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Information Created by 

Biological Systems

Neuronal Impulse Genetic Codes

http://www.news.cornell.edu/photos/SeaSlugNeuron300.jpg
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Information Created by 

Biological Systems

Human Heartbeats



Human Creations

Lascaux Cave  France  20000 BC 

Earliest record of paintings by human 



Human Creations

Cuneiform script Sumerians Iraq  2600 BC 

Writing Systems



Challenge

How to effectively categorize information of 

different origins?

A general principle to analyze 

information-embedded signals

Repetitive PatternsHuman Genome vs. Chimpanzee Genome



Repetitive patterns: words

Comparison of  human literary texts

Information Categorization Method



Frequency and Rank Order Statistics



Frequency and Rank Order Statistics



Rank (Bonduca)
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Rank Comparison Map

Word
Rank 

(The Winter's Tale)

Rank 
(Bonduca)

THE 1 3

I 2 2

AND 3 1

TO 4 4

OF 5 7

YOU 6 6

A 7 5

MY 8 10

THAT 9 9

… … …



Rank (Bonduca)
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Rank (Cymbeline)
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Rank Comparison Maps

Shakespeare vs. Shakespeare Shakespeare vs. Fletcher



Rank Comparison Maps

金庸 vs. 金庸 金庸 vs. 古龍
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Rank (Bonduca)
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Information-Based Similarity Index
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Physical Review 
Letters 90:108103 

(2003); 

Physica A 329:473-
483 (2003); 

Journal of 
Computational Biology 
12(8):1103-16 (2005). 



Cluster Analysis



Known Authorship Classification



Dream of  the Red Chamber

Chinese Authorship Debate



 One of China's four great classical novels.

 Written by Cao Xueqin in the middle of the 
18th century during the early Qing 
Dynasty.

 80 Chapters in original manuscript copies.

 Gao E and Cheng Weiyuan added 40 
additional chapters to complete the novel.

Dream of Red Chamber 紅樓夢



Authorship Debate (紅樓夢)

Rank
1-40 41-80 81-120

Word Frequency Word Frequency Word Frequency

1 了 6250 了 8301 了 6946

2 不 4505 不 5676 的 5499

3 的 4010 的 5539 不 5009

4 一 3891 一 4942 來 3944

5 道 3683 來 4097 道 3756

6 來 3563 人 3892 是 3741

7 人 3139 我 3769 人 3644

8 我 2843 是 3720 一 3461

9 是 2833 道 3683 說 3391

10 說 2805 說 3637 我 2743



Authorship Debate (紅樓夢)



Shakespeare versus Fletcher







Application to Human Heartbeat



Heart rate dynamics

Sympathetic stimulation

Parasympathetic stimulation



Which Heart Rate Pattern is Healthy?

Heart Failure Heart Failure

Normal Atrial Fibrillation



• How to map a heart rate time series to a symbolic 

sequence?

• How to define words in heart rate symbolic sequences?

KJLFNHACUARAFVTH

TYAERFVVAEVACVAZ

CFVDFVZDSDSFVSDF

VNTEWOSIXWRXDPOI

JRROIRFUFNVIMVMF

KJ  LFN HACUA RAFVT HTY AER FV 

VA EVAC VAZ CF VDF VZ D SDSFV 

SDFV NTEWOSI XW RXDP OIJR RO 

IRFU FNV IMV MF

?

?

Technical Challenges



beat number
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Symbolic Mapping

8-bit word: 11000110,  10001100,  00011001



D = 0.10

Health vs. Health

D = 0.25

Health vs. Disease

Comparison of Human Heartbeat

Yang AC et al. Physical Review Letter 90: 108103 (2003)



Phylogenetic Tree of Human 

Heartbeat

Yang AC et al. Physical Review Letter 90: 108103 (2003)



Clustering of Human Heartbeat Is Associated 

with β2-AR Gene Polymorphisms

Yang AC et al. PLoS ONE 6(5): e19232 (2011)



Picture obtained from www.genetic-programming.org

Application to Genetic Sequences



Similarity

ATATTAGGTTTTTACCTACCCAGGAAAAGCCAACC

AACCTCGATCTCTTGTAGATCTGTTCTCTAAACGA

ACTTTAAAATCTGTGTAGCTGTCGCTCGGCTGCATG

CCTAGTGCACCTACGCAGTATAAACAATAATAAA

TTTTACTGTCGTTGACAAGAAACGAGTAACTCGTCC

CTCTTCTGCAGACTGCTTACGGTTTCGTCCGTGT

TGCAGTCGATCATCAGCATACCTAGGTTTCGTCCGG

GTGTGACCGAAAGGTAAGATGGAGAGCCTTGTTC

TTGGTGTCAACGAGAAAACACACGTCCAACTCAGT

TTGCCTGTCCTTCAGGTTAGAGACGTGCTAGTGCG

TGGCTTCGGGGACTCTGTGGAAGAGGCCCTATCGG

AGGCACGTGAACACCTCAAAAATGGCACTTGTGGT

ACTTAAGTACCTTATCTATCTACAGATAGAAAAGT

TGCTTTTTAGACTTTGTGTCTACTTTTCTCAACTA

AACGAAATTTTTGCTATGGCCGGCATCTTTGATGCT

GGAGTCGTAGTGTAATTGAAATTTCATTTGGGTT

GCAACAGTTTGGAAGCAAGTGCTGTGTGTCCTAGT

CTAAGGGTTTCGTGTTCCGTCACGAGATTCCATTC

TACAAACGCCTTACTCGAGGTTCCGTCTCGTGTTTG

TGTGGAAGCAAAGTTCTGTCTTTGTGGAAACCAG

TAACTGTTCCTAATGGCCTGCAACCGTGTGACACT

TGCCGTAGCAAGTGATTCTGAAATTTCTGCAAATG

GCTGTTCTACTATTGCGCAAGCCGTCCGCCGTTATA

GCGAGGCCGCTAGCAATGGTTTTAGGGCATGCCG

Similarity

Analogy to Natural Languages



TACCCCCACTGTCAACCCAACACAGGCATG……

DNA “Words”

Word Frequency Rank

CCC 633 1

CCT 543 2

CTA 526 3

AAA 524 4

ACC 515 5

… … …

5’ 3’



Same Species Different Species

Rank: Mitochondiral DNA (Human)
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Rank: Mitochondiral DNA (Gorilla)
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Rank Comparison Maps



Our result is consistent with previous finding based on sequence 

alignment technique (Science 1986; 232: 980)

Human Influenza Virus



Genome-wide Sequence 

Comparison (SARS Coronavirus)

Yang AC  et al. Journal of Computational Biology 12(8):1103-16 (2005).





https://www.mathworks.com/matlabcentral/fileexchang
e/46691-information-based-similarity-toolbox

https://www.mathworks.com/matlabcentral/fileexchange/46691-information-based-similarity-toolbox

