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Biological pathways: untangling 
the hairballs 



Mammalian molecular clock 

ÅBMAL1 and CLOCK (NPAS2) form 

heterodimers that act as positive 

transcriptional regulators  

ÅPERIOD (Per1, Per2, Per3) and 

CRYPTOCHROME (Cry1, Cry2) 

family members serve as negative 

transcriptional regulators  

Ådownstream targets, such as the 

albumin D site binding protein 

(DBP), can further activate 

transcription while others, such as 

E4BP4, repress transcription 

ÅThe serine/threonine kinases, 

casein kinase IŮ (CK1 Ů) and 

glycogen synthase kinase 3ɓ (GSK3 

ɓ), phosphorylate BMAL1, PER, and 

other proteins exposing them for 

degradathion through 

ubiquitin/proteasomal pathway 



Circadian rhythms 

light

fat

streptozotocin

gene ablation

feeding fasting 

heme treatment 

dexamethasone

???

ÅPhysiological rhythms respond to 

environmental cues  

ÅSuprachiasmic nucleus (SCN) of the 

brain is the bodyôs central oscillator 

ÅSCN responds to light/dark cycle 

ÅDaily activity rhythm continues even in 

total darkness 

ÅThe central circadian oscillator may 

act through sympathetic outputs and 

controlled secretion of circulating 

glucocorticoids, melatonin, and other 

mediators,  thereby ñsynchronizingò the 

circadian rhythms of the bodyôs tissues 

and organs  

  



First experiment 

Å Age-matched male Black 6 mice on chow  

Å entrained to 12/12 alternation of lighting 

Å samples collected for every 4h starting from 8am 

Å total of 12 samples collected to represent a 48h 

expression profile 

Å 3-5 mice are sacrificed at each time point, samples 

pooled 

Åliver, white fat and brown fat are collected (bone is added 

later in a similar experiment 

Å entraining conditions are kept throughout data collection 

period 



Frequency domain 

Raw data (time series expression profile) 

Pre-processing 

Autocorrelation analysis 

Fourier transformation 

Fisherôs g-test 

Pt-test 

Other permutation tests 

Time domain 

Phase assignment 

Algorithms to identify periodicity 



Fisherôs g-test 
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Based on periodogram 

Signal to noise ratio 

Fisherôs formula produces p-value for significance of oscillation: 
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Autocorrelation and Phase 

Assignment 
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Pt-test 
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Significance is estimated by comparing specific frequency  

peak in original and multiple randomized periodograms 



Analysis of circadian signal in 

phase continuum (real data) 
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Heat map 

Visualization 
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Murine transcriptome 


