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ChIP-Chip Assays

Chromatin immunoprecipitations were performed as previously described

Katou et al. (2003) [S1]. After disruption by the multibead shocker (Yasui Ki-

kai, Osaka), whole-cell extracts were sonicated to produce an average DNA

fragment size of 500 bp. Protein-DNA complexes were immunoprecipitated

with either anti-Myc monoclonal antibody (9E11; Abcam, ab56) or an anti-

yArp5 polyclonal antibody (K. Kitayama, M. Kamo, R. Matsuda, Y.O., S. Ta-

shiro, T. Ikura, B. Winsor, and M.H., unpublished data) bound to Dynabeads

protein A (DYNAL). Precipitated complexes were eluted in 50 mM Tris-HCl

(pH 8.0), 10 mM EDTA, 1% SDS, and in TE containing 0.67% of SDS at

65�C, treated by proteinase K for 8 hr at 37�C, and incubated for 6 hr at
Table S1. Yeast Strains Used in This Study

Name Genotype Source

GA-1981 MATa can1-100 ade2-1

trp1-1 his3-11,15 ura3-1

leu2-3, 112 RAD5 (W303)

H.L. Klein

GA-2181 MATa his3 leu2 met15

ura3 arp5::KanMX4

(S288C)

X. Shen

GA-2182 MATa his3 leu2 met15

ura3 arp8::KanMX4

(S288C)

X. Shen

GA-2263 MATa his3D200 leu2D0

met15D0 trp1D63 ura3D0

(S288C)

X. Shen

GA-2264 GA-2263 with ino80::TRP1 X. Shen

GA-2446 MATa can1-100 ade2-1

trp1-1 his3-11,15 ura3-1

leu2-3, 112 pol2::POL2-

13Myc-KanMX6 (W303)

L. Bjergbaek

GA-2953 GA-2263 with

rad51::HIS3MX6

This study

GA-2963 GA-2263 with

nhp10::HIS3MX6

This study

GA-3285 MATa can1-100 ade2-1

trp1-1 his3-11,15 ura3-1

leu2-3, 112 hta1:: hta1-

S129* hta2::hta2-S129*

This study

GA-3428 GA-1981 with

ino80::INO80-13Myc-

HIS3MX6

This study

GA-4563 MATa trp1-1 leu2D0

lys2D0 ura3-1::TK7x-

URA3

his3D1::hENT1:HSV-TK-

HIS3 (S288C)

This study

GA-4564 GA-4563 with

arp8::KanMX6

This study

GA-4565 GA-4563 with

ino80::KanMX6

This study

GA-4678 GA-2263 with

ddc2::DDC2-GFP-cURA3

This study

GA-4679 GA-2264 with

ddc2::DDC2-GFP-cURA3

This study

GA-4690 GA-1981 with

ino80::INO80-Myc-C-

Avitag-KanMX

This study

GA-4956 MATa his3 leu2D0

met15D0 ura3D0 (S288C)

This study
65�C for crosslink reversal. The eluted fraction was subjected to phenol/

chloroform/isoamylalcohol extraction twice and to ethanol precipitation.

Purified DNA was suspended in TE containing RNaseA and incubated for

1 hr at 37�C. DNA was amplified by PCR after random priming and digested

by DNase I to an average size of 100 bp. After the inactivation of DNase I at

95�C, the ends of DNA fragments were labeled with Biotin-11-ddATP (Perkin

Elmer, P/N NEL548). The hybridization mixture (end-labeled DNA, 63 SSPE,

0.005% Triton X-100, 0.1 mg/ml herring sperm DNA, oligo B2, and hybridiza-

tion control [Affymetrix]) was denatured at 100�C for 10 min and hybridized

to GeneChip SC3456a520015F for 16 hr at 42�C by using hybridization oven

640 (Affymetrix). Washing and scanning protocol EukGE-WS1v3 was per-

formed automatically on a GeneChip fluidics station 400 (Affymetrix). Micro-

arrays were scanned by GeneChip Scanner 3000 7G (Affymetrix), and data

analysis was performed as previously described [S2].

CldU and IdU Incorporation and Immunoprecipitation

Wild-type, ino80, and arp8 cells bearing TK7x and hENT1-TK were blocked

in G1 with a-factor then synchronously released in YPD with 0.2 M HU and

200 mg/ml CldU by adding 50 mg/ml pronase. After 90 min in HU-CldU cul-

ture, cells were washed once with fresh YPD then released from HU arrest

into YPD supplemented with 200 mg/ml IdU. After 45 min, 15 mg/ml nocoda-

zole and 1% DMSO was added to block cell cycle prior to mitosis, then cells

were cultured for additional 45 min. Genomic DNA was purified in 1% low-

melting agarose plug. Purified genomic DNA was sonicated and denatured

and then immunoprecipitated with monoclonal antibody BU1/75 (Oxford

Biotechnology) for CldU or with B44 (Becton Dickinson) for IdU coupled

with Protein G-Dynal beads in the presence of 50-fold excess of denatured

salmon sperm DNA. Immunoprecipitated samples were washed twice with

0.5 M NaCl, 0.5% Tween20, 20 mM Tris-HCl (pH 7.8) and once with TE.

Immunoprecipitated DNA was eluted with 1% SDS at 65�C and then purified

by proteinase K, phenol/chloroform extraction and ethanol precipitation.

Immunoprecipitated DNA was quantified with real-time PCR using Taqman

probes for ARS607, ARS607+4kb, ARS607+14kb, and ARS522.

Yeast FACS and Other Techniques

Cells were cultured to mid-log phase in YPD supplemented with 25 mg/l of

adenine or SC media at 30�C. For cell synchronization in S phase, cells were

cultured in 2 mg/ml of a-factor in media adjusted to pH 5.0 for 90 min in G1.

Cells were then washed and released into fresh medium with or without

0.2 M hydroxyurea (HU). For FACS analysis, about 5 3 106 cells were fixed

with 70% ethanol then treated with 200 mg/ml RNaseA in 50 mM Tris-HCl (pH

7.4) for 3 hr at 37�C. Cells were stained with 10 mg/ml propidium iodide in

50 mM sodium citrate (pH 7.0) for cell-cycle analysis by flow cytometry

(FACSCalibur; Becton Dickinson).
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Figure S1. Localization of the INO80 Complex on Chromosome 4

Cells bearing a genomic copy of Ino80-13myc were exponentially cultured and then fixed with 1% formaldehyde. ChIP-chip analysis with anti-yArp5 (top) or

anti-Myc (9E11) (bottom) was performed as described in the Experimental Procedures (see [S1] and [S2]). Vertical bars represent the binding ratio of proteins

in each locus. The loci, which cover 300 bp and 150 bp regions, are shown by yellow and black vertical bars, respectively. The scale of the vertical axis is

signal log ratio [S1, S2], and the horizontal axis shows kilobase units. Red arrows indicate the position of replication origins (ARS), and black arrows indicate

tRNA genes. Horizontal black bars under the panels represent the Ino80-enriched region, and gray bars represent the Ino80-depleted regions.
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Figure S2. Localization of the Ino80 Complex on Chromosome 5

The binding of Arp5 (top) and Ino80-13myc (bottom) was analyzed by ChIP-chip analysis. For details, see Figure S1.
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Figure S3. Localization of the INO80 Complex on Chromosome 6R

The binding of Arp5 (top) and Ino80-13myc (bottom) was analyzed by ChIP-chip analysis. For details, see Figure S1.
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Figure S4. The INO80 Complex Does Not Increase at tRNA Genes on HU

ChIP-chip analysis for Ino80-13myc was performed in cells arrested in

a-factor or in HU. The enrichment of Ino80-13myc in HU (vertical axis) is

plotted against the enrichment on a-factor (horizontal axis) as red dia-

monds. The green circles represent Ino80-13myc signals at tRNA genes.

The scale of the axes is log2 value of signal [S1, S2]. The regression line

shown for all loci coincides with that for all tRNA loci.

Figure S5. ino80 Mutants Progress through S Phase with Kinetics Similar to

Wild-Type

Isogenic wild-type and ino80 cells were synchronized in G1 and released

into YPD at 23�C. Samples were taken at the indicated time for FACS (A)

and 2D gel analysis (B). Genomic DNA was digested with PstI (for

ARS607) or with PvuII (for ARS609) then subjected to the 2D gel analysis

probed for an early origin ARS607 and a late origin ARS609. Arrows indicate

bubble arcs relevant for initiation events.
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Figure S6. Spontaneous Ddc2 and Rad52 Foci Form with Equal Efficiency

in Wild-Type and ino80 Cells during an Unperturbed Cell Cycle

(A) Wild-type and ino80 cells bearing Ddc2-GFP were exponentially cultured

in YPD as in Figure 4A. Spontaneous Ddc2-GFP focus formation was mon-

itored by 3D microscopy. Over 100 cells are scored for each time point, and

the frequencies of cells having one or two Ddc2-foci in G1, S, and G2-M cells

are plotted.

(B) Wild-type (GA-4956) and ino80 cells (GA-2264) bearing Rad52-YFP plas-

mid (pWJ1213, a gift form R. Rothstein) were cultured in SC-His. Exponen-

tially growing wild-type and ino80 cells were monitored for spontaneous

Rad52 repair focus formation as described in (A) and Experimental proce-

dures. The frequencies of cells having one or two Rad52-foci in G1, S, and

G2-M cells are plotted.

Figure S7. Arp5 Is Recruited to the Stalled Fork in Cells Lacking Histone

H2A Phosphorylation

Wild-type cells and histone H2A-phosphoaccepter double mutant cells

(hta1 S129* hta2 S129*; [S3]) were arrested in G1 and then synchronously re-

leased in 0.2 M HU for 60 min. ChIP samples obtained with anti-yArp5 anti-

body were analyzed with real-time PCR primed with sequences for ARS305,

ARS607, ARS609, and a control locus, FAB1. Fold enrichment over the

TOM1 locus is plotted. Error bars represent the standard error of three inde-

pendent experiments.
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