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Indole-3-acetamide (IAM) pathway was proposed to produce indole-3-acetic acid (IAA). This pathway
was proven to be functional in many species of bacteria and expected to operate in plants based on the
identification of IAM and IAM-hydrolase (AMI) activity in certain plant species. Available putative AMI
sequences from a wide array of monocot and dicot plants were identified and the phylogenetic tree was
constructed and analyzed. We identified in this tree, a clade that contained sequences from species
across the plant kingdom suggesting that AMI is conserved and may have a primary role in plant growth
and development. This clade contained the isolated and well characterized Arabidopsis and Nicotiana
AMIs. The preliminary reverse transcriptase polymerase chain reaction (RT-PCR) results for the conserved
rice AMI (Os04G02780) showed a transcript for the gene encoded by this enzyme at 1, 7 and 21 days
after anthesis (DAF) during the active period of IAA accumulation in developing grains. Based on the
accumulated data, we suggested that sequences in this clade are conserved and have an important role
in IAA synthesis or other primary processes in plant development.
Key words: Auxin, indole-3-acetic acid, indole-3-acetamide, tryptophan, IAM-hydrolase.

INTRODUCTION
Auxin, from the Greek word "auxein" which means to
grow, is found in animals, plants, fungi, and bacteria but
having growth regulation effects only in plants. Auxin is
an essential plant hormone affecting virtually all aspects
of plant growth and development. It affects cell division,
elongation, embryogenesis, fruit development, organ
patterning, root growth, lateral root initiation, leaf
expansion, shoot architecture, and vascular development. Despite the century-long history of auxin research,
the complete picture of how plants synthesize IAA is far
from complete understanding. Two major pathways for
IAA production have been proposed: the tryptophan

(Trp)-dependent pathways and a Trp-independent one.
Tryptamine pathway, indole-3-pyruvic acid pathway
(IPA), indole-3-acetaldoxime (IAOx) pathway and IAM
pathway were proposed to convert Trp to IAA. Plant
genes implicated in IAA biosynthesis as well as the
reactions catalyzed by the encoded enzymes are
illustrated in Figure 1.
The IPA pathway has recently fully elucidated and
proven functional in Arabidopsis (Mashiguchi et al., 2011;
Won et al., 2011). In this pathway, a tryptophan aminotransferase (TAA) converts Trp to IPA whereas; YUCCA,
A flavin monooxygenase, catalyzes the conversion of

E-mail: yousefaz@yahoo.com. Tel: 00966581492450.
Author(s) agree that this article remains permanently open access under the terms of the Creative Commons Attribution License 4.0
International License

30

Afr. J. Biotechnol.

O

O
N

OH

IAOx

OH

CYP79B2/3
cyp79b2/3

Trp

N
H

NH

NH2

OH

wei8/sav3/tir2
TAA1TAR1/2

IPA

N
H

TDC

O

NH2
HTAM

TAM

N
H
Cyp71A13 pad4

N

IAN

O

IAAld

IAM

NH

NH2

YU
CC
A

N
H

NIT nit1
1/2/3

N
H

O

AO
AMI

OH
IAA

N
H

O

Figure 1. Proposed routes from tryptophan to IAA in plants. Bold lines refer to the first complete dissected pathway of IAA
synthesis in plants. Dashed lines indicate that neither a gene nor enzyme activity has been identified in any member of plants. Trp:
tryptophan; IAOx: Indole-3-acetaldoxime; IAM: indole-3-acetamide; IAA: indole-3-acetic acid; IPA: indole-3-pyruvic acid; TAM:
tryptamine; HTAM: N-hydroxyl tryptamine; IAAld: indole-3-acetaldehyde; IAN: indole-3-acetonitrile; TAA: tryptophan
aminotransferase; AMI: amidase; NIT: nitrilase; AO: aldehyde oxidase; YUCCA: a flavin monooxygenase. References for mutant
phenotypes are described in Stepanova et al., 2008 (wei8), Tao et al., 2008 (sav3), Yamada et al., 2009 (tir2), Zhao et al., 2002
(cytp79b2/3); Nafisi et al., 2007 (pad4) and Normanly et al., 1997) (nit1). Gene abbreviations are given in upper case italics.
Mutant alleles are given in lower case italics.

IPA to IAA. IAA produced via IPA pathway was found to
have a critical role in various developmental processes
including embryogenesis, flower development, seedling
growth, vascular patterning, lateral root formation, tropism,
shade avoidance, and temperature-dependent hypocotyl
elongation (Dai and Zhao, 2006, 2007; Stepanova et al.,
2008; Tao et al., 2008).
The mutants in TAA or YUCCA of Arabidopsis are not
lethal suggesting that other pathways together with the
IPA are expected. The mutant in Vanishing tassel2 (Vt2),
which encode grass-specific TAA, was reported to
account for 60% reduction in IAA level (Phillips et al.,
2011). This hormone in plant is crucial and two pathways

of IAA production or more may be needed to ensure the
efflux of enough amount of IAA. Moreover, multiple IAA
biosynthetic pathways may contribute to regulation of IAA
production. Moreover, two pathways of IAA synthesis in
bacteria have been fully elucidated.
Indole-3-acetamide has also been proposed to be an
IAA precursor in higher plants. The occurrence of IAM as
an endogenous compound was reported in young fruits of
Citrus unshiu (Takahashi et al., 1975), hypocotyls of
Japanese cherry (Saotome et al., 1993), seedlings of A.
thaliana, coleoptiles of rice and maize as well as apexes
of tobacco (Sugawara et al., 2009). IAM was also
detected in a sterile-grown Arabidopsis thaliana and the
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microbial contributions were found to be insignificant
(Pollmann et al., 2002). Pollmann et al. (2009) suggested
the role of IAM as an intermediate in IAA synthesis based
on the observation that Trp is converted to IAA via IAM in
the cell-free Arabidopsis extract.
The enzyme that catalyze the conversion of Trp to IAM
is unknown, but the gene encodes IAM-hydrolase which
converts IAM to IAA, has been initially cloned and
characterized in A. thaliana (Pollmann et al., 2003), and
Nicotiana tabacum (Nemoto et al., 2009). IAM-hydrolyzing activity was also observed in wild and cultivated
rice as well as cell-free extracts from various tissues of
trifoliata orange (Poncirus trifoliata Rafin) (Kawaguchi et
al., 1993; Kawaguchi et al., 1991). AMI was partially
purified from rice cells and found to hydrolyze IAM, IAA
ethyl ester in addition to the IAM homologue, 1-naphthalene-acetamide (Arai et al., 2004).
The indole-3-acetamide pathway of auxin biosynthesis
has been worked definitely in bacteria. Tryptophan-2monooxygenase, encoded by the iaam gene, catalyses
the first step in this reaction converting Trp to IAM. The
second step (IAM to IAA) is catalyzed by IAM-hydrolase
that encoded by the iaaH gene. This pathway was found
to be operated in a number of bacterial species including
Agrobacterium (Inze et al., 1984), Azospirillum (Bar and
Okon, 1993), Streptomyces (Manulis et al., 1994),
methylobacteria, Bradyrhizobium (Sekine et al., 1989),
Rhizobium (Theunis et al., 2004), Pantoea agglomerans
(Manulis et al., 1998), and Pseudomonas (Magie et al.,
1963).
A high degree of similarity between IAA biosynthesis
pathways in plants and bacteria was observed. Tryptophan has been identified as the main precursor for IAA
biosynthesis pathways in bacteria and plants. More than
one pathway of IAA synthesis was found to be operated
in a single strain of bacteria (Patten and Glick, 1996) and
the same thing is expected in plants. IPA was found to be
an important intermediate in IAA synthesis in bacteria
and a crucial role for this intermediate has been recently
confirmed in plants. IAM was also proved functional in
bacteria and several lines of evidence for its role in IAA
synthesis were found in plants. Differences in IAM
reactions between bacterial and plant pathways are also
expected.
Because auxin is almost implicated in every step in
plant development, enzymes involved in IAA synthesis
were expected to be conserved across the plant kingdom. Based on this hypothesis it was expected to find a
conserved clade for IAM- hydrolase enzyme proposed to
have a role in IAM pathway of IAA synthesis from all
studied plant species. Abu-Zaitoon et al. (2012)
quantified the free level of IAA in developing rice grains at
1, 4, 7, 10, 14, and 21 DAF using liquid chromatography
electrospray ionization / mass spectrometry (LC-ESI-MS).
The amount of IAA was found to increase from below the
detection limit at 1 DAF to 1.5 µg/gfw at 21 DAF. Rice
kernels were therefore used as an experimental material
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and 1,7,21 DAF were selected to detect the expression
profile of AMI.
The major aim of the research described in this work
was to discuss in the light of phylogenetic analysis
whether the AMI enzyme is conserved across the plant
kingdom and therefore its potential importance as an
important enzyme in IAA synthesis. Additionally, the
involvement of the indole-3-acetamide pathway in IAA
production in plants and rice, in particular, will be discussed
based on the expression profile of the conserved AMI
gene as well as the recent available publications.

MATERIALS AND METHODS
Bioinformatics
Bioinformatics was used to investigate the phylogenetic
relationships of AMI enzymes proposed to be involved in the IAM
pathway of IAA production. IAM-hydrolase from Arabidopsis was
used as query sequences. Homologues of the targeted proteins
from diverse taxonomic groups of moss, non-seed vascular plants,
monocots, and dicots were identified. Constructed phylogenetic tree
for IAM-hydrolyase enzymes were then investigated to identify a
clade, if any, that are conserved across the plant kingdom.
Homologues of AMI1 were identified following BlastP searches
(Altschul et al., 1997) against proteomes of Arabidopsis thaliana,
Physcomitrella patens, Selaginella moellendorffii, Oryza sativa
subsp. Japonica, Zea mays, Sorghum bicolor, Populus trichocarpa,
Vitis vinifera, Glycine max, Fragaria vesca, Medicago truncatula,
Ricinus communis, Theobroma cacao, Carica papaya, Nicotiana
tabacum, Hordeum vulgare subsp. Vulgare, Brachypodium
distachyon,
and
Picea
sitchensis
(Plaza
2.5;
http://bioinformatics.psb.ugent.be/plaza/ (Bel et al., 2012; Proost et
al., 2009), as well as Solanum lycopersicum (The Sol Genomics
Network (SGN; http://solgenomics.net/) (Bombarely, et al., 2011).
The GenBank database (Non-redundant protein sequences) was
screened to search for sequences from other plants. Phylogeny.fr
free web service was used to construct and analyze phylogenetic
relationships between AMI sequences (Dereeper et al., 2010;
Dereeper et al., 2008).
Alignment of amino acids rather than nucleotide sequences was
used in this study because it is easier to find unauthentic alignment
of DNA sequence which consists of only 4 nucleotides comparing to
20 different amino acids for protein sequences. DNA mutates
quickly as a 24% of single base changes produce the same amino
acid.
Sequences were aligned with MUSCLE (v3.7 with default
settings) configured for highest accuracy. Edgar (2004) reported
that MUSCLE can achieve both better average accuracy and better
speed than CLUSTALW or T-Coffee, depending on the chosen
options. Default parameters were claimed to give the best average
accuracy.
Distance-matrix (Fitch, 1981), maximum parsimony (Fitch, 1971),
and maximum likelihood (Felsenstein, 1981) are the three major
methods used to construct phylogenetic trees. Maximum likelihood
method implemented in the PhyML program (v3.0 aLRT) (Guindon
and Gascuel, 2003) was used to reconstruct the tree. Due to
simplicity as well as accuracy and speed, PhyML has been widely
used (>2500 citations in ISI Web of Science) (Guindon et al., 2010).
Approximate
Likelihood-Ratio
Test
(aLRT)
rather
than
Bootstrapping procedure was used to statistically test branches
support. SH-like algorithm was used to estimate the confidence of
the aLRT statistics. Default substitution model was used.
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Table 1. Forward and reverse primer sequences used to detect the expression of the rice AMI as well as the reference rice genes
(act1, and ubc) in developing rice grains.
Gene
Os04g02780
Os05g01600
Os02g42314

Name
ami
act1
ubc

Forward Primer (5`
3`)
CATCAAGGACATCTTCGACATC
CTTCATAGGAATGGAAGCTGCGGGTA
CCGTTTGTAGAGCCATAATTGCA

MUSCLE (Edgar, 2004) was initially used to perform multiple
sequence alignments. The fractional identity between each pair of
sequences is computed using k-mer counting. A tree is then constructed from the triangular distance matrix computed from the pairwise similarities using UPGMA and a root is identified. The resulting
tree is improved by building a new progressive alignment and a
new tree is constructed by computing a Kimura distance matrix.
SH-like is an algorithm used to estimate the confidence of the
aLRT statistics. This method of branch test is considered to be a
very fast, alternative and complement to the standard bootstrap
analysis. An appropriate array is stored from simply drawn and
summed values. Moreover, the nonparametric SH-like support is
closely related to P values of statistical tests. Experiments with
simulated data indicate that the new SH-like interpretation of the
aLRT statistic should be preferred to the parametric chi-square–
based interpretation due to unavoidable simplifications of
substitution models when analyzing real data. As the standard
bootstrap, aLRT with SH-like interpretation is conservative
(Guindon et al., 2010).

Reverse Primer(5`
3`)
ATCTCGTCCATGATGGTGGT
CGACCACCTTGATCTTCATGCTGCTA
AGGTTGCCTGAGTCACAGTTAAGTG

Product size (bp)
156
196
76

for the cDNAs of all targeted genes. Primer sequences are listed in
Table 1. Gene-specific primers were designed so that either the left
or right primer was complementary to an exon-exon boundary to
exclude amplification of genomic DNA. Primers were dissolved in
fresh sterile milli-Q water to prepare 50 µM stock solution; 10 µM
working solutions were prepared and frozen at -20 °C.
The reverse transcriptase polymerase chain reaction with genespecific primers was run according to the instructions of the
manufacturer (QIAGEN®, OneStep RT-PCR Kit, Lot No.
133206209). Thermal cycler (PTC-100 TM Programmable Thermal
Controller, MJ Research, Inc., USA) conditions are listed in Table 1.
The same amount of RNA extracts (1.2 µg) was used to perform all
RT-PCR reactions. 3 µL each of 10 µM primer solution was added
to a final concentration of 0.6 µM. RT-PCR was attempted using 30
cycles. To estimate the size of each RT-PCR product, BenchTop
100 bp DNA Ladder was used (Promega). The intensity of the 500
band is three times higher than that of the other equal intensity
bands and as a result can be used as a reference band.

Purification and sequencing
Plant materials
Rice plants, Oryza sativa (c.v. Jarrah) were grown in a glasshouse
in flooded soil-filled plastic pots. Pots were filled with black soil
containing Aquasol fertilizers (N: P: K 23:4:18). Temperature inside
the green house was 30°C during the day and 18°C during the
night. Each branch of rice plants was marked when the top half of
the panicle had reached anthesis. Superior caryopses were
harvested 1, 7, and 21 DAF. Microfuge tubes containing 60 to 70
mg of rice seed (10, 3, and 2 seeds from 1, 7, and 21 day samples
respectively) were then weighed and frozen in liquid nitrogen for
total RNA extraction. Samples not used immediately were stored in
a freezer at -70°C for later use.

RNA Isolation
Total RNA from rice grains was extracted following the instructions
for RNeasy® Mini Kit (Qiagen, Cat. No. 74903). The absorbance of
extracted RNA was measured at 260 nm (A 260). The concentration of RNA in µg/mL was calculated as follows: Concentration= 40* A 260* Dilution Factor (QIAGEN, 2002). A nano-drop
spectrophotometer (NanoDrop® ND-1000 Spectro-photometer,
NanoDrop Technologies, Inc., USA) was also used to measure
RNA concentration, A260/A280 and A260/A230 ratios. RNA
extracts with high purity, A260/A280 and A260/A230 > 1.8 and 2
respectively, were used in all experiments (QIAGEN manual). RNA
quality was checked by electrophoresis in 1.2% agarose run at
100V for 45 min after heating at 80 ؛C for 10 min and cooling on ice
(Nolan et al., 2006).
Polymerase chain reaction
The program, primer3 (Rozen, 1998) was used to design primers

For PCR, the amplification protocol was the same as indicated for
RT-PCR but with 35 cycles and without the reverse transcriptase
reaction. cDNA products were purified according to the Wizard SV
Gel and PCR Clean-Up System (Promega, Cat. # A9281). Concentration of cDNA samples was calculated according to the following
equation Concentration= 50* A 260* Dilution Factor (Sambrook and
Russell, 2001). Full-length cDNA of all genes were sequenced by
Prince Alfred Molecular Analysis Centre, Sydney University.

RESULTS AND DISCUSSION
Phylogenetic relationships of IAM-hydrolase from the
available sequenced plant genomes were investigated.
Arabidopsis AMI1 (AtAMI1) was used as a query
sequence to search for all putative AMI in plants. As a
result of BlastP search using the available plant
proteomic data bases, 154 putative AMI sequences were
found. The number of sequences ranges from 1 for P.
sitchensis to 21 for P. trichocarpa. To simplify the
phylogenetic tree, sequences from the same species that
are much more similar to each other rather than to
sequences from other plants were omitted. Therefore, the
number of sequences was reduced to 138.
The phylogenetic tree for the 138 IAM hydrolase
sequences (figure not shown due to the large number of
sequences) showed that all sequences are classified into
two major branches. The majority of plant sequences are
found in the first major branch that is supported at 88%
by statistical analysis. For example O. sativa, Z. mays
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and S. bicolor have 9, 6 and 7 sequences, respectively in
this branch. The Arabidopsis sequence (At5g64440) that
was not found to hydrolyze indole-3-acetamide detectably
is classified in the first branch suggesting that sequences
in this branch may not be involved in IAA synthesis.
At5g64440, a fatty acid amide hydrolase (Shrestha et al.,
2003), has the ability to convert N-acylethanolamine to
ethanolamine and the corresponding free fatty acids.
Large amount of ester IAA for plants including rice may
explain the large number of putative amidases in this
branch. Enzyme kinetics and substrate specificity of the
other two Arabidopsis sequences (At5G07360, At3G25660)
in this clade needs to be worked out. However, these two
sequences have the essential residues of the supposed
amidase activity.
To get a more precise picture, phylogenetic tree for all
sequences in the second major branch was reconstructed at high stringent selection (Figure 2). Unlike the
first major branch, all studied plants were found to have
representative sequences in this branch. The second
major branch that is supported at 100% by statistical
analysis is divided into two minor branches. The first
minor one, supported at 94% by statistical analysis,
contains the Arabidopsis sequence (At5G09420) that
does not found to have amidase activity suggesting that
representatives of this branch may not be
involved in IAA synthesis. At5G09420 is localized in the
outer mitochondrial membrane in complex with a protein
translocase (Chew et al., 2004).
The second minor branch, supported at 94% by
statistical analysis, is also divided into two clades. The
well characterized Arabidopsis amidase 1(AMI1) and N.
tabacum 1 (NtAMI) as well as the only two sequences of
H. vulgare are found in the first clade that was supported
at 100% by statistical analysis. The only sequence of P.
sitchensis is also found in this clade. No any sequences
for P. patens and S. moellendorffii were identified in this
clade. Unlike other Arabidopsis putative amidases that
was not found to be involved in IAA synthesis and found
in mitochondria or chloroplast, the intracellular location of
the AtAMI1 was identified in the cytoplasm where IAA
synthesis occurs (Pollmann et al., 2006). All sequences
except Pt13G02310 in this clade contains the essential
residues of the supposed amidase catalytic triad (LyscisSer-Ser) (Shin et al., 2003) (Figure 3). The first clade
is conserved and expected to have a role in IAA synthesis
or other primary role in plant growth and development.
Characterization of amidases in this clade from different
plants especially those of agricultural importance that are
generally used in IAA studies; i.e rice, maize, and tomato,
will gather pieces of knowledge to form a complete
picture of IAM in plants.
The second clade, supported at 74% by statistical
analysis, contains the Arabidopsis sequence (At3G17970)
which is not expected to have amidase activity. At3G17970,
a part of the preprotein translocon of the outer envelope of
chloroplasts (Toc64-III), shows some structural differences
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from AtMI1. Toc64-III contains tetratricopeptide repeat
motifs in its C-terminal domain that are found in the
ancient moss P. patens (Hofmann and Theg, 2003) but
not the essential residues of the supposed amidase
catalytic triad.
IAM hydrolase was partially purified from rice cells and
reported to hydrolyze IAA ethyl ester as well as IAM and
its homologue 1-naphthalene acetamide but not indole-3acetonitrile (Arai et al., 2004). Although the molecular
mass of the enzyme was very similar to that of the
Agrobacterium tumefaciens, a significant role for this
enzyme in IAA synthesis was excluded due to the
considerably high km value. AMI generally has dual
functions as amidase and esterase. Together with the
observation that rice ears contain a large amount of
esterified IAA at the stage of anthesis (Kobayashi et al.,
1989). Arai et al. (2004) suggested that this enzyme may
serve to control IAA accumulation via the hydrolysis of
IAA. In this study we reported that rice have 15 putative
IAM hydrolase enzymes, one of them (Os04G02780) is in
the conserved clade. As a preliminary result, a transcript
for Os04G02780 was detected in rice grain at 1, 7 and 21
days after anthesis where large amount of IAA is
accumulated during this period of growth (Figure 4).
Therefore, it is expected for Os04G02780 to have a
significant role in IAA synthesis via the IAM intermediate.
Pollmann et al. (2009) isolated IAA synthase, an
enzyme complex that can convert Trp to IAA, from 14
different plant species. They suggested that IAM is an
intermediate in IAA synthesis by this complex due to the
finding that IAM interferes with the conversion of 1mM
2
2
[ H]5-Trp to [ H]5- IAA. The reduction in IAA conversion
was reported to b 66% and 80% in case of 1 mM and 0.1
mM IAM respectively. IAA synthase was also reported to
convert labeled IAM to IAA and increasing concentrations
of Trp interfered with this conversion. The amount of IAM
in Arabidopsis seedlings was found at levels similar to
that of free IAA (Pollmann et al., 2002). Based on the
2
higher conversion rate of L-Trp and [ H]5-IAM to IAA
comparing to excess L-Trp, Pollmann et al. (2009)
concluded that the formation of IAM rather than the
conversion of IAM to IAA is the rate limiting step in IAM
pathway of IAA synthesis.
The physiological importance of the IAM pathway of
IAA synthesis came from the observation that transgenic
BY-2 cells overexpressing N. tabacum AMI1 could grow
in medium containing low concentrations of IAM, whereas
suppression of the NtAMI1 gene by RNA interference
caused severe growth inhibition in medium containing
IAM. These results clearly show that the NtAMI1 gene is
expressed in plant cells and is required for the conversion
of IAM to the auxin IAA that involved in plant cell division
(Nemoto et al., 2009).
The same scenario as IPA pathway in bacteria and
plants, the possibility for the direct conversion of Trp to
IAM and therefore the 2-step IAM pathway of IAA
synthesis in plant as bacteria is not ruled out. Generating
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PP00100G00530
VV00G00290
TC02G010910
GM05G24400
Solyc10g047300.1.1
AT5G09420
RC29806G00470
PT01G20490
OS02G51810
BD3G58760
gi 326497425 dbj BAK05802.1
ZM05G40870
SB04G027530

MT1G082750
GM10G29640
Solyc10g086170.1.1
gi 215272285 dbj BAG84637.1
AT1G08980
BD5G27490
OS04G02780
ZM02G39120
SB02G039510
TC05G029530

FV6G06000
PT13G02310
RC30128G01520
VV14G00270
CP00048G00340
gi 224285989 gb ACN40706.1
SM00081G00340
Solyc03g118690.1.1
AT3G17970
RC29651G00110
VV17G07180
PT15G03630
FV5G16590
CP00003G03930
MT8G107280
GM08G05870
SB01G010650
OS03G50010
BD1G11110
gi 326531444 dbj BAJ97726.1
0.1

Figure 2. The tree was constructed using MUSCLE with default settings (v3.7) to align
sequences (Edgar, 2004). Maximum likelihood method implemented in the PhyML program (v3.0
aLRT) (Guindon and Gascuel, 2003) was used to reconstruct the tree. Reliability for internal
branch was assessed using the aLRT test (SH-Like). TreeDyn (v198.3) (Chevenet et al., 2006).
Bold line branches indicate that they have 95% statistical support or more. The phylogenetic tree
was edited and represented using TreeView (Page, 1996). The tree analysis was performed on
the Phylogeny.fr platform (http://www.phylogeny.fr/version2_cgi/index.cgi). The scale bar
represents 0.1 substitutions per amino acid. A 43 taxa with average sequence lengths of 524
amino acids (between 352 and 637) from the second branch of the constructed tree in figure 1.
This tree was constructed at high stringent selection.
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Figure 3. Triad of the amidase activity domain in all sequences of the clade represented by asterisk. Locus number of
each sequence is shown on the left side whereas the perspective amino acid position is shown on the right side.

a mutant with a decreased level of IAM will help to find
out the enzyme that catalyses the rate limiting step of this

pathway. Making a microarray screens for the expression
level of plant genes before and after silencing IAM
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DAY1

DAY7

DAY21

OsUBC
OsACT11
OsAMI
Figure 4. RT-PCR analysis of the rice AMI gene. The rice act1 and ubc were used as reference genes.
Reactions used 1.2 g of RNA extracted from developing rice grains at 1, 7 and 21 days after anthesis (DAF).
RT-PCR conditions are outlined in table 1. 30 cycles of amplification and 54°C annealing temperature were used
in this experiment. Other genes appear in this figure is related to other study.

hydrolase may give us some indications about the
change in the gene level for the enzyme catalyze the
missed step in the IAM pathway.
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