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Abstract
Flavin monooxygenases (FMOs) play critical roles in plant growth and development by
synthesizing auxin and other signaling molecules. However, the structure and function relationship
within plant FMOs is not understood. Here we defined the important residues and domains of the
Arabidopsis YUC1 FMO, a key enzyme in auxin biosynthesis. We previously showed that
simultaneous inactivation of YUC1 and its homologue YUC4 caused severe defects in vascular and
floral development. We mutagenized the yuc4 mutant and screened for mutants with phenotypes
similar to those of yuc1 yuc4 double mutants. Among the isolated mutants, five of them contained
mutations in the YUC1 gene. Interestingly, the mutations identified in the new yuc1 alleles were
concentrated in the two GXGXXG motifs that are highly conserved among the plant FMOs. One
such motif presumably binds to flavin adenine dinucleotide (FAD) cofactor and the other binds to
nicotinamide adenine dinucleotide phosphate (NADPH). We also identified the Ser139 to Phe
conversion in yuc1, a mutation that is located between the two nucleotide-binding sites. By
analyzing a series of yuc1 mutants, we identified key residues and motifs essential for the
functions of YUC1 FMO.

Introduction
Flavin-containing monooxygenases (FMOs, EC 1.14.13.8) are a group of enzymes that
catalyze the oxygenation of heteroatoms, particularly the soft nucleophilic atoms including
nitrogen and sulfur in small organic molecules (Ziegler 1990,2002). The common feature of
all FMOs is that they use NADPH as the electron donor and FAD as a cofactor to transfer
one atom of molecular oxygen to an organic substrate (Ziegler 1990,2002).

Flavin-containing monooxygenases have been identified in bacteria, yeast, plants, and
mammals, but much of our current understanding of the catalytic mechanisms of FMOs are
derived mainly from studies on mammalian FMOs, which were the first identified FMOs
(Poulsen and Ziegler 1979; Ziegler 1988, 2002; Chen and Ziegler 1994; Kim and Ziegler
2000). A key step in FMO catalysis is the formation of a 4α-hydroperoxy flavin when the
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cofactor FAD is reduced by NADPH and binds to molecular oxygen (Krueger and Williams
2005). Because the reactive 4α-hydroperoxy flavin is formed before the substrate binds to
the enzyme, FMOs are often promiscuous in terms of substrate specificity. As long as the
substrates are not sterically prevented from entering the active site, the substrates can often
by hydroxylated by FMOs, providing an ideal system for detoxifying diverse xenobiotics.
Much of the early biochemical studies on animal FMOs were centered on detoxification of
organic compounds. It is not clear what the endogenous substrates are for mammalian FMOs
and whether FMOs play a physiological role other than detoxification in animal systems.

Plants appear to have greatly broadened the use of FMOs (Schlaich 2007). In humans, only
five FMOs have been identified, whereas Arabidopsis have 29 putative FMO genes on the
basis of primary sequence analysis (Krueger and Williams 2005; Schlaich 2007). Unlike the
animal FMOs that have undergone extensive biochemical studies without knowing their
physiological functions, plant FMOs were first functionally characterized without detailed
biochemical analysis. In contrast to the animal FMOs whose main functions appear to
metabolize and detoxify xenobiotics, plants use FMOs to synthesize signaling molecules
that play essential roles in many aspects of plant growth and development (Miranda et al.
1991; Zhao et al. 2001; Cheng et al. 2006, 2007a). We previously identified an Arabidopsis
flavin-containing monooxygenase called YUCCA1 (YUC1) as a key enzyme that catalyzes
a rate-limiting step in a tryptophan-dependent auxin biosynthesis pathway (Zhao et al. 2001;
Cheng et al. 2006). YUC1 is a member of an Arabidopsis FMO clade that includes 11
members, a subset of which appears to have overlapping functions (Zhao et al. 2001; Cheng
et al. 2006, 2007a). The rest of the FMOs in Arabidopsis form two other distinct clades
(Schlaich 2007). Overexpression of each member of the YUC family genes in Arabidopsis
leads to auxin overproduction and inactivation of certain combinations of YUC genes causes
defects in embryogenesis, seedling growth, vascular and floral development (Zhao et al.
2001; Cheng et al. 2006). Loss-of-function yuc mutants can be rescued by tissue-specific
expression of the bacterial auxin biosynthesis gene iaaM (Cheng et al. 2006). The yuc
mutants also display synergistic interactions with known auxin mutants (Cheng et al. 2007a,
2007b, 2008), demonstrating the essential roles of YUC genes in auxin biosynthesis.

Arabidopsis FMO1 that belongs to an FMO clade distinct from the YUCs was discovered to
play a critical role in pathogen defense (Bartsch et al. 2006; Koch et al. 2006; Mishina and
Zeier 2006). Overexpression FMO1 increased resistance to bacterial and oomycete
pathogens while the fmo1 mutants showed enhanced susceptibility to pathogens (Koch et al.
2006). Furthermore, the expression of FMO1 is upregulated in response to pathogen
infection (Mishina and Zeier 2006).

Genetic and physiological studies have clearly demonstrated that plant FMOs are important
for normal plant growth and development. However, studies on structure and function
relationships of plant FMOs are still lacking. Part of the reason is that the endogenous
substrates for Arabidopsis FMOs have not been unambiguously identified. The YUC flavin
monooxygenases can catalyze the hydroxylation of tryptamine in vitro (Zhao et al. 2001;
Expósito-Rodríguez et al. 2007; Kim et al. 2007; Le et al. 2010), but it is still an open
question whether tryptamine is the in vivo substrate for the YUC proteins (Zhao 2010). For
Arabidopsis FMO1, not even a candidate substrate is proposed. Because plant FMOs
displayed specific physiological functions in particular processes, it is likely that plant
FMOs probably are not as promiscuous as their animal counterparts. Therefore, elucidation
of the structure/function relationship among plant FMOs will help us to understand the
biochemical mechanisms of FMOs in both plants and animal systems.

Here we took a genetic approach to study the structure and functional relationship among
the YUC flavin monooxygenases. We previously reported that yuc1 yuc4 double mutants
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had severe defects in vascular and floral development while the single yuc1 or yuc4 mutant
behaved like wild type plants (Cheng et al. 2006). The dramatic developmental phenotypes
of yuc1 yuc4 double mutants provide an effective trait to determine the effects of YUC
mutations on the in vivo activities of YUC family flavin monooxygenases. We isolated a
series of yuc1 mutants that when combined with a yuc4 T-DNA insertion mutant caused
phenotypes similar to the previously reported yuc1 yuc4 double mutants. Molecular
characterization of the yuc1 point mutations defined the residues and motifs essential for the
physiological functions of YUC flavin monooxygenases in Arabidopsis.

Results
Isolation of yuc4 enhancers

Our previous genetic work on yuc T-DNA insertion mutants established that YUC-mediated
local auxin biosynthesis is essential for many developmental processes (Cheng et al.
2006,2007a). To further dissect the mechanisms of auxin action in plant development, we
conducted a genetic screen for yuc4 enhancers that display phenotypes similar to those of
yuc1 yuc4 double mutants. The single yuc mutants did not display obvious developmental
defects (Cheng et al. 2006). But inactivation of YUC1 and its closest homolog YUC4 greatly
disrupted vascular development in cotyledons, leaves, and flowers (Cheng et al. 2006)
(Figure 1). Veins in cotyledons of yuc1 yuc4 lacked complete loops and were often
discontinuous, while wild type and the yuc single mutants showed more complex patterns
(Figure 1). We took advantage of the dramatic vascular defects in cotyledons of yuc1 yuc4
double mutants to isolate yuc4 enhancers. We hypothesized that such a genetic screen could
uncover mutations affecting auxin homeostasis, or auxin transport, or auxin signaling.
Among the yuc4 enhancers, we expect to identify mutations in the YUC1 gene. The new
yuc1 mutants could help us to identify the key amino acid residues and important motifs for
YUC1 functions in plants.

We mutagenized yuc4 seeds with ethyl methane sulfonate (EMS) (see “Materials and
Methods”) and grew the M1 plants to generate a mutant population. Seeds were harvested
separately from each individual M1 plant. About 60 seeds from each M1 plant were grown
on 0.5 × Murashige and Skoog medium (MS) media for 7 d. We cleared 20 to 30 seedlings
from each M1 plant to check for vascular defects. The rest of the sister plants were used to
recover the mutant. The vascular patterns in cotyledons were analyzed under a dissecting
microscope under dark field background. When a putative mutant with the desired vascular
defects in cotyledons was identified, we transplanted the remaining sister seedlings from the
same M1 plant to soil. After screening seeds from 2 500 M1 plants, we isolated 19 putative
mutants that displayed vascular phenotypes similar to those in yuc1 yuc4 double mutants.
The mutants were further divided into three main groups on the basis of their adult
phenotypes. The first group of mutants had dramatic floral defects similar to those observed
in yuc1 yuc4 double mutants. This group of mutants is likely caused by mutations in YUC1
or other auxin genes. The second group of mutants formed pin-like inflorescences. The third
group did not show obvious floral defects. In this paper, we focus on the first group of
mutants.

Vascular defects in cotyledons of the yuc4 enhancers
The vascular patterns of cotyledons in wild type plants consistently formed lobes (Figure
1A). The vein patterns in cotyledons of previously characterized yuc1 yuc4 double mutants
displayed slight variations; some only had a mid-vein and some formed a fork-like pattern
(Figure 1B, C). Our criteria for selecting yuc4 enhancers were: (i) fewer veins; and (ii)
discontinuous veins. The isolated yuc4 enhancers all displayed strong vascular defects in
cotyledons (Figure 1D–H). Some of the yuc4 enhancers had vascular islands that were not
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connected to other veins (Figure 1D, F–H). The vascular defects of the yuc4 enhancers were
only observed in the yuc4 background. The isolated enhancers had no obvious defects when
the yuc4 mutation was crossed out (not shown). It is well known that disruption of auxin
biosynthesis, transport, or signaling leads to defects in vascular development. For example,
both monopteros (Hardtke and Berleth 1998) and axr6 (Hobbie et al. 2000) displayed
dramatic vascular defects in cotyledons. Therefore, the yuc4 enhancers will be informative
for understanding auxin-regulated developmental processes.

A group of yuc4 enhancers displayed strong floral defects
Among the isolated yuc4 enhancers, five of them were completely sterile and showed flower
defects similar to those of yuc1 yuc4 double mutants (Figure 2). We previously reported that
yuc1 yuc4 had a wide range of floral defects (Cheng et al. 2006)(Figure 2). Inactivation of
YUC1 and YUC4 simultaneously affected the development of all four whorls of floral organs
(Cheng et al. 2006)(Figure 2). In general, yuc1 yuc4 double mutants produced much fewer
floral organs and none of the reproductive organs were functional (Figure 2). Another
characteristic of yuc1 yuc4 flowers was that each flower was different in terms of the
number and types of floral organs (Cheng et al. 2006). The floral defects of the yuc4
enhancers shown here (Figure 2) were very similar to those of yuc1 yuc4. The flowers in the
yuc4 enhancers had fewer floral organs in each of the four whorls. It was clear that there
were great variations in the flowers of yuc4 enhancers; however, none of them produced any
seeds (Figure 2).

Molecular lesions in the yuc4 enhancers
Because of the phenotypic similarities between the yuc4 enhancers and the yuc1 yuc4 double
mutants at both seedling and adult stages, we hypothesized that the observed phenotypes of
yuc4 enhancers were likely caused by mutations in the YUC1 gene or other auxin genes. We
sequenced the YUC1 gene of the yuc4 enhancers to determine whether there was a mutation
in YUC1. Indeed, we identified single base-pair substitutions in some of the yuc4 enhancers
(Table 1). We named the new yuc1 alleles as yuc1–4, yuc1–5, yuc1–6, yuc1–7, and yuc1–8
(Table 1)(Figure 3). The mutations were either a G to A change or a C to T change (Table
1), which were consistent with the fact that the mutants were generated by EMS
mutagenesis. The new yuc1 mutations all caused missense mutations except yuc1–8 in
which a premature stop codon was generated by the mutation (Figure 3).

The new yuc1 alleles revealed two essential motifs
There are several highly conserved motifs among the YUC flavin monooxygenases and
other FMOs (Figure 3). Among the motifs in YUC proteins, the GXGPXGLA motif at the
N-terminus and the GXGXXGME in the middle were postulated as nucleotide binding
motifs (Figure 3). The first motif was suggested to bind FAD and the second motif was
referred as NADPH binding motif. Interestingly, two of the new yuc1 alleles harbored a
mutation in the putative FAD binding motif and the yuc1–6 contained a mutation in the
second GXGXXG motif (Figure 3), demonstrating the importance of the conserved motifs
for YUC1 functions. The yuc1–7 allele contains a mutation between the FAD domain and
the NADPH binding domain (Figure 3). The yuc1–8 allele has a premature stop codon right
after the FAD site (Figure 3). The yuc1–8 allele is likely a null allele because it lacked the
putative NADPH binding domain.

Discussion
YUC flavin-containing monooxygenases were the first plant FMO that was assigned a
biological function (Zhao et al. 2001). Here we identified several amino acid residues
essential for proper functions of YUC1 flavin monooxygenases in Arabidopsis. Our data
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clearly indicated that the presumed FAD and NADPH binding motifs were required for
YUC1 functions in Arabidopsis. This work also established an in vivo system to determine
the functions of YUC flavin monooxygenase variants.

At the primary sequence level, all of the FMOs contain several highly conserved motifs and
amino acid residues (Krueger and Williams 2005; Schlaich 2007)(Figure 3). A GXGXXG
motif (Figure 3A) is well known to be part of the classic Rossmann fold for binding the
adenosine diphosphate (ADP) moiety of dinucleotide cofactors such as FAD and NADPH
(Figure 3). There are two highly conserved GXGXXG motifs in all of the FMOs (Krueger
and Williams 2005; Schlaich 2007). The GXGXXG motif near the N-terminus is believed to
bind the cofactor FAD and the other GXGXXG motif in the middle is the putative NADPH
binding motif (Figure 3A). The less prominent GG motif near the FAD binding site is
believed to further stabilize FAD binding (Figure 3A). One of the ATG containing motifs
(Figure 3) probably provides linkage between the FAD site and NADPH site, while the other
ATG motif at the C-terminal region may link the NADPH site to the active site (Figure 3A).
The second ATG motif often has a conserved F in front of the A and a conserved Y after the
G (Figure 3A). For N-hydroxylating enzymes including YUC and siderophore biosynthesis
enzymes, the second ATG motif can be written as LATGY (Figure 3A and B). The
FXGXXXHXXXY motif (Figure 3) that has been found in all plant FMOs including YUCs
is called FMO-identifying sequence motif, which is suggested to contribute to NADPH
binding (Krueger and Williams 2005).

Previous in vitro biochemical studies on recombinant rat liver FMO1 demonstrated the
essential roles of the glycine residues in the FAD binding GXGXXG motif (Kubo et al.
1997). When the second or the third glycine was mutated to alanine, the resulting FMO1
mutant proteins had much lower FAD content and were catalytically inactive (Kubo et al.
1997). Interestingly, replacement of the first glycine with an alanine did not completely kill
FMO1 activity, but greatly increased Km and markedly decreased Kcat values, suggesting
that the first glycine was not as sensitive to mutations as the other glycine residues in the
motif (Kubo et al. 1997). The yuc1 mutations presented in this paper appeared to completely
abolish the YUC1 function. Mutations in the first glycine or the third glycine led to
phenotypes similar to those observed in yuc1–8, a presumed null allele, indicating that the
first glycine in the FAD binding motif is important for YUC1 functions. A mutation that
replaced the third glycine with an arginine in the FAD binding GXGXXG motif in the maize
YUC gene SPI1 also completely destroyed its function (Gallavotti et al. 2008). The
discrepancy between our in vivo data and previous in vitro biochemical analysis could be
due to: (i) different types of mutations being introduced. The glycine to glutamate
conversion in YUC1 (Figure 3) probably leads to more structural changes than the glycine to
alanine change in rat FMO1; (ii) YUC enzymes are probably quite different from animal
FMOs. The NADPH binding site in FMOs has not been extensively studied by site-directed
mutagenesis, but mutations in the NADPH/NADH binding motif in other enzymes have
been well characterized. For example, mutating any of the glycine residues in the GXGXXG
motif in S-adenosylhomocysteinase led to a complete loss of its catalytic activity (Gomi et
al. 1989). Our yuc1–6 allele that contains a mutation in the third glycine residue in the
putative NADPH binding GXGXXG motif also abolished YUC1 activity in Arabidopsis
(Figure 3), suggesting that the NADPH binding GXGXXG motif is also essential for YUC
flavin monooxygenases.

Human FMO3 is the major FMO responsible for xenobiotic metabolism in adult human
liver. Mutations in FMO3 can lead the failure of trimethylamine N-oxygenation, causing the
“fish-odor syndrome” (Zhou and Shephard 2006). Molecular genetic studies on patients with
“fish-odor syndrome” have uncovered more than 19 causative mutations in human FMO3
(Krueger and Williams 2005; Zhou and Shephard 2006). Interestingly, none of the identified
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missense mutations in FMO3 lies in the GXGXXG motifs for FAD and NADPH binding.
Some of the mutations are located in the highly conserved motifs other than the GXGXXG
motifs. For example, Zhang et al. discovered that a mutation of E32 to K32 conversion in
the EXXXXGG motif (Figure 3) abolishes FMO3 activity in vitro and is responsible for
“fish-odor syndrome” in some individuals (Zhang et al. 2003; Cashman et al. 2008). Other
mutations such as I199T and R205C, which are located within the Rossman fold for
NADPH binding, probably affect NADPH binding (Krueger and Williams 2005). In
contrast, all of the yuc1 missense alleles except yuc1–7 we identified were located in either
the putative FAD binding site or the putative NADPH binding site (Figure 3). The reason
that we did not hit other conserved residues and motifs in YUC1 may be due to how the
genetic screen for yuc4 enhancers was conducted. We focused on the mutants that caused
strong vascular defects in cotyledons in yuc4 background. Mutations in motifs other than the
dinucleotide binding sites may not completely abolish yuc1 activity, thus causing weaker
phenotypes that we might have missed. On the other hand, the number of mutants we have
analyzed is still quite small.

The only yuc1 missense mutation located outside of the FAD and NADPH binding sites is
the Ser139 to Phe139 conversion in yuc1–7. The mutation was located between the FAD site
and the NADPH motif (Figure 3). Ser139 is not a highly conserved residue, but this position
always has a small amino acid residue (Ser, Cys, or Ala) among the YUC family proteins.
Ser139 to Phe139 mutation may disrupt the structure of YUC1 protein or the communication
between the NADPH site and FAD site. Without further analysis of this mutation at the
protein level, it is difficult to pin down the reason why yuc1–7 yuc4 had phenotypes as
strong as the yuc1 yuc4 null.

We noticed that residues near the putative GXGXXG FAD binding site and the putative
GXGXXG NADPH binding site are highly conserved in YUC flavin monooxygenases
(Figure 3B). The amino acid residue after the second G in FAD binding site is always a
proline and the two amino acid residues following the third G are L and A in YUCs (Figure
3B). The two amino acid residues after the third G in the NADPH binding site are always M
and E in Arabidopsis YUCs (Figure 3B). It is not clear why these positions are highly
conserved, but they may contribute to substrate specificity of this class of enzymes.
Although flavin monooxygenases are inherently promiscuous in terms of substrate
specificity due to the use of the active 4α-hydroperoxy flavin intermediate, some of the
FMOs showed remarkable substrate specificity. For example, ornithine monooxygenase
only reacts with ornithine and has no activity against closely related lysine, which has one
more methylene group than ornithine (Mayfield et al. 2010). A recent study on A. fumigatus
ornithine monooxygenase that catalyzes the conversion of ornithine to N5-hydroxyl-
ornithine shed some light on how FMO substrate specificity may be achieved (Mayfield et
al. 2010). Formation of the reactive 4α-hydroperoxy flavin is accelerated in the presence of
the substrate ornithine (Mayfield et al. 2010). YUC flavin monooxygenases are similar to
the ornithine monooxygenases at the primary sequence structure as well as the overall
organization of the domain structures. Because YUC is involved in auxin biosynthesis, it is
almost certain that YUC FMOs need to employ ways to ensure specific hydroxylation
reactions. Detailed in vitro biochemical analysis of YUC proteins will be important for
understanding the mechanisms by which YUC activities are regulated. The genetic assay
used in this work also provides a powerful way to analyze variants of YUC flavin
monooxygenases.
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Materials and Methods
Plant materials

The yuc1 and yuc4 T-DNA insertion mutants were described previously (Cheng et al. 2006).
Arabidopsis plants were grown under long-day conditions (16 h light and 8 h darkness) at 23
°C.

Mutagenesis and yuc4 enhancer screen
The yuc4 T-DNA mutant seeds were incubated in 0.3% ethyl methanesulfonate (EMS) for
11 h. The seeds were washed extensively with sterile water to remove EMS. The
mutagenized seeds were then sown into soil. Plants grown from the mutagenized seeds were
called M1 plants. Seeds from each M1 plant were collected as an independent pool. We
generated more than 2 500 pools of M2 seeds.

Genetic screen for yuc4 enhancers were conducted using the M2 seeds. Approximately 60
seeds from each pool were surface sterilized and then put on 0.5 × MS plates. The plates
were put at 4 °C for 2 d and then incubated at 23 °C for 7 d under long day conditions.
About 20 to 30 seedlings from each pool were treated with a solution of acetic acid and
ethanol (1:3) for 2 h. The treated seedlings were washed with water twice, and then
transferred to chloral hydrate solution overnight (chloral hydrate : water : glycerol = 8:1:1)
to further clear the plant tissue. Vascular patterns of cotyledons were examined and
photographed under dark-field optics with a Leica dissecting microscope. The putative yuc4
enhancer lines had either fewer veins or discontinuous veins or both.

Mutant recovery and analysis
Because the cleared seedlings used in our vascular pattern screen were no longer viable after
ethanol/acetic acid and chloral hydrate treatments, we used the sister plants that were from
the same M1 plant to recover the putative yuc4 enhancers. We transplanted the sister plants
to soil and let the M2 plants set seeds. We also crossed some of the M2 plants to
Arabidopsis Columbia ecotype and Landsberg ecotype to generate backcross population and
mapping populations, respectively. For plants that displayed floral phenotypes similar to
those of yuc1 yuc4 double mutants, we directly sequenced the YUC1 gene to determine
whether the phenotypes were caused by mutations in YUC1. If a mutation in YUC1 was
identified, we designed cleaved amplified polymorphic sequences (CAPS) or derived
cleaved amplified polymorphic sequences (dCAPS) markers to determine whether the
phenotypes were linked to the particular yuc1 mutation (Hou et al. 2010). We also cross the
new yuc1 alleles to our T-DNA reference allele to conduct complementation tests. For the
yuc1 alleles that we had a mapping population, we also performed mapping analysis using
molecular markers (Hou et al. 2010).
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Figure 1. Cotyledon vascular patterns of yuc4 enhancers
(A) Wild type seedlings displayed four-loop vein pattern.
(B and C) Seedlings of yuc1 yuc4 double mutants (T-DNA insertion lines). Note that the
yuc1 yuc4 double mutants made fewer veins. Some of the veins were not continuous.
Vascular patterns were variable in the yuc1 yuc4 double mutants, but they never formed
lobes observed in wt cotyledons.
(D to H) Seedlings of yuc4 enhancers. The enhancers were new yuc1 alleles (see text for
details). Seedlings of yuc1–4 yuc4 (D), yuc1–5 yuc4 (E), yuc1–6 yuc4 (F), yuc1–7 yuc4 (G),
and yuc1–8 yuc4 (H) are shown. Seedlings were grown for 7 days under long day
conditions. Seedlings were cleared using acetic acid/ethanol treatments followed by chloral
hydrate treatments.
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Figure 2. Floral defects of yuc4 enhancers
(A) Adult plants of yuc4 enhancers, from left to right, wild type, yuc1 yuc4 (T-DNA
insertion line), yuc1–4 yuc4, yuc1–5 yuc4, yuc1–6 yuc4, yuc1–7 yuc4, and yuc1–8 yuc4.
(B) Inflorescence apex of the yuc4 enhancers. Note that all of the new yuc1 alleles produced
abnormal flowers in the yuc4 background.
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Figure 3. Conserved motifs in flavin monooxygenases (FMOs) and in YUC proteins
(A) The conserved motifs in all of FMOs. The putative FAD and NADPH binding sites are
indicated.
(B) Conserved motifs among Arabidopsis YUC proteins. In addition to the well conserved
glycine residues in the FAD binding and NADPH binding sites, residues near the GXGXXG
motifs appear to be conserved among YUC proteins.
(C) Mutations that disrupt YUC1 function in Arabidopsis were indicated. Note that
mutations in the conserved glycine residues disrupted YUC1 functions.
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Table 1

Molecular lesions of the yuc1 alleles

yuc1
alleles

Nucleotide
change

Amino acid
changes Reference

yuc1–1 T-DNA insertion – Cheng et al. 2006

yuc1–2 T-DNA insertion – Not published

yuc1–3 T-DNA insertion – Not published

yuc1–4 G74 to A Gly25 to Glu This work

yuc1–5 G89 to A Gly30 to Asp This work

yuc1–6 G581 to A Gly194 to Asp This work

yuc1–7 C416 to T Ser139 to Phe This work

yuc1–8 C190 to T Arg64 to stop This work

Nucleotides are numbered according to the cDNA sequence of YUC1. The nucleotide A in the start codon ATG is the first nucleotide.
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