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Capsinoids are a group of nonpungent capsaicinoid analogues produced in Capsicum fruits. They
have similar bioactivities to capsaicinoids such as suppression of fat accumulation and antioxidant
activity. They are more palatable ingredients in dietary supplements than capsaicinoids because of
their low pungency. Previous studies on nonpungent Capsicum annuum cultivars showed that
capsinoid biosynthesis is caused by loss-of-function putative aminotransferase (p-amt) alleles. This
study showed that three mildly pungent cultivars of Capsicum chinense (Zavory Hot, Aji Dulce strain
2, and Belize Sweet) contain high levels of capsinoid. It was shown that these cultivars have novel
p-amt alleles, which contain mutations that differ from those of C. annuum. Sequence analysis of
p-amt in Belize Sweet revealed that a 5 bp insertion (TGGGC) results in a frameshift mutation.
A transposable element (Tcc) was found in the p-amt of Zavory Hot and Aji Dulce strain 2. Tcc has
features similar to those of the hAT transposon family. This was inserted in the fifth intron of Zavory
Hot and in third intron of Aji Dulce strain 2. The p-amt alleles harboring Tcc cannot produce an
active p-AMT. These mildly pungent cultivars will provide a new natural source of capsinoids.
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INTRODUCTION

Capsaicin and its analogues, collectively called capsaicinoids, are
the pungent components of Capsicum fruits (/). The fundamental
chemical structure of capsaicinoids comprises an acid amide of
vanillylamine combined with a fatty acid. Previous studies have
shown that capsaicinoids have a wide range of bioactivities, such as
the enhancement of thermogenesis and suppression of fat accumu-
lation (2, 3). However, their strong pungency prevents their use as
ingredients in foods and supplements.

Capsinoids are nonpungent capsaicinoid analogues, which
were first isolated from a nonpungent Capsicum annuum cultivar,
CH-19 Sweet (4,5). They are similar in structure to capsaicinoids,
but have an ester group instead of the amide moiety (Figure 1).
Compared to capsaicinoids, capsinoids have similar bioactivity
but considerably lower pungency (6, 7). Several studies confirm
that capsiate, a member of the capsinoids, promotes thermogen-
esis or endurance capacity through activation of the capsaicin
receptor, transient receptor potential vanilloid type 1 (8, 9).
Moreover, various effects of capsinoids, such as suppression of fat
accumulation, apoptosis induction, and anticancer and antioxidant
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properties, have been reported (/0—15). Capsinoids are more
palatable than capsaicinoids because of their low pungency. From
this perspective, capsinoids are attractive ingredients for dietary
supplements.

Our research on two C. annuum cultivars, CH-19 Sweet and
Himo, showed that capsinoid biosynthesis was caused by the loss-
of-function alleles of the putative aminotransferase (p-AMT)
gene (16, 17). p-AMT is thought to catalyze the formation of
vanillylamine from vanillin in the capsaicinoid biosynthetic path-
way (18, 19). In the p-amt“"? 5! allele, a T nucleotide insertion
forms a new stop codon (TGA), which prevents the translation of
the p-AMT gene. In the p-amt™™ allele, a single nucleotide
substitution results in one amino acid substitution in the pyridoxal
5-phosphate (PLP) binding domain. These mutations suppress the
formation of vanillylamine from vanillin, instead of which vanillyl
alcohol is produced, which in turn leads to the production of
capsinoids (Figure 1). Nonpungent cultivars containing capsinoids,
other than these two cultivars, have not been reported.

Capsicum chinense is a different species from CH-19 Sweet and
Himo (C. annuum). Most C. chinense cultivars are pungent. Of
the domesticated species of the genus Capsicum, C. chinense is
recognized as having the most pungent fruit, because the extremely
pungent Capsicum cultivars belong to C. chinense, including
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Habanero and Scotch Bonnet (20). However, there are some
mildly pungent cultivars in C. chinense, called Aji Dulce (which
means “sweet chili” in Spanish). The genetic mechanism under-
lying the mild pungency of C. chinense is unknown. Germplasm
screening revealed that these mildly pungent cultivars contain
high levels of capsinoids. The aim of this study is to identify the
genetic mechanism of capsinoid biosynthesis in mildly pungent
C. chinense cultivars.

MATERIALS AND METHODS

Plant Material. Four C. chinense cultivars were used in this study:
three mildly pungent cultivars (Zavory Hot, Aji Dulce strain 2, and Belize
Sweet) and one pungent cultivar (Red Habanero). Immature fruits of the
mildly pungent cultivars are shown in Figure 2. All plants were grown at
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the experimental farm of Kyoto University, from March to October 2009.
The capsinoid and capsaicinoid contents of pepper fruits were determined
using HPLC as described below.

Extraction of Capsinoids and Capsaicinoids. To determine the
capsinoid and capsaicinoid contents, three immature fruits at approxi-
mately 30 days after flowering or mature fruits at approximately 45 days
after flowering were used. These fruits become red at the mature fruit
stage. Their contents were determined as described in our previous
study (17). After the pericarps were cut with a knife, whole fruits were
dried completely in a freeze-dryer (FDU-540, EYELA) for 3 days. Dried
fruits were ground in a blender (MK-61M, National) at room tempera-
ture. A 4 mL volume of acetone (Wako) was added to 200 mg of dry fruit
powder. After vortexing, the sample tube was allowed to settle for 15 min
at room temperature. The supernatant was collected, and 1 mL of acetone
was added to the residue. Then the supernatant was collected again. After
this process had been repeated, 1 mL of ethyl acetate was added to the
residue, and the supernatant was collected. The combined supernatant
volume was completely evaporated in a rotary evaporator (VC-960,
Taitec) at 36 °C under vacuum. The residue was dissolved in 2 mL of
ethyl acetate, and the resulting solution was filtered into a 2 mL glass vial
using a Sep-Pak cartridge C18 (Waters) and then used for HPLC (Hitachi
L-7420 system) analysis.

HPLC Analysis Conditions. The separation was performed on a
u-Bondapak CI18 column (10 um, 3.9 mm x 150 mm, Waters) coupled
with a guard column (u-Bondapak Guard-Pak, Waters). The eluent, which
was detected at 280 nm with a UV detector, was a mixture of MeOH/H,O
(70:30 v/v) with a flow rate of 1.0 mL/min. The capsinoid content was
calculated as the sum of capsiate and dihydrocapsiate, and the capsaici-
noid content was calculated as that of capsaicin and dihydrocapsaicin.

Genomic Sequence Analysis of p-AMT. The genomic sequence
covering the full length of p-4 M T was determined for pungent and mildly
pungent cultivars. Genomic DNA was extracted from young leaves of
pepper plants using Nucleon PhytoPure (GE Healthcare, U.K.). The
p-AMT genomic sequence covering the full-length open reading frame
(ORF) was amplified using primer sets: F1 and 7th intron R, F443 and
R788, 10th intron F and R1313, F747 and R1055, 14th intron F and
R1481 (Figure 3). The sequences of primers are shown in Table 1. The
genomic region harboring the insertion in Zavory Hot was amplified using
F304 and 7th intron R, and that in Aji Dulce strain 2 was amplified using
3rd intron F and R282. The genomic PCR reaction mixture consisted
of 0.5 uL of LA Taq polymerase (TAKARA, Japan), 5 uL of buffer
(provided with the polymerase), 8 uL of dNTP mixture (2.5 mM), 5 uL of
MgCl, (25 mM), and 1.0 uL of forward and reverse primer (20 uM) and
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Figure 2. Mildly pungent C. chinense cultivars (immature fruit stage, approximately 30 days after flowering): (A) Zavory Hot; (B) Aji Dulce strain 2;

(C) Belize Sweet. Bar indicates 5 cm.
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Figure 3. Design and location of primers for genomic PCR of p-AMT gene: schematic representation of the genomic organization of the p-AMT gene in a
pungent cultivar, Red Habanero. Black boxes indicate exons, and lines indicate introns. Arrows indicate location and direction of primers. The sequence of each

primer is given in Table 1.

Table 1. Primers Used for Genomic Sequence Analysis of p-AMT

primer name primer sequence (5'—3')

F1 TCTTTCTCTTTCCTTAGCAAT
3rd intron F CCCCCTCTTATGGGTGAAAC
R282 GCAGCTTCAACAAGTCGAGTC
F304 GCCATTTTATCATTCATTTTGGA
F443 GGTGAAGATGGTGTGGTATT
7thintron R AAATGATCATGTTATGTTCAAAAA
F747 TCCTAGGAGCAGCAGGTGTAAT
R788 AATATGTTGCGGGAGGAAGT
10th intron F CCCGCTTTGGTCCTCTCTCTG
R1055 CAGGGTGTCCGGAATAAGTAAA
14th intron F AATATGCTTCGCCCCTAAAT
R1313 CCAACATCCCGTACTTAGCACA
R1481 ATAAACAAGCTTTCGCCGTGA

was adjusted to 50 uL with superdistilled water. Approximately 30 ng of
genomic DNA was used as a template. The genomic PCR procedure was
as follows: 1 cycle of 2 min at 94 °C; 35 cycles of 10 s at 98 °C, 30 s at 55 °C,
and 15 min at 68 °C, with a final extension of 15 min at 68 °C. For cloning
purposes, the p-AM T sequence amplified by genomic PCR was cloned to a
pCR-XL-TOPO vector using a TOPO XL PCR Cloning Kit (Invitrogen,
USA). Nucleotide sequencing was carried out in an ABI PRISM 3100
genetic analyzer with an ABI PRISM BigDye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems, USA).

cDNA Sequence Analysis of p-AMT. The full-length cDNA se-
quences of p-AMT were determined in pungent and mildly pungent
cultivars. Pepper fruits were harvested at 30 days after flowering, and
the placenta was separated for RNA extraction, because placental dissepiment
is the site of capsaicinoid and capsinoid biosynthesis (21—23). p-AMT is
expressed specifically in the placenta (16, 18). Total RNA was extracted from
the placenta using a QuickGene RNA Cultured Cell Kit S (Fuji Film, Japan)
with some modifications. All RNA used for RT-PCR was treated with DNase
I prior to cDNA synthesis to remove DNA contamination. The RT reaction
was performed using 0.5 uL of ReverTra Ace (TOYOBO, Japan) with a
reaction mixture composed of 2 uL. of RT buffer, 1 uL of dNTPs (10 mM),
0.5 uL of RNase inhibitor, 0.5 L of oligo (dT) primer (20 uM), and 4.5 uLL of
superdistilled water. Total RNA was adjusted to approximately 500 ng/uL,
and 1 4L was used as a template. This mixture was incubated at 42 °C for
30 min and at 99 °C for 5 min. The full-length cDNA sequence of p-AMT
was amplified using primer sets, F1 and R1481. The primer sequences
were designed on the basis of the studied nucleotide sequence for
p-AMT (GenBank accession no. AF085149); they were designed to
amplify a 1481 bp fragment of the p-AMT cDNA sequence. The RT-
PCR reaction mixture consisted of 0.4 uL of KOD FX polymerase
(TOYOBO, Japan), 20 uL of buffer (provided with the polymerase),
8 uL of ANTPs (2mM), and 8 uL of forward and reverse primer (20 M)
and was adjusted to 40 uL with superdistilled water. A 1 uL aliquot of
cDNA was used as a template. The PCR procedure to amplify p-AMT
was as follows: 1 cycle of 2 min at 96 °C; 35 cycles of 10 s at 98 °C, 30 s at
55°C, and 3 min at 68 °C; and a final extension of 10 min at 68 °C. RT-
PCR products were separated on a 1% agarose gel, stained with
ethidium bromide, and visualized using a UV transilluminator. The full-
length sequence of p-AM T amplified by RT-PCR was cloned to pUC118 by
using a Mighty Cloning Kit (TAKARA, Japan). Nucleotide sequencing was
carried out as described above. BLAST (http://blast.ncbi.nlm.nih.gov/) was
applied to analyze nucleotide and derived amino acid sequences as well as
multiple alignments.
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Figure 4. Capsinoid and capsaicinoid contents in C. chinense cultivars:
IM, immature fruit stage; M, mature fruit stage. Bar indicates standard error
(n=3). nd indicates not detected.

RESULTS AND DISCUSSION

Mildly Pungent C. chinense Cultivars Contain Capsinoid. The
pungent cultivar, Red Habanero, mainly contained capsaicinoids
and produced capsinoids in trace amounts. On the contrary, the
three mildly pungent cultivars contained high levels of capsinoid
and produced capsaicinoid in trace amounts (Figure 4). The
capsinoid contents in Zavory Hot, Aji Dulce strain 2, and Belize
Sweet were 1812, 1797, and 732 ug/g DW, respectively. Previous
studies have shown that the capsinoid content decreased more
drastically than capsaicinoid content as fruits matured (4, 24).
In mildly pungent cultivars, the capsinoid content also decreased
drastically during fruit maturation (Figure 4). Immature fruit
should be collected to obtain a high level of capsinoid from these
cultivars. Capsinoids, which are esters of a fatty acid and vanillyl
alcohol, decompose easily in polar solvents such as water and
methanol (25). This instability in water could be responsible for its
rapid decrease during fruit maturation.

Genomic Sequence Analysis of p-amt Alleles. Our previous
studies showed that capsinoid biosynthesis in C. annuum is
determined by loss-of-function p-amt alleles (16, 17). We inves-
tigated the p-AMT gene to identify the genetic mechanism of
capsinoid biosynthesis in mildly pungent C. chinense cultivars.
The p-AMT genomic sequence corresponding to the ORF was
amplified from the pungent cultivar, Red Habanero, and the
resulting 11 kb sequence was determined. The p-AMT of Red
Habanero consists of 17 exons separated by 16 introns, and its
sequence is very similar to that of the C. annuum cultivars
(Figure 5A). The p-AMT of Belize Sweet also consists of 17 exons,
but a 5 bp insertion (TGGGC) was found in the eighth exon
(Figure 5B). In Zavory Hot and Aji Dulce strain 2, insertions of
transposable elements were found in introns of p-AMT
(Figure 5C,D). When a genomic region between the fourth exon
and seventh intron was amplified, a 1.5 kb fragment was obtained
from the C. chinense cultivars except for Zavory Hot (Figure 6A).
In contrast, a 3.8 kb fragment from Zavory Hot was amplified,
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Figure 5. Schematic diagrams of the p-AMT allele and RT-PCR-derived cDNAs in C. chinense cultivars. (A) Schematic representation of the genomic
organization of the p-AMT gene in a pungent cultivar, Red Habanero. Colored boxes indicate exons and lines indicate introns. The cDNA encodes a full-length
open reading frame of p-AMT. The three mildly pungent cultivars have loss-of-function p-amt alleles, which contain a transposable element of C. chinense
(Tec) or a short nucleotide insertion. (B) Schematic representation of the p-amtZe/2e S*e¢t gliele and cDNA sequence. The p-amt5é2e $*¢¢! gliele contains a 5
bp insertion (TGGGC) in the eighth exon, which leads to a frameshift mutation. (C) Schematic representation of the p-amt?2°¥ ! aliele and cDNA sequence.
The p-amt?3°¥ H'llele contains Tecin the fifth intron region. Tecis a member of the hAT transposon superfamily and is 2.3 kb long. The cDNAs in Zavory Hot
have insertions of the Tcc sequence between the fifth and sixth exons. Splice variants were identified by sequencing cDNA fragments, none of which encode
the full-length p-AMT open reading frame. (D) Schematic representation of the p-amt™/ P® @i 2 3 jgle and cDNA sequences. The p-amt 4 P4ce st 2 g elg
contains Tccin the third intron region. The cDNAs in Aji Dulce strain 2 also have insertions of the Tce sequence between the third and fourth exons. In addition,

some cDNAs contain second intron sequences and an 8 bp insertion (GCCACACC) in the sixth exon.

cloned, and sequenced. A distinct long insertion sequence was
found in this fragment. The insertion sequence was 2299 bp long
and was located in the 3’ part of the fifth intron (Figure 5C). A
short ORF (104 amino acids in length) was found in this insertion
sequence and showed similarity in its amino acid sequence to the
hAT dimerization domain. This insertion sequence contained 23
bp terminal inverted repeats with an 8 bp target site duplication
(CCCTTACA). These structure characteristics indicated that this
insertion is a member of the 14T transposon superfamily. We
named this element a “transposon of C. chinense” (Tcc) (see the
Supporting Information). Tcc appears to be nonautonomous
because it is not long enough for its amino acid sequence to
encode the entire transposase. When a genomic region between

the third intron and the fourth exon was amplified, a 0.8 kb
fragment was obtained from the C. chinense cultivars except Aji
Dulce strain 2 (Figure 6B). In contrast, a 3.1 kb fragment from Aji
Dulce strain 2 was amplified, cloned, and sequenced. This
insertion is identical to Tcc with an 8 bp target site duplication
(CTATGACCQ). In addition, an 8 bp insertion (GCCACACC)
was found in the sixth exon of Aji Dulce strain 2 (Figure 5D).
Aberrant p-AMT mRNAs Are Expressed in Mildly Pungent
Cultivars. Analysis of the p-AMT expression by RT-PCR was
conducted with a primer set of FI1 and R1481. The 1.5 kb
fragments were amplified in Red Habanero and Belize Sweet,
but larger cDNA fragments were amplified in Zavory Hot and Aji
Dulce strain 2 (Figure 7). cDNA sequences of p-AMT were
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Figure 6. Genomic PCR analysis of p-AMT. (A) Amplification of the region
between the fourth exon and seventh intron. Primer F304 and seventh
intron R were used. (B) Amplification of the region between the third intron
and fourth exon. Primer third intron F and R282 were used. The size of the
amplified fragment is indicated to the right (kb). Lanes: M, DNA ladder
marker; R, Red Habanero; B, Belize Sweet; Z, Zavory Hot; A, Aji Dulce
strain 2.

determined in these cultivars. Figure 5 shows a schematic repre-
sentation of the genomic sequence of p-AMT and a graphic
summary of distinct RT-PCR c¢DNA clones derived from the
placenta. In Red Habanero, all cDNA sequences contained a
complete ORF of 1377 bp encoding a putative aminotransferase
of 459 amino acids (Figure 5A). p-AMT of Red Habanero is
completely identical to that of a pungent cultivar (GenBank
accession no. AF085149) in the amino acid sequence. This result
indicates that mRNAs encoding functional p-AMT are synthe-
sized in the placenta of Red Habanero.

In contrast, cDNA sequences encoding p-AMT were not
detected in mildly pungent cultivars. The p-4 M T cDNA of Belize
Sweet contains a 5 bp insertion at the eighth exon, which results in
a frameshift mutation (Figure 5B). This would lead to a truncated
protein of 217 amino acids lacking the PLP-binding domain,
which is an important domain for aminotransferase activity and is
present in the p-AMT of pungent cultivars. Therefore, the
insertion at the eighth exon could prevent the translation of the
active p-AMT in Belize Sweet. The p-AMT cDNAs of Zavory
Hot contained a 400—900 bp insertion between the fifth and sixth
exons (Figure SC). The sequence of the insertion is identical to a
part of Tcc. The insertion position corresponds to that of Tecc in
the genomic sequence. The p-AMT cDNAs of Aji Dulce strain 2
also contain a part of the Tecc sequence between the third and
fourth exons (Figure 5D). In addition, an 8 bp nucleotide
(GCCACACC) and a second intron sequence were inserted into
the cDNA of Aji Dulce strain 2. Tcc insertions in the p-AMT
c¢DNA sequence could lead to a frameshift mutation, resulting in
a truncated p-AMT. It has been shown that the insertion of a
transposable element changes the splicing pattern of a gene,
resulting in an mRNA containing a sequence of the element (26).
The Tcc insertion at the intron region could change the splicing
pattern of the p-AMT gene, and the mRNA containing the Tcc
sequence and some splice variants could be synthesized.

p-AMT cDNA sequence analysis suggests that functional
p-AMT mRNAs were not produced in mildly pungent cultivars.
Taken together with the genomic sequences, mildly pungent
cultivars have loss-of-function alleles of p-amt, designated
p_arntBEh'ZE Sweer7 p_an,nZa\fury H()I’ and p_am[Aji Dulce strain 2. A IOSS-
of-function p-amt allele could suppress the formation of vanill-
ylamine from vanillin, producing vanillyl alcohol instead, which
in turn results in capsinoid formation in mildly pungent cultivars,
such as in CH-19 Sweet and Himo (Figure 1).

Multiple Loss-of-Function Alleles of p-amt Contribute to the
Generation of Mild Pungency and Capsinoid Biosynthesis in
C. chinense. At least two genotypes of nonpungent cultivars in
C. annuum have been reported so far. The first are the punl/punl

Tanaka et al.
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Figure 7. RT-PCR for full length of p-AMTin C. chinense cultivars. Lanes:
Z, Zavory Hot; A, Aji Dulce strain 2; B, Belize Sweet; R, Red Habanero.
Zavory Hot, Aji Dulce strain 2, and Belize Sweet are mildly pungent cultivars
containing capsinoid. Red Habanero is a pungent cultivar. Primers for RT-
PCR were designed to amplify the full-length coding sequence of p-AMT
(1481 bp). The size of the amplified fragment is indicated to the right (kb).

cultivars, which contain neither capsaicinoid nor capsinoid. The
Punl gene was cloned and characterized as a putative acyltrans-

ferase gene, which can produce capsaicinoids from vanillylamine

and a fatty acid (27, 28). The single loss-of-function allele of pun1
was found to be responsible for nonpungency throughout many
C. annuum cultivars. punl has a 2.5 kb deletion spanning the
promoter and the first exon, which prevents the translation of
acyltransferase (27). The second are the p-amt/p-amt cultivars,
which do not contain capsaicinoid but produce capsinoid. It has
been found that there are two types of loss-of-function p-amt
alleles in C. annuum. In the p-athH -19 Sweet gllele, a T nucleotide
insertion at 1291 bp forms a new stop codon and prevents the
translation of normal p-AMT, whereas in the p-ams ™ allele,
one nucleotide substitution results in one amino acid substitution
in the PLP binding domain (16, 7). Each p-amt allele is specific to
CH-19 Sweet and Himo, respectively.

In C. chinense, another recessive allele of punl’ was found in
nonpungent accession NMCA30036, which contains a 4 bp
deletion, resulting in a frameshift mutation of Puni (23). Here
we revealed that the three mildly pungent cultivars have novel
loss-of-function alleles of p-amt. These p-amt alleles have a
transposon (7cc) or short inserted nucleotides (Figure 5). The
inserted positions are different among the three cultivars, suggest-
ing that these mutations occurred independently in the breeding
process of the C. chinense cultivars. Therefore, mildly pungent C.
chinense cultivars were generated not by single mutation but
multiple loss-of-function mutations in p-amt.

Two of three p-amt alleles are generated by Tcc insertion. Tecc
insertion was not found in p-amtB‘)”Z‘) Sweel bt this allele has a 5
bp insertion (TGGGC) in the eighth exon. It has been found that
the excision of the #7AT family transposon from a given site can
generate 5—8 bp nucleotides, called footprints (29). These extra
sequences can cause a frameshift mutation (30). The 5 bp
insertion (TGGGC) in the p-amt®'= "¢ allele could be a
footprint generated by insertion and the subsequent excision of
a transposon, such as Tcc. It was assumed that Tcc could widely
contribute to the generation of mild pungency in C. chinense. The
other mildly pungent C. chinense cultivars were reported (37).
Further analysis of mildly pungent C. chinense cultivars will
reveal the relationship between Tcc and p-amt, and it remains
unclear whether these three p-amt alleles are specific to C. chinense
or also exist in other Capsicum species. To understand the
domestication and breeding process concerning nonpungency,
further analysis of p-AMT should be conducted using not only
C. chinense but also other Capsicum species.

In this study, we found that three mildly pungent cultivars
of C. chinense contain high levels of capsinoid, a nonpungent
capsaicinoid analogue. Our previous study showed that capsinoid
biosynthesis is caused by a loss-of-function p-amt gene in nonpungent
C. annuum cultivars CH-19 Sweet and Himo. It was revealed that
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mildly pungent C. chinense cultivars have novel loss-of-function
p-amt alleles. The p-amt alleles of the three cultivars contain
different mutations. Sequence analysis of p-ami®=¢ 5"“! revealed
that a 5 bp insertion (TGGGC) results in a frameshift mutation.
p-amtZ™ 1o and p-gmg ' Price sirain 2 contain a transposable
element (7cc) in the intron regions. Tcc shares features with the
hAT transposon family. This was inserted in the fifth intron of
p-amt®@"? 10" and in the third intron of p-amy™ Pulee strain 2 The
p-amt alleles harboring Tcc could not produce functional p-AMT
mRNAs. We conclude that multiple loss-of-function mutations
of p-amt could contribute to the generation of mildly pungent
C. chinense cultivars with capsinoid biosynthesis. These mildly
pungent C. chinense cultivars will be a useful natural source of
capsinoid.

Supporting Information Available: Sequence of Tcc inserted
in p-amt alleles. This material is available free of charge via the
Internet at http://pubs.acs.org.
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