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amc/+ Complementation by Introduction

of a Wild-Type Copy of At3g07560
To determine whether the disruption of At3g07560 was
indeed responsible for the observed phenotypes in
amc/+, we transformed amc/+ plants with a 4.4 Kb
long genomic construct containing only the wild-type
At3g07560 gene and its flanking sequences (see Sup-
plemental Experimental Procedures). In 13 out of 16 T1
lines containing the T-DNA insertion in APM2/AMC,
a wild-type-like full seed set was restored. To further
confirm the complementation, from one of those 13
lines, we selected a homozygous T2 plant for the geno-
mic construct and heterozygous for the T-DNA insertion
in At3g07560. Within the progeny of this plant, PCR-
based genotyping of 48 T3 individuals resulted in the
identification of 12 wild-type, 22 heterozygous, and 14
homozygous individuals for the T-DNA insertion in
At3g07560 at an expected 1:2:1 ratio for complementa-
tion (c2 = 0.5, 0.9 > p > 0.7). In addition, the percentage of
Kanamycin-resistant seedlings was restored to 77.5%
(252 KanR seedlings out of 325), which is not significantly
different from the 75% expected for the segregation of
a single dominant marker (c2 = 1.12, 0.6 > p > 0.5). Fur-
thermore, within the progeny of a T3 plant homozygous
for both the T-DNA in At3g07560 and the genomic con-
struct, all the seedlings were Kanamycin resistant (n >
300), as expected. Together, these results show that in-
troduction of a wild-type copy of APM2/AMC rescued
the seed-set phenotype, as well as the absence of
homozygotes and the distorted segregation observed
for amc/+ plants. Therefore, the T-DNA insertion in
At3g07560 is indeed triggering the amc/+ phenotypes,
and amc/+ is a loss-of-function mutation.
APM2/AMC Exhibits Low Level of Similarity
with PEX13 but Does Not Have a SH3 Domain

Database analyses indicated that AMC is a single gene in
Arabidopsis thaliana but has orthologs in Musa acumi-
nata, Medicago truncatula, and Oryza sativa (Fig-
ure S1A). APM2/AMC sequence analysis with protein-
analysis software (blastp2 at the ExPASy proteomic
server) [S1] predicted a low level of similarity to the
SH3-domain-containing peroxin PEX13 from various or-
ganisms (15.9% identity with PEX13 from Saccharomy-
ces cerevisiae; Figure S1B). All PEX13 proteins identified
thus far possess an SH3 domain that mediates protein-
protein interaction and retains high sequence similarity
among residues involved in ligand binding and a per-
fectly conserved secondary structure with five stranded
b barrels [S2, S3]. The homology between APM2/AMC
and PEX13 is almost nonexistent within the SH3 domain
(Figures S1B and S1C). Furthermore, two different
programs for protein-domain recognition, ScanProsite
(http://www.expasy.org/tools/scanprosite/) [S4] and
Pfam (http://pfam.janelia.org/) [S5] did not recognize
any SH3 domain within the APM2/AMC sequence,
whereas they did for PEX13 proteins from many organ-
isms, as well as for the Arabidopsis SH3-domain-
containing protein 1 (AtSH3P1; NP_174429). Finally, the
SSpro protein secondary structure prediction program
(http://www.ics.uci.edu/wbaldig/scratch/index.html) [S6]
could not detect a single stranded b barrel within the
putative SH3-domain sequence for APM2/AMC (Fig-
ure S1D) [S7]. Therefore, we propose that APM2/AMC
has no SH3 domain and might not be a direct ortholog
of PEX13.

The amc Mutation Disrupts Processes

before Embryo Formation
To investigate whether the amc mutation triggers
embryonic lethality, we analyzed developing seeds in
heterozygous amc/+ siliques by using Nomarski optics
54 hr after manual pollination. amc/+ siliques contained
approximately 78% of normal young seeds with globular
embryos (n = 316 out of 406; Figure S2A, left panel) as
wild-type siliques (data not shown). The remaining
ovules (n = 92 out of 406) showed no sign of either em-
bryo or free-nuclear endosperm formation (Figure S2A,
right panel). They were easily distinguishable from nor-
mal young seeds because they were smaller and started
senescing. In addition, the micropylar ends of these
ovules often contained tangled structures (Figure S2A,
right panel, white arrows) that were not observed in
unfertilized wild-type mature ovules (data not shown).
Because no obvious signs of fertilization were observed
in the senescing ovules, it is very likely that the amc
mutation triggers defects in fertilization or in events
that precede fertilization rather than embryonic lethality.

To determine whether these unfertilized ovules were
targeted by pollen tubes, 72 hr after manual pollination,
siliques of heterozygous amc/+ plants were treated with
Aniline blue, which stains the callose of pollen-tube cell
walls. This analysis revealed that PTs reached the mi-
cropyles of all of the small senescing ovules (n > 300;
Figure S2B, top) as frequently as they did for normal
developing young seeds (Figure S2B, bottom). To-
gether, these data suggest that the incomplete seed
set observed for the amc/+ siliques is the result of ovules
normally targeted by PTs that remain unfertilized.

Delayed Synergid Cell Degeneration
in the amc/+ Mutant

So that the synergid cell’s status in the amc/+ mutant
could be investigated, homozygous transgenic wild-
type and amc/+ lines expressing the YFP-containing
cameleon D3 reporter driven by the synergid-specific
MYB98 promoter were generated [S8]. Before fertiliza-
tion, about 90% (n > 300) of the mature female gameto-
phytes of both wild-type and amc/+ pistils showed
a strong YFP fluorescence restricted to the synergid

http://www.expasy.org/tools/scanprosite/
http://pfam.janelia.org/
http://www.ics.uci.edu/~baldig/scratch/index.html


S2



Figure S2. The amc Mutation Disrupts Processes before Embryo Formation

(A) Structure of cleared amc/+ ovules 54 hr after manual self-pollination as observed with Nomarski optics. Siliques of amc/+ plants contained

both normal young seeds with globular embryos (left panel, white arrowhead) and degenerating ovules with tangled structures in the micropylar

end of the embryo sac (right panel, white arrows). There was no sign of fertilization in the degenerating ovules. The scale bar represents 30 mm.

(B) Visualization of ovule targeting by pollen tubes 72 hr after manual self-pollination in amc/+ siliques with Aniline blue staining. Micropyles of

both normal young seeds (bottom) and degenerating ovules (top) are targeted by pollen tubes (white arrows). Bright field is used in the left panel,

and Aniline blue filter is used in the right panel. The scale bar represents 50 mm.
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cells (Figure S3A). No difference could be observed for
the pMYB98-D3 expression pattern and for the overall
structure between wild-type and amc/+ mature FGs
(data not shown). Therefore, synergid cells of amc/+ ap-
peared to be normally specified and differentiated.

For the visualization of both synergid cells and pollen
tubes during fertilization, pACA9-DsRED-expressing
pollen of wild-type and amc/+ homozygous lines were
deposited on pistils of wild-type and amc/+ plants ex-
pressing the pMYB98-D3 fusion. In the siliques from
wild-type crosses, pollen-tube discharge (magenta
color) was typically associated with a pMYB98-D3 signal
(green channel) that started to diffuse in the embryo sac,
as previously reported for synergid cell degeneration
(Figure S3B) [S8]. In contrast, during an amc mutant in-
teraction, the pMYB98-D3 signal was still restricted to
the synergids, whereas the pollen tube branched and
appeared to grow around and past the synergids
(Figure S3C). This suggests that during an amc mutant
Figure S1. APM2/AMC Exhibits Low Level of Similarity with PEX13 but Do
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interaction, the mutant pollen tube does not penetrate
the mutant synergid cells, although they are in close
contact and synergid degeneration is delayed.

Genetic Interaction between FER

and APM2/AMC Pathways
Pollen from amc/+ (Col-0) plants were deposited on
fer/+ (Ler) pistils, and the resulting F1 Kanamycin-resis-
tant plants were genotyped for both the T-DNA insertion
in APM2/AMC and the Ds element in At3g51470 linked to
the feronia mutation [S9]. In this F1 population, amc/+
plants (Ler 3 Col-0) exhibited siliques filled to 77.3%
with nonaborted ovules (Table S3), similar to the original
amc/+ plants in the Col-0 background (c2 = 0.19, 0.7 >
p > 0.6). Surprisingly, as shown in Table S3, the fer/+
(Ler 3 Col-0) plants from the F1 population carried si-
liques filled to 71.6%, which was significantly higher
than the original fer/+ plants in the Ler background
(65.1%; c2 = 17.32, p < 0.001). Double-mutant fer/+
es Not Have a SH3 Domain

eins. The alignment was performed with Jellyfish (LabVelocity). Res-

erved across three or four sequences are shaded gray. The consen-

Arabidopsis thaliana (NP_187412) (At), Musa acuminata (ABC60343)
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myces cerevisiae. The alignment was performed with Jellyfish (Lab-

onsensus sequence is shown underneath. The following abbrevia-

es cerevisiae (NP_013292) (Sc). The SH3 domain of S. cerevisiae

in residues in APM2/AMC (see also Figure S1C).
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Figure S3. Normal and Delayed Synergid Cell

Degeneration during, Respectively, Wild-

Type and Mutant Interactions with a Pollen-

Tube-Overgrowth Phenotype

Visualization of both synergid cells and pollen

tubes before (A) and during fertilization in

wild-type (B) and amc mutant (C) pollen-ov-

ule interactions. Fluorescence from synergid

cells (pMYB98-D3) and pollen tubes (pACA9-

DsRED) is observed in green and magenta,

respectively. Bright field, pMYB98-D3

(green), and pACA9-DsRED (magenta) are

shown in the left, middle-left, and middle-

right panels, respectively. The right panels

show overlay of green (pMYB98-D3) and ma-

genta (pACA9-DsRED) channels.

(A) Unfertilized mature female gametophytes

of amc/+ showed normal expression of the

synergid cell-specific pMYB98-D3 reporter

fusion.

(B) A wild-type pollen-tube discharge (ma-

genta) is associated with a diffused

pMYB98-D3 expression (green), indicating

normal degeneration of the receptive syner-

gid.

(C) During a mutant amc interaction, the pol-

len tube (magenta) continuously grows

around and past the synergid cells that retain

a restricted pMYB98-D3 expression (green),

indicating the absence of synergid degenera-

tion. The scale bar represents 18 mm.
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amc/+ (Ler 3 Col-0) plants had siliques filled to 67.5%,
which was slightly but significantly lower than the seed
set of fer/+ plants from the same F1 population
(71.6%; c2 = 7.27, p < 0.01). Although these results
should be taken with precaution because of the possible
different effects of the ecotype backgrounds on the two
mutations, a partial but significant additive effect of the
feronia and amc mutations was observed in the fer/+
amc/+ double-mutant plants. Therefore, it appears that
the two pathways are a least partially independent.

Publicly Available Microarray Data and APM2/AMC
Promoter Activity in Various Organs

To obtain further insights into the biological function of
APM2/AMC in plants, we first analyzed the publicly
available ATH1 microarray data from various organs ob-
tained with GENEVESTIGATOR [S10] and from pollen
transciptome studies [S11, S12]. APM2/AMC was mod-
erately expressed in all organs, with a clear preferential
expression in pollen (Figure S4A). In addition, APM2/
AMC expression levels increased continuously during
the course of pollen-grain development (Figure S4A, in-
set) [S11] to culminate at the mature pollen-grain stage
(MPG), correlating with a role for APM2/AMC in postpol-
lination functions.
Thirty independent T1 lines expressing the pAMC-
GUS fusion were generated. Among them, 28 lines ex-
hibited a similar expression pattern and two homozy-
gous single-insertion lines were selected for further
analyses. GUS staining was detected throughout young
germinating seedlings with the exception of the radicle
tips (Figure S4B). One-week-old seedlings exhibited an
overall uniform GUS staining (Figure S4C), as did mature
leaves (data not shown). GUS levels were strong in
young opened flowers, including anthers, filaments,
petals, and sepals (Figure S4D). In addition, nondehis-
cent anther sectioning allowed visualization of GUS ex-
pression in pollen grains, as well as in the tapetal cell
layer surrounding the pollen grains (Figure S4E, white
arrows).

APM2/AMC Promoter Activity Is Induced

by Pollination
So that the onset of APM2/AMC expression in embryo
sacs during pollination could be investigated, whole pis-
tils from pAMC-GUS-expressing plants were collected
and stained 0, 2, 4, 8, and 24 hr after manual self-pollina-
tion (Figure S4F). Before pollination (0 hpp), 16.6% (n =
122) of mature female gametophytes exhibited GUS
staining. Two and four hours after pollination, as the
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pollen tubes started growing in the transmitting tract,
the proportion of GUS positive FGs increased to
58.6% (n = 111) and 83.3% (n = 120), respectively. As
is clearly depicted in Figure S4F, even unfertilized em-
bryo sacs far away from the front of growing pollen
tubes were intensively stained (see also Figure 3C).
This indicates that a long-range signal triggered by pol-
lination at the stigma might be able to induce APM2/
AMC expression in the unfertilized female gameto-
phytes. Interestingly, at 8 and 24 hpp, as fertilization
ends and embryo development is initiated, the propor-
tion of GUS-positive embryo sacs dramatically dropped
to 18.9% (n = 112) and 11.3% (n = 88), respectively.
Therefore, APM2/AMC expression in the female game-
tophyte appears to be transiently induced by pollination
and rapidly downregulated after fertilization.

YFP-AMC Fusion Colocalizes with a Peroxisomal
Marker in Onion Epidermal Cells

The subcellular localization of APM2/AMC was investi-
gated by transient transformation of onion epidermal
cells with a YFP-AMC fusion protein. Although in con-
trols YFP alone was targeted as expected to the cyto-
plasm and the nucleus (Figure S5A), imaging of the
YFP-AMC fusion alone showed a punctuate pattern of
expression that is typical for peroxisome-targeted pro-
teins (Figure S5D). To further analyze the localization,
we made use of a peroxisomal marker DsRED-KSRM
fusion [S13], which alone (Figure S5B) or cobombarded
with YFP (Figure S5C) was expressed in onion cell
peroxisomes. When YFP-AMC and DsRED-KSRM con-
structs were cobombarded in onion cells, the YFP sig-
nals perfectly merged with the DsRED-derived signals
(Figure S5E), indicating that YFP-AMC was indeed local-
ized to peroxisomes.

APM2/AMC Antisense Lines Exhibit

Peroxin-Deficient Mutant Phenotypes
Because the apm2 mutant exhibited only weak peroxin-
deficient phenotypes [S7] and the absence of homozy-
gous individuals for the amc null mutation prevented
us from further elucidating the developmental and cell
biological functions of APM2/AMC, antisense lines for
APM2/AMC were generated with the 35S promoter.
This promoter has been shown to drive expression in
a wide range of tissues but not in Arabidopsis pollen
[S14].

Although none of the ten empty-vector control lines
showed any obvious phenotype (data not shown), 37
out of the 75 antisense T1 lines exhibited reduced fertil-
ity (Figure S6A), which was due to shorter filaments and
nondehiscent anthers (data not shown). The antisense
lines were also smaller and paler green compared to
wild-type plants (Figure S6B). Interestingly, these phe-
notypes are characteristics of peroxin mutants deficient
in photorespiration, a peroxisomal process requiring
PTS1-dependent import [S15–S18]. Quantitative real-
time PCR analysis confirmed that APM2/AMC expres-
sion was efficiently reduced in the small, pale green
antisense lines (Figure S6C). Thus, these novel findings
suggest that APM2/AMC is required for proper peroxi-
somal photorespiration.

So that the effect of reduced expression levels of
APM2/AMC on PTS1-dependent import of proteins
could be directly investigated, the antisense line 2
(AS2) was crossed with plants expressing GFP-PTS1
(GFP: green fluorescent protein) fusion protein [S19]. In
intact wild-type leaves expressing the GFP-PTS1 fusion,
as expected, GFP fluorescence showed a punctuate
pattern of expression consistent with peroxisomal local-
ization (Figure S6D). Although some peroxisomes still
exhibited fluorescence from the GFP-PTS1 fusion in
the antisense line, most of the fluorescence shifted
from peroxisomes to the cytosol (Figure S6E), and this
was particularly evident in guard cells (Figure S6E, in-
sets). Thus, the presence of abundant GFP-PTS1 fluo-
rescence in the cytoplasm of the antisense line indicated
a decrease of the efficiency of PTS1-dependent protein
import into peroxisomes. Together, our results indicate
that APM2/AMC functions in vegetative tissues as a per-
oxin that participates in the PTS1-import pathway.

The amc Mutation Affects Neither Pollen

Germination nor Pollen-Tube Growth In Vitro
Because the pollen peroxisome targeting pLAT52-CFP-
PTS1 construct allowed us to directly differentiate wild-
type pollen tubes (fluorescence in the peroxisomes)
from the amc mutant PTs (fluorescence in the cytosol)
within an amc/+ pollen tetrad (see Results and Discus-
sion), amc/+ plants homozygous for the pLAT52-CFP-
PTS1 construct were recovered to perform pollen germi-
nation and pollen-tube growth in vitro [S20, S21]. After 6
hr of incubation in vitro, the germination rate of amc pol-
len grains (45.4%, n = 109 out of 240) was similar to the
one of wild-type grains (51.2%, n = 123 out of 240), and,
as illustrated in Figure S7, amc PTs grew as well as wild-
type PTs (amc, 115.2 6 55.2 mm, n = 219, arrowheads;
WT, 101.5 6 36.7 mm, n = 229, arrows). These results in-
dicate that in vitro pollen germination and pollen-tube
growth are not affected by the amc mutation.

Supplemental Experimental Procedures

Plant Growth Conditions and Morphological

Analyses of Mutant Siliques

Arabidopsis thaliana plants (ecotype Columbia 0) were grown in

a Conviron growth chamber (Winnipeg, Canada) in plastic pots filled

with ready-to-use soil (Professional Blend [Sunshine, Canada]). Af-

ter the sewing, pots were kept at 4�C for 2–4 days. Growing condi-

tions were 19�C –22�C, 75% humidity, with a 16 hr light/8 hr dark

photoperiod regime at w95 mE.m-2.s-1. For manual crosses, closed

flower buds from late stage 12 according to Smyth et al. [S22]

were emasculated and then manually pollinated 24 hr later with de-

hiscent anthers from pollen-donor flowers under a dissecting micro-

scope. For morphological analysis, ovules from dissected siliques

were mounted in Hoyer’s medium and imaged with a Leica

DM5000B compound microscope under Nomarski optics. Aniline

blue staining was performed as described previously [S23], and

samples were examined and photographed with a Leica TCS SP2

confocal microscope (Leica Microsystems [Germany]; 405 nm exci-

tation and 405–480 nm emission).

Mutant-Line Genotyping

The amc allele of the At3g07560 gene was obtained from the Signal

Collection at the Salk Institute (La Jolla, California) [S24] and corre-

sponds to the Salk_055083 line. Genotyping PCR reactions for

mutants were performed with a combination of primers b and c

(50-GGCAGTCCTCCTAAACCTTGGG-30 and 50-CCATCGCACCACC

ACCATACATGCC-30), b and LBa1 (50-TGGTTCACGTAGTGGGCCA

TCG-3) and finally c and RBa1 (50-GCTCATTAAACTCCAGAA

ACCCGCG-30), and amplified products were sequenced (Figure 1C).

feronia/+ (Landsberg ecotype) seeds were kindly provided by Ueli



Figure S4. Publicly Available Microarray Data and APM2/AMC Promoter Activity in Arabidopsis

(A) Microarray data for APM2/AMC in different organs retrieved from GENEVESTIGATOR [S10] (downloaded April 2006) 6 the standard error.

Transcript levels for APM2/AMC were detected in every tissue with the highest expression in pollen. The inset shows microarray data retrieved

from Honys and Twell [S11] showing a constant increase of APM2/AMC transcript levels during the course of pollen development. The following

abbreviations are used: uninucleate microspores (UNM), bicellular pollen (BCP), immature tricellular pollen (TCP), and mature pollen grain (MPG).

S6



Figure S5. The YFP-AMC and DsRED-KSRM Fusions Colocalize in Peroxisomes

Plasmids encoding YFP, YFP-AMC, and the peroxisomal DsRED-KSRM marker were independently or coexpressed in onion epidermal cells by

particle bombardment. Filters are indicated on the top.

(A) YFP alone.

(B) DsRED-KSRM alone.

(C) YFP and DsRED-KSRM.

(D) YFP-AMC alone.

(E) YFP-AMC and DsRED-KSRM colocalized in peroxisomes. The scale bar represents 65 mm.
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Grossniklaus (Institute of Plant Biology [Zurich, Switzerland]) and

genotyped as previously described [S9].
Constructs and Generation of Transgenic Plants

We introduced the binary vectors constructed and described below

into Agrobacterium tumefaciens strain GV3101 by electroporation,

which we then used to transform by floral dipping [S25] wild-type

or Kanamycin-resistant amc/+ plants in a quartet mutant back-

ground [S26–S28].

For amc/+ genomic complementation, a KpnI/ClaI 4432 bp long

fragment was recovered from digestion of the F21O3 BAC and

cloned into the KpnI/ClaI cut binary pGreenII-0229 vector [S29] con-

ferring resistance to Basta. To identify amc/amc homozygous indi-

viduals among the progeny of the complemented line, we used the

combination of primers b and LBa1 to amplify the T-DNA specific

band and the combination of primers c and a (50-CCGAAACACTT

ATGCTCCTTCTAATCC-30) located outside of the 4.4 Kb BAC geno-

mic construct to amplify the wild-type genomic band (see Fig-

ure 1C).

pACA9-DsRED as well as pACA9-D3 (the cameleon reporter con-

taining the YFP) [S30] and pMYB98-D3 constructs were generated

and kindly provided by Jeffrey Harper (Biochemistry Department,

University of Nevada, Reno [Nevada]).

For the APM2/AMC gene promoter GUS reporter fusion, a 1392 bp

fragment of the APM2/AMC locus was PCR amplified from the

F21O3 BAC with 50-ACTAATCAATAAAGCTTATACACGAAGAAGG-

30 and 50-GCTAACCTGCAGGATCCGACGCCATATATC-30 primers
(B–F) Histochemical localization of GUS reporter gene expression driven by

sis (B–E) and during pollination (F). (B) shows a germinating seedling; note

week-old seedling. (D) shows inflorescence. (E) shows a dark-field photo

grains as well as in the surrounding tapetum (arrows). The scale bar represe

to culminate 4 hr after pollination but decreases after fertilization (F).
introducing the HindIII and BamHI sites (underlined), respectively,

and cloned into pGEM-T Easy vector (Promega, [Madison, Wiscon-

sin]) and sequenced. The 1392 bp fragment was then subcloned into

the binary plant vector pLP100 [S31] for the generation of a precise

transcriptional fusion with the gusA reporter gene with HindIII and

BamHI sites.

The pLAT52-CFP-PTS1 fusion in a pBluescript SKII vector [S32]

was kindly provided by Ana Silva and José Feijó (Fundação Calouste

Gulbenkian, Instituto Gulbenkian de Ciência [Lisboa, Portugal]).

pLAT52-CFP-PTS1 was extracted by a KpnI/SacI digestion and

then cloned into the KpnI/SacI cut binary pGreenII-0179 vector

[S29] conferring resistance to Hygromycin.
Microscopic Phenotyping of Wild-Type

and amc/+ Mutant Pollen-Ovule Interactions

For YFP- or DsRED-expressing pollen and YFP-expressing synergid

cell observations, 19 to 24 hr after manual pollination, pistils were

glued to a slide and cut along the replum with a micro knife (Fine Sci-

ence Tools [Foster City, California]) under a dissecting microscope.

The valves were carefully removed so that only the stigma and the

septum with the attached ovules glued to the slide were submerged

in 20% glycerol. Fluorescence imaging was acquired by spinning-

disc confocal microscopy with a QLC100 confocal-scanning unit

(Solamere Technology Group [Salt Lake City, Utah]) linked to a

NIKON Eclipse TE 2000-U bright-field microscope (Tokyo, Japan)

and an argon laser (500 M Select, Laserphysics [West Jordan,

Utah]). Images were captured with an electron-multiplying
the APM2/AMC promoter in different organs or tissues of Arabidop-

that staining is absent from the radicle tip (arrow). (C) shows a one

graph of a nondehiscent anther section showing staining in pollen

nts 300 mm. GUS activity in the embryo sacs is induced by pollination



Figure S6. Peroxin-Deficient Phenotypes Related to Photorespiration and PTS1-Dependent Protein Import into Peroxisomes of the APM2/AMC

Antisense Lines

(A) Six-week-old wild-type plant (WT) and APM2/AMC antisense lines (AS2 and AS4) grown at 24�C. The APM2/AMC antisense plants were

partially sterile, with dried flowers (arrows) instead of developing siliques.

(B) Four-week-old plants. APM2/AMC antisense lines (AS2, right) were smaller and paler green compared to the wild-type (WT, left).

(C) Quantitative real-time RT-PCR analysis indicates that APM2/AMC transcript levels are reduced to approximately 7%–11% of wild-type levels

in five independent APM2/AMC antisense lines (AS2, 4, 22, 25, 26). Each data point indicates the average of three independent experiments 6

SEM

(D and E) GFP fluorescence from intact leaves of GFP-PTS1 expressing wild-type (D) and AMCantisense line 2 (E) plants. Scale bars represent

21 mM in (D) and (E). The insets in (D) and (E) show enlarged views of the corresponding guard cells. Scale bars represent 7 mM in the insets.
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charge-coupled device (EMCCD) camera (Cascade II:512, Photo-

metrics [Tucson, Arizona]) with Metamorph software (Universal

Imaging [Downington, Pennsylvania]). For YFP observation, laser

excitation was 488 nm, and YFP fluorescence was selected in the

green channel with a band-pass 500–550 nm filter. For DsRED or au-

tofluorescence, laser excitation was 568 nm, and fluorescence was

selected in the red channel (converted to magenta) with a band-pass

580–650 nm filter. Z stacks with 0.5 to 1 mm intervals were recorded

for each channel, processed with the Metamorph stack arithmetic

‘‘best focus’’ function, and then overlaid.
Gene-Expression Analyses

Total RNA was extracted from vegetative tissues of 2-week-old

plants and from inflorescences and pollen of mature plants with Tri-

zol reagent (Life Technologies, GIBCO-BRL [Rockville, Maryland]).

After DNase I treatment (DNA-free, Ambion [Austin, Texas]), reverse

transcription (First-strand cDNA Synthesis Kit, Amersham Biosci-

ences [Piscataway, New Jersey]) was performed on 2.5 mg RNA,

and 2 ml was used for PCR reactions. Samples were withdrawn after

23, 27, 31, and 35 cycles, and products were analyzed by agarose

gel electrophoresis. Primers used for ACTIN7 (At5g09810) were



Figure S7. amc Mutant Pollen Germinates and Grows In Vitro as well as Wild-Type Pollen

Within tetrads from amc/+ (qrt) plants homozygous for the peroxisomal pLAT52-CFP-PTS1 marker, mutant amc pollen (fluorescence in the

cytosol, arrowheads) germinated and grew as well as wild-type pollen (fluorescence in peroxisomes, arrows). Scale bars represent 45 mm

and 25 mm for (A) and (B), respectively.
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50-GGCCGATGGTGAGGATATTCAGCCACTTG-30 and 50-TCGATGG

ACCTGACTCATCGTACTCACTC-30 and for APM2/AMC (At3g07560)

were 50-GTTACTTCTTTCATTACCCAAATCC-30 and 50-TCAATAGA

AAGGTCTTTAACAAACAC-30.

For quantitative real-time PCR, the complementary DNAs (cDNAs)

obtained from above were diluted five times. Then, quantitative PCR

was performed with a LightCycler (Roche) with the SYBR Green I de-

tection system, under the following conditions: 95�C for 10 min,

45 cycles of 95�C for 5 s, 58�C for 5 s, and 72�C for 13 s, followed by

melting curve analysis. Primers used for Clathrin (At4g24550) were

50-ATACGCGCTGAGTTCCCG-30 and 50-CTGACTGGCCCTGCTT-30.

PCR mixture of a final volume of 10 ml contained 2 ml of cDNA,

0.5 mM of each primer, 4 mM Mg2+, and 1 mL of LightCycler-FastStart

DNA Master SYBR Green I mixture (Roche). Quantitative data anal-

yses were performed with the LightCycler software 4.0 (Roche).

Histochemical GUS assays were performed essentially as de-

scribed before [S33] with a GUS substrate solution containing

1 mM 5-bromo-4-chloro-3-indolyl-b-D-glucuronic acid (X-Gluc),
Table S1. Segregation Analysis of the amc Mutation Using the

Kanamycin Marker

Female 3 Male KanS KanR % KanR % TE

amc/+ 3 amc/+ 740 1233 62.5 nd

amc/+ 3 +/+ 166 151 47.6 91

+/+ 3 amc/+ 283 154 35.2 54.4

‘‘nd’’ indicates not determined.
0.1 M sodium phosphate buffer (pH 7.0), 0.1% Triton X-100, 0.5 mM

K3[Fe(CN)6], 0.5 mM K4[Fe(CN)6], and 5 mM thylenediaminetetraace-

tic acid (EDTA). Incubation was performed in the dark at 37�C for pe-

riods of time between 1 and 14 hr, depending upon the intensity of

the staining. For cross-sections, inflorescences were then fixed in

FAA (35% paraformaldehyde/glacial acetic acid/70% ethanol

[1:1:9, v/v/v]) for 4 hr then dehydrated with increasing ethanol solu-

tions. Ethanol was progressively replaced by Histoclear II (National

Diagnostics [Atlanta, Georgia]) and Histoclear II by Paraplast Em-

bedding Media (Sigma [St Louis, Missouri]). Eight mm sections

were then mounted in Permount (Fisher Scientific [Hampton, New

Hampshire]).
Generation of APM2/AMC Antisense Lines and GFP-PTS1

Fluorescence Imaging

For the generation of the APM2/AMC antisense lines, the full-length

APM2/AMC cDNA was PCR amplified with 50-GCGGCCGC

ATGGCGTCTCAGCCTGCAGG-30 (introducing a NotI site, under-

lined) and 50-CCCGGGTTAGTTGCCCCATACATTGTCC-30 (intro-

ducing a SmaI site, underlined). The cDNA was cloned into pGEM-

T Easy (Promega [Madison, Wisconsin]), sequenced, and then

cloned into the SmaI/NotI cut binary 35SpBARN vector (conferring

Basta resistance) [S34].

A GFP-PTS1-expressing line in the Col-0 background [S19] was

kindly provided by Shoji Mano and Mikio Nishimura (Department

of Cell Biology, National Institute for Basic Biology [Okazaki, Ja-

pan]). Pistils from GFP-PTS1 line were pollinated with pollen from

APM2/AMC antisense line 2 (Basta resistant). Intact leaves from

F1 Basta-resistant seedlings as well as from the parental GFP-PTS1



Table S2. Expected and Observed Class Frequencies within the Progeny of Selfed amc/+ Plants, Based on Table 1

Classes

Pollen

Frequency

Ovule

Frequency

Expected Class Frequency

if amc/amc Exists

Expected Class Frequency

if amc/amc Is Missing

Observed Class

Frequency

amc/amc 0.337 (amc) 0.453 (amc) 0.153 0 0

amc/+ 0.337 (amc), 0.663 (+) 0.547 (+), 0.453 (amc) 0.184 + 0.3 = 0.484 0.571 0.584

+/+ 0.663 (+) 0.547 (+) 0.363 0.429 0.416
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line were then examined by confocal laser-scanning microscopy

(CLSM) with the same setup as for the observations of the YFP-

expressing pollen.

Transient Expression in Onion Epidermal Cells

For the YFP-AMC construct, the full-length APM2/AMC cDNA was

PCR amplified with 50-CTTAGATCTATGGCGTCTCAGCCTGCA

GGT-30 (introducing a BglII site, underlined) and 50-AGATCTAGATTA

GTTGCCCCATACATTGTC-30 (introducing a XbaI site, underlined),

digested, and cloned into a YFP-tagging vector (35S:YFP, GenBank

accession number AY189981) [S35] cut with BglII and XbaI, followed

by sequencing. The pRTL2-DsRED-KSRM plasmid was kindly pro-

vided by Ning-Hui Chen (Baylor College of Medicine [Houston,

Texas]).

Plasmids encoding the YFP-AMC, DsRED-KSRM, and YFP alone

were independently or coexpressed in onion epidermal cells by par-

ticle bombardment (PDS-1000/He, Bio-Rad) as described previ-

ously [S36]. After 1 day of incubation, transient gene expressions

were examined by confocal microscopy (same experimental setup

as for the observations of the YFP-expressing pollen). For YFP ob-

servations, a 488 nm laser excitation was coupled with a band-

pass 500–550 nm filter (green channel), whereas for DsRED, excita-

tion was 568 nm coupled with a band-pass 580–650 nm filter (red

channel, converted to magenta).

CFP-PTS1 Fluorescence Imaging in Pollen

Pollen tetrads of wild-type and amc/+ T1 Hygromycin-resistant

plants expressing the pLAT52-CFP-PTS1 fusion were deposited

on slides and submerged in 20% glycerol. Fluorescent pollen grains

from the tetrads were then counted and examined by CLSM with

the same setup as for the observations of the YFP-expressing

pollen, except laser excitation was 440 nm and fluorescence was

selected with a band-pass 440–514 nm filter. In vitro pollen-germina-

tion and pollen-tube-growth assays (Supplemental Results and

Discussion and Figure S7) were carried out as previously described

[S20, S21].
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