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Fig. 3: Heatmap Verifies Foxp1 Binds DNA in Same Pattern 
Regardless of Hoxc6 or Hoxc10

iHoxc6 Upper Limb MNs iHoxc10 Lower Limb MNs Input

Methods

• ChIP-seq successful: iHoxc6 & iHox10 replicates have regions of strong 
protein binding (blue) whereas the input has no evident protein binding (red)

• Consistent binding pattern across all 4 replicates indicates Foxp1 binding 
is comparable regardless of active Hox gene

Top 15 biological processes associated with enrichment reinforce Foxp1 plays a 
vital part in motor neuron cell fate specification. 

Conclusions & Future Research
• High correlation between all Hox cell replicates & heatmap with rich binding 

(blue) in replicates only indicate ChIP-seq experiment successful

• Foxp1 binds to the same motifs and locations in the genome of all LMC MNs 
despite the TFs that activate Foxp1 – Hoxc6 & Hoxc10 – binding differently

• To better understand MN differentiation, future research should focus on later 
steps in the pathways of biological processes linked to Foxp1 enrichment.

Our cells contain thousands of different transcription factors (TFs) that are 
responsible for binding to DNA and turning our genes “on” or “off”. The pattern of 
expressed vs not expressed genes in a cell determines how it differentiates into 
a specific role. Foxp1 is a TF that regulates the differentiation of lateral 
motor column (LMC) motor neurons (MNs), which control the movement of 
our upper and lower limbs. But before Foxp1 can function, it must first be 
activated by either the TF Hoxc6 or Hoxc10 [1].

Hox genes are organized 
collinearly with the body. 
When they are selectively 
activated, they begin 
cascading events to form a 
specific structural region.

Hoxc6 in upper limbs 
and Hoxc10 in lower 
limbs activate Foxp1 to 
create LMC MNs. 
However, Hoxc6 & Hoxc10 
have different binding 
patterns [2], and upper and 
lower limb MNs exhibit 
differences. This research 
aimed to answer the 
question:

• Continue collaborative work between Dr. Shaun Mahony’s lab of PSU & Dr. 
Esteban Mazzoni’s lab of NYU for understanding the role of TFs in 
determining different neural cellular identities

• Investigate if Hoxc6 & Hoxc10 differential binding influences Foxp1 to 
differentially bind as well in upper & lower limb LMC MNs

ChIP-seq data collected by the collaboration between Mahony’s and Mazzoni’s 
labs was analyzed using the methods outlined below. 5 data samples were 
collected from lab-grown mouse embryotic stem cells: 

• 2 replicates of iHoxc6 (cells with induced Hoxc6 expression)
• 2 replicates of iHoxc10 (cells with induced Hoxc10 expression)
• 1 input (control) without Hox gene manipulation

Fig. 1: Hox Genes Selectively 
Activated to Map Body Structure

Does Foxp1 bind to DNA differently when it is 
activated by Hoxc6 vs Hoxc10?

RESEARCH 
QUESTION:

Same Motifs for Foxp1 in All Replicates

log avg. ChIP-seq count

• Black statistically similar 
• Both Red & Blue statistically 

different enrichment, but clustered 
closely to black indicates no 
biologically significant differences 

• 63% Foxp1 gene enrichment 
events >50kp from transcription 
start site (TSS)

• Suggests Foxp1 primarily binds to 
gene enhancers, not promoters

Same motifs in all 
replicates suggests 
Foxp1 has the same 
function regardless 
of active Hox gene.

[3]

Fig. 2: All Hox 
Replicates are 
Closely Correlated 
with Each Other 
but Not the Input

• ChIP-seq successful: 
input and Hox replicates 
are not closely 
correlated

• iHoxc10 & iHoxc6 
replicates tightly 
correlated, supporting 
Foxp1 does not bind 
differently in upper & 
lower limb MNs
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