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General	Overview	

•  Annotate	cis-regulatory	elements	and	novel	transcripts	
in	the	chicken	genome.	

•  IdenHfy	changes	in	epigenomic	states	that	correspond	
to	differences	in	cis-regulatory	acHvity	and	expression.	

Hawkins et al., 2010 Nat Rev Gen 



General	Overview		
•  Gallus	gallus	reference/data	producHon	ADOL	line	6x7	F1.	

–  assay	opHmizaHon:	SPF.	

•  Targeted	Hssues	and	cells	for	Phase	1:	
–  Blood	cells:	macrophage,	B	cells,	polarized		T	cells;	lung	macrophages.		
–  ReproducHve	Hssues:	ovaries,	oviduct,	shell	gland.	

•  Assays		
–  RNA-seq	
–  ATAC-seq	
–  ChIP-seq	
–  WGBS	
–  3D	genome	architecture	



RegulaHon	of	gene	expression	

•  TranscripHonal	regulatory	elements	
– Promoters	
– Enhancers	
–  Insulators	
– Silencers	
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understand how different permutations of the
same regulatory elements alter gene expres-
sion. An understanding of how the combina-
torial organization of a promoter encodes reg-
ulatory information first requires an overview
of the proteins that constitute the transcrip-
tional machinery.

THE EUKARYOTIC
TRANSCRIPTIONAL
MACHINERY
Factors involved in the accurate transcrip-
tion of eukaryotic protein-coding genes by
RNA polymerase II can be classified into three
groups: general (or basic) transcription fac-
tors (GTFs), promoter-specific activator pro-
teins (activators), and coactivators (Figure 2).
GTFs are necessary and can be sufficient for
accurate transcription initiation in vitro (re-
viewed in 141). Such factors include RNA
polymerase II itself and a variety of auxil-
iary components, including TFIIA, TFIIB,
TFIID, TFIIE, TFIIF, and TFIIH. In addi-
tion to these “classic” GTFs, it is apparent that
in vivo transcription also requires Mediator,
a highly conserved, large multisubunit com-
plex that was originally identified in yeast (re-
viewed in 38, 119).

GTFs assemble on the core promoter in
an ordered fashion to form a transcription
preinitiation complex (PIC), which directs
RNA polymerase II to the transcription start
site (TSS). The first step in PIC assembly
is binding of TFIID, a multisubunit com-
plex consisting of TATA-box-binding pro-
tein (TBP) and a set of tightly bound TBP-
associated factors (TAFs). Transcription then
proceeds through a series of steps, including
promoter melting, clearance, and escape, be-
fore a fully functional RNA polymerase II
elongation complex is formed. The current
model of transcription regulation views this
as a cycle, in which complete PIC assembly is
stimulated only once. After RNA polymerase
II escapes from the promoter, a scaffold struc-
ture, composed of TFIID, TFIIE, TFIIH,
and Mediator, remains on the core promoter
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Figure 1
Schematic of a typical gene regulatory region. The promoter, which is
composed of a core promoter and proximal promoter elements, typically
spans less than 1 kb pairs. Distal (upstream) regulatory elements, which can
include enhancers, silencers, insulators, and locus control regions, can be
located up to 1 Mb pairs from the promoter. These distal elements may
contact the core promoter or proximal promoter through a mechanism that
involves looping out the intervening DNA.

General
transcription factor
(GTF): a factor that
assembles on the
core promoter to
form a preinitiation
complex and is
required for
transcription of all
(or almost all) genes

Coactivators:
adaptor proteins that
typically lack
intrinsic
sequence-specific
DNA binding but
provide a link
between activators
and the general
transcriptional
machinery

PIC: preinitiation
complex

TSS: transcription
start site

(73); subsequent reinitiation of transcription
then only requires rerecruitment of RNA
polymerase II-TFIIF and TFIIB.

The assembly of a PIC on the core pro-
moter is sufficient to direct only low levels of
accurately initiated transcription from DNA
templates in vitro, a process generally referred
to as basal transcription. Transcriptional ac-
tivity is greatly stimulated by a second class
of factors, termed activators. In general, ac-
tivators are sequence-specific DNA-binding
proteins whose recognition sites are usually
present in sequences upstream of the core
promoter (reviewed in 149). Many classes of
activators, discriminated by different DNA-
binding domains, have been described, each
associating with their own class of specific
DNA sequences. Examples of activator fam-
ilies include those containing a cysteine-
rich zinc finger, homeobox, helix-loop-helix
(HLH), basic leucine zipper (bZIP), fork-
head, ETS, or Pit-Oct-Unc (POU) DNA-
binding domain (reviewed in 142). In addition
to a sequence-specific DNA-binding domain,
a typical activator also contains a separable
activation domain that is required for the ac-
tivator to stimulate transcription (149). An
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Maston et al., 2006 Ann Rev Genom Hum Gen 



ATAC-seq	

Buenrostro,	2013	



ATAC-seq	

•  ATAC-seq	on	lung	and	kidney	Hssue.	
•  ~72,000	peaks	called	per	Hssue.	
•  ~4%	reads	map	to	chrM.	
	

 Analysis Step Read Count 

Original 50,204,006 

After trimming 50,204,006 

Remove Unmapped 43,122,572 (14.1% loss) 

Remove Orphaned Reads & non-
unique reads 

43,122,450 

Remove Duplicates 31,789,256 (22.6% loss) 



ChIP-seq	

•  H3K4me3:	 	novel	&	alternaHve	promoters		
•  H3K4me1:	 	enhancer	elements	
•  H3K36me3:	 	validate	novel	transcripts	from	RNA-seq	
•  CTCF:	 	 	insulators	
•  H3K27ac: 	indicaHve	of	acHve	promoters/enhancers	
•  H3K27me3: 	repressed,	bivalent	promoters	



ChIP-seq	

H3K4me3	from	lung	



ChIP-seq	

•  Number	of	peaks	called:	27,424	
•  Number	of	peaks	at	annotated	TSS:	19,552	

H3K4me3	



DNA	methylaHon:	WGBS	

ENCODE/ROADMAP DATA 



DNA	methylaHon:	WGBS	

WGBS	

ATAC	

•  Unmethylated	regions	(UMRs)	–	broad	regions	largely	devoid	of	DNA	methylaHon	
•  UMRs:		Largely	indicaHve	or	promoters	(and	CGIs)	

•  Lowly	methylated	regions	(LMRs)	–	narrow	regions	of	low/modest	DNA	methylaHon	
•  LMRs	=	Largely	indicaHve	of	enhancers	

	



WGBS	validaHon	of	transcripHon	

Hawkins et al., 2010 Cell Stem Cell 



WGBS	QC	from	6x7	F1	chickens	

Cell	Type	 BSC	rate	(%)	
lambda	

Mapping	efficiency	
(%)	

CpG	methyla;on	
(%)	

Macrophage	rep1	 99.7	 81.2	 62.0	
Macrophage	rep2	 98.7	 77.5	 65.0	
B	cells		rep1	 99.6	 81.8	 63.8	
B	cells	rep2	 99.4	 77.9	 66.9	
Th	cells	rep1	 99.1	 82.5	 72.6	
Th	cells	rep2	 99.9	 81.7	 71.5	



QC:	mapping	bias	
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Chromosome	%	of	Genome	

%	ChIP-seq	Reads	Mapped	to	Chromosome	

%vWGBS	Reads	Mapped	to	Chromosome	



Summary	

•  Expression	and	Epigenomic	assays	have	been	
opHmized	for	data	producHon.	

•  Blood	cells	and	reproducHve	Hssue	have	been	
isolated	from	producHon/reference	line.	

•  PLAC-seq	is	being	opHmized	to	map	promoter-
enhancer	interacHons.		
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ChIP	sonicaHon	bio	reps	


