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Fig. 1. The process of conducting this research 
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5. Unweighted pair group method centroid (UPGMC) 
6. Weighted pair group method centroid (WPGMC) 
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Table 1. Calculated different of entropy orders and their corresponding random entropies in cow's milk 

governing genes* 

( ) ( )/
VI VI

H x RH x  ( ) ( )/
III III

H x RH x  ( ) ( )/
II II

H x RH x  ( ) ( )/
I I

H x RH x  Gene symbol No 

7.7993/7.9920 5.8699/5.9980 3.9327/3.9994 1.9871/2.0000 EIF3L 1 
7.7275/7.9677 5.8338/5.9929 3.9176/ 3.9986 1.9878/1.9991 DES 2 

7.5078/ 7.9056 5.7134/5.9842 3.8513 /3.9917 1.9617/1.9994 HPS6 3 

7.6626 /7.9928 5.7688/5.9979 3.8667/3.9996 1.9566/1.9999 FAM192A 4 

7.7404/7.9375 5.8660/5.9701 3.9388/3.9973 1.9931/1.9999 COPS6 5 

7.7365/7.8605 5.9045/5.9527 3.9649/3.9940 1.9994/1.9983 YWHAH 6 

7.6681/7.9966 5.7703/5.9990 3.8665/3.9998 1.9551/2.0000 NSUN3 7 

7.8161 /7.9734 5.8955/5.9910 3.9504 /3.9984 1.9913/1.9998 CALM1 8 

7.7877/7.9926 5.8681/5.9975 3.9404 / 3.9996 1.9974/1.9999 CD34 9 

7.7917/7.9900 5.8681/5.9974 3.9345/ 3.9995 1.9899/1.9998 TBC1D20 10 

7.7743/ 7.9315 5.8759/5.9837 3.9364/ 3.9966 1.9872/1.9997 HTRA2 11 

7.5880/7.9857 5.7152/5.9962 3.8293/3.9994 1.9332/1.9995 SLC35A3 12 

7.7304/7.9881 5.8216/5.9971 3.9033/3.9994 1.9736/2.0000 CNOT8 13 

7.6828/7.9848 5.7941/5.9971 3.8899/3.9990 1.9666/1.9999 DGCR8 14 

7.7081/7.9961 5.7988/5.9993 3.8839/3.9998 1.9598/1.9999 SMIM14 15 

7.7967/7.9817 5.8769/5.9946 3.9417/3.9984 1.9945/1.9998 MRPS11 16 

7.7677/7.9596 5.8663/5.9891 3.9344/3.9982 1.9889/1.9991 CDK9 17 

7.6230/7.9247 5.7672/5.9798 3.8711/ 3.9960 1.9585/1.9995 DALRD3 18 

7.5244/7.9645 5.6846/5.9926 3.8173/3.9979 1.9390/1.9998 SPSB3 19 

7.7540/7.9687 5.8516/5.9939 3.9284/3.9981 1.9925/1.9997 ZNF419 20 

7.8150/7.9746 5.8876/5.9941 3.9435/3.9970 1.9863/2.0000 ZDHHC4 21 

7.7756/7.9964 5.8552/5.9991 3.9296/3.9999 1.9949/2.0000 B4GALT1 22 

7.6984/7.9656 5.8109/5.9895 3.9017/3.9971 1.9855/1.9997 GRWD1 23 

7.6828/7.9954 5.7813/5.9990 3.8736/3.9998 1.9572/2.0000 ACTR2 24 

7.6163/7.9745 5.7561/5.9927 3.8754/3.9990 1.9835/1.9996 S100A16 25 

7.7089/7.9768 5.8093/5.9943 3.8946/3.9983 1.9683/1.9998 SNRPG 26 

7.8252/7.9611 5.9043/5.9916 3.9570/3.9974 1.9946/1.9996 TIMM21 27 

7.6539/7.9692 5.7820/5.9927 3.8845/3.9979 1.9769/1.9998 NR1H2 28 

7.8366/7.9816 5.9041/5.9954 3.9576/3.9994 1.9991/2.0000 C1H21orf59 29 

7.7327/7.9597 5.8295/5.9872 3.9038/3.9978 1.9668/1.9997 RPS3A 30 
Cells with gray and pink colors indicated the highest and lowest entropy values for genes in corresponding order, 
respectively 
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Table 2. Results of maximum and minimum entropy orders of one to four in respected genes  

Maximum entropy Minimum entropy 

H ( x ) 
Value 

Lenght of 
genes 

Name of 
genes 

Value 
Lenght of 

genes 
Name of 

genes 

1.9994 1445 YWHAH 1.9332 14901 SLC35A3 ( )I
H x  

3.9649 1445 YWHAH 3.8173 5570 SPSB3 ( )II
H x  

5.9045 1445 YWHAH 5.6846 5570 SPSB3 ( )III
H x  

7.8252 5716 TIMM21 7.5078 2622 HPS6 ( )IV
H x  

 

�%(P3  - �!�@� �% !�?�� ;2�
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Table 3. Results of different entropy orders of one to four over gene exones  

Maximum entropy Minimum entropy 
H ( x ) 

Value 
Lenght of 

exone 
Name of exone Value 

Lenght of 
exone 

Name of exone 

1.9994 1445 Exon 1 gene YWHAH 1.6457 34 Exon 1 gene SPSB3 ( )I
H x  

3.9649 1445 Exon 1 gene YWHAH 2.9220 34 Exon 1 gene SPSB3 ( )II
H x  

5.8458 2286 Exon 8 gene TBC1D20 2.7500 10 Exon 1 gene ACTR2 ( )III
H x  

7.7365 1445 Exon 1 gene YWHAH 2.8074 10 Exon 1 gene ACTR2 ( )IV
H x  
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Fig. 2. Histogram of KLB of genes (right) and exons (left) due to first order relative entropy. About 21% of data 
(190 data points) in genes and 40% of data (19000 data point) in exon were almost identically lumped around 

zero value 
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Fig. 3. KLD (KL-B) based gene clustering using single linkage method due to different nucleotide content 
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Fig. 4. Histogram of KLA of genes (left) and exons (right) due to first order relative entropy. About 5% of data 

(45 data points) in genes and 19% of data (8500 data point) in exon were almost identically lumped around zero 
value 
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Fig. 5. KLD (KLA) based gene clustering using single linkage method due to similarity nucleotide content 
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Fig. 6. Comparison between KLA (right) and KLB (left) based gene single linkage clustering 
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Table 4. The results of KLH (relative entropy) of genes and exons based upon entropy orders of one to four 
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Fig. 7. Histogram of KLH of genes (left) and exons (right) due to first order relative entropy. About 2.2% of data 

(20 data points) in genes and 6.6% of data (1800 data points) in exon were almost identically lumped around 
zero value 
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Fig. 8. Result of single clustering of genes due to KLH. The rightest one is due to first order entropy and it goes 
to leftist one which is due to fourth entropy order 
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Fig. 9. Lack of dependency of KLH due to forth order of entrop on the length of genes in single clustering 
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Fig. 10. The results of aggregation of clustering results with the Adaboost algorithm over investigated genes 
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Fig. 11. Results of Adaboost classifier genes based on KLB (left) and the interrelationship among genes in the 
second cluster (right) 
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Fig. 12. Results of Adaboost classifier genes based on KLA (left) and the interrelationship among genes in the 
first (middle) and second (right) cluster 
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Table 5. Functions of the first and second gene clusters 

Function of second cluster genes Function of first cluster genes 
nucleotide transport viral transcription 
carbohydrate derivative transport ribosome 
organophosphate ester transport nitric oxide metabolic process 
glycosylation ribosomal subunit 
macromolecule glycosylation cytosolic part 
protein glycosylation translational initiation 
nucleotide transmembrane transporter activity establishment of protein localization to membrane 
organophosphate ester transmembrane transporter activity  regulation of nitric-oxide synthase activity 
phosphate transmembrane transporter activity viral gene expression 
nucleobase-containing compound transmembrane transporter 
activity 

protein targeting 

  

  
Fig. 13. Results Adaboost classifier genes based on KLH (left) and the interrelationship among genes in the first 

cluster (right) 
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Table 6. Running time comparison in each method 
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Abstract 

Information theory is a branch of mathematics that overlaps with communications, biology. The aim of the 
current study was to provide a method for clustering a number of Milk Governing Genes in Dairy Cattle using 
an algorithm based on Kullback-Leibler divergence. In this study, after retrieving gene and exon DNA 
sequences affecting milk yield in dairy cattle, the entropy in orders one to four was calculated. In order to 
extract gene distances, Kullback-Leibler divergence over three different methods was calculated. The first and 
second methods were based on the genes alignment but the third method was based on non-alignment and the 
relative entropy of the genes. The results of each method of Kullback-Leibler divergence over DNA and exon 
sequences were entered as input into 7 general clustering algorithms: Single, Complete, Average, Weighted, 
Centroid, Median and K-Means. Integrated result of each clustering algorithm due to AdaBoost algorithm, 
which implied as gene tree, indicated that the third method was based on the relative entropy of the genes, 
biologically grouped set of genes as it was proved by their gene annotation using GeneMANIA. We believe that 
the proposed method might be used with other DNA based clustering competitive methods and therefore, it can 
be used to group set of genes in other species.  
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