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The Mediator complex is known to be a master coordinator of transcription by RNA polymerase II, and this complex is recruited
by transcription factors (TFs) to target promoters for gene activation or repression. The plant-specific TF WRINKLED1 (WRI1)
activates glycolysis-related and fatty acid biosynthetic genes during embryogenesis. However, no Mediator subunit has yet
been identified that mediates WRI1 transcriptional activity. Promoter-b-glucuronidase fusion experiments showed that
MEDIATOR15 (MED15) is expressed in the same cells in the embryo as WRI1. We found that the Arabidopsis (Arabidopsis
thaliana) MED15 subunit of the Mediator complex interacts directly with WRI1 in the nucleus. Overexpression of MED15 or
WRI1 increased transcript levels of WRI1 target genes involved in glycolysis and fatty acid biosynthesis; these genes were down-
regulated in wild-type or WRI1-overexpressing plants by silencing of MED15. However, overexpression of MED15 in the wri1
mutant also increased transcript levels of WRI1 target genes, suggesting that MED15 also may act with other TFs to activate
downstream lipid-related genes. Chromatin immunoprecipitation assays confirmed the association of MED15 with six WRI1
target gene promoters. Additionally, silencing of MED15 resulted in reduced fatty acid content in seedlings and mature seeds,
whereas MED15 overexpression increased fatty acid content in both developmental stages. Similar results were found in wri1
mutant andWRI1 overexpression lines. Together, our results indicate that the WRI1/MED15 complex transcriptionally regulates
glycolysis-related and fatty acid biosynthetic genes during embryogenesis.

Seed development is a crucial process in the life cycle
of flowering plants, and it can be roughly divided into
two distinct stages: embryogenesis and seed maturation
(Baud et al., 2002; Vicente-Carbajosa and Carbonero,
2005). In Arabidopsis (Arabidopsis thaliana), embryo-
genesis begins with a single embryogenic cell formed
after sexual fertilization and ends at the heart stage of
embryo development (6 d after pollination [DAP]).
During this process, the activities of specific genes are
required to generate the apical-basal axis (Vicente-
Carbajosa and Carbonero, 2005), and seeds are white
or pale yellow due to high water content (greater than
80%) and relatively low fatty acid content (Baud et al.,
2008). The transition from embryogenesis to embryo
maturation is characterized by an interruption of

growth and specific gene expression. During the mat-
uration phase (7–20 DAP), developing seeds initially
accumulate starch, which is subsequently degraded to
generate energy and carbon skeleton for the synthesis
of lipids and seed storage proteins (Baud et al., 2002;
Ruuska et al., 2002). Triacylglycerol (TAG), an ester
derived from glycerol and fatty acids, is the major
storage form of lipids in Arabidopsis embryos.

In Arabidopsis, three family members of the B3 do-
main transcription factors (TFs), LEAFY COTYLEDON2
(LEC2), ABSCISIC ACID INSENSITIVE3 (ABI3), and
FUSCA3, as well as LEC1, which belongs to the CBF
family, are involved in storage protein synthesis and
seed maturation processes (Lotan et al., 1998; Gutierrez
et al., 2007; Suzuki and McCarty, 2008). On the other
hand, WRINKLED1 (WRI1), which is known as an
important regulator in Arabidopsis seed development,
specifies the activities of genes encoding most key en-
zymes involved in late stages of glycolysis and fatty
acid biosynthesis (Focks and Benning, 1998; Baud et al.,
2007; Maeo et al., 2009; Ma et al., 2013).

WRI1 is a plant-specific TF of the APETALA2 (AP2)/
ethylene-responsive element-binding protein family.
This factor binds to the AW box [CnTnG](n)7[CG] se-
quence that is enriched in promoters of fatty acid bio-
synthetic genes (Cernac and Benning, 2004; Baud et al.,
2007; Maeo et al., 2009). Most AW boxes are located
near the transcription start site and in the 59 untrans-
lated region of target genes (Maeo et al., 2009). The

1 This work was supported by the Temasek Life Sciences
Laboratory.

* Address correspondence to chua@mail.rockefeller.edu.
The author responsible for distribution of materials integral to the

findings presented in this article in accordance with the policy de-
scribed in the Instructions for Authors (www.plantphysiol.org) is:
Nam-Hai Chua (chua@mail.rockefeller.edu).

M.J.K. and N.-H.C. conceived the research plan; M.J.K., I.-C.J., and
N.-H.C. designed the experiments; M.J.K. performed most of the ex-
periments; M.J.K. and I.-C.J. performed chromatin immunoprecipita-
tion assays; M.J.K., I.-C.J., and N.-H.C. wrote the article.

[OPEN] Articles can be viewed without a subscription.
www.plantphysiol.org/cgi/doi/10.1104/pp.16.00664

Plant Physiology�, July 2016, Vol. 171, pp. 1951–1964, www.plantphysiol.org � 2016 American Society of Plant Biologists. All Rights Reserved. 1951

http://orcid.org/0000-0001-9408-4273
http://orcid.org/0000-0002-8991-0355
mailto:chua@mail.rockefeller.edu
http://www.plantphysiol.org
mailto:chua@mail.rockefeller.edu
http://www.plantphysiol.org/cgi/doi/10.1104/pp.16.00664


Arabidopsiswri1mutant produces wrinkled seedswith
only 20% of wild-type TAG content and increased
starch levels, but otherwise it has no obvious phenotype
during vegetative development (Baud et al., 2007). In
addition, wri1 mutant seeds contain an altered fatty
acid composition with higher levels of linolenic acid
(C18:3) and erucic acid (C22:1) but lower levels of oleic
(C18:1), linoleic (C18:2), and eicosenoic (C20:1) acids
(Focks and Benning, 1998). Consistent with the results
of thewri1mutant, overexpression ofWRI1up-regulated
a number of glycolytic and fatty acid biosynthetic genes
in seedlings and increased the overall seed oil content
without altering its fatty acid composition inArabidopsis.
Similar WRI1 overexpression results have been obtained
in oilseed rape (Brassica napus), maize (Zea mays), and
castor bean (Ricinus communis; Liu et al., 2010; Pouvreau
et al., 2011; Sanjaya et al., 2011; Tajima et al., 2013), indi-
cating functional conservation ofWRI1 in both monocots
and dicots.

In eukaryotes, gene expression is regulated by TFs
that bind to specific cis-elements of promoters and en-
hancer sequences of target genes. After binding to the
target DNA, the TF initiates the assembly of a large
protein complex in order to alter chromatin structure
and initiate transcription. Specifically, TFs are known to
execute their functions through the Mediator complex,
which is evolutionarily conserved from yeast to human
(Taatjes, 2010). As a central coregulator of eukaryotic
transcription, Mediator is a large complex comprising
25 to 30 different protein subunits, and it plays an es-
sential role in transcriptional regulation by connecting
DNA-binding TFs to the RNA polymerase II (Pol II)
transcription machinery (Malik and Roeder, 2010;
Bernecky et al., 2011). Depending on its associated
protein components, Mediator can serve as either a
transcriptional activator or a repressor (Conaway and
Conaway, 2011). First identified in yeast and subse-
quently found in all eukaryotes, the Mediator complex
is composed of four modules: head, middle, tail, and an
additional detachable cyclin-dependent kinase module
(Liu et al., 2001). The modular architecture and subunit
composition also are highly conserved among eukary-
otes from yeast to human (Bourbon, 2008). The head
and middle modules bind to the C-terminal domain of
Pol II (Asturias et al., 1999), whereas subunits of the tail
module interact primarily with DNA-bound TFs (Malik
and Roeder, 2005). The subunits of the cyclin-dependent
kinase module are associated with negative regulation
of a subset of genes by interacting with certain TFs
(Holstege et al., 1998).

The Arabidopsis Mediator complex was initially
characterized by Bäckström et al. (2007) to contain
27 subunits, but further analysis showed that it may
contain up to 30 to 35 subunits (Mathur et al., 2011).
MEDIATOR25 (MED25)/PHYTOCHROME AND
FLOWERING TIME1 and MED14/STRUWWELPETER
(SWP)werefirst identified as key regulators of flowering
time and cell proliferation, respectively (Autran et al.,
2002; Cerdán and Chory, 2003). Several mediators,
MED8, MED16/SENSITIVE TO FREEZING6 (SFR6),

and MED21, have been implicated in resistance to
necrotrophic pathogens (Dhawan et al., 2009; Kidd et al.,
2009; Knight et al., 2009; Hemsley et al., 2014). The pro-
duction of small and long noncoding RNAs depends on
the function of mediators such as MED8, MED17,
MED18, and MED20a (Kim et al., 2011). Recently,
MED18 was shown to have multiple functions through
its interaction with several TFs, such as SUPPRESSOR
OF FRIGIDA4, ABI4, and YIN YANG1, to determine
flowering time and mediate plant responses to abscisic
acid and bacterial infection, respectively (Lai et al., 2014).

Together with MED2, MED3, MED5, MED14/SWP,
and MED16/SFR6, MED15 is a subunit of the tail
module in yeast. The kinase-inducible domain-interacting
(KIX) domain located at the N-terminal region of MED15
mediates protein-protein interaction through a hydro-
phobic pocket (Parker et al., 1996). MED15 plays a
central role in fatty acid biosynthesis and stress me-
tabolism by interaction with TFs such as Nuclear
Hormone Receptor-49 and sterol regulatory element-
binding proteins (SREBPs) in worms and mammals
(Taubert et al., 2006; Yang et al., 2006). The yeast
MED15, which also is known as Gal11p (Gal11p/
MED15), is essential for the activation of fatty acid bio-
synthetic genes through its interaction with the TF
Oaf1p (Thakur et al., 2009).

Among the three Arabidopsis MED15 orthologs
identified by in silico analysis (Mathur et al., 2011),
two genes, MED15_1 (At1g15780) and MED15_2
(At2g10440), have been characterized (Canet et al.,
2012; Pasrija and Thakur, 2012; Thakur et al., 2013).
MED15_1 has low sequence homology with MED15_2,
with only about 30% amino acid identity. MED15_1,
which is highly expressed in all tissues, is presumed to
have a function in seed development (Thakur et al.,
2013). Given the conserved function of many MED
subunits among eukaryotes we hypothesized that
MED15 may be involved in lipid homeostasis in Ara-
bidopsis as well.

Here, we show that MED15 interacts directly with
WRI1 in the nucleus. The expression patterns between
MED15 and WRI1 are correlated during embryo de-
velopment. Silencing of MED15 expression resulted in
reduced fatty acid content inmature seeds. On the other
hand, overexpression of MED15 was able to partially
rescue wri1mutant phenotypes. We found that MED15
was recruited to the promoters of WRI1 target genes.
Our findings identify MED15 as a target of WRI1 and
provide new insights into the role of MED15 in plant
lipid metabolism.

RESULTS

MED15 Interacts with WRI1 in Vitro and in Vivo

We purified MBP-MED15 (M-MED15) and glutathi-
one S-transferase (GST)-WRI1 (G-WRI1) fusion pro-
teins from Escherichia coli extracts and tested for
possible interaction between them in vitro. GL2,
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another TF (Shen et al., 2006), was used as a negative
control for WRI1, and MED14 was used as a negative
control for MED15. Figure 1A shows that M-MED15
was able to bind to G-WRI1 but not G-GL2, whereas in
similar assays, M-MED14 did not bind to G-WRI1 or
G-GL2. These results show that the association between
MED15 and WRI1 is specific.
Both MED15 and WRI1 are large proteins containing

several putative domains. We used deletion derivatives
of the two proteins to localize their interacting regions.
M-MED15 associated with the N-terminal region (amino

acids 1–250) but not the C-terminal region (amino acids
251–430) of WRI1 (Fig. 1B). Similar experiments showed
thatG-WRI1 bound to anN-terminal fragment ofMED15
that contains the KIX domain (amino acids 30–120).
Further experiments confirmed that this N-terminal
fragment of MED15 was able to bind to the N-terminal
fragment (amino acids 1–250) of WRI1 (Fig. 1C).

To see if the in vitro interaction of the two proteins
can be recapitulated in vivo, we used the bimolecular
fluorescence complementation (BiFC) assay. MED15
was fused to an N-terminal fragment of enhanced

Figure 1. MED15 interacts with WRI1 in vitro.
A, Top, In vitro pull-down assay showing di-
rect interaction between WRI1 and MED15.
M-MED15 and M-MED14 fusion proteins were
used as bait proteins, and G-WRI1 and G-GL2
fusion proteins were used as target pro-
teins. Proteins pulled down by M-MED15 or
M-MED14 were detected by anti-GST antibody
(a-GST). Bottom, Input amounts of purified re-
combinant M-MED15/M-MED14 and G-WRI1/
G-GL2 proteins detected by anti-MBP antibody
(a-MBP) and a-GST, respectively. B, In vitro
pull-down assay showing interaction between
MED15 and the N-terminal region of WRI1.
Top, Schematic diagram of the WRI1 protein
structure. S/T, Ser/Thr-rich domain; AP2, AP2
DNA-binding domain; aa, amino acids. Bot-
tom left, His-tagged N-terminal fragment of
WRI1 (H-WRI1-N; amino acids 1–250) and
C-terminal fragment of WRI1 (H-WRI1-C;
amino acids 251–430) were pull downed with
M-MED15 and detected by anti-His antibody
(a-His). Bottom right, Input amounts of puri-
fied H-WRI1-N and H-WRI1-C as detected by
a-His. C, In vitro pull-down assay showing the
interaction between WRI1 and the N-terminal
region of MED15 including the KIX domain.
Top, Schematic diagrams of full-length MED15
(amino acids 1–1,335), two overlapping
N-terminal fragments of MED15, MED15-N1
(amino acids 1–250) and MED15-N2 (amino
acids 1–450), and a C-terminal fragment of
MED15, MED15-C (amino acids 1,000–1,335).
KIX, The KIX domain (amino acids 30–120).
Middle left, MBP-fused MED15 deletion pro-
teins were pull downed with G-WRI1 and
detected by a-MBP. Bottom left, Input amounts
of purified M-MED15-N1, M-MED15-N2, and
M-MED15-C detected by a-MBP. Middle right,
His-tagged WRI1 deletion proteins were pull
downed with M-MED15-N1 and detected by
a-His. Bottom right, Input amounts of purified
H-WRI1-N and H-WRI1-C detected by a-His.
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yellow fluorescent protein (nEYFP), whereasWRI1 was
fused to the C-terminal fragment of EYFP (cEYFP).
nEYFP and cEYFP alone were used as negative con-
trols. Figure 2A shows that YFP fluorescence was
reconstituted when the two proteins were coexpressed.
No fluorescence was detected with MED15-nEYFP and
cEYFP nor with nEYFP and WRI1-cEYFP. DAPI stain-
ing confirmed that the MED15/WRI1 complex was
localized in the nucleus.

We also tested if MED15 and WRI1 would interact
in vivo using transient expression assays in leaf cells of
Nicotiana benthamina. Indeed, MED15-N2-YFP but not
MED15-C-YFP was coimmunoprecipitated along with
WRI1-3X-hemagglutinin (HA; Fig. 2B). Figure 2C shows
that the MED15-N2 fragment was able to localize to the

nucleus. Note that the MED15-N1 fragment (amino
acids 1–250), which contains the KIX domain, also was
able to localize to the nucleus (Supplemental Fig. S1).

Spatiotemporal Expression of MED15 and WRI1

To investigate the expression patterns ofMED15 and
WRI1 during different stages of Arabidopsis growth
and development, we generated independent trans-
genic plants expressing GFP-GUS fusion protein using
either a MED15 promoter (2.3 kb) or a WRI1 promoter
(1.7 kb; Fig. 3A). Figure 3B shows thatWRI1was highly
expressed during seed maturation stages including
globular stage embryo (j; 3–4 DAP) and mature green

Figure 2. MED15 interacts with WRI1 in vivo.
A, BiFC analysis showing the interaction be-
tween MED15 and WRI1. A complementary
DNA (cDNA) encoding full-length MED15 or
WRI1 was cloned into pSAT1 serial vectors
containing DNA sequences encoding either
N- or C-terminal fragments of EYFP. Fusion
proteins were transiently expressed inNicotiana
benthamiana leaf cells by Agrobacterium
tumefaciens-mediated infiltration. Fluorescence
signalswere captured using the YFP channel of a
confocalmicroscope. Nucleiwere visualized by
49,6-diamidino-2-phenylindole (DAPI) staining.
YFP, YFP channel image; DAPI, DAPI channel
image;Merged,merged image between YFPand
DAPI; Light, light microscopic image. Bars =
20 mm. B, Coimmunoprecipitation (Co-IP) of
MED15 and WRI1. Protein extracts of A.
tumefaciens-infiltrated N. benthamiana leaves
expressingWRI1-3HA,WRI1-3HA/MED15-N2-
YFP, or WRI1-3HA/MED15-C-YFP were immu-
noprecipitated with anti-HA antibody (a-HA).
Input proteins and the immunoprecipitates (IP)
were detected by a-HA and anti-GFP antibody
(a-GFP), respectively. C, Subcellular localiza-
tion of YFP-fused MED15-N2 and YFP-fused
MED15-C. Fluorescence signals were captured
using the YFP channel of a confocalmicroscope.
Nuclei were visualized by DAPI staining. The
white dotted squares in the merged images are
enlarged at right. Auto, Autofluorescence of
chloroplasts; YFP, YFP channel image; DAPI,
DAPI channel image; Merged, merged image
between YFP and DAPI. Bars = 100 mm for all
images except the enlarged images (50 mm).
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embryo (k; 9–10 DAP; Baud et al., 2007). In addition to
seed maturation stages, WRI1 was expressed specifi-
cally in the shoot apical meristem (SAM) of 1-week-old
(a) and 2-week-old (b) seedlings, young developing si-
liques (i), and carpels (e and f) but was not expressed in
stamens (e and f), roots (a and b), cotyledons (a and b),
and mature leaves (g and h; Fig. 3B). Similar gene ex-
pression results were obtained from the Arabidopsis
eFP Browser 2.0 (http://bar.utoronto.ca/efp2/
Arabidopsis/Arabidopsis_eFPBrowser2.html), which
provides publicly available Arabidopsis gene expres-
sion data sets (Supplemental Fig. S2). However, WRI1
expression in SAM of 1- and 2-week-old seedlings was
only detected in our experiments (Fig. 3B). On the other
hand, MED15 was constitutively expressed in all tis-
sues, from seedlings (a and b) to mature vegetative and
reproductive stages (c–k). These observations were
similar to the expression data derived from the Arabi-
dopsis eFP Browser 2.0 (Fig. 3C; Supplemental Fig. S2).
These results suggest that MED15 functions broadly
during Arabidopsis growth and development and may
act together with WRI1 in seed maturation stages.

MED15 Overexpression Induces WRI1 Target Genes

To investigate whether MED15 and WRI1 function
together in seed maturation stages, we generated
overexpression (OE) lines (WRI1-OE and MED15-OE)
of each gene in the wild-type and wri1-4 backgrounds.

In addition, we silenced MED15 expression by RNA
interference (RNAi; MED15-Ri) and overexpressed
WRI1 in the MED15-Ri background. Plants of all these
genotypes were used for further analysis (Fig. 4).

As the homozygous mutant of MED15 (nrb4-4; non-
recognition-of-BTH4-4) is sterile (Canet et al., 2012), we
used two different promoters, cauliflower mosaic virus
35S and MED15, to silence MED15 expression in trans-
genic plants by RNAi technology (Fig. 4A). Figure 4A
shows that RNAi was effective at reducing MED15 ex-
pression with either promoter, but the residual MED15
expression levels varied among independent lines. Irre-
spective of the promoter used, silencing of MED15 ex-
pression alsomoderately decreasedWRI1 transcript levels
in all the independent lines investigated. There was some
correlation between the degree of MED15 suppression
and the reduction levels of WRI1. Consistent with this
observation, overexpression of MED15 led to slightly el-
evated WRI1 transcript levels (Fig. 4B). Figure 4, B to E,
show overexpression levels of MED15 and WRI1 tran-
script in three independent lines ofMED15-OE,WRI1-OE,
MED15-OE/wri1-4 and WRI1-OE/MED15Pro::MED15-Ri.

To further understand how MED15 and WRI1 regu-
late fatty acid biosynthesis at the molecular level, we
analyzed transcript levels of 11 key fatty acid biosyn-
thetic genes, including glycolytic, late fatty acid bio-
synthetic, and storage-related genes, in 2-week-old
seedlings (Fig. 5) and siliques bearing early-stage de-
veloping seeds (3–8 DAP; Supplemental Fig. S3) of
various genotypes.

Figure 3. Expression patterns of MED15 pro-
moter-GUS or WRI1 promoter-GUS in transgenic
Arabidopsis plants. A, Schematic diagrams of
MED15Pro::GFP-GUS and WRI1Pro::GFP-GUS
constructs. The MED15 promoter contains the 59
untranslated region (59 UTR) with an intron
(424 bp). B, Histochemical analysis of GUS ac-
tivity in aWRI1Pro::GFP-GUS transgenic plant. C,
Histochemical analysis of GUS activity in a
MED15Pro::GFP-GUS transgenic plant. GUS
assays were performed throughout different de-
velopment stages, two stages of seedlings, 1 week
old (a) and 2weeks old (b), inflorescence (c and d),
flower (e and f), cauline leaf (g), rosette leaf (h),
young siliques with developing seeds (i), young
seeds (3–4 DAP, globular embryo stage; j), and
excised embryo frommidstage seeds (9 to 10 DAP,
mature embryo stage; k). Bars = 50 mm (a, b, e, f,
and i–k) and 5 mm (c, d, g, and h).
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Figure 5A shows that overexpression of MED15 and
WRI1 in the wild-type background (WRI1-OE-2 and
MED15-OE-2) increased transcript levels of BIOTIN
CARBOXYL CARRIER PROTEIN2 (BCCP2), FATTY
ACID DESATURASE2 (FAD2), and KETOACYL-ACP
SYNTHASE3 (KAS3) by more than 10-fold compared
with wild-type control plants. In addition, slight up-
regulation of ACYL CARRIER PROTEIN1 (ACP1),
FAD3, KAS1, SUCROSE SYNTHASE2 (SUS2), CHLO-
ROPLAST PYRUVATE KINASE a (Ch-PKa), CYTOSOL
PYRUVATE KINASE b (Cy-PKb), and FATTY ACID
ELONGASE1 (FAE1) was found in both lines,

WRI1-OE-2 andMED15-OE-2, compared with the wild
type (Fig. 5B). However, these WRI1 target genes, with
the exception of FAE1, were down-regulated in wri1-4
and MED15Pro::MED15-Ri lines. Moreover, the re-
duced expression of these genes could be up-regulated
by MED15 expression in the MED15-OE-1/wri1-4
line, but only BCCP2 and KAS3 were significantly
up-regulated by WRI1 overexpression in theWRI1-OE-
1/MED15Pro::MED15-Ri line. Expression of OLEOSIN1
(OLE1) was not changed notably in WRI1-OE-2 and
MED15-OE-2 but was reduced significantly in wri1-4
and MED15Pro::MED15-Ri compared with the wild

Figure 4. Expression levels ofMED15 andWRI1 in transgenic Arabidopsis plants for overexpression and reduction ofMED15 and
WRI1 transcripts. A, Left, Schematic diagrams of MED15-Ri constructs transcribed from a MED15 or a 35S promoter. Right,
Quantitative reverse transcription (qRT)-PCR analysis showingMED15 andWRI1 expression levels in 35S::MED15-Ri (lines 1–3)
andMED15Pro::MED15-Ri (lines 1–3). B andC, qRT-PCR analysis showing elevatedMED15 (B) andWRI1 (C) expression levels in
MED15-OE andWRI1-OE lines, respectively. D and E, qRT-PCR analysis showingMED15 (D) andWRI1 (E) expression levels in
the wild type (Columbia-0 [Col-0]) andwri1-4,MED15-OE/wri1-4,WRI1-OE/MED15Pro::MED15-Ri, andMED15Pro::MED15-
Ri lines. Two-week-old Arabidopsis seedlings were used for qRT-PCR analysis. The expression values were normalized using
ACTIN1 as an internal control. Each experiment was repeatedwith three biological replicates. Student’s t test: *, P, 0.05, **, P,
0.01, or ***, P , 0.001 versus wild-type Col-0. Error bars represent SD.
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type (Fig. 5C). Its expression was increased by MED15
overexpression in the MED15-OE-1/wri1-4 line (Fig.
5C). OLE1 encodes TAG accumulation-related oil body
protein. These results suggest that WRI1 along with
MED15 transcriptionally regulate glycolysis-related and
fatty acid biosynthetic genes.

MED15 Is Associated with Promoters of WRI1
Target Genes

The interaction of MED15 with WRI1 in vitro and
in vivo is consistent with the role of this Mediator
subunit in regulating WRI1 target genes. One possible
scenario is that MED15 is recruited to the promoters of

target genes. To explore this possibility, we performed
chromatin immunoprecipitation (ChIP) assays using
rabbit antibody against MED15. Figure 6A shows that
MED15 was undetectable in wild-type seedlings unless
the materials were pretreated with MG132, which
blocks protein degradation. This result suggests that
MED15 is an unstable protein. Figure 6A shows that
MED15 could be detected in the MED15-OE line and
that its levels were highly increased with MG132
treatment.

For the quantitative PCR (qPCR) of ChIP products,
we designed primers to amplify the region including
the WRI1-binding consensus site AW box in the prox-
imal upstream regions of representative WRI1 target
genes, BCCP2, Cy-PKb, KAS1, KAS3, FAD2, and SUS2

Figure 5. Expression profiles of fatty
acid biosynthetic genes in trans-
genic Arabidopsis plants with dif-
ferent MED15 and WRI1 transcript
levels. A, Expression levels of
BCCP2, FAD2, and KAS3 in wild-
type Col-0, wri1-4, MED15Pro::
MED15-Ri, WRI1-OE-2, MED15-
OE-2, WRI1-OE-1/MED15Pro::
MED15-Ri, andMED15-OE-1/wri1-
4 transgenic plants. B, Expression
levels ACP1, FAD3, KAS1, SUS2,
Ch-PKa, Cy-PKb, and FAE1 in wild-
type Col-0, wri1-4, MED15Pro::
MED15-Ri, WRI1-OE-2, MED15-
OE-2, WRI1-OE-1/MED15Pro::
MED15-Ri, andMED15-OE-1/wri1-
4 transgenic plants. C, Expression
levels of OLE1 in wild-type Col-0,
wri1-4, MED15Pro::MED15-Ri,
WRI1-OE-2, MED15-OE-2, WRI1-
OE-1/MED15Pro::MED15-Ri, and
MED15-OE-1/wri1-4 transgenic
plants. Two-week-old Arabidopsis
seedlings were used for qRT-PCR
analysis. The expression values
were normalized using ACTIN1 as
an internal control. Each experi-
ment was repeated with three bio-
logical replicates. Student’s t test: *,
P , 0.05, **, P , 0.01, or ***, P ,
0.001 versus wild-type Col-0; a, P,
0.05, aa, P , 0.01, or aaa, P , 0.001
versus wri1-4; b, P , 0.05, bb, P ,
0.01, or bbb, P , 0.001 versus
MED15Pro::MED15-Ri. Error bars
represent SD.
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(Fig. 6B). Note that BCCP2, Cy-PKb, KAS1, and KAS3
contain two AW boxes [CnTnG](n)7[CG] in the pro-
moter regions, whereas the SUS2 and FAD2 promoters
had one AW box and one AW box-like sequence,
[CnTnG](n)7[TG], respectively. Figure 6C shows that
the promoters of all six WRI1 target genes tested were
enriched by anti-MED15 antibody. Interestingly, the
promoter of WRI1 also could be enriched by anti-
MED15 antibody, suggesting that MED15 also medi-
ates WRI1 expression. Consistent with this notion,
WRI1 expression was indeed reduced in MED15-Ri
lines (Fig. 4A). The ACTIN7 promoter was not enriched
and was used as a negative control.

Overexpression of MED15 Increases Total Fatty
Acid Content

To further explore the role of MED15 in fatty acid
biosynthesis, we analyzed total fatty acid content in

seedlings and seed stages of wild-type, wri1-4, and
transgenic plants in various genotypic backgrounds.
Figure 7, A and B, show the total fatty acid content of
two independent lines ofMED15-Ri andMED15-OE. In
MED15-Ri lines, the total fatty acid content was de-
creased by about 10% to 15% in seedlings (Fig. 7A) and
about 30% in seeds (Fig. 7B). On the other hand, over-
expression of MED15 (MED15-OE) resulted in about
15% increase in total fatty acid content in both stages.
With respect to fatty acid profile, the C18:2 level relative
to total fatty acid levels was decreased in both 35S::
MED15-Ri (lines 1 and 3) and MED15Pro::MED15-Ri
(lines 2 and 3) lines compared with the wild type,
whereas the relative amount of C18:3 was increased in
the same lines (Supplemental Fig. S4A). However, we
were unable to find any significant changes of fatty
acid composition in MED15-OE (lines 2 and 3) lines
(Supplemental Fig. S4A).

In confirmation of previous results (Baud et al., 2007),
we found reduction of total fatty acid content of about

Figure 6. MED15 is recruited to promoter re-
gions of WRI1 target genes. A, Immunoblot
analysis showing MED15 protein levels in
Arabidopsis. Two-week-old wild-type Col-0
and MED15-OE-2 seedlings were treated with
(+) or without (2) MG132 (50 mM) in Mura-
shige and Skoog liquid medium for 16 h.
MED15 proteinswere detected by anti-MED15
rabbit antibodies. The Coomassie Blue staining
pattern was used as a loading control. B,
Schematic diagram of the promoter regions of
WRI1 target genes, BCCP2, Cy-PKb, KAS1,
KAS3, FAD2 and SUS2, and WRI1. Black
boxes and a white box on the line indicate the
putative WRI1-binding AW box, [CnTnG](n)
(7)[CG] and [CnTnG](n)(7)[TG], respectively.
The red lines indicate the DNA fragments used
for ChIP-qPCR. The translational start sites
(ATG) are marked as +1. C, ChIP-qPCR anal-
ysis forMED15 occupancy on the promoters of
six WRI1 target genes and WRI1. ChIP assays
were performedwith chromatin prepared from
wild-type Col-0 Arabidopsis seedlings after
MG132 treatment for 16 h. Black and white
bars represent the ChIP signals (% input) with
and without MED15 antibody, respectively.
ChIP results are presented as percentages of
input DNA. Error bars represent SD (n = 3 bio-
logical replicates).
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Figure 7. Total fatty acid content in seedlings and mature dried seeds of transgenic Arabidopsis plants with differentMED15 and
WRI1 expression levels. A and B, Total fatty acid content in 2-week-old seedlings (A) and seeds (B) of wild-type Col-0, 35S::
MED15-Ri (lines 1 and 3),MED15Pro::MED15-Ri (lines 2 and 3), andMED15-OE (lines 2 and 3). C andD, Total fatty acid content
in 2-week-old seedlings (C) and seeds (D) of wild-type Col-0,wri1-4, andWRI1-OE (lines 1–3). E and F, Total fatty acid content in
2-week-old seedlings (E) and seeds (F) of wild-type Col-0, wri1-4, MED15-OE/wri1-4 (lines 1 and 2), WRI1-OE /MED15Pro::
MED15-Ri (lines 1 and 2), and MED15Pro::MED15-Ri. G, Phenotypes of lines shown in E. Bars = 1 cm. H, Scanning electron
microscopy analysis of lines shown in F. Bars = 200mm (top row) and 100mm (bottom row). In A to F, experimentswere performed
with 100 seedlings or 100 seeds per line with five biological replicates. Student’s t test: *, P, 0.05, **, P, 0.01, or ***, P, 0.001
versus wild-type Col-0. n = 500. Error bars represent SD.
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30% in seedlings (Fig. 7C) and about 56% in seeds of
wri1-4 (Fig. 7D) compared with the wild type. This re-
duction of total fatty acid content was accompanied by
significant changes of the relative amounts of fatty
acids, with considerable increases of C18:3, C20:0, and
C22:1 and decreases of C18:1 and C18:2 (Supplemental
Fig. S4B). Moreover, overexpression of WRI1 increased
total fatty acids by about 10% to 35% in seedlings and
about 20% to 45% in seeds compared with the wild
type, without any changes in fatty acid composition
(Fig. 7, C and D; Supplemental Fig. S4B).

To investigate possible coregulatory roles of MED15
and WRI1 in fatty acid biosynthesis, we also overex-
pressedMED15 in the wri1mutant background. Figure
7, G and H, show thatMED15 overexpression was able
to partially restore the wrinkled seed and seedling
phenotypes of the mutant to the wild-type phenotype.
This incomplete restoration to wild-type levels also was
seen with total fatty acid content. Overexpression of
MED15 in wri1-4 (MED15-OE/wri1-4 lines 1 and 2) in-
creased total fatty acid content by 10% in seedlings and
45% in seeds compared with wri1-4, but the levels were
still lower than wild-type levels (Fig. 7, E and F). Seeds
of wri1-4 showed increases in C18:3, C20:1, and C22:1
but decreases in C18:1 and C18:2. These changes in
relative fatty acid levels were incompletely reversed by
MED15 overexpression (Supplemental Fig. S4C).

We also performed the reciprocal experiment by
overexpressing WRI1 in transgenic plants deficient in
MED15 (MED15Pro::MED15-Ri). WRI1-OE/MED15Pro::
MED15-Ri lines 1 and 2 showed no significant change
in total fatty acid content in seedlings and seeds com-
pared with the parental MED15Pro::MED15-Ri line
(Fig. 7, E and F). Moreover, the fatty acid profile in
WRI1-OE/MED15Pro::MED15-Ri was similar to that of
MED15Pro::MED15-Ri. These results show thatMED15
overexpression can increase fatty acid content and alter
fatty acid composition in the wri1-4mutant, suggesting
that MED15 is able to mediate the positive action of
other TFs in fatty acid biosynthesis.

DISCUSSION

WRI1 is an AP2 domain transcription factor specific
to plants, and it plays a central role in carbon parti-
tioning between carbohydrate and lipids during plant
embryogenesis (Focks and Benning, 1998; Cernac and
Benning, 2004). Mutants deficient in WRI1 accumulate
only 20% of the normal seed lipid content, and mutant
seed appears wrinkled; hence, the mutant is calledwri1.
Despite the cloning and characterization of the WRI1
gene more than a decade ago (Cernac and Benning,
2004) interacting proteins of the encoded transcription
factor have not yet been described, and how its tran-
scriptional activity is executed has not been explored.

It is generally believed that TFs such as WRI1 rec-
ognize specific DNA sequences on target promoters.
Upon binding to the latter, TFs recruit the Mediator
complex and, in turn, the Pol II complex to initiate or

block transcription (Malik and Roeder, 2010). Results in
the last decade indicate that specific TFs bind to one or
more subunits of the Mediator complex. Here, we
identify the MED15 subunit of the Mediator complex as
an interacting partner of WRI1.

The following lines of evidence support this claim. (1)
WRI1 binds to MED15 but not MED14 in vitro. Exper-
iments using deletion derivations showed that the
N-terminal region of WRI1, which contains the AP2
domain, associates with the N-terminal fragment of
MED15. (2) The association between WRI1 and MED15
was confirmed in vivo by complementation of YFP
fluorescence using split YFP fusion proteins as well as
by coimmunoprecipitation in transient expression ex-
periments. (3) Promoter-GUS fusion experiments showed
that WRI1 and MED15 are indeed expressed in em-
bryos, although the expression of MED15 also extends
to other plant tissues and organs, suggesting its roles in
other developmental processes and signaling pathways
as well.

Consistent with the hypothesis that MED15 mediates
the transcription activity ofWRI1, we found thatMED15
can bind to the promoter regions of six WRI1 target
genes that harbor a conserved AW sequence motif in
their proximal upstream regions. In the case of the FAD2
gene, MED15 enrichment was found in the 25 to 2179
region, which contains the first intron (1,134 bp from25
to21,139). This may not be surprising, as some intronic
regions are known to enhance transcription. In addition
to the above genes, we also found that MED15 binds to
the promoter region of WRI1.

The binding of MED15 to WRI1 target promoters
provides preliminary evidence that MED15 mediates
the activity of WRI1. Direct evidence supporting this
view comes from comparative experiments over-
expressing WRI1 in the wild type and in MED15-Ri
lines.We found that overexpression ofWRI1 in the wild
type elevates the expression levels of seven genes re-
lated to glycolysis and fatty acid biosynthesis (ACP1,
FAD3, KAS1, SUS2, Ch-PKa, Cy-PKb, and FAE1);
however, increased expression levels of these genes
were reversed to levels close to that of the wri1 mutant
when MED15 was silenced by RNAi. These results
provide evidence that WRI1 transcriptional activity is
largely dependent on the integrity of MED15.

We also performed the reciprocal experiment by
overexpressingMED15 in the wild type and in the wri1
mutant background. Overexpression of MED15 in the
wild type also increased the expression levels of the
seven glycolysis-related and fatty acid biosynthetic
genes tested. Here, again, the enhancing effect of
MED15 overexpression was negated by the wri1 mu-
tation to levels close to those in the wri1 mutant itself.
These results, together with those obtained with WRI1
overexpression, support the claim that WRI1/MED15
function as a complex in promoting the transcription of
this gene set. Here, we propose a working model of how
WRI1/MED15 activates the transcription ofWRI1 target
genes for fatty acid metabolism from late embryo de-
velopment to the seedling stage in Arabidopsis (Fig. 8).
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The effects of MED15 and WRI1 on gene expression
are reflected to a certain extent in fatty acid accumu-
lation in seeds and seedlings, although the effects
obtained with MED15 are more modest compared
with those with WRI1. The enhancing effect of WRI1
overexpression is abrogated when MED15 expression
is silenced by RNAi. On the other hand, the increase in
fatty acid accumulation caused by MED15 over-
expression is only partially reversed by the wri1-4
mutation.
This result may be explained in part by the pres-

ence of three WRI1-like genes (WRI2, At2g41710;
WRI3, At1g16060; and WRI4, At1g79700) in Arabi-
dopsis (Maeo et al., 2009). These genes encode pro-
teins with high sequence similarity in the AP2
DNA-binding domain but very low sequence simi-
larity in the C terminus of the proteins. Recent work
shows that WRI3 and WRI4 can each compensate for
the low fatty acid content of the wri1-4 mutant
(To et al., 2012), suggesting partial functional
redundancy.
The structural and functional characterization of

the plant Mediator complex has been a subject of
considerable research interest, and recent investiga-
tions have focused mainly on the functions of various

plant Mediator subunits in a number of abiotic and
biotic signaling pathways (Kidd et al., 2009; Elfving
et al., 2011; Canet et al., 2012; Zhang et al., 2012) and
developmental processes (Autran et al., 2002; Wang
and Chen, 2004; Ito et al., 2011). Along with MED14/
SWP and MED16/SFR6 (Wathugala et al., 2012;
Zhang et al., 2012, 2013), MED15 has been shown to be
a regulator of salicylic acid signaling (Canet et al.,
2012). Here, we have extended the role of this Medi-
ator subunit to lipid metabolism. Sequence compari-
son between Arabidopsis MED15 and that of yeast
(Gal11p/MED15) and human (ARC105/MED15) re-
veals little homology other than the conserved KIX
domain. Nevertheless, it is surprising that the func-
tion of MED15 in lipid metabolism appears to be
conserved in evolution. TFs Gcn4 and Gal4 in yeast
(Fishburn et al., 2005; Reeves and Hahn, 2005),
SREBPs in worms (Taubert et al., 2006; Yang et al.,
2006), and Smad4 in Xenopus spp. (Kato et al., 2002)
activate the transcription of lipid-related genes, and
they all interact with MED15. Future work should
be directed toward understanding how the WRI1/
MED15 complex recruits other factors to alter the
chromatin structure of target genes to activate
transcription.

Figure 8. Working model of WRI1/MED15
interaction and its influence on the tran-
scriptional regulation of genes involved in
glycolysis and fatty acid biosynthesis in
Arabidopsis. A subunit of the tail module of
the Mediator complex, MED15, mediates
WRI1 expression through its possible in-
teraction with an unidentified TF. Once
WRI1 is expressed during late embryonic
development (heart stage) and seed matu-
ration (linear cotyledon stage to dormant
stage) or in the SAM in the seedling stage in
Arabidopsis, it binds to the AW box se-
quence in the 59 upstream promoter region
of WRI1 target genes, which are involved
in glycolysis and fatty acid biosynthesis.
Upon binding to the target promoters,
WRI1 recruits the Mediator complex and
Pol II through its direct interaction with
MED15 to initiate the transcription ofWRI1
target genes. CDK, Cyclin-dependent ki-
nase module.
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MATERIALS AND METHODS

Plant Materials and Growth Conditions

Arabidopsis (Arabidopsis thaliana) Col-0 was used as the wild type. Mutant
wri1-4 (SALK_008559) was obtained from the Arabidopsis Biological Resource
Center. Plants were grown at 22°C under long-day conditions (16 h of light/8 h
of dark).

Vector Construction and Plant Transformation

Full-length open reading frame encoding MED15 or WRI1 was PCR am-
plified with the appropriate primer sets listed in Supplemental Table S1. After
cloning into pENTR/D-TOPO (Invitrogen), DNA sequences were recombined
into the Gateway destination vector, pBA-DC (Zhang et al., 2006), to generate
35S::MED15 and 35S::WRI1 constructs.

For MED15 deletion derivatives, DNA sequences coding for two over-
lapping N-terminal fragments of MED15, MED15-N1 (+1 to +750; 250 amino
acids) and MED15-N2 (+1 to +1,350; 450 amino acids), and a C-terminal frag-
ment of MED15, MED15-C (+3,000 to +4,005; 335 amino acids), were PCR
amplified with appropriate primers and cloned into pBA-DC-YFP to generate
35S::MED15-N1-YFP, 35S::MED15-N2-YFP, and 35S::MED15-C-YFP constructs.

For the promoter-GUS experiment, theMED15promoter sequence (2,377 bp;
from 21 to 22,377, with +1 being the translational start site) with a 59 un-
translated region containing one intron (424 bp; from29 to2432) and theWRI1
promoter sequence (1,739 bp; from 21 to 21,739, with +1 being the transla-
tional start site) was PCR amplified from genomic DNA using specific primer
sets (Supplemental Table S1). Promoter sequences were then cloned into
pHGWFS7 (Invitrogen), which carries both GFP and GUS reporter genes. For
MED15-Ri constructs, we inserted a 450-bp fragment (+1,801 to +2,250) of
MED15 cDNA into pFGC5941 RNAi vector (GenBank accession no. AY310901)
through a two-step cloning procedure. The final vector, 35S::MED15-Ri, con-
tained MED15 cDNA fragments in opposite orientations on either side of the
1,352-bp intron of the petunia (Petunia hybrida) CHALCONE SYNTHASE A
(CHSA) gene. The 35S promoter in 35S::MED15-Ri was replaced with the
MED15 promoter (2,377 bp) to produce MED15Pro::MED15-Ri. All constructs
were transformed into Agrobacterium tumefaciens GV3101 using the floral dip
method (Clough and Bent, 1998). Primers used in this study are listed in
Supplemental Table S1.

In Vitro Pull-Down Assays

ToproduceMBP- orGST-tagged proteins, full-length open reading frames of
MED15 orMED14 andWRI1 or GL2were cloned into pMAL-c2 DC and pGEX-
6P-1, respectively. All constructs were transformed into Escherichia coli BL21
(Novagen), and the expression of recombinant proteins was induced by iso-
propyl b-D-1-thiogalactopyranoside. MBP fusion proteins were bound to am-
ylose resin and GST fusion proteins to glutathione-Sepharose 4B. Beads were
washed, and bound proteins were eluted from the column using a buffer
containing 10 mM maltose for MBP fusion proteins or 10 mM reduced gluta-
thione in 50 mM Tris-HCl (pH 8) buffer for GST fusion proteins.

For pull-down assays, 2 mg of GST-WRI1 or GST-GL2 was incubated with
immobilized MBP-MED15 or MBP-MED14 fusion proteins at 4°C for 3 h in
binding buffer (50 mM Tris-HCl, pH 7.5, 100 mM NaCl, 1% Triton X-100, and
0.5 mM b-mercaptoethanol). After washing with a buffer (50 mM Tris-HCl, pH
7.5, 200 mM NaCl, and 1% Triton X-100) five times, pulled-down proteins were
separated on 10% SDS-PAGE gels and detected by immunoblotting using anti-
GST antibody.

To define the interacting region between WRI1 and MED15, 6His-tagged N
terminus (+1 to+750; 250aminoacids) andCterminus (+751 to+1,290; 180amino
acids) or MBP-tagged MED15-N1, MED15-N2, and MED15-C were used as
target proteins for in vitro pull-down assays.

Subcellular Localization of WRI1 and MED15

YFP-fusedMED15deletionderivativeswere infiltrated intoNicotiana benthamiana
leaves, and the infiltrated plants were incubated at 24°C for 3 d. To visualize
nuclei, DAPI (5 mg mL21) solution dissolved in water containing 0.1% Silwet
L-77 was infiltrated into leaves, and the images were monitored by confocal
microscopy. YFP andDAPI signalswere detectedwith a confocal scanning laser
microscope with standard filter sets. Images were recorded and processed us-
ing the Zeiss LSM Image Browser (Carl Zeiss).

BiFC Assays

DNA fragments encoding full-length MED15 andWRI1 were cloned into serial
pSAT1 vectors (Tzfira et al., 2005) containing DNA sequences for either the N or C
terminus of EYFP and a 35S promoter. The resulting fusion genes with a 35S pro-
moter were transferred to pGreen binary vector HY105. These vectors were trans-
formed intoA. tumefaciens strainC58C1 containing apSOUPhelper plasmid (Hellens
et al., 2000). For BiFC experiments, A. tumefaciens cultures containing each plasmid
were coinfiltrated intoN. benthamiana leaves using a needleless syringe. YFP signals
were detected by confocal scanning laser microscopy using a standard filter set.

Coimmunoprecipitation

N. benthamiana leaveswere infiltratedwith anA. tumefaciens strain harboring
genes encoding 3HA-tagged WRI1 and YFP-fused MED15 deletion proteins,
MED15-N2 andMED15-C. The infiltrated plants were grown at 24°C for 3 d. To
increase protein stability, MG132, a proteasome inhibitor, was added to 10 mM

MgCl2, 10 mM MES (pH 5.6), and 100 mM acetosyringone infiltration medium.
For coimmunoprecipitation analysis, total proteins from 2 g of N. benthamiana
leaveswere extracted in prechilled lysis buffer (50 mM Tris-HCl [pH 8], 10% [v/v]
glycerol, 2 mM EDTA, 150 mM NaCl, 1 mM dithiothreitol, 1% [w/v] Nonidet
P-40, 1 mM phenylmethylsulfonyl fluoride, and a protease inhibitor cocktail).
Approximately 2 mg of protein extracts was incubated with anti-HA antibody
(Santa Cruz Biotechnology) for 3 h at 4°C followed by the addition of protein A
agarose beads (Santa Cruz Biotechnology) equilibrated with the extraction
buffer. After an overnight incubation, the beads were collected by centrifuga-
tion and thenwashed four timeswith ice-cold immunoprecipitation buffer at 4°C.
Immunoprecipitants were separated on 7.5% SDS-PAGE gels, blotted onto
membranes, and detected with anti-GFP antibody (Santa Cruz Biotechnology).

Histochemical GUS Staining

Organs/tissues derived from transgenic plants carrying MED15Pro::GFP-
GUS and WRI1Pro::GFP-GUS were incubated in GUS staining buffer (0.1 M

sodium phosphate, pH 7, 1 mM 5-bromo-4-chloro-3-indolyl-D-glucuronide
[Sigma], 0.5 mM potassium ferrocyanide, 0.5 mM potassium ferricyanide, 10 mM

Na2EDTA, and 0.1% Triton X-100) for 20 h at 37°C. After staining, the plant
materials were rinsed with 70% ethanol to remove chlorophyll (Jefferson et al.,
1987) before visualization by light microscopy.

RNA Isolation and qRT-PCR Analysis

TotalRNAwasextracted fromArabidopsis seedlings (2weeksold)or siliques
bearing early-stage developing seeds (3–8 DAP) using TRIzol reagent (Invi-
trogen). Onemicrogram of total RNA treatedwith DNase I (Promega) was used
for cDNA synthesis using Moloney murine leukemia virus SuperScript II
(Promega). The cDNA was quantified using Power SYBR Green PCR Master
Mix (Life Technologies) with gene-specific primers in the ABI7900 Sequence
Detection System (Life Technologies). ACTIN1 was used as an internal control.
All reactions were performed with three biological replicates, and each sample
was tested in triplicate by PCR.

Fatty Acid Analysis in Arabidopsis

To analyze the fatty acid content of seedlings or seeds in plants of various
genotypes, 2-week-old seedlings or mature seeds of homozygous lines were used.
One hundred seedlings or dry seeds were weighed on an analytical balance. Each
sample was transmethylated at 85°C for 2 h in 1 mL of 3 M HCl-methanol, 0.01%
butylated hydroxytoluene solution as an antioxidant, and 300 mL of toluene as a
cosolvent. Fifty micrograms of pentadecanoic acid (C15:0) was added to each
sample as an internal standard. After cooling the reaction mixture to room tem-
perature, 1.5 mL of 0.9% (w/v) NaCl was added. Fatty acidmethyl esters (FAMEs)
were extracted two times with 1 mL of hexane. Pooled extracts were evaporated
under nitrogen gas and then dissolved in 100 mL of hexane. FAME extracts were
analyzedusing anAgilent 6890 gas chromatographwith aflame ionization detector
on aDB23 column (30m length30.25mmi.d.30.25mmfilm thickness) employing
helium as the carrier gas. The fatty acid content was estimated by comparing the
total FAME peak area with that of the C15:0 that was used as an internal standard.
Total fatty acid content was calculated as the sum of each detected fatty acid within
the sample, and the relative amount of each fatty acid was determined by dividing
the concentration of an individual fatty acid by the total fatty acid content.
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Scanning Electron Microscopy Analysis

Seeds were mounted directly on the microscope stage and observed using a
JSM-6360LV device with an acceleration voltage of 20 kV (JEOL).

MED15 Antibody

A1,350-bpDNA fragment (+601 to+1,950) encoding 450 amino acids (amino
acids 200–650) of the MED15 protein was cloned into pET28a (Invitrogen).
Purified His-tagged partial MED15 protein was sent to AbFrontier for the
production of anti-MED15 rabbit antibody. The final serum was purified using
the Amino Link Plus Immobilization Kit (Pierce).

ChIP-qPCR Assay

ChIP assays were performed according to Saleh et al. (2008). Two-week-old
seedlings were transferred to Murashige and Skoog liquid medium containing
50 mMMG132 and incubated for 16 h at 22°C under long-day conditions (16 h of
light/8 h of dark). Approximately 3 g of Arabidopsis seedlings (2 weeks old)
treated with MG132 was fixed with 1% formaldehyde and cross-linked. The
chromatin fractionwas sonicated to a fragment size of around 0.3 to 1 kb. Rabbit
antibody specific for Arabidopsis MED15 was used to immunoprecipitate
DNA/protein complex from the chromatin preparation. The DNA recovered
by reverse cross-linking from the chromatin complex was purified using a PCR
purification kit (Qiagen) and then used for qPCR. To ensure the reliability of
ChIP data, the input sample and no-antibody control sample were analyzed
with each primer set.

Accession Numbers

Sequence data are available in the GenBank databases under the follow-
ing accession numbers: At3g54320 (WRI1), At1g15780 (MED15), At5g15530
(BCCP2), At3g22960 (Ch-PKa), At5g52920 (Cy-PKb), At5g49190 (SUS2),
At5g46290 (KAS1), At1g62640 (KAS3), At4g25140 (OLE1), At3g12120 (FAD2),
At2g29980 (FAD3), At4g34520 (FAE1), At3g05020 (ACP1), At1g16060 (WRI3),
At1g79700 (WRI4), and At2g37620 (ACTIN1).

Supplemental Data

The following supplemental materials are available.

Supplemental Figure S1. Subcellular localization of MED15-N1-YFP.

Supplemental Figure S2. Organ/tissue expression pattern of MED15 and
WRI1 derived from the Arabidopsis eFP Browser 2.0.

Supplemental Figure S3. Expression profiles of fatty acid biosynthetic
genes in developing young seeds with siliques of transgenic Arabidopsis
plants with different MED15 and WRI1 expression levels.

Supplemental Figure S4. Fatty acid profiles in mature seeds of transgenic
Arabidopsis plants with different MED15 and WRI1 expression levels.

Supplemental Table S1. Primer sequences used in this study.
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