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A. Personal Statement 
The long-term goal of my research is to understand the elusive relationship between chromatin and 

epigenetic inheritance. In recent years, we have expanded our scope from nucleosome dynamics to 

interactions with other components of the epigenome, including nucleosome remodelers, 

transcription factors and RNA polymerase II. These studies have been enabled by a series of 

technological innovations for epigenomic profiling that my laboratory has developed. In 2000 we 

introduced DamID (tethered Dam methylase for mapping chromatin binding proteins and 

transcription factors), and in 2001 we applied DamID to genome-wide mapping in Drosophila using 

microarrays. In 2002 we published the first DNA methylation mapping study using a microarray 

readout (for Arabidopsis). In 2005 we introduced the use of biotin-tagging for epigenomic profiling of 

chromatin, in 2009, we introduced a simple method for epigenomic profiling of chromatin salt 

fractions, and in 2010 we introduced a simple affinity-based method for cell-type specific purification 

of nuclei (INTACT), and a metabolic labelling strategy for directly measuring nucleosome turnover 

(CATCH-IT). In 2014 we introduced a simple general method for precise mapping of all RNA 

Polymerase II (3’NT), a high-resolution method for measuring DNA torsion in vivo (TMP-seq) and 

two highresolution chromatin immunoprecipitation (ChIP) techniques (ORGANIC1 and Hi-res X-

ChIP). In 2015, we introduced ChEC-seq2, a simple in vivo base-pair resolution method for 



 
  

chromatin profiling that is unrelated to ChIP and has the potential for rapid time-resolved mapping 

and single-cell applications. In 2016, we introduced the MINCE-seq method for precisely mapping 

de novo assembly of the chromatin landscape behind the replication fork, which revealed that 

transcriptional regulators compete with nucleosomes postreplication3. In 2017, we described 

CUT&RUN (Cleavage Under Targets & Release Using Nuclease), a novel enzyme-tethering strategy 

that outperforms ChIP-seq for mapping DNA-binding sites4. 

1. Kasinathan, S., Orsi, G.A., Zentner, G.E., Ahmad, K., and Henikoff, S* (2014) High-resolution 
mapping of transcription factor binding sites on native chromatin. Nature Methods 11:203-209. 

2. Zentner GE, Kasinathan S, Xin B, Rohs R and Henikoff S* (2015) ChEC-seq kinetics discriminates 
transcription factor binding sites by DNA sequence and shape in vivo. Nature Communications 
6:8733. 

3. Ramachandran and Henikoff S* (2016) Transcriptional regulators compete with nucleosomes 
postreplication. Cell,165: 580-92. 

4. Skene, PS and Henikoff S* (2017) An efficient targeted nuclease strategy for high-resolution 
mapping of DNA binding sites. eLife e21856. 

 
B. Positions and Honors 
1981-85  Fred Hutchinson Cancer Research Center, Seattle, WA. Assistant Member in Basic 
  Sciences 
1981-  University of Washington, Seattle, WA. Affiliate faculty in Genetics/Genome Sciencees 
1985-88  Fred Hutchinson Cancer Research Center, Seattle, WA. Associate Member in Basic 

Sciences 
1988-  Fred Hutchinson Cancer Research Center, Seattle, WA. Member in Basic Sciences 
1990-  Investigator, Howard Hughes Medical Institute 
1994-03  Protein Science Editorial Advisory Board 
1996-05  Genetics Editorial Board 
1996-05  CABIOS/Bioinformatics Editorial Board 
1997-08  Chromosoma Editorial Board 
1998-  Trends in Genetics Editorial Board 
2001-03  Scientific Advisory Board, Institute of Systems Biology 
2001-05  Co-founder and Scientific Advisory Board, Tilligen (Anawah), Inc. 
2005-10  Keystone Symposia Scientific Advisory Board 
2000-05  Comparative and Functional Genomics Associate Editor for Bioinformatics 
2005-08  PLoS Computational Biology Editorial Board 
2005-07  NSF Maize Chromatin Project Advisory Board 
2005-  Current Opinion in Genetics and Development Editorial Board 
2005-  Member, US National Academy of Sciences 
2005-08  The Cancer Genome Atlas (NCI-NHGRI) External Advisory Board 
2006- American Association of Cancer Research Human Epigenome Task Force 
2008-  Scientific Advisory Board, Epizyme, Inc. 
2008-  Co-editor-in-chief Epigenetics & Chromatin (BMC press) 
2009  NIH Challenge Grant editorial panel 
2009  NIH GCAT review panel 
2010  External Advisory Committee, Einstein Center for Epigenomics 
2010-  Genome Biology, Editorial Advisory Board 
2010  75th Cold Spring Harbor Symposium – Summary 
2011-  External Advisory Board, Chicago Biomedical Consortium 
2011  Co-chair, Forbeck Forum 
2012  Co-organizer, Keystone Symposium on Epigenomics 
2012  Co-organizer, CoB Workshop on Epigenetic Memory 
2012-  Fellow, American Association for the Advancement of Science 
2013  Co-organizer, Epigenetics & Chromatin Processes, Boston 
2014-  Genome Research, Editorial Board 
2014  NIH Special Emphasis Review Panel 
2014  NCI PS-OC Review Panel 
2015  NCI Site visit Review Panel 
2015  2015 GSA Medal 



 
  

2015-16  Chair, Biological Sciences Section, AAAS 
2015-  Scientific Advisory Board, Gregor Mendel Institute, Vienna, Austria 
2016-  Scientific Advisory Board, Northwestern Physical Sciences Oncology Center 
2015-16  NIH Transformative R01 Review Panel 
2017  Lecturer, AACR Annual Meeting Educational Section on “Histone Modifiers and Cancer” 
2017-  Advisor/Visiting Professor in National Institute of Genetics, Mishima, Japan 
2017-18  NIH GCAT Review Panels 
2018  NIH SBIR Review Panel 
 
C. Contributions to Science 
1. Genomics technologies. My initial foray into genomics technology development was motivated by 
the need for an alternative to shotgun DNA sequencing in the early 1980’s. Closing the gaps became 
increasingly onerous as the size of a region to be sequenced increased, and finishing methods were 
tedious. I introduced a simple strategy for creating targeted deletions that took advantage of the 
controllable kinetics and unidirectionality of Exonuclease III. My 1984 paper in Gene describing this 
method has been cited >4000 times, and the method was the basis for popular kits from Promega 
(Erase-a-base), Stratagene (Exo-mung) and others. Importantly, our ability to rapidly sequence 
several kb regions in the mid-1980s led to major discoveries, such as the alternative RNA processing 
of a housekeeping gene transcript and the first example of a gene within an intron of another gene. 
Much later, we perceived a need for high-throughput detection and mapping of induced mutations, 
which led us to develop mismatch detection strategies for reverse genetic screening that we called 
“TILLING” (Targeting Induced Local Lesions IN Genomes). Our technology development efforts 
resulted in establishment of non-commercial TILLING services to the Arabidopsis, maize and 
Drosophila communities, and to both academic and commercial applications to crop plants and other 
organisms. 
a.Henikoff S (1984) Unidirectional digestion with Exonuclease III creates targeted breakpoints for 

DNA sequencing. Gene, 28, 351–359. 
b.Henikoff S*, Sloan JS, Kelly JD (1983) A Drosophila metabolic gene transcript is alternatively 

processed. Cell, 34:405-14. 
c.Henikoff S* (1986) Keene MA, Fechtel K, Fristrom JW Gene within a gene: nested Drosophila 

genes encode unrelated proteins on opposite DNA strands. Cell, 44:33-42. 
d.McCallum CM, Comai L, Greene EA and Henikoff S* (2000) Targeted screening for induced 

mutations. Nat. Biotechnol., 18, 455–457. 
 
2. Computational biology tools. By the 1980s, Sanger sequencing of DNA had overtaken sequencing 
of peptides for determination of protein sequences, and so I began to search 6-frame translations of 
nucleotide sequence databanks with protein queries. This strategy led to our discovery of several 
previously unknown relationships such as the LysR family of bacterial transcription factors. To further 
improve searching for distant relationships, Jorja Henikoff and I introduced an automated system for 
generating and searching a database of conserved regions, the Blocks Database. We then counted 
the alignment pairs drawn from the Blocks Database to generate the BLOSUM series of amino acid 
substitution matrices, which were quickly adopted by the community, and since 1993, BLOSUM62 
has been the default for BLAST. Jorja and I went on to introduce a series of computational strategies 
to improve multiple alignment-based searching, including position-based sequence weights, 
substitution probabilities for generating pseudocounts, and sequence embedding, three innovations 
that were later adopted in modified form by the NCBI group in developing their powerful PSI-BLAST 
program. Although most of our subsequent computational work has been focused on data analysis, 
we have introduced some other popular computational tools, including CODEHOP for designing 
consensus-degenerate primers in 1998 (>500 citations), and SIFT for predicting damaging non-
synonymous mutations. Pauline Ng developed SIFT in 2001 when she was a graduate student in 
my group, and SIFT has since become a standard tool in the human genetics field, with >4000 
citations thus far for the five SIFT papers co-authored with Pauline, who took over the SIFT website 
when she began her own research group, currently at the Genome Institute of Singapore. Very 
recently, Srinivas Ramachandran in the lab discovered a general asymmetric cleavage signature for 
partially unwrapped subnucleosomal intermediates in transcription initiation and remodeling both in 
vivo and in cell-free DNA from human plasma.  
 



 
  

a.Henikoff S* and Henikoff JG (1992) Amino acid substitution matrices from protein blocks. Proc. 
Natl. Acad. Sci. USA, 89, 10915–10919. 

b.Henikoff S* and Henikoff JG (1994) Position-based sequence weights. J Mol Biol. 243:574-8. 
c.Ng PC and Henikoff S* (2001) Predicting deleterious amino acid substitutions. Genome Res., 

5:863-874. 
d.Ramachandran S, Ahmad K and Henikoff S* (2017) Transcription and remodeling produce 

asymmetrically unwrapped nucleosomal intermediates. Mol Cell. 68:1038-53. 
 
3. The replication-independent nucleosome assembly pathway. The bulk of histones are deposited 
at the replication fork, but it was long known that some are assembled onto DNA outside of 
replication. In 2002, Post-doc Kami Ahmad showed that replication-independent nucleosome 
assembly is a distinct pathway that is encoded by a cluster of 3 amino acid residues that differ 
between histones H3.3 and H3. Graduate student Yoshiko Mito later found that the H3.3 histone 
variant marks active transcription genome-wide and the boundaries of cis-regulatory domains. Our 
early work on this previously overlooked histone variant led to numerous H3.3 studies by others, 
including recent discoveries that H3.3 is a key pleuripotency factor and that specific amino acid 
substitutions in H3.3 are driver mutations in pediatric glioblastomas and other tumors. Our continuing 
interest in this pathway led to introduction of the CATCH-IT method for genomewide mapping of 
nucleosome turnover kinetics by post-doc Roger Deal, and to our focus on the H2A.Z replication-
independent histone variant with the discovery by post-doc Daniel Zilberman that H2A.Z is mutually 
exclusive with DNA methylation. 
 
a.Ahmad K and Henikoff S* (2002) The histone variant H3.3 marks active chromatin by replication 

independent nucleosome assembly. Mol. Cell 9, 1191–1200. 
b.Mito Y, Henikoff JG and Henikoff S.* (2007) Histone replacement marks the boundaries of cis-

regulatory domains. Science 315:1408-1411. 
c.Zilberman D*, Coleman-Derr D, Ballinger T and Henikoff S* (2008) Histone H2A.Z and DNA 

methylation are mutually antagonistic chromatin marks. Nature 456:125-129. 
d.Deal RB, Henikoff JG and Henikoff S* (2010) Genome-wide kinetics of nucleosome turnover 

determined by metabolic labeling of histones. Science 328, 1161-1164. 
 
4. Centromere evolution. Centromeres are deeply embedded in highly repetitive “satellite” DNA, 
represented as gaps in genomic assemblies of nearly all eukaryotes, including humans. What drives 
the evolution of centromeres and satellites has intrigued me ever since I was a graduate student. 
Based on post-doc Harmit Malik’s discovery in 2001 of excess non-synonymous changes in the 
Drosophila CenH3 (also called CENP-A in mammals and Cse4 in yeast) centromeric histone H3 
variant, we developed the centromere drive hypothesis, in which centromeres compete during 
female meiosis for inclusion into the egg rather than the polar body. We had also hypothesized that 
centromere drive is a general mechanism for postzygotic reproductive isolation, a possibility that has 
received increasing support in recent years, for example, with findings that speciation genes show 
an excess of non-synonomous changes, similar to what we discovered with Drosophila CenH3 in 
2001. More recently, Anna Drinnenberg, a jointly mentored postdoc in my lab and Harmit’s lab, 
discovered that insect “holocentromeres”, in which the entire length of the chromosome attaches to 
microtubules, are also unique in lacking CenH3, which suggests that surprising plasticity has evolved 
in the determination of centromeres over evolutionary time. Applying a computational approach to 
our ChIP-seq data, we have found that young dimeric α-satellite repeat arrays dominate functional 
human centromeres. 
  
a.Henikoff S*, Ahmad K and Malik HS (2001) The centromere paradox: stable inheritance with 

rapidly evolving DNA. Science 293:1098-1102. 
b.Malik HS, Vermaak D and Henikoff S* (2002). Recurrent evolution of DNA-binding motifs in the 

Drosophila centromeric histone, Proc. Natl. Acad. Sci. USA, 99:1449-1454 
c.Drinnenberg IA, deYoung D, Henikoff S*, Malik HS* (2014) Recurrent loss of CenH3 is associated 

with independent transitions to holocentricity in insects. eLife, e03676. 



 
  

d.Henikoff JG, Thakur J, Kasinathan S and Henikoff S* (2015) A unique chromatin complex occupies 
young α-satellite arrays of human centromeres. Science Advances, e1400234.  

 
5. Centromeric chromatin. The rapid evolution of centromeric sequences and the plasticity of 
centromere organization has focused our attention on what makes centromeres unique, and the 
CenH3 histone variant has received the most attention in this regard. Over the past decade, we have 
used a variety of methods to probe the structure of CenH3 nucleosomes in vivo, including chromatin 
biochemistry, DNA topology analysis, high-resolution native and cross-linking ChIP-seq, in vitro 
reconstitution, and H4S47C-anchored chemical cleavage mapping. Our evidence indicates that the 
budding yeast Cse4 nucleosome is a “hemisome”, with one each of the four core histones, that wraps 
DNA with right-handed chirality, opposite to the left-handed wrap of conventional nucleosomes. 
Using H4S47C-anchored chemical cleavage mapping, we have definitively confirmed the hemisome 
structure of the budding yeast Cse4 nucleosome, which occupies the ~80-bp CDEII sequence of all 
16 centromeres. We have extended our studies to C. elegans holocentromeres which post-doc 
Florian Steiner has found are dispersed single-wrap CenH3 nucleosomes. Most recently, post-doc 
Jitendra Thakur has described a coherent complex of inner kinetochore proteins at evolutionarily 
young α-satellite dimers that dominate functional human centromeres. 
a.Furuyama T and Henikoff S* (2009) Centromeric nucleosomes induce positive supercoils. Cell, 

138:104-13. 
b.Steiner FA and Henikoff S* (2014) Holocentromeres are dispersed point centromeres localized at 

transcription factor hotspots. eLife, e02025. 
c.Henikoff S*, Ramachandran S, Krassovsky K, Bryson TD, Codomo CA, Brogaard K, Widom J, 

Wang J-P and Henikoff JG (2014) The budding yeast Centromere DNA Element II wraps a stable 
Cse4 hemisome in either orientation in vivo. eLife, e01861. 

d.Thakur, J and Henikoff, S* (2016) CENPT bridges adjacent CENPA nucleosomes on young human 
α-satellite dimers. Genome Res 26:1178-87. 

 
Complete List of Published Work in MyBibliography: 
https://www.ncbi.nlm.nih.gov/sites/myncbi/1rgYpn4fL9JkG/bibliography/44308417/public/?sort=dat
e&direction=descending 
 
D. Research Support 
Ongoing Research Support 
Howard Hughes Medical Institute Henikoff (Investigator) 
04/1/1990 – 10/31/2020 
Supports chromatin, centromere and evolution studies. 
Role: Investigator 
 
4DN TCPA A093 Henikoff (PI) 
09/1/2017 – 08/31/2019 
Tethered nuclease strategies for in situ mapping of 3D nuclear organization 
The major goals of this project are to develop a next-generation technology to directly define 3D 
contacts in genomes with base-pair resolution. 
Role: PI 
 
Silicon Valley Community Foundation Chan-Zuckerberg Initiative 
2017-173895 Henikoff (PI) 
09/1/2017 – 08/31/2018 
Development and architecture of epigenetic regulatory elements 
Supports developing a high-throughput CUT&RUN protocol as a pilot project for application to the 
Human Cell Atlas. 
Role: PI 
 
Completed Research Support 
R01 ES10516628 Henikoff (PI) 
09/24/2010 – 04/30/2015 



 
  
 

 

 

Epigenomic profiling of histone turnover in mammalian cells 
The goals of this project are to apply metabolic labeling technologies to directly measure nucleosome 
turnover dynamics in a range of mouse cell types and epigenetic processes. 
Role: PI 
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transcription factor binding sites on native chromatin. Nature methods. 2014; 11(2):203-9. PMID: 
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9. Teves SS, Henikoff S. Transcription-generated torsional stress destabilizes nucleosomes. Nature 
structural & molecular biology. 2014; 21(1):88-94. PMID: 24317489 
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transcription factor hotspots. eLife. 2014; 3:e02025. PMID: 24714495 


