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What (molecularly) makes our faces human?

Cranial neural crest derived structures are strong
targets of selective pressure and are divergent between

humans and chimps

All arches:
Hair and Pigmentation
Bone density

Branchial Arch 1 (BA1)
Jaw and palate shape
Middle ear and auditory apparatus

Motorsensory control of
face and mouth (CN V)

Branchial Arch 2 (BA2)

Muscles and nerves of
facial expression

Middle ear muscles and bones

Frontonasal prominence (FNP)
Brow and forehead shape
Nasal bridge morphology
Eye position
Philtrum size
Tuning of olfaction

Placodal derivatives
Ear size, shape and orientation
Visual acuity

Branchial Arch 3 (BA3)

Parathyroid and
thymus development

Throat morphology and innervation



Cis-regulatory change is thought to underlie most
of the morphological divergence between closely
related species ‘i,
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Can we systematically map cis-regulatory
divergence in human and chimp neural
crest cells?
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Our aims:

AIM1: To characterize epigenetic landscapes and
transcriptomes of human and chimpanzee cNCCs
and to identify conserved and species-specific
cis-regulatory elements

AlIM2. To analyze activity of candidate human-
specific craniofacial enhancers in vivo.



Human embryonic stem cell-based model of cranial
neural crest formation

embryonic  neurectoderm neural crest cells
stem cells
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Establishment of the chimpanzee cranial neural
crest model
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Establishment of the chimpanzee cranial neural
crest model
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Generate comprehensive epigenomic maps of
human and chimp neural crest cells

Z;ﬁ neural crest cells

ChlP-seq, ATAC-seq

Transcription p300 H3K4mel H3K27ac H3K4me3 ATAC
factors (AP2a,
NR2F1) l
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Observed epigenomic patterns are generally well
conserved between human and chimp
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Most mapped elements correspond to putative

active enhancers
H3K27ac

A 7
promoters enhancers

active

activity score

enhancer score

H3K4mel/H3K4me3 ratio



Mapped active enhancer elements are enriched

H3K27ac

A ™

activity score

for craniofacial ontologies

active

poised

promoters enhancers /

e Abnormal size of the palpebral fissures
Blepharophimosis

Abnormality of the jaws

Abnormality of the palpebral fissures
Cleft palate

Abnormality of the outer ear

Low-set ears

Brachydactyly

Facial dysmorphism

Abnormality of the mandible

Abnormal location of ears

Cleft lip/palate

Aplasia/Hypoplasia involving bones of the
Abnormality of globe location or size
Micrognathia

Aplasia/Hypoplasia of the extremities
Abnormality of the phalanges of the hand
Brachydactyly (hand)

Abnormality of the 5th finger
Hypertelorism

Human Phenotypes Associated with Nearby Genes \
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Mapped active enhancer elements drive facial

expression in vivo
H3K27ac
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Upcoming plans:

Mid-2015:

Deposit all human CNCC ChlIP-seq (TFAP2a, NR2F1, p300,
H3K4mel, H3K4me3, H3K27ac, H3K27me3) and ATAC-seq
raw sequencing reads to the NCBI SRA repository (30-40
libraries) (three different genetic backgrounds)

Deposit minimally processed ChIP-seq and ATAC-seq results
(wig files) to the Hub for visualization in the FaceBase
genome browser

Deposit metadata sheets with detailed descriptions of data
and QC



Using epigenomics to experimentally map
regulatory divergence in human and chimp
neural crest cells
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Quantitative comparisons of H3K27ac levels at
orthologous regions identify species-biased enhancers

Within Species
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H2K27ac status alone is predictive of biases in transcription
factor and p300 binding and chromatin accessibility

K27ac p300 ATAC TFAP2a

Invariant
(representative subset)

Human-biased
(q<.0001)

Chimp-biased
(q<.0001)




Kdme1 .
[ P

ased enhancers

hg19

[ TN ) i
1 1 \ . 4
A
A
| P .
[ DR .
A A b o ] ko .
oAl 1‘. A - A ke .
A
A
COL13A1

A PR Al

[ ] [ ]
Examp €S Of Species-
100 kb hg19 50 kb }
p300 Human 1 i L [ 1
Human 2 L [ A l
. Human 1 L
K27ac Human 2
'
Human 1 LA
Kéme1 Human 2 | l,
K4me3 Human 1 - J N |
Human 2 J ‘
A
I
Chimp 1 Lol 1 N
e N i ‘ 1 ) -— -
p3oo Chimp2 .. b | I
K27ac Chimp1 |} f
Chfmpz A N |
Kéme1 C:fm'” Y Y VR I ION PO WY WYY WP B |
Chimp 2 Y S i e i b AL A Mu bt dw o
K4me3  chimp 1 i
Chimp 2 ‘
I
PAX3 % et tH
A sl a1 A o llad 1 " "
Strongly chimp-biased Strongly human-biased
enhancer enhancer
1 kb —— hg19
p300 p300 - . ’
K27ac — K27ac - -
Kdme1 e Kdme1
— - a p300
p300 n o -
Y vV N K27ac
K27ac ~ i h
-.._A K4ame1

Weakly human-biased

enhancer
2kb } i he

- A
K27ac ‘:‘ : ) V »‘—
Kdme1 ‘ -
p300 —
K27ac e — T

RN,
Kamen L t

et i bt AL LA



Species-biased enhancers are associated with
genes that affect craniofacial structures

divergent in humans and chimps
(often in a dosage dependent manner)

Human-Biased Enhancers

embryonic cranial skeleton morphogenesis ssssueaune... /..
(p = 4.1799e-10)

Blepharophimosis
(p = 1.8782e-9)

ocular hypotelorism ..,
(p = 3.5331e-4)

Abnormal size of the palpebral fissures ‘==« eneaa.,
(p = 5.7840e-10)

Abnormality of the outer ear
(p =2.6261e-18)

abnormal basisphenoid bone (skull base) morphology ...
(p=6.5121e-19)

Reduced maxillary shelf size
(p = 1.1194e-18)

Reduced number of teeth  "*"***"=*=seaunidas,
(p= 2.6919¢-9)

Triangular facies "***+-...,,
(p = 4.9742¢-14)

Alpha adrenergic receptor signaling pathway
(p = 4.8037e-4)

Chimp-Biased Enhancers Human Phenotype
Mouse Phenotype

) g Biological Process
regulation of cartilage development

(p=10614e7) Signaling Pathway
....ee face development
(p = 3.4805¢-5)
.oamseensesses - @bnormal supraoccipital bone morphology
""" (p = 1.5204e-8)
(TP PP . abnormal temporal bone morphology

(p = 1.2333¢-8)

ReLen. abnormal middle ear morphology
(p =3.9831e-12)

"t abnormal squamosal bone morphology
(p =5.7591e-13)

palate development

(p = 8.2190e-7)
""""""" ==weene @bnormal branchial arch morphology
iae (p=1.5283e-14)

regulation of mesenchymal cell proliferation
(p = 4.1194e-10)



We can validate epigenomic enhancer predictions and
species-specific biases in activity using luciferase reporter
assays in human and chimp CNCCs
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AIM2. To analyze activity of candidate human-
specific craniofacial enhancers in vivo.

Use transient transgenesis reporter assays in mice to
test human-biased candidate enhancer regions
(and, where applicable, their chimp orthologs)

Licia Selleri



Ongoing Analyses of Transgenic Mouse Embryos for
Divergent Chimp/Human Enhancers

[Analyses Complete: 4 PCR(+), 2 LacZ (+) Tg Embryos] CNTNAP2x3-Chimp
(1 more injection round needed)
[Analyses Complete: 6 PCR(+), 5 LacZ (+) Tg Embryos] CNTNAP2x3-Human

[Analyses Ongoing: 3 PCR(+), 1 LacZ (+) Tg Embryos] PAPPAx3-Chimp
(1 more injection round needed)
[Embryo Harvesting In Progress] PAPPAx3-Human

[Analyses Ongoing; 4 PCR(+), 4 LacZ (+) Tg Embryos] LRP6x3-Human




Ongoing Analyses of Transgenic Mouse Embryos for
Divergent Chimp/Human Enhancers

[Analyses Complete: 4 PCR(+), 2 LacZ (+) Tg Embryos] CNTNAP2x3-Chimp
(1 more injection round needed)
[Analyses Complete: 6 PCR(+), 5 LacZ (+) Tg Embryos] CNTNAP2x3-Human




Observed expression domains are highly
reproducible despite variation in intensity

Human CNTNAP2 enhancer spatial expression patterns in E11.5 tg mouse embryos

5/5 tg embryos show these expression domains despite variation in intensity; 2 are shown

Sagittal views
Hum8 Hum30

Midbrain/Hindbrain
Border

Midline

Groove — Optic Stalk/Projections

Intensity of Staining



Potential Gain of Head Expression Domains of Human
CNTNAPZ2 Enhancer Compared to Chimp Enhancer

Orthologous chimp sequence Human CNTNAP2 enhancer

Chimp 32 Hum30

Telencencephali v
Vesicle : Midbrain/Hindbrain

N Border
Midline e
— Optic Stalk/Projections

***Olfactory Placode: Domain Common to Chimp and Human



Upcoming plans:
Mid-2015:
* Analyze expression patterns and image first five reporter

constructs
* Clone and inject next round of constructs
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