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Supplemental Figure 1. Amino acid sequence comparison of plant AUG2 
homologs and human HAUS2.  The GenBank accession numbers are NP_565760 
(At2g32980, At AUG2), NP_001061229 (Os08g0204800, Os AUG2), XP_001754674 
(Pp AUG2), and NP_060567 (HAUS2). 

(A) Sequence identity and similarity among At AUG2, Os AUG2, Pp AUG2 and HAUS2. 
Plant AUG2 homologs are compared to the human HAUS2 protein. The plant species 
are A. thaliana (At), the rice Oryza sativa (Os), the moss Physcomitrella patens (Pp). 

(B) Schematic diagram of At AUG2 and HAUS2. Coiled-coil motifs are indicated in blue. 
Basic regions were indicated with red bars and theoretical pI values. 

(C) Multiple sequence alignment of plant AUG2 homologs and human HAUS2. 
Conserved (identical and similar) residues among all proteins are boxed in black and 
those partially conserved in gray. 
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Supplemental Figure 2. Sequence comparison of plant AUG4 homologs and 
human HAUS4. The GenBank accession numbers are AEE32582 (At1g507110, At 
AUG4), EAZ21518 (OsJ_05142, Os AUG4), XP_001768748 (Pp AUG4), and 
NP_060285 (HAUS4). 

(A) Sequence identity and similarity among At AUG4, Os AUG4, Pp AUG4 and human 
HAUS4. 

(B) Multiple sequence alignment of plant AUG4 homologs and human HAUS4. 
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Supplemental Figure 3. Sequence comparison of plant AUG5 homologs, human 
HAUS5 and Drosophila melanogaster (fly) Dgt5.  The GenBank accession 
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numbers are AED94368 (At5g38880, At AUG5), EEE69629 (OsJ_29218, Os AUG5), 
XP_001756819 (Pp AUG5), NP_056117 (HAUS5), and NP_610785 (Dm Dgt5). 

(A) Sequence identity and similarity among At AUG5, Os AUG5, Pp AUG5, human 
HAUS5 and Dm Dgt5. 

(B) Multiple sequence alignment of plant AUG5 homologs, human HAUS5 and Dm Dgt5. 
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Supplemental Figure 4. Sequence comparison of plant AUG6 homologs, human 
HAUS6 and Dm Dgt6. The GenBank accession numbers are NP_568585 
(At5g40740, At AUG6), NP_001046716(Os02g0329300, Os AUG6), XP_001773092 
(Pp AUG6), NP_060115 (HAUS6), and AAF56860 (Dm Dgt6). 

(A) Sequence identity and similarity among At AUG6, Os AUG6, Pp AUG6, HAUS6 and 
Dm Dgt6.  

(B) Schematic diagram of At AUG6 and HAUS6. Coiled-coil motifs were indicated in 
blue. Basic regions are indicated with red bars and theoretical pI values. 

(C) Multiple sequence alignment of plant AUG6 homologs, HAUS6 and Dm Dgt6. 
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Supplemental Figure 5. Phenotypes caused by the aug1-1, aug2-1, aug4-
1 and aug5-1 mutations. 

(A) Defects in developing fruits/siliques in the mutants. Compared to the 
siliques produced by the +/+ (WT) control plant, heterozygous aug1-1, aug2-1, 
aug4-1 and aug5-1 mutants contain white unfertilized ovules and brown 
aborted seeds. Bar = 1 mm. 

(B) Percentages of normal seeds, unfertilized ovules (white), and aborted 
seeds (brown) in siliques produced by the control (+/+) and heterozygous 
mutants. 

(C) DNA staining of control and defective pollen grains produced by an 
+/aug1-1 plant. A control pollen grain after mitosis I contains a brightly stained 
generative nucleus and a less bright vegetative nucleus (left panel). A 
defective pollen grain contains two identically stained nuclei resembling the 
vegetative nucleus (right panel). Bar = 10 µm.    

(D) Attached tetrad pollen grains produced by the +/aug5-1 qrt/qrt plant. A 
normal tetrad contains fully enlarged four pollen grains attached together (left 
panel). A tetrad produced by the +/aug5-1 qrt/qrt plant contains two enlarged 
pollen grains and two shrunken pollen grains (right panel).  Some attached 
tetrads contained three enlarged pollen grains.  Bar = 30 µm. 
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Supplemental Figure 6. Localization of AUG4-c-
myc in mitotic root cells.  In merged images, 
AUG4 is pseudocolored in green, MTs in red, 
and DNA in blue. Bar = 5 m. 

(A-C) AUG4-c-myc signal appears along MTs of 
prophase spindle on the nuclear envelope.  

(D-F) AUG4-c-myc localizes along kinetochore fiber 
MTs in the metaphase spindle.  

(G-I) AUG4-c-myc signal is enhanced on the 
shortening kinetochore fiber MTs during anaphase.  

(J-L) AUG4-c-myc signal decorates phragmoplast 
MTs. 
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Supplemental Figure 7. Measurement of the fluorescence 
intensity of AUG6-GFP in the metaphase spindle and 
phragmoplast shown in Figure 3M. 

(A) and (B) The fluorescence intensities of AUG6-GFP and 
mCherry-TUB6 are measured in the spindle (A) and 
phragmoplast (B) along white lines indicated in the left panels. 
Both graphs on the right show that the AUG6-GFP signal is 
biased toward minus ends of MTs. Bars = 5 µm.   
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Figure 8. Dual localizations of AUG4/AUG5 
and -tubulin. In the merged images, AUG4 or 
AUG5 are shown in green, -tubulin in red and 
DNA in blue. Bars = 5 µm. 

(A-I) AUG4-c-myc and -tubulin. (J-R) AUG5-c-myc 
and -tubulin. Both AUG4 and AUG5 colocalize with -
tubulin in metaphase (A-C, J-L), anaphase (D-F, M-
O), and cytokinesis (G-I, P-R). 
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Supplemental Figure 9. Detection of the interaction between 
augmin and -tubulin in vivo. 

(A) At AUG3-c-myc localization inside the spindle of a BY-2 cell. AUG3 
signal decorates along spindle MTs as seen in the Arabidopsis cells. In 
the merged image, AUG3 is shown in green, MTs in red, and DNA in 
blue. Bar = 10 m. 
 
(B) At AUG3-c-myc forms a complex with tobacco augmin subunits. 
When At AUG3-c-myc is enriched by immuno-affinity purification from 
BY-2 cells expressing the protein, at least three tobacco augmin subunits 
can be detected by immunoblotting using anti-AUG1, anti-AUG4 and 
anti-AUG5 antibodies (right panel, immunoblotting). -Tubulin is also 
detected by an anti--tubulin antibody (arrow). The bait, At AUG3-c-myc 
is marked by asterisks. 
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Supplemental Figure 10. Sequence comparison of the AUG7 homologs. The 
GenBank accession numbers are NP_568354 (At5g17620, At AUG7), 
NP_001234492 (Sl NMP1), NP_001044927 (Os01g0869500, Os AUG7), and 
XP_001777152 (Pp AUG7). 

(A) Sequence identity and similarity among At AUG7, Sl NMP1 (tomato AUG7 
homolog), Os AUG7, Pp AUG7.   
 
(B) Multiple sequence alignment of plant AUG7 homologs. Conserved (identical and 
similar) residues among all proteins are boxed in black and those partially conserved in 
gray. AUG7 is highly conserved in the plant kingdom. 
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Supplemental Figure 11. Interaction of 
AUG7 and AUG5 in vivo. 

Proteins were extracted from transgenic 
Arabidopsis plants expressing AUG7-c-myc, 
and the fusion protein was enriched by anti-c-
myc affinity purification (left panel, silver 
staining). In addition to AUG7-c-myc revealed 
by the anti-c-myc antibody (asterisks), AUG5 
was detected by the anti-AUG5 antibody 
(arrow in the right panel). 
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Supplemental Figure 12. Dividing aug7-1 cells 
with excessive numbers of chromosomes. MTs 
are shown in red and DNA in blue. Cell outline 
is indicated by white frames. Bar = 5 µm. 

(A) A cell undergoing mitosis contains two 
metaphase spindles. 
 
(B) An anaphase cell with excessive number of 
chromosomes. 
 
(C) Phragmoplast is formed between two 
reforming nuclei containing excessive number of 
chromosomes. 
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Supplemental Table 1. List of the peptides identified in the LC-MS/MS analysis 
corresponding to Figure 1.  Sample #, as the number shown in Figure 1A; Gene 
ID, genetic locus identified by TAIR; # peptide, number of unique peptides; 
peptide sequence, sequences of unique peptides identified. 
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Supplemental Table 2. Transmission efficiency (TE) of aug mutant 
alleles in reciprocal crosses between heterozygous mutants (+/aug) 
and WT (+/+) plants. 
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Supplemental Table 3. List of the peptides identified in the LC-MS/MS analysis 
corresponding to Figure 4.  Sample #, as specific immune-purification 
experiments shown in Figure 4C; Gene ID, genetic locus identified by TAIR; # 
peptide, number of unique peptides; peptide sequence, sequences of unique 
peptides identified. 
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Supplemental Table 4. List of primers used in this work. 


