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Single-copy locus isolation identifies distinct proteomes of early- 
and late-firing DNA replication origin chromatin 
Eukaryotic genome duplication is initiated from multiple replication origins and 
precisely regulated to ensure all chromosomes replicate once and only once in 
S phase of the cell cycle. Interestingly, only a fraction of replication-competent 
origins is selected to form a pair of divergent replication forks in any given cell, 
suggesting that additional cis-acting regulatory factors critically define or specify 
origin selection and activation in the context of eukaryotic chromosomes. 
Chromatin dynamics and the local chromatin organization critically contribute to 
origin activity, but the precise chromatin modifications and structural features 
like the exact nucleosome configuration, histone modification state or 
requirement of additional chromatin factors to allow efficient and timely 
replication initiation remain largely elusive. 
Locus-specific isolation of replication origins in its native chromatin context 
would provide many answers to these questions. However, purifying a single 
genomic locus in sufficient yields and purity for identifying factors bound to the 
locus has remained a major biochemical challenge. Here, we used site-specific 
recombination and single-locus chromatin isolation to purify four distinct 
replication origins on yeast chromosome III that show major differences in their 
intrinsic replication properties regarding timing and firing efficiency. Using mass 
spectrometry, we define the histone modification landscape and identify the 
protein composition of native chromatin regions surrounding these early-
efficient (EE) and late-inefficient (LI) replication start sites. In addition to the 
known origin interactors, we find novel origin-associated factors, such as the 
kinetochore-associated Ask1/DASH complex. Strikingly, we show that Ask1 
regulates the replication timing control of specific origins in yeast. Thus, our 
unbiased approach identifies functionally-relevant proteomes at single-copy loci 
and would be widely applicable to provide an in-depth quantitative 
characterization of histone modification and protein interaction networks of 
chromatin at any genomic locus of interest. 
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