as 

e x p re s s e d  in a ll  te s te d  rice  tissu es , w ith  h ig h e r le v e ls  o f  e x p re s s io n  in c a llu s , 

se e d lin g s , le a f  s h e a tn s , a n d  le a f  b la d e s  (Figure 3-6).
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CL SL R ST LS LB PC AN

Os07ร 0627300 

actl

F ig u re  3 -6  E xp ress ion  a n a lys is  o f  Myb-related protein-like  (0s07§0627300) in d if fe re n t  

tissu e s  o f  rice  p la n ts . T h e  rice  p la n ts  w e re  g ro w n  u n d e r  n o rm a l c o n d it io n . A ll 

s a m p le s  w e re  c o lle c te d  f ro m  rice  p la n ts  a t th e  re p ro d u c t iv e  stage. S e m i-q u a n t ita t iv e  

RT-PCR w as p e r fo rm e d  w ith  gen e  s p e c ific  p rim e rs . E xp ress ion  o f  a ctl w as  u sed  as th e  

in te rn a l c o n tro l.  T h e  PCR p ro d u c ts  w e re  s e p a ra te d  in 1%  a g a ro se  ge l a n d  w e re  

v is u a liz e d  w ith  e th ic iu m  b ro m id e . S im ila r  re s u lts  w e re  o b ta in e d  in th re e  in d e p e n d e n t  

e x p e r im e n ts . CL: c a llu s , SL: 1 5 -d a y -o ld  s e e d lin g , R: ro o t,  ST: s te m , LS: le a f  s h e a th , LB: 

le a f  b la d e , PC: p a n ic le , a n d  AN: a n th e r.

3 .3 .5  P h y lo g e n e t ic  a n a ly s is  o f  Myb-related protein-like  (0s07§0627300)

In fo rm a t io n  f ro m  th e  NCBI d a ta b a s e  in d ic a te d  th a t  Myb-related protein-like 

(0507^0627300) is h ig h ly  c o n s e rv e d  across spec ies , f ro m  h u m a n  to  p la n ts . T o  

u n d e rs ta n d  th e  e v o lu t io n a ry  re la t io n s h ip s  o f  Myb-related protein-like [0s07§0627300) 

in rice  a n d  o th e r  sp e c ie s  across k in g d o m s , p h y lo g e n e t ic  a n a lys is  w as  c o n s tru c te d , 

using d e d u c e d  a m in o  a c id  s e q u e n c e s  o f  th is  gen e  in d iv e rs e  sp e c ie s  su ch  as 

Japonica rice , Indica rice , s o rg h u m , m a ize , w h e a t, g rape , A ra b id o p s is , g re en  a lgae , 

frog , a n d  h u m a n . T h e s e  s e q u e n c e s  w e re  o b ta in e d  fro m  th e  NCBI R e fe re n ce  

S e q u e n c e  d a ta b a s e  ( h t tp : / /w w w .n d ;T n lm .n ih .g o v / re fs & q / '). T h is  a n a lys is  s h o w e d  th e  

p h y lo g e n e t ic  re la t io n s h ip  b e tw e e n  rice  Myb-related protein-like a n d  th e  o th e r  Myb- 

related protein-like  f ro m  d if fe re n t  spec ies . T h e  re s u lts  s h o w e d  3 m a in  g ro u p s  o f

http://www.nd;Tnlm.nih.gov/refs&q/'
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genes fro m  h u m a n  a n d  frog , s in g le -c e ll a lgae , a n d  p la n ts . เท th e  p la n t  g ro u p , th e re  

w e re  tw o  s u b g ro u p s  c o rre s p o n d in g  to  m o n o c o t  a n d  d ic o t  g ro u p s . As e x p e c te d , Myb- 

reloted protein-like {0s07p0627300) f ro m  Joponico a n d  Indico rice  w e re  p a ire d  

to g e th e r  in m o n o c o t  g ro u p  (Figure 3-7).

100

73

100

1 0 0 1Np_001060344.1 Oryza sativa ssp. Japonica 
IeEC82494.1 Oryza sativa ssp. Indica

j------- XP_003562636.1 Brachypodium distachyon

991------- AEV91153.1 Triticum carthlicum

—  XP 002463221.1 Sorghum bicolor 

DAA41533.1 _Zea mays 

-NP_563948.1 Arabidopsis thatiana

100

100

71 - 
35ไ-

100

-XP_002271547.2 Vitis vinifera

— XP_006438648.1 Citrus Clementina 

 XP_003613635.1 Medicago truncatula

—  EXB63846.1 Morus notabilis

----------- XP_001699782.1 Chlamydomonas reinhardtii

------------NP_001081850.1 Xenopus laevis

■BAD97202.1 Homo sapiens

0.2

Figure 3-7 P h y lo g e n e t ic  re la t io n s h ip  o f  rice  M y b - re la te d  p ro te in - l ik e  (0 s 0 7 g 0 6 2 7 3 0 0 ) 

a n d  o th e r  s im ila r  s e q u e n c e s  fro m  d if fe re n t  sp ec ies  across k in g d o m . A ro o te d  

n e ig h b o r- jo in in g  p h y lo g e n e t ic  t re e  w as c o n s tru c te d  f ro m  th e  p ro te in  s e q u e n c e s  

o b ta in e d  fro m  th e  NCBI R e fe re n c e  S e q u e n c e  d a ta b a s e . M u lt ip le  s e q u e n c e  a lig n m e n t 

w as  p e r fo rm e d  using  th e  C lu s ta l พ  in MEGA5 a n d  th e  tre e  w as  g e n e ra te d  using 

MEGA5. T h e  n u m b e rs  fo r  in te r io r  b ra n c h e s  in d ic a te  th e  b o o ts tra p  v a lu e s  (% ) fo r  1000

re p lic a tio n s .
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3.3.6 Isolation and sequence analysis o f th e  5' upstream  region o f  Myb- 

reloted protein-like  (0s07§0627300)

T o  s tu d y  s e q u e n c e s  c o n ta in in g  a p u ta t iv e  p ro m o te r  o f  Myb-related protein- 

like {0s07§0627300) gen e  , a b o u t  2 ,00 0  b p -D N A  s e q u e n c e s  u p s tre a m  o f  th e  firs t ATG 

o f  Myb-reloted protein-like {0s07§0627300) f ro m  Japonico a n d  Indico rice  w e re  

o b ta in e d  fro m  th e  G ra m e n e  rice  d a ta b a s e s  ( เ า แ [ว : / /พ พ พ .g ra rn e n e .o rg ). a n d  a lig n m e n t 

o f  th e s e  tw o  s e q u e n c e s  w as p e r fo rm e d . T h e  re s u lts  s h o w e d  th a t  th e  5' UTR o f  th is  

gen e  is h ig h ly  c o n s e rv e d . T h u s , p rim e rs  s p e c ific  fo r  th e  5' UTR o f  Myb-reloted 

protein-like g e n e  w e re  d e s ig n e d  b a se d  o n  th e  c o n s e rv e d  s e q u e n c e  o f  Joponico a n d  

Indico rice  (Table 3-3), a n d  w e re  u sed  to  a m p li fy  th e  5' UTR o f  th is  g e n e  fro m  th e  

PTT1 c u lt iv a r .  T h e  o b ta in e d  s e q u e n c e  fro m  th e  PTT1 c u lt iv a r  w as  a lig n e d  a n d  

c o m p a re d  w ith  th e  s e q u e n c e s  o f  BGIOSGA026188 f r o m  th e  Indico rice  a n d  

0s07§0627300 f ro m  Joponico rice  re p o r te d  in G ra m e n e  ( h 11P : / / w w w . g r a ทท e n e .o rg ). 

R esu lts  s h o w e d  th a t  th e  5' UTR s e q u e n c e , a b o u t  1 ,540 b p , o f  PTT1 w as e x a c t ly  

id e n t ic a l to  th e  s e q u e n c e  o f  BGIO5GA026188. T h e  1 4 -b p  in s e rt io n  a n d  n u c le o t id e  

s u b s t itu t io n s  w e re  fo u n d  in th e  s e q u e n c e  o f  PTT1 a n d  BGIO5GA026188 w h e n  

c o m p a re d  w ith  th e  s e q u e n c e  o f  Joponico rice  [Os07§0627300) (Figure 3-8).
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BGIOSGA026188
PTT10s07g062?300
C onsensus

ACGGCGGTGAGCT7ACCAA7TAAATACAGGGATAAGAACAGCATATAGTTTCAAAGTAATCCTAACTCGCGCCGAAATGG - 12 6 3
ACGGCGGTGAGCT7ACCAAT7ÀAATACAGGGATAAGAACAGCATATAG7TTCAAAGTAATCCTÀACTCGCGCCGAAATGG
ACGGCGGTGAGCTTACCAATTAAA7ACAGGGA7AAGAACAGCATATAGT7TC.AAAG7AATCCTAACTCGCGCCGAAA7GG

I - b o x  c i r c a d i a n  LTRE1

BGXOSGA026188
0s07g0627300
C onsensus

AÀACGAAGGCATCTGCTAGCTACAC7GAAAATTCGAAAAATGAAAACTCAAAAATTTCAA7TCAGTGTGCTTACCAATTT - 1 1 a 3
AAACGAAGGCATCTGCTAGCTACACTGAAAATTCGAAAAATGAAAACTCAAAAATTTCAA7TCAGTGTGCTTACCAATTT
AAACGAAGGCATCTGCTAGCTACACTGAAAATTCGAAAAA7GAAAACTCAAAAATTTCAA7TCAGTGTGCTTACCAATTT

BGIOSGAO26188
OsO?gO6273O0
C onsensus

CÀCAAGA77C77ATGCTTAGA7CGACCA77TCGCCCTCCAAACGTAGTGGGAGCGTAGCACCA7AAACCAAGTCACAAGA -1 1 0 3  
CACAAGATTCTTA7GC7TAGATCGACCATT7CGCCCTCCAAACG7AG7GGGAGCGTAGCACCATAAACCAAG7CACAAGÀ 
CACAAGATTCTTA7GC7TAGATCGACCATT7CGCCCTCCAAACG7AG7GGGAGCGTAGCACCATAAACCAAGTCACAAGA ****************1************************************** * * * * * ♦ ♦ * . * * * * ^ * * * * * * * * * * * *

BG1OSGA02 6188
p , 0 « 7 3 0 0Consensus

GC7CACCA7ATATAGCCCCCGTTGCA7GACACGCATGATGCAAC7CATGAACACAAT7CACCAGAGGTACCAAAAAAGAA -1 0  2 3
GCTCACCA7ATATAGCCCCCG7TGCATGACACGCA7GATGCAACTCATGAACACAA7TCACCAGAGGTACCAAAAAAGAA
GC7CACCATATATAGCCCCCGTTGCA7GACACGCÀTGATGCAAC7CA7GAACACAATTCACCAGAGGTACCAAAAAAGAA

* t . * * M * * H ^ * »

BGXOSGA026183
Os07g0627300
Consensus

AGT7TG7ACAAAAAGGTAGTAATATTTTCAACCCAAGACAAA7T7A7tATGAAAA7ATATTTAATTATTGGT7TGATGAA
AGT7TG7ACAAAAAGGTAGTAATA7TT7CAACCCAAGACAAATT7ATTATGAAAA7ATATT7AAT7ATTGGT7TGA7GAA
AGT77G TA -AAAAAGGTAGTAA7AT7TTCAACCCAAGACAAA77TA7TA7AAAAATA7AT7CAATTA7TGGTT7GATGAA

* * * *  *CURE * * * * * * * * * * * * *

BGIOSGAO 26188
Os07g0627300
Consensus

ACTAATÎCAGTA7TA7AAATAT7ACTATATTTGTCTÀTAAATT7AG7CAAÀCTTGAAÀCAATTTGAT7TTGACTÀAAGTC
ACTAATTCAGTATTATAAATATÏACTÂ7ATTTGTC7ATAAA7TTAGTCAAACTTGAAACÂAT7TGATTT7GACTAAAGTC
ACTAA77CAG7A77ATAAATATTACTA7AT7TG7CTA7AAA7T7AGTCAAACTTGAAACAA77TGATT77GACTAAAGTC
**********# *#*■.*** ♦*****•*********# **♦************■* ■ ♦# *****♦*****♦#**1**.-******-****

BGIOSGA026188
Os07gG6£7300Consensus

AAAACG7CT7ATA7AACCTAAAACGGAGGAAGTAGAAAATA7GTAATTCTAATAGATA7TGAGGTAGAGTATACAAGAAA 
AAAACGTC77A7ATAACC7AAAACGGAGGAAG7AGAAAA7ATG7AA7TCTAATAGA7ATTGAGGTAGAGTATACAAGAAA 
AAAACG7CTTATA7AACCTAAAATGGAGGAAG7AGGAAATA7G7AATTCTAA7AGATA7TGAGGTAGAG7ATACAAGAAA 
. * * * * * * * * * . * * * * * * ^ ! * » . ,  * * * * * * * * * * *  ********************************************1*

-783

-7 0 3

-623

BGIOSGA026188
Os07g0627300Consensus

TACAAC7ATAGCC7CC77TTATACGGC77GAATA7AT7AG7AGGGGTT7AGGATA7CA7TA77CGACCACCGGTA7GAA7
TACAAC7ATAGCC7CCT7TTATACGGC7TGAATA7ATTAGTAGGGGTT7AGGATA7CA7TAT7CGACCACCGGTA7GAA7
TACAACTA7AGCCTCCTT7TATACGGCTTGAA7ATA7TAGTAGGGG7TTAGGA7A7CATTATTCGACCACCGGTATGAAT

BGIOSGA026188
0s07g0627300
Consensus

C7TATGAGTA7CTCTCAAATGACAAAACÎCAAATGACAAAAGACTA7TGGGTÎTG7TCGCTGCAGCTAAA7TGCAGC7GC 
CTTATGAGTA7CTCTCAAATGACAAAACTCAAA7GACAAAAGAC7ATTGGG7T7G7TCGCTGCAGCTAAATTGCAGCTGC 
C7TA7GAG7ATCTCTCAAA7GACAAAA- -  ------- -----------------GACTA7TGGGTT7GT7CGC7GCAGCTAAA7TGCAGC7GC

*£ -B O X  » ,  * * * * * * J / *

BGIOSGA026188
Os07g06273Ô0
Consensus

7GXGCAGCAGC7GTGCTACAG7GCA7GATAGAGAAAGTA7A7AAGGCTGGCTG7ACAGCGCAGCCGT7ACAGC7GCA7AG 

TG7GCA<3CAGCTG7GC7ACAGTGCATGATAGAGAAAGTATA7AAGGCTGGC7{;TACAGCGCAGCCGTTACAGCTGCATAG 

* * *  *ANA£RO*2*** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * *CURE * * * * * * *  *  *£*BO X

BGIOSGA026188
0s07g0627300
Consensus

CAGCAT7GCCGAACAGACCCATTAATAACC7TTCCAAAAAAAAA7TAAAATCAT7ACTACATÀTT7TTAAGA7AA7CACC 
CAGCA7TGCCGAACAGACCCA77AA7AACCTT7CCAAAAAAAAAT7AAAA7CA7TACTACATA7TTT7AAGA7AATCACC 
CAGCATTGCCGAATAGACCCATTAATAACCTT7CCAAAAAAAAATTAAAATCA7TACTACATAT77TTAAGA7AATCACC 
* * * * * * *  * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
ANAER02 I - b o x

BGIOSGA026188
Os0'7g0627300Consensus

TAC7CCATA7ACAAATCATT7TAGGAAGCAATCCATTGTTGCCTATCAGAAGCG7GAT7TTACAAACCG7AACCTGATT7
TACTCCA7ATACAAA7CA77TTAGGAAGCAATCCATTGTTGCC7ATCAGAAGCGTGATTT7ACAAACCGTAACC7GA7TT
TACTCCATATACAAA7CA7TTTAGGAAGCAATCCAT7GT7GCC7ATCAGAAGCGTGATTT7ACAAACCGTAACC7GA7TT

A R R l AR R l

-5 4 3

-4 6 3

-383

-3 0 3

-2 2 3

BGXGSGA026188
PT71Os07g0627300
Consensus

7ACAAACCAG7ACAACTGCCA7TC7TTACCG7TCCCTT7GCCCCA7CC7CAAAAACCTGCACGTGCCGG7GCCGCCATTC 
7ACAÀACCAGTACAACTGCCA7TC7TTACCG7TCCCTT7GCCCCA7CC7CAAAAACCTGCACGTGCCGG7GCCGCCATTC 
TACAAACCAGTACAAC7GCCAT7CTT7ACCGT7CCC7TTGCCCCATCCTCAAAAACC7GCACG7GCCGGTGCCGCCA7TC 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

MŸB1 MYB2 E2F AERE GCC b o x

BGXOSGA026188
0s07g0627300
Consensus
BGXOSGA026188
P771Os07g0627300
Consensus

TG7AGGGAG7CGAGTCGTCGTCATCA7CT7C7CCCÀAAACAGCCA7ATGGCCCCCCACCAACTT7AAAAACCCC7CCACC
7GTAGGGAGTCGAG7CG7CGTCATCATC7TC7CCCAAAACAGCCA7ATGGCCCCCCÀCCAAC7TTAAAAACCCCTCCACC
TG7AGGGAG7CGAGTCGTCGTCA7CA7CT7C7CCCAAAACAGCCATATGGCCCCCCACCAACTT7AAAAACCCC7CCACC
* * * * * * * * * *  * * * * * * J * ^ * * * * * * * * *  * * * * * * * * * * * *  ♦ * * * £* * ^ * ^ * * * * * * * * * * * * * * * ^ * * * * ^ * * * * * * * * * *

ÎCCGCTTCCGCACAAAAAA7TCCC7TTACCCCCATCTCACACTCCACCCCCCCTCTCTCTCGTTTCCTCCTCTCCACCCA 
TCCGCTTCCGCACAAAAAATTCCCTTTACCCCCATC7CACAC7CCACCCCCCCTCTCTCTCG7TTCC7CCTCTCCACCCA 
TCCGCTTCCGCACAAAAAATTCCC7TTACCCCCA7CTCACAC7CCACCCCCCCTCTCTC7CG7TTCCTCCTCTCCACCCA ****.**********1,******»**»***»**,**»**»****** * ^ * *  « * * * * * * * * * * *  * ^ *  * * * * * * * * * *  *^*«* *  •

BGXOSGA026188
0 » 0 7 g 0 6 2 7 3 0 0Consensus

ACCCAACCCAACTCÔGTCGTCGTCGTCG7CT7CC7CTCGAA7CCACGG77CAAAAAT7CCCTCCACTCGCGCCCA77TCC
ACCCAACCCAACTCGG7CG7CG7CGTCGTC7TCCTC7CGAATCCACGGTTCAAAAAT7CCCTCCACTCGCGCCCÀTT7CC
ACCCAACCCAACTCGGTCGTCGTCGTCGTCT7CCTCTCGAA7CCACGGT7CAAAAATTCCCTCCACTCGCGCCCAT7TCC

DPE

-1 4 3

+ 15

+ 99

BGIOSGA026188
PTT1
0s0?g0627300
C onsensus

CCAAACCCTAGCCGGCCCCGGC7CGCCGCCGCCCGCCGCCCGCCGGCTGCC7ACC7CGGCC7GCCGGGA7CCGTGCGCGG + 1 7 9  
CCAAACCCTAGCCGGCCCCGGC7CGCCGCCGCCCGCCGCCCGCCGGCTGCCTACCTCGGCCTGCCGGGATCCGTGCGCGG 
CCAAACCCTAGCCGGCCCC-GGC7CGCCGCCGCCCGCCGCCCGCCGGCTGCCTACCTCGGCCTGCCGGGATCCGTGCGCGG 
* * * * * * * * * , * ♦ * * * * * * * , * * * ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ^ * * ^

BGIOSGAO2 6188 
PT710s07g062730ûConsensus

AACA7GCGGGATCCCGGACCA7GGCGACCGGACCCGATCTGACCCCACCCGCCGCCGCCGCC7CCGCCGAAGCGCCG7CG
AACA7GCGGGA7CCCGGACCA7GGCGACCGGACCCGATCTGACCCCACCCGCCGCCGCCGCC7CCGCCGAAGCGCCGTCG
AACATGCGGGATCCCGGACCATGGCGACCGGACCCGATCTGACCCCACCCGCCGCCGCCGCCTCCGCCGAAGCGCCG7CG

P D L  T P p A E A p

+ 2 59

Figure 3-8 Sequence alignm ent o f the 5' UTR o f rice M yb-relate i protein-like gene. The nucleotide sequence o f

the 51 UTR o f rice m yb-related protein-like gene isolated from  ft  e PTT1 cultivar was compared w ith  those o f 

BGIOSGA026188 from  Indica rice and 0s07%0627300 from  Japon :a rice obtained from  G ra m e n e . Stars indicate 

identical nucleotides. The predicted transcription start site is ind'sated by +1. The ATG start ร te  is at the  position

+199 relative to  the  TSS. The underlined sequences indicate the c/s-acting regulatory elements.
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U sing th e  PLACE ( h u o s ://s o g o .d n a .a ffV(.:.g o .jp /c g i-b in /s o g o .c g i) a n d  P lantC ARE 

d a ta b a s e s  ( h t t o Y /b lo ln fo rm a t ic s .Dsb .ug e n t . b e /w e b t o o ls / p l a n tc a re / h t m l/ ) .  c/'s-a c tin g  

re g u la to ry  e le m e n ts  in th e  5' UTR s e q u e n c e  is o la te d  fro m  th e  PTT1 c u lt iv a r  w e re  

id e n t if ie d . P u ta tiv e  CIS-a c tin g  re g u la to ry  e le m e n ts  in th e  1 ,540 b p - fra g m e n t w e re  

s h o w n  in Table  3-4. T h e  o b ta in e d  in fo rm a tio n  in d ic a te d  th a t  th e  1 ,540 b p - fra g m e n t 

o f  th e  PTT1 c u lt iv a r  w as  a T A T A -less  p ro m o te r .  T h e  p ro m o te r  o f  r ice  Myb-retated 

protein-tike gen e  has b e e n  a n n o ta te d  as a T A T A -less  p ro m o te r  (O J13 3 9 _ F 0 5 .140) in 

th e  P la n tP ro m  DB d a ta b a s e  (h t tp : / / l in u x l .s o f tb e r ry .c o m /d a ta /p la n tp r o m /L in k s /P L P R _  

p re d ic te d  O S n s ito .rcs ). T h e  t ra n s c r ip t io n  s ta rt s ite  (TSS) is lo c a te d  a t 199 b p  

u p s tre a m  fro m  th e  tra n s la t io n  s ta rt s ite  (ATG). T h e  p o s it io n  o f  TSS w as d e s ig n a te d  as 

+ 1 (Figure 3-8). T h e  in it ia to r  o r  In r (TYRKTY) e le m e n t  w as  fo u n d  a t p o s it io n s  -2 to  + 4  

re la t iv e  to  TSS. In r fu n c t io n s  as th e  TA TA  b o x  in a T A T A -le ss  p ro m o te r  a n d  

re c o g n iz e d  b y  TFIID (P o rto  e t  a l. 2014). T h e  d o w n s tre a m  p ro m o te r  e le m e n t  o r  DPE 

(RGWYV) lo c a te d  d o w n s tre a m  fro m  TSS a t p o s it io n  + 3 4  to  + 38 . B o th  In r a n d  DPE in 

T A T A -less  p ro m o te rs  a re  e s s e n tia l fo r  t ra n s c r ip t io n a l re g u la tio n  (H e in tz m a n  a n d  Ren

2007).

F o u r MYB re c o g n it io n  e le m e n ts  su ch  as MYBP, M YB1, M YB2, a n d  MRE w e re  

fo u n d . MYBP, M YB1, a n d  M YB2 a re  in v o lv e d  ท th e  d e h y d ra t io n  a n d  a b sc is ic  a c id  

(ABA) re s p o n s e s  (A b e  e t  a l. 2003; G ro te w o ld  e t  al. 1994) w h ile  MRE is in v o lv e d  in l ig h t 

re s p o n s e  (F e ld b ru g g e  e t  a l. 1997). T h e  CGCG b o x , w h ic h  is in v o lv e d  in m u lt ip le  

s ign a ling  p a th w a y s  in p la n ts  (Yang a n d  P o o v a is h  2 00 2), is lo c a te d  d o w n s tre a m  fro m  

TSS. A n u m b e r  o f  th e  lig h t re s p o n s iv e  e le m e n ts  in c lu d in g  S p l a n d  l-b o x  w e re  fo u n d  

w ith  d if fe re n t ia l  o c c u r re n c e  in th e  o b ta in e c  s e q u e n c e . T h e  e th y le n e -re s p o n s iv e  

e le m e n t,  G C C -box, has b e e n  id e n t if ie d  in m a n y  p la n t  sp e c ie s  (C h a k ra v a rth y  e t  a l.

http://linuxl.softberry.com/data/plantprom/Links/PLPR_
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2 0 0 3 ) . T h is  e le m e n t  is lo c a te d  in b o th  u p s tre a m  a n d  d o w n s tre a m  s e q u e n c e s  fro m  

TSS o f  th e  u p s tre a m  reg io n  o f  rice  M y b - re la te d  p ro te in - l ik e  gene. A n o th e r  h o rm o n e -  

re s p o n s iv e  e le m e n ts  in c lu d in g  NDE b o x  1 in a u x in  re s p o n s e  (X u e t  a l. 1997), CGTCA- 

m o t i f  in m e th y l ja s m o n a te  (M eJA) re s p o n s e  (R o u s te r e t  a l. 1997), a n d  ABRE in ABA 

re s p o n s e  (K a p la n  e t  a l. 2006) w e re  a ls o  id e n t if ie d .

T h re e  c o p ie s  o f  ARR1 e le m e n t  a re  lo c a te d  u p s tre a m  f r o m  TSS in th e  

o b ta in e d  s e q u e n c e . ARR1 fu n c t io n s  as tra n s c r ip t io n a l re g u la to rs  o f  c y to k in in - in d u c e d  

g e n e  e x p re s s io n  in p la n ts  (Ross e t  a l. 2004). T h e  E2F b in d in g  s ite  w as  a ls o  fo u n d . T h e  

E2F t ra n s c r ip t io n  fa c to rs  re g u la te  tra n s c r ip t io n  o f  genes re q u ire d  in DNA re p lic a t io n  

(V a n d e p o e le  e t  a l. 2005). T h e  E -b ox  is a n o th e r  e le m e n t  in v o lv e d  in tra n s c r ip t io n a l 

re g u la t io n  fo u n d  in th e  5' UTR s e q u e n c e  is o la te d  fro m  th e  PTT1 c u lt iv a r .  T h e  E -b o x  is 

re c o g n iz e d  b y  th e  bas ic  h e l ix - lo o p -h e l ix  CbHLH) DNA b in d in g /d im e r is a t io n  d o m a in  o f  

t ra n s c r ip t io n a l a c tiv a to rs  (F la rtm a n n  e t a l. 2005).

T h re e  c o p p e r -re s p o n s iv e  e le m e n ts  (CUREs) w e re  d is t r ib u te d  in th e  is o la te d  

s e q u e n c e . T h is  e le m e n t  is p re s e n t in th e  5 ' UTR o f  th e  c o p p e r - re s p o n s iv e  genes th a t  

a re  in d u c e d  u n d e r  c o p p e r -  a n d  o x y g e n -d e fic ie n t c o n d it io n s  (Q u in n  e t  a l. 2002). T h e  

GT-1 m o t i f  w as  id e n t if ie d  a n d  lo c a te d  u p s tre a m  fro m  TSS. T h e  GT-1 m o t i f  is a b in d in g  

s ite  o f  n u c le a r  fa c to rs  th a t  a re  in v o lv e d  in th e  p a th o g e n  a n d  s a lt  re s p o n s e  (Park e t  al.

2 0 0 4 ) . T h e  e lic ito r - re s p o n s iv e  e le m e n t  o r EIRE w as a ls o  fo u n d . T h e  EIRE is in v o lv e d  in 

e x p re s s io n  o f  genes re s p o n d in g  to  b io t ic  a n d  a b io t ic  e lic ito rs  in p la n ts  (F u ku d a  a n d  

S h insh i 1994).

T h e  lo w - te m p e ra tu re - re s p o n s iv e  e le m i n t o r  LTRE1 w as fo u n d  in th e  

o b ta in e d  s e q u e n c e . T h e  LTRE1 is c o m m o n ly  p re s e n t in th e  p ro m o te r  reg io n s  o f  th e  

lo w - te m p e ra tu re - re s p o n s iv e  genes (D u n n  e t  a l. ' 998). T w o  A N A E R 02 e le m e n ts  w e re
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fo u n d  a n d  lo c a te d  u p s tre a m  to  TSS. A N A E R 02 has b e e n  fo u n d  in th e  p ro m o te r  

reg io n  o f  th e  a n a e ro b ic - in d u c e d  genes in a n a e ro b ic  to le r a n t  p la n ts  su ch  as rice , 

m a iz e , a n d  A ra b id o p s is  (M o h a n ty  e t  a l. 2005). T h e  c irc a d ia n -re s p o n s iv e  e le m e n t  w as 

a ls o  id e n t if ie d .



Table  3-4 P re d ic te d  c /s -a c tin g  re g u la to ry  e le m e n ts  fo u n d  in  th e  0 s 0 7 g 0 6 2 7 3 0 0  p r o m o te r  b y  PLACE3 a n d  P la n tC A R E b d a ta b a s e s

E lem en t Sequence0 F unction Position re la tive  

to  TSSd

Reference

CGCG box VCGCGB AtSR binding site, AtSRs involved in m u ltip le  signaling pathways in plants + 174 Yang and Poovaiah (2002)

MYBPZM CCWACC maize p (m yb hom olog) binding site + 149 G rotewold e t at. (1994)

GCC-box GCCGCC ethylene-responsive e lem ent, JA-responsive gene expression, defence-re la ted gene 

expression

+ 134, +124, -151 Chakravarthy e t at. (2003)

DPE RGWYV a posterior TFIID binding site +34 Kutach and Kadonaga (2000)

Spl CCRCCC invo lved in the light responsiveness + 13, -18 Thanh e t at. (2012)

Inr TYRKTY TFIID binding site -2 Javahery e f at. (1994)

TCCACCT-motif TCCACCT - -67 Nalbandi e t at. (2013)

AC 1 1 1 A -m otif ACTTTA BtBBFl binding site, required for tissue-specific and auxin-regulated expression o f the rolB 

oncogene

-81 Baumann e t at. (1999)

NDE Box 1 CATATG NDE binding site, involved in auxin responsiveness -98 Xu e t at. (1997)

CGTCA-motif CGTCA invo lved in the MeJA-responsiveness -123 Rouster e t at. (1997)

ABRERATCAL MACGYGB invo lved in the  ABA responsiveness -162 Kaplan e t at. (2006)

E2FCONSENSUS WTTSSCSS E2F-binding site -185 Vandepoele e t at. (2005)

MYB2CONSENSUSAT YAACKG MYB recognition site, involved in the  dehydration and abscisic acid responsiveness -209 Abe e t at. (2003)

MYB1AT WAACCA MYB recognition site, involved in the  dehydration and abscisic acid responsiveness -218, -1117 Abe e t at. (2003)

ARR1AT NGATT cytokinin-regulated ARR1 binding site, involved in transcription -227, -247, -718 Ross e t at. (2004)

IBOXCORE GATAA involved in the  light responsiveness -311, -1311 Terzaghi and Cashmore (1995)

ANAER02C0NSENSUS AGCAGC involved in the  ferm entative pathw ay -383, -456 M ohanty e t at. (2005)

EBOXBNNAPA CANNTG regulated the  transcription o f genes -392, -468, -479 Hartmann e t at. (2005)

CURECORECR GTAC copper-response e lem ent, invo lved in the  oxygen responsiveness -409, -856, -1035 Quinn e t at. (2002)

EIRE TTCGACC required for the  e lic itor responsiveness -560 Fukuda and Shinshi (1994)

MRE AAÇCTAA MYB recognition site, involved in the  light responsiveness -209 Feldbrügge e t at. (1997)

GT1GMSCAM4 GAAAAA involved in the  pathogen and salt responsiveness -1227 Park e t at. (2004)

LTRE1HVBLT49 CCGAAA low -tem perature-responsive e lem en t -1270 Dunn e t at. (1998)

CIACADIANLELHC CAANNNNATC invo lved in the  circadian expression -1290 Piechulla e t at. (1998)

“place website hStnsv'Ao on rtnfl aftrr m  in/rpi -bin/sQUQ.cuTPlantCARE website htlo:/-,'bioitiformatics.DSb,usent.b&/webtoolsA:’lantca;,e /h tm j/ -p*Cn
Symbols used in the sequences are listed as follow. R: G or A, Y: T or c, M: A or c, K: G or T, ร: G or c, พ : A or T, B: G or T or c, V: G or c  or A, and N: G or A or T or c.
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3 .4  D is c u s s io n

An e th a n o l- in d u c ib le  s y s te m  o r  ‘ole s w itc h ’ is a u s e fu l t o o l  fo r  gene  

re g u la t io n  a n d  e x p re s s io n  s tu d ie s  (T o m s e tt  e t  a l. 2004). เท th e  p re s e n c e  o r  a b s e n c e  

o f  e th a n o l,  th e  ale s w itc h  re g u la te s  e x p re s s io n  o f  ta rg e t g enes  in s p a tia l a n d  

te m p o r a l  p a tte rn s . T h is  a d v a n ta g e  c o u ld  d im in is h  u n d e s ira b le  e ffe c ts  f ro m  

o v e re x p re s s io n  o f  in te re s te d  genes in th e  te s te d  p la n ts  (Li e t  a l. 2005). H o w e v e r  th is  

e th a n o l- in d u c ib le  s y s te m  is d e r iv e d  fro m  th e  a s c o m y c e te  fu n g u s , Aspergillus 

nidulons (F e le n b o k  e t  a l. 1988). A. nidulons has a s u b s ta n t ia l g e n e tic  d is ta n c e  fro m  

p la n ts , th u s  th e  use  o f  th e  e th a n o l- in d u c ib le  s y s te m  a n d  g enes  d e r iv e d  fro m  p la n t  

i ts e lf  w o u ld  b e  o f  in te re s t. T h e  re sp o n se s  o f  n o n - tra n s fo rm e d  p la n ts  in c lu d in g  p o ta to  

(V re u g d e n h il et al. 2 0 0 6 ) a n d  su g a rca n e  (C a m argo  e t  a l. 200 7 ) to  e th a n o l a p p lic a t io n  

in d ic a te d  th a t  h ig h e r p la n ts  in c lu d in g  rice  m a y  h a ve  b o th  p u ta t iv e  e th a n o l- in d u c ib le  

p ro m o te rs  a n d  e th a n o l- re g u la te d  t ra n s c r ip t io n  fa c to rs . T h u s , it is p o s s ib le  to  is o la te  

o n ly  th e  e th a n o l- in d u c ib le  p ro m o te r  f ro m  rice  p la n ts  a n d  use  it to  c o n t r o l  ta rg e t 

genes fo r  fu n c t io n a l  a na lys is .

in th is  s tu d y , e th a n o l- in d u c ib le  genes in y o u n g  p a n ic le s  o f  e th a n o l- t re a te d  

rice  p la n ts  w e re  id e n t if ie d  using  cD N A-AFLP. T h e  e x p re s s io n  o f  e th a n o l- in d u c ib le  

genes w as c o n f irm e d  b y  s e m i-q u a n t ita t iv e  RT-PCR. M o re o v e r, th e  5' UTR o f  a h ig h ly  

c o n s e rv e d  gen e  w as is o la te d  a n d  a n a ly z e d  fo r  c /s -a c tin g  re g u la to ry  e le m e n ts .  O u r 

a im s  w e re  to  use  a m in im a l c o n c e n tra t io n  o f  e th a n o l th a t  c o u ld  in d u c e  gene  

e x p re s s io n  b u t  is n o n - to x ic  to  th e  tre a te d  p la n ts . T o  a tta in  th is  g oa l, e th a n o l a t 

v a rio u s  c o n c e n tra t io n s  w e re  a p p lie d  to  r ice  p la n ts  a t th e  s e e d lin g  a n d  re p ro d u c t iv e  

stages, a n d  its e ffe c ts  o n  g ro w th  o f  rice  p la n 's  w e re  d e te rm in e d  a t th e  se e d lin g , 

re p ro d u c t iv e ,  a n d  r ip e n in g  stages. T h e  re s u lts  s h o w e d  th a t  e th a n o l a t high
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c o n c e n tra t io n  a ffe c te d  g ro w th  o f  rice  p la n ts . S h o o t d ry  w e ig h t a n d  s h o o t le n g th  w e re  

s ig n if ic a n tly  d e c re a s e d  w ith  th e  a p p lic a t io n  o f  e th a n o l h ig h e r th a n  1% (F ig u re  3-1). 

S im ila rly , a p p lic a t io n  o f  e th a n o l h ig h e r th a n  1% a ffe c te d  th e  e lo n g a t io n  a n d  d ry  

w e ig h t o f  c o le o p t i le  a n d  ro o t  in fo u r -d a y -o ld  rice  s e e d lin g s  (K a to -N o g u c h i a n d  

K u g im iya  2001). T h e  a p p lic a t io n  o f  2%  e th a n o l to  rice  p la n ts  a t th e  re p ro d u c t iv e  

s tage a ffe c te d  g ro w th  a n d  s e v e ra l a g ro n o m ic  tra its  in c lu d in g  gra in  y ie ld  (F ig u re s  3 -2  

a n d  3-3).

It has b e e n  re p o r te d  th a t  e th a n o l a t th e  c o n c e n tra t io n  o f  2%  o r  lo w e r  d id  

n o t  a ffe c t  g ro w th  o f  p la n ts  (A it-a li  e t  a l. 2003); h o w e v e r , e th a n o l a t h igh 

c o n c e n tra t io n  c o u ld  ca use  d e h y d ra t io n  (C a m argo  e t  a l. 2007). T h e  e ffe c ts  o f  e th a n o l 

o n  rice  g ro w th  p ro b a b ly  d e p e n d  o n  th e  a m o u n t  o f  e th a n o l u se d , d u ra t io n  o f  t im e  o f  

th e  t re a tm e n t ,  a n d  d e v e lo p m e n ta l  stages o f  th e  p la n t.  เท a d d it io n , d if fe re n t  p la n t  

sp e c ie s  m a y  re s p o n d  d if fe r e n t ly  to  e th a n o l a p p lic a t io n . เท th is  s tu d y , th e  a m o u n t  o f  

e th a n o l a n d  t im e  d u ra t io n  u sed  fo r  rice  p la n ts  w e re  g re a te r th a n  th a t  u sed  fo r  3 - 

w e e k -o ld  A ra b id o p s is  s e e d lin g s  (A it-a li e t  a l. 2 00 3 ) a n d  4 0 -d a y -o ld  s u g a rca n e  p la n t le t  

(C a m argo  e t  a l. 2007). H o w e v e r, in g e n e ra l o u r  re s u lts  w e re  in a c c o rd a n c e  w ith  th e ir  

re s u lts  (A it-a li  e t a l. 2 003 ; C a m a rg o  e t  a l. 2007). O u r re s u lts  s h o w e d  th a t  1%  e th a n o l 

d id  n o t  a ffe c t  rice  g ro w th . T h e re fo re , 1% e th a n o l w as u se d  to  in d u c e  th e  e x p re s s io n  

o f  e th a n o l- in d u c ib le  genes in y o u n g  rice  p a n ic le s .

cD N A-AFLP a n a lys is  w a s  u sed  to  id e n t ify  e th a n o l- in d u c ib le  genes เท y o u n g  

p a n ic le s  fro m  e th a n o l- t re a te d  rice  p la n ts . cD N A-AFLP is a u s e fu l t o o l  fo r  g e n o m e ­

w id e  e x p re s s io n  a n a lys is  (B re yn e  e t  a l. 2003). Th is  m e th o d  has b e e n  u sed  to  is o la te  

a n d  id e n t ify  genes th a t  re s p o n d  to  stress ir m a n y  p la n ts  sp e c ie s  such  as rice  

(V e n te lo n -D e b o u t  e t  a l. 2008), su ga rca ne  (C a m argo  e t  a l. 200 7 ), a n d  to m a to  (N a z e e m
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e t  a l. 2011). เท th is  s tu d y , im m o b il iz e d  cD N A w as  u se d  in d o u b le  d ig e s tio n . T h e  use 

o f  im m o b il iz e d  cD N A ca n  m in im iz e  th e  re d u n d a n c y  o f  cD N A  fra g m e n ts  w h e n  using 

m o re  th a n  o n e  re s tr ic t io n  e n z y m e  in d ig e s tio n  (W e ib e rg  e t  a l. 2008). T h ir ty - fo u r  

e th a n o l- re s p o n s iv e  genes w e re  o b ta in e d  fro m  o u r  cD N A-A FLP  a n a lys is  (F ig u re  3 -4  

a n d  T a b le  3 -3 ), a n d  e x p re s s io n s  o f  s o m e  o f  th e s e  e th a n o l- re s p o n s iv e  genes w e re  

c o n f irm e d  b y  s e m i-q u a n t ita t iv e  RT-PCR. เท a d d it io n , genes in v o lv e d  in th e  e th a n o lic  

fe rm e n ta t io n  p a th w a y  in r ice  (L a s a n th i-K u d a h e tt ig e  e t  a l. 2 00 7 ) in c lu d in g  odh l 

{Osl 1 §0210300), adh2 {Os 11 §0210500), a n d  acetaldehyde dehydro§enase 

{0s05§0536400) w e re  a ls o  e x a m in e d  b y  s e m i-q u a n t ita t iv e  RT-PCR.

O u r re s u lts  s h o w e d  th a t  chloroplast lumen protein (Os07§0240300), 

synaptosomal-associated protein {0s02§0175700), putative uncharacterized protein 

{(0s05§0392100 a n d  0s03§0569000), a n d  Myb-reloted protein-like [Os07§0627300), 

a n d  adh2 in y o u n g  rice  p a n ic le s  re s p o n d e d  to  e x o g e n o u s ly  a d d e d  e th a n o l (F ig u re  3- 

5). T h e  gen e  e n c o d in g  a c h lo ro p la s t  lu m e n  p ro te in  {Os07§0240300) a n d  adh2 

{Os 11 §0210500) w e re  in v o lv e d  เท s tress re sp o n se s . T h e  c h lo ro p la s t  lu m e n  p ro te in  

{0s07§0240300) w as  re p o r te d  to  b e  in v o lv e d  in th e  o x id a t iv e  stress re sp o n se . 

C h lo ro p la s t  lu m e n  p ro te in s  p ro te c t  lip id s  in th e  th y la k o id  m e m b ra n e  f ro m  o x id a t iv e  

s tresses (L e v e s q u e -T re m b la y  e t  a l. 2009). An  e th a n o l s tress m a y  ca u se  th e  

p ro d u c t io n  o f  re a c tiv e  o x y g e n  sp ec ies  (ROS) w ith in  p la n t  c e lls , re s u lt in g  in u p -  

re g u la t io n  o f  th is  gen e  (F lirayam a e t a l. 2004). adh2 {Osl 1 §0210500) e n c o d in g  a lc o h o l 

d e h y d ro g e n a s e  2 (AD H 2) is in v o lv e d  in th e  e th a n o lic  fe rm e n ta t io n  p a th w a y . ADFI2 

c o n v e rts  e th a n o l to  a c e ta ld e h y d e  w h ic h  is th e n  c o n v e r te d  to  a c e ta te  by 

a c e ta ld e h y d e  d e h y d ro g e n a s e  (ALDFI). T h is  re s u lts  in a n a e ro b ic  to le ra n c e  in rice  

(F lirayam a e t a l. 2004; L a s a n th i-K u d a h e ttig e  e t  a l. 2007). T h e  e xce ss ive  a p p lic a t io n  o f
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e th a n o l m a y  in d u c e  th e  odh2 e x p re s s io n  b y  a lte r in g  an e n d o g e n o u s  e th a n o l le v e l in 

rice  p la n ts . T h e  gen e  e n c o d in g  s y n a p to s o m a l-a s s o c ia te d  p ro te in  {Os02§0175700) w as 

u p - re g u la te d  u n d e r  e th a n o l in d u c t io n . S y n a p to s o m a l-a s s o c ia te d  p ro te in  is in v o lv e d  

in th e  c la th r in  c o a t a s s e m b ly  w h ic h  p la ys  an im p o r ta n t  p a r t in s ign a l t ra n s d u c t io n  

a n d  in p la n ts . T h e  c la th r in -m e d ia te d  e n d o c y to s is  w as  s t im u la te d  b y  ROS p ro d u c e d  in 

p la n t  c e lls  (L e b o rg n e -C a s te l e t  a l. 2008). T h e re fo re , it is p o s s ib le  th a t  ROS p ro d u c e d  

fro m  an e th a n o l s tress m a y  a c tiv a te  th is  g e n e  fu n c t io n .  T w o  genes o f  u n k n o w n  

fu n c t io n s , 0s05§0392100 a n d  0s03%0569000, a ls o  re s p o n d e d  to  e th a n o l.  E th a n o l 

m a y  u p - re g u la te  th e s e  genes v ia  o n e  o r  m o re  o f  p a th w a y s  in rice  p la n ts . 

0s07§0627300 e n c o d e d  M y b - re la te d  p ro te in - l ik e  in v o lv e d  in tra n s c r ip t io n a l 

re g u la tio n . U n d e r s tress c o n d it io n s  in c lu d in g  d e h y d ra t io n , th is  p ro te in  re g u la te s  th e  

e x p re s s io n  o f  genes  in v o lv in g  d if fe re n t  p a th w a y s  in p la n ts  (X ie  e t  a l. 2 01 0b ). 

E xce ss ive ly  a p p lie d  e th a n o l m a y  ca use  a d e h y d ra t io n  s tress (C a m argo  e t  a l. 2007) 

th a t  in d u c e s  th e  t ra n s c r ip t io n  o f  th is  gen e  in rice  p la n ts .

A m o n g  th e s e  6 e th a n o l- in d u c ib le  genes, 0s07§0627300 e n c o d in g  fo r  M y b - 

re la te d  p ro te in - l ik e  has a lo w  b a sa l e x p re s s io n  (F ig u re  3-5). M o re o v e r, th e  

in fo rm a t io n  fro m  th e  NCBI d a ta b a s e  in d ic a te d  th a t  th e  a m in o  a c id  s e q u e n c e  o f  th is  

g e n e  is h ig h ly  c o n s e rv e d  d u r in g  e v o lu t io n .  O u r p h y lo g e n e t ic  a n a lys is  re v e a ls  th e  

re la t io n s h ip  o f  c o n s e rv e d  M y b - re la te d  p ro te in s  a m o n g  p la n t ,  a lgae , a n im a ls , a n d  

h u m a n s . M y b - re la te d  p ro te in s  fro m  Indica (BGIOSGA026188) a n d  Joponico 

(0s07ç0627300) w e re  c lo s e d  to g e th e r  in a m o n o c o t  s u b g ro u p  o f  th e  p la n t  g ro u p  

(F ig u re  3-7). 0s07§0627300 is an o r th o lo g u e  o f  MYB88 in A ra b id o p s is , w h o s e  

p a ra lo g u e  is FOUR UPS (FLP). FLP /M Y B 88 is a tra n s c r ip t io n  fa c to r  th a t  re g u la te s  th e  

e x p re s s io n  o f  m a n y  genes in v o lv e d  in d if fe re n t  p a th w a y s  (X ie  e t  a l. 2010a).
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FLP /M Y B 88 has b e e n  fo u n d  to  p la y  an im p o r ta n t  ro le  in a b io t ic  s tress re s p o n s e  in 

p la n ts  (X ie  e t  a l. 2 0 1 0 b ). U n d e r  a b io t ic  s tress, e x p re s s io n  o f  g enes  in v o lv e d  in  c e ll  

d iv is io n  o f  s to m a ta  w as  d o w n - re g u la te d  b y  FLP /M Y B 88 (X ie  e t  a l. 2 0 1 0 a ) w h ile  s tress- 

re s p o n s iv e  genes w e re  u p - re g u la te d  (X ie  e t  a l. 2 0 1 0 b ). Th is  in fo rm a tio n  su gg es te d  

th a t  FLP/MYB88 c o u ld  re g u la te  genes across  d if fe re n t  p a th w a y s  in p la n ts  in c lu d in g  

c e ll  d e v e lo p m e n t ,  s ign a l t ra n s d u c t io n , a n d  s tress re s p o n s e . F u r th e rm o re  Myb-reiated 

protein-like [Os07§0627300) has b e e n  re p o r te d  to  b e  e x p re s s e d  in s e v e ra l tissu e s  o f  

rice  p la n ts  (R ice X o ro  d a ta b a s e ). C o n s is te n t w ith  th e  e x p re s s io n  p a tte rn  o f  

0s07§0627300 re p o r te d  in th e  R iceX p ro  d a ta b a s e , o u r  re s u lts  s h o w e d  th a t  

0s07§0627300 w as e x p re s s e d  in c a llu s , se e d lin g s , a n d  s e v e ra l tissu e s  in c lu d in g  ro o ts , 

s te m , le a f  sh e a th s , le a f b la d e s , y o u n g  p a n ic le s , a n d  a n th e r  o f  P a th u m th a n i 1 (PTT1) 

rice  c u lt iv a rs  (F ig u re  3-6). Based o n  th e  c o n s e rv a tio n , fu n c t io n s , a n d  e x p re s s io n  

p a tte rn  o f  Myb-reloted protein-like (Os07§0627300), th e  p ro m o te r  o f  th is  gen e  c o u ld  

b e  u sed  to  re g u la te  e x p re s s io n  o f  genes in a w id e  range  o f  sp e c ie s  a n d  tissues.

T h e  5' UTR o f  Myb-reloted protein-like {0s07§0627300) w a s  is o la te d  f ro m  

g e n o m ic  DNA o f  Indico r ice  c u lt iv a r ,  PTT1. T h e  1,540 b p  DNA fra g m e n t w as  o b ta in e d . 

R esu lts  f ro m  s e q u e n c e  a lig n m e n t in d ic a te d  th a t  th e  5' UTR o f  th is  g e n e  is h ig h ly  

c o n s e rv e d  a m o n g  Indica a n d  Japonico rice , a n d  th is  fra g m e n t f ro m  th e  PTT1 c u lt iv a r  

is id e n t ic a l to  th a t  in BGIOSGA026188 f ro m  Indico rice  (F ig u re  3 -8 ). T h e  c /5 -a c ting  

re g u la to ry  e le m e n ts  in a 1 ,540 b p - fra g m e n t w e re  id e n t if ie d  using  th e  PLACE a n d  

P lantC AR E d a ta b a s e s  (F ig u re  3 -8  a n d  T a b le  3 -4 ). เท a c c o rd a n c e  w ith  th e  in fo rm a tio n  

f ro m  th e  P la n tP ro m  DB d a ta b a s e  (h t t p : / / l in u x l , s  ) f tb e r fv .c o m /d a t ri/D .a n l p ro m /l. jn k s /

PL PR p re d ic t e d ..o p ..n s iie  j.es), th e  5' UTR o f  Myb 'elated protein-like [Os07'§0627300)

is o la te d  f ro m  th e  PTT1 c u lt iv a r  w as a T A T A -less  p ro m o te r .  T h is  ty p e  o f  p ro m o te rs

http://linuxl,s_)ftberfv.com/dat
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has b e e n  fo u n d  to  re g u la te  e x p re s s io n  o f  s o m e  la rge  g ro u p s  o f  g enes  su ch  as 

p h o to s y n th e s is  genes, genes e n c o d in g  g ro w th  fa c to rs , a n d  h o u s e k e e p in g  g enes  

(S m a le  1997; S o lo v y e v  e t  a l. 2010). T h e  p u ta t iv e  c /5 -a c tin g  e le m e n ts  re q u ire d  to  

in it ia te  tra n s c r ip t io n  b y  a T A T A -less  p ro m o te r  a re  th e  in it ia to r  (Inr) a n d  th e  

d o w n s tre a m  p ro m o te r  e le m e n t  (DPE) (H e in tz m a n  a n d  Ren 2 00 7 ; S m a le  1997). เท th is  

s tu d y , b o th  In r a n d  DPE w e re  fo u n d  in th e  o b ta in e d  5' UTR, a n d  th e  tra n s c r ip t io n  

s ta rt s ite  (TSS) is lo c a te d  in Inr. T h e  co n s e n s u s  s e q u e n c e  o f  In r w as  TC G +11 I I w h ic h  is 

c o n s is te n t w ith  th e  YR ru le  in r ice  Inr s e q u e n c e , w h e re  G +1is TSS. A d im e r  m o t i f  o f  Y 

(C /T ) a n d  R+1 (A /G ) o r th e  YR ru le  has b e e n  id e n t if ie d  a t  th e  TSS (R+1) in  rice  a n d  

A ra b id o p s is  (Y a m a m o to  e t  a l., 2007). T h e  DPE is g e n e ra lly  lo c a te d  a t p o s it io n s  + 2 8  to  

+ 3 2  to  th e  TSS (K u ta c h  a n d  K adonaga  2 000 ; P o rto  e t  a l. 2014). เท th is  s tu d y , w e  

fo u n d  th a t  DPE w as lo c a te d  a t p o s it io n  + 3 4  to  + 3 8  to  th e  TSS. T h is  M y b - re ia te d  gen e  

is o r th o lo g o u s  to  FLP/MYB88 w h ic h  senses stress c o n d it io n s  (X ie  e t  a l. 2 0 1 0b ).

C o n c o rd a n t lv ,  a n u m b e r  o f  m o tifs  in v o lv e d  in b io t ic  a n d  a b io t ic  s tress 

re s p o n s e s  w e re  id e n t if ie d  in th e  5 ’ UTR o f  Myb-reiated protein-iike [0s07§0627300). 

T h e s e  e le m e n ts  d if fe r e n t ia l ly  o c c u rre d  in th e  o b ta in e d  s e q u e n c e . S e v e ra l e le m e n ts  

re s p o n d in g  to  d e h y d ra t io n  a n d  ABA in c lu d in g  M YB1, M YB2, a n d  ABRE w e re  fo u n d . 

T h e s e  e le m e n ts  m a y  c o n tr ib u te  to  u p - re g u la t io n  o f  Myb-reiated protein-iike 

(0s07§0627300) w h e n  e th a n o l w as a p p lie d  a n d  in d u c e d  d e h y d ra t io n  in rice  p la n ts . 

T h e  p re s e n c e  o f  CURES a n d  A N A E R 02 in th e  o b ta in e d  s e q u e n c e  su g g e s te d  th a t  th e  

a n a e ro b ic  c o n d it io n  c o u ld  in d u c e  e x p re s s io n  o f  th is  g ene . M o re o v e r, e le m e n ts  

re s p o n d in g  to  lig h t, n o rm o n e , a n d  e lic ito rs  were a ls o  id e n t if ie d  in th e  5' UTR o f  Myb- 

reiated protein-iike i0s07§0627300).
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3.5 Conclusion

This s tu d y  re p o r te d  th e  re s p o n s e  o f  rice  p la n ts  to  e x o g e n o u s ly  a d d e d  

e th a n o l a t p h e n o ty p ic  a n d  m o le c u la r  le v e ls . Six o f  e th a n o l- in d u c ib le  genes in y o u n g  

rice  p a n ic le s  w e re  id e n t if ie d . T h e  5' UTR o f  h ig h ly  c o n s e rv e d  0s07g0627300 e n c o d in g  

M y b - re la te d  p ro te in - l ik e  w as is o la te d  a n d  a n a ly z e d  fo r  cis-a c tin g  re g u la to ry  e le m e n ts . 

O u r re s u lts  su g g e s te d  th a t  Myb-reloted protein-like (0s07g0627300) m a y  be  in v o lv e d  

in m u l t ip le  re s p o n s e  sy s te m s  in rice  p la n ts  b y  c o n tr o l l in g  e x p re s s io n  o f  genes 

in v o lv e d  in s e v e ra l p a th w a y s . T h e  p ro m o te r  o f  th is  gen e  c o u ld  b e  u se d  to  re g u la te  

e x p re s s io n  o f  n u m e ro u s  ta rg e t genes in v a rio u s  p la n t  tissu es . T h e  o b ta in e d  re s u lts  

c o u ld  p ro v id e  a u s e fu l t o o l  to  re g u la te  a g ro n o m ic  d e s ira b le  genes in c e re a l c ro p  

p la n ts . F u r th e rm o re , th e  e th a n o l- in d u c ib le  p ro m o te r  o f  th is  g e n e  m a y  b e  u sed  fo r  

fu n c t io n a l g e n o m ic  a n a lys is  o f  s p e c ia lty  rice  c u lt iv a rs  in c lu d in g  a n tio x id a n t- r ic h  a n d  

s tre s s - to le ra n t rice. T h e  o b ta in e d  k n o w le d g e  w o u ld  be  u s e fu l fo r  th e  d e v e lo p m e n t  

a n d  p ro d u c t io n  o f  n e w  h y b r id  rice  c u lt iv a rs .
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