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How to translate domains in 

numbers?
• A domain has a physico-chemical meaning

– Conserves functionality and folding after excision

=> Domain seqs. are conserved across a protein family

• Domain seqs. form arrays of residues (columns) per lines

• The probability of a residue in a column is ≠ from that of another

• The column makes sense since a protein domain is +/- conserved 

among species

• Because of the “+/-” ->  noise -> entropy vs. order 

• Family of entropy measures  -> characterize  protein domains

• PF07717 as an example:

>Q10752 DQLANLCERVEIELVTNSSESLDPIKKAITAGYFSNAARLDRSGDSYRTVKSNQTVYIHPSSSVAEKKPKVIIYFELVLTTKEYCRQITEIQPEWLLEISPH
>O22899 QQLVRIMSRFNLKMCSTDFNSRDYYVNIRKAMLAGYFMQVAHLERTGHYLTVKDNQVVHLHPSNCLDHKPEWVIYNEYVLTTRNFIRTVTDIRGEWLVDVAQH
>Q20875 TQLSRVMDKYNLRRVSTDFKSRDYYLNIRKALVAGFFMQVAHLERSGHYVTVKDNQLVNLHPSTVLDHKPEWALYNEFVLTTKNFIRTVTDVRPEWLLQIAPQ
>O35286 QQLSRIMDRFNLPRRSTDFTSRDYYINIRKALVTGYFMQVAHLERTGHYLTVKDNQVVQLHPSTVLDHKPEWVLYNEFVLTTKNYIRTCTDIKPEWLVKIAPQ
>O42945 KQLRRTMERQEVELISTPFDDKNYYVNIRRALVSGFFMQVAKKSANGKNYVTMKDNQVVSLHPSCGLSVTPEWVVYNEFVLTTKSFIRNVTAIRPEWLIELAPN
>O60231 EQLEGLLERVEVGLSSCQGDYIRVRKAITAGYFYHTARLTRSGYRTVKQQQTVFIHPNSSLFEQQPRWLLYHELVLTTKEFMRQVLEIESSWLLEVAPH
>Q9BKQ8 SQLVRLLKRFEIEKVSSRGLINCSENIRQCLVTGFFSQAAQYHYTGKYMTVKESFPFNMYKGSSIMFKKDYPKWVIFTEVMQDSIRDVTVIEPEWLYELAPH
>Q38953 KQLLSIMDKYKLDVVTAGKNFTKIRKAITAGFFFHGARKDPQEGYRTLVENQPVYIHPSSALFQRQPDWVIYHDLVMTTKEYMREVTVIDPKWLVELAPR
>O42643 KQLIRLMDRYRHPVVSCGRKRELILRALCSGYFTNVAKRDSHEGCYKTIVENAPVYMHPSGVLFGKAAEWVIYHELIQTSKEYMHTVSTVNPKWLVEVAPT
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Measures

• Shanon entropy 

• Kullback–Leibler divergence

• Mutual information



Entropy along sequences; 

robustness?PF00003



Mutual

information

• An average 

definition?

=> Mav =              ∑M
2

n(n-1) i,k



Other average measures
• An average measure for relative entropy (KL):

=> Jensen-Shanon:  JS =    ∑(D    )

• An average measure for the Jaccard index:

– Where H(X|Y) & H(Y|X) = the conditional entropies and 

H(X,Y) = the joint entropy of X & Y

   - If   Ji,k = 1-          ,   then  Jav =           ∑ J     

iKL
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Symmetry of probability 

distributions

Jav =             ∑ J2
n(n-1) i,k

Mav =            ∑M
2

n(n-1) i,kJS =    ∑(D    )n
1

iKL

Hav =             ∑ H2
n(n-1) i,k



What to expect?



p-value



Does domain description with Av. Jaccard 

Distance makes sense? The F-test

• F-test particularly sensitive to variance ≠

• Condition: normality, n1=n2

• Given the variance of X and Y:

• The F-test is:

• With n1-1 (7) and n2-1 (7) degrees of freedom if 

the null hypothesis (Ho) S2x = S2y is true.

• Ho is true if Fobs ≤ Fth (1-α/2)=4.99 (α/2 = p-
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Experimental design



Av. Jaccard distance: intra-clan and 

inter-clan variability

The average standard deviation as an estimator:   σ^
cl

σ^
F = 0.0248

= 0.0215



Av. Jaccard distance: the intra-family variability

Fobs>10 <= #^2/0.025

^2/0.0215^2

=> Fobs>5



Intra-clan vs. inter-clan 

• Fobs =1.33 

=> Fobs < Fth (4.99)

• Ho cannot be rejected.

• Suggests that clans accumulate most of the 

inter-family variability?!  

• One would expect: S2intra-clan < S2inter-clan

• Does Pfam clans represent a division concept 

that reflects a biological reality? 

• Difficult to conclude given the small sample 

size, but the question can be legitimately 
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