
























Supplemental Table 1. Brassinosteroid content in wild-type and abcg9-1 abcg31-1  pollen

Brassinosteroids Wild type abcg9-1 abcg31-1

6-Deoxocathasterone 3.20 2.75

6-Deoxoteasterone n.d. n.d.

3-Dehydro-6-deoxoteasterone n.d. n.d.

6-Deoxotyphasterol n.d. n.d.

6-Deoxocastasterone 6.60 6.40

Cathasterone n.d. n.d.

Teasterone 5.00 4.85

3-Dehydroteasterone n.d. n.d.

Typhasterol 18.0 17.5

Castasterone 44.0 41.0

Brassinolide 142 127

Total 219 199

Unit pg/mg of dry weight

n.d., not detected.
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Supplemental Table 2. Primers used in this study

Isolation of knockout mutants

abcg9-1 and abcg9-2 9LP 5’-ACCACTGCTCAAAGGATTGTGT-3’

9RP 5’-CCTCAGCCAGATTTGGTCTTACCA-3’

abcg31-1 31LP1 5’-TGTCTCTGGAAACAGAACCT-3’

31RP1 5'-TGACTGAAAGTGCAAATGCT-3’

abcg31-2 31LP2 5'-GAGTCTCTAGGATTCCGTCTC-3'

31RP2 5'-CCCTTGCTAG AGAAGCCATCA-3'

T-DNA specific LB1 5’-GCGTGGACCGCTTGCTGCAACT-3’

LB2 5’-AACGTCCGCAATGTGTTATTAAGTTGTC-3’

LB3 5'-ATAATAACGC TGCGGACATC TACATTTT-3'

TUB1 TUB1-F 5’-CTCACAGTCCCGGAGCTGACAC-3’

TUB1-R 5’-GCTTCAGTGAACTCCATCTCGT-3’

UBQ1 UBQ1-F 5’-GCCAAGATCC AAGACAAAGA-3’

UBQ1-R 5’-TTACGAGCAA GCATCATCAA-3’

Promoter-GUS expression assay

ABCG9 promoter SalⅠ-ABCG9 proF 5'-GTCGAC-TCGAGAACCTACAAATAACAAGGT-3'

SmaⅠ-ABCG9 proR 5'-CCCGGG-CCCCAACAATGATCGATCTATAAAG-3'

ABCG31 promoter ABCG31 Pro-F 5'-CTCATCTGGTAGACTGCTAA-3'

ABCG31 Pro-R 5'-CTCCATACCAACTCTACGAA-3'

Quantitative RT-PCR analysis 

ABCG9 9QRT-F 5’-ATGGATAATCAAGAGGTTTCTATG-3’

9QRT-R 5'-TCATCTTGAGTCACGAAACCCG-3'

ABCG31 31QRT-F 5'-GGATCCTTCAGCTTTATGCAGA-3'

31RP2 5'-CCCTTGCTAGAGAAGCCATCA-3'

PP2A PP2A/A3-qRT-F 5’-TAACGTGGCCAAAATGATGC-3’

PP2A/A3-qRT-R 5’- GTTCTCCACAACCGCTTGGT-3’

Complementation or overexpressing constructs

SalⅠ-ABCG9 proF 5'-GTCGAC-TCGAGAACCTACAAATAACAAGGT-3'

SmaⅠ-ABCG9 proR 5'-CCCGGG-CCCCAACAATGATCGATCTATAAAG-3'

XbaⅠ-SmaIⅠ-sGFP F 5’-TCTAGA-CCCGGG-ATGGTGAGCAAGGGCGAGGAGC-3’

BamHⅠ-SspⅠ-5G-sGFP R 5’-GGATCC-AATATT-G GCC ACC TCC ACC TCC-CTTGTAC-3’

SacⅠ-SmaIⅠ-ABCG9g F 5`-GAGCTC-CCCGGG-GG ATGGATAATCAAGAGGTTTCTAT-3`

PmlⅠ-XhoⅠ-ABCG9g R 5'-CACGTG-CTCGAG-TATGCACCACAAATTCGTCAGCA-3'

NarⅠ-sGFP F 5’-GGCGCC-ATGGTGAGCAAGGGCGAGGAGC-3’

BgIⅡ-SpeⅠ-5G-sGFP R 5’- AGATCT-ACTAGT-GCC ACC TCC ACC TCC-CTTGTAC-3’

XbaⅠ-ABCG31 F 5’-AA TCTAGA-ATGGCGGCGGCTTCGAATGG-3’

BamHⅠ-ABCG31 R 5’-AA GGATCC TCCTCTTCTC TGGAAGTTGA-3’

31LP1 5’-TGTCTCTGGAAACAGAACCT-3’

attB3-ABCG31gR 5’-GGGGACAACTTTGTATAATAAAGTTGGTGAAGAGATCTTCGATGGGTCTCT-3'

ABCG9
complementation and
overexpression

ABCG9
complementation only

ABCG31
overexpression
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Supplemental Table 3. Constructs

Use Construct Plasmid name Insert or PCR
product Descrtiption Primers Template Plasmid

backbone Cloning method

SalⅠ-ABCG9 proF

SmaⅠ-ABCG9
proR

pBIABCG9pro-GUS ABCG9 promoter - - Teasy-ABCG9pro pBI101.2 SalI/SmaI

ABCG31 Pro-F

ABCG31 Pro-R

SacⅠ-SmaIⅠ-
ABCG9g F

PmlⅠ-XhoⅠ-
ABCG9g R

XbaⅠ-SmaIⅠ-
sGFP F

BamHⅠ-SspⅠ-5G-
sGFP R

ABCG9 genomic
DNA Teasy-ABCG9 gDNA

sGFP Teasy-sGFP

pPZP221-ABCG9pro ABCG9 promoter - - Teasy-ABCG9pro pPZP221 SalI/SmaI

XbaⅠ-ABCG31 F

attB3-ABCG31gR

31 LP1

attB3-ABCG31gR

NarⅠ-sGFP F

BgIⅡ-SpeⅠ-5G-
sGFP R

Topo-isomerase

pCR-topo-sGFP-
ABCG31CDSUTR

sGFP-ABCG31
CDSUTR

pMDC32-sGFP-
ABCG31CDSUTR

sGFP - - pCR-topo-sGFP pCR-topo-
ABCG31CDSUTR

appropriate
restriction enzymes

Gateway LR
pMDC32 (Curtis

and Grossniklaus,
2003)

- - pCR-topo-sGFP-
ABCG31CDSUTR

pCR-topo-
ABCG31CDS ABCG31CDS

-

Coding sequence Arabidopsis cDNA pCR8-GW-TOPO

pCR-topo-
ABCG31CDSUTR ABCG31CDS part

Coding sequence
containing the last

inrton+3'-
untranslated

region

pCR-topo-
ABCG31CDS partUTR ABCG31CDS part

Part of coding
sequence

containing the last
inrton+3'-

untranslated
region

pCR8-GW-TOPO

pCR-topo-
ABCG31CDS partUTR

pCR-topo-
ABCG31CDS

pCR8-GW-TOPO Topo-isomerase

appropriate
restriction enzymes

pPZP221-35S-
nosT

(Hajdukiewicz et
al., 1994)

appropriate
restriction enzymes

35Spro:sGFP:AB
CG9

ABCG9
overexpressi

on

Arabidopsis genomic
DNA

- - pPZP221-ABCG9pro
pPZP221-35S-

sGFP-ABCG9g-
nosT

appropriate
restriction enzymes

Topo-isomerase

-

ABCG9pro:GUS

ABGC31pro:GUS

pMDCABCG31pro-
GUS ABCG31 promoter -

Teasy-ABCG9pro ABCG9 promoter

-

TA cloningpGEM-T Easy
vector

Teasy-sGFP sGFP (green
fluorescent protein)

sGFP  with X 5
linker sequence

p326 sGFP-3G (pUC
vector based, kindly

provided by professor
Inhwan Hwang,

POSTECH, Korea)

pGEM-T Easy
vector TA cloning

Teasy-ABCG9 gDNA ABCG9 genomic
DNA

Upstream
sequence

upstream
sequence ~ part

of the second
exon

ABCG31 promoterpCR-topo-ABCG31pro

pPZP221-35S-sGFP-
ABCG9g-nosT -

pGEM-T Easy
Vector (Promega) TA cloning

pCR8-GW-TOPO
(Invitrogen) Topo-isomerase

pMDC163 (Curtis
and Grossniklaus,

2003)
Gateway LR

Promoter-
GUS

expression

pCR-topo-sGFP sGFP sGFP  with X 5
linker sequence p326 sGFP-3G

35Spro:sGFP:AB
CG31

Arabidopsis genomic
DNA

ORF+3'-
untranslated

region

pCR-topo-ABCG31pro

Arabidopsis genomic
DNA

Arabidopsis genomic
DNA

ABCG9pro:sGFP
:ABCG9

ABCG9
complement

ation
pPZP221-ABCG9pro-
sGFP-ABCG9g-nosT ABCG9 promoter

ABCG31
overexpressi

on
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Supplemental Methods  

Comparison of the steryl glycoside content on the surface of individual pollen 

and leaf cells 

Steryl glycosides are known to be mainly localized to the plasma membrane; thus, if 

steryl glycosides are also present as normal components of the pollen coat, pollen 

should have a much higher steryl glycoside content per unit surface area of the cell 

than other types of cells, such as leaf cells. To evaluate this possibility, we sought to 

compare the steryl glycoside content per unit surface area of pollen versus that of leaf 

cells. Whereas the steryl glycoside content per dry weight was known, the number of 

cells per unit weight was not. We thus estimated steryl glycoside content based on the 

volume of the cells.   

First, we converted the steryl glycoside content per unit dry weight into a value 

per unit fresh weight, because we reasoned that the cell volume is better correlated 

with fresh weight than with dry weight, which is obtained from tissues that have been 

deformed during the drying process. Water accounts for 90% of the total volume of a 

leaf cell and for 50% of that of a pollen, which is already dehydrated (Barnaba, 1985). 

Since the steryl glycoside content was 25 and 70 μg/100 mg of the dry weight of leaves 

and pollen, respectively (Figure 8, DeBolt et al., 2009), the corresponding values in 

fresh weight were 2.5 and 35 μg/100 mg of fresh weight, respectively.  

Next, we calculated the total surface area of leaf and pollen cells occupying a 

given space. Assuming that a cell is spherical, we used the equation for the surface 

area of a sphere, S = 4πr2, to obtain the cell surface area. The total surface area of the 

cells in a space can be obtained by multiplying the surface area of each cell by the 

number of cells (N) in the space. Fewer large cells occupy a given space than small 



cells. Thus, the number of cells in a specific volume is N=1/(V of each cell). The V of 

each cell was estimated to be the V of a sphere, 4/3πr3. Thus, the total surface area is 

Stotal = Ssingle cell×N = 4πr2×1/(4/3 πr3) = 3/r. The average radius, r, of a leaf mesophyll 

cell and a pollen grain is 25 and 10 μm, respectively. Finally, to calculate the steryl 

glycoside content per unit surface area, the content was divided by the surface area. 

Thus, the ratio of steryl glycoside content in leaf cells to that in pollen is 

2.5/(3/25):35/(3/10), which is equal to 1:5.6. Therefore, a pollen grain is estimated to 

contain 5.6 times more steryl glycosides at the plasma membrane and on the surface 

than does a leaf cell.  
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