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An Application of
Information Theoretical Measures for

DNA Structure

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  This study makes use of the application of entropy in information theory in the DNA
structure. We applied the information theoretic notion of entropy and Kullback-Leibler distance to charac-
terize the distribution of exons, introns and amino acid in DNA sequences. MMaatteerriiaall  aanndd  MMeetthhooddss:: Entropy,
relative entropy and mutual information values for exons, introns and amino acid are computed based on their
probability distribution. An application to perform a comparison exon / intron and amino acid sequences in
some human genome is briefly discussed. RReessuullttss::  The two major divisions of an Eukaryote's DNA that are
transcribed into RNA are protein-coding sections called exons, and nonprotein-coding sections called in-
trons. It makes good intuitive sense that introns and exons probability distributions may be different, since
they are subject to different random process. Although, introns are usually more highly diversified than
neighboring exons, we obtain that the probability distribution of exons and introns are similar. In analyzing
the splice site regions of exons and introns, it is observed that the probability distributions of the bases are
very different than the probability distributions of all the bases of exons and introns. CCoonncclluussiioonn::  The en-
tropy of a number of DNA coding and non-coding sequences collected from different genomes was calcu-
lated for finite sequences. A distance measure was applied to compare exon and intron information content
and it was found that they are structurally quite similar. Although, introns are usually more highly diversi-
fied than neighboring exons, we obtain that the probability distribution of exons and introns are similar.
This unforeseen result exhibits that introns can carry nearly as much information as exons. In analyzing the
splice site regions of exons and introns, it is observed that the probability distributions of the bases are very
different than the probability distributions of all the bases of exons and introns. We may claim that one may
obtain information on the splice site region of the genes by examining the probability distributions of the last
bases of exons before the GT pair and the first bases of introns after the GT pair.

KKeeyy  WWoorrddss::  Entropy; probability theory; information theory; sequence analysis DNA

ÖÖZZEETT  AAmmaaçç::  Bu çalışmada, bilgi teorisindeki entropi kavramı kullanılarak DNA dizilim yapısı için uygulama
yapılmıştır. Bilgi teorisindeki entropi ve Kullback-Leibler uzaklığı ile DNA dizilimindeki ekzonların,
intronların  ve amino asitlerin olasılık dağılımları karakterize edilmeye çalışılmıştır. GGeerreeçç  vvee  YYöönntteemmlleerr::
Ekzon, intron ve amino asitlerin bazları temel alınarak oluşturulan olasılık dağılımlarından, entropi, göreli
entropi ve ortak bilgi değerleri hesaplanmıştır. Ekzonların,  intronların  ve amino asitlerin olasılık
dağılımlarını karşılaştırmak için insan genomuna ait bazı genler ile uygulama yapılmış ve sonuçlar
yorumlanmıştır. BBuullgguullaarr::  Ökaryot hücrelerin DNA dizi yapısı iki ana bölümden oluşur. Bunlar, protein
kodlayan bölüm (ekzon) ve kodlamayan bölüm (intron) olarak adlandırılır. Bu iki bölüm farklı görevler
yaptıkları için sezgisel olarak olasılık dağılımlarının da farklı olacağı düşünülmektedir. İntronlar, komşuları
ekzonlardan çok farklı olmalarına rağmen yapılan çalışma sonucunda olasılık dağılımlarının benzer olduğu
gösterilmiştir. İntron ve ekzonların ayrılma bölgesinde bazların olasılık dağılımları incelendiğinde
ekzonların baz dizilimlerinin ve intronların baz dizilimlerinin olasılık dağılımlarının bu bölgelerde farklı
olduğu gösterilmiştir. SSoonnuuçç::  Farklı genlerden toplanan DNA’nın protein kodlayan ve kodlamayan
bölümlerinin sonlu dizileri için entropi değerleri hesaplanmıştır. Ekzon ve intronların bilgi içeriklerini
karşılaştırmak için uzaklık ölçüleri hesaplanmış ve iki yapının da benzer olduğu görülmüştür. Bu
beklenmedik sonuç, intronların da ekzonlar kadar bilgi taşıyabileceklerinin bir göstergesi olabilir. İntron
ve ekzonların ayrılma bölgesindeki bazların olasılık dağılımları incelendiğinde ekzonların baz dizilimlerinin
ve intronların baz dizilimlerinin olasılık dağılımlarının bu bölgelerde farklı olduğu gösterilmiştir. Buna
göre, genlerdeki ekzon ve intronların ayrılma bölgesinin neresi olduğuna dair bilgi sahibi olmak için
ekzonların GT baz çiftinden önceki son bazlarının, intronların da GT baz çiftinden sonraki ilk bazlarının
dizilimlerinin olasılık dağlımını incelemenin uygun olabileceği ileri sürülmüştür.   
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i ving systems are not only cha rac te ri zed by
me ta bo lism and rep ro duc ti on, but al so by
flow of in for ma ti on. On the mo le cu lar le vel,

in for ma ti on is car ri ed by the se qu en ces of DNA
and pro te ins.1 En tropy, the ma in con cept of Shan-
non’s the ory of in for ma ti on and com mu ni ca ti on, is
of ten play trans pa rent ro le when app li ed to sta tis -
ti cal en semb les of symbo lic se qu en ces. The re ha ve
be en a many stu di es on the amo unt of in for ma ti on
per ba se in DNA se qu en ces. En tro pi es of DNA se-
qu en ces ha ve be en dis cus sed by va ri o us aut hors
Man teg na et al. ,Schmitt and Her zel, and Her zel et
al., and Chun and Wang.2-4 The two ma jor di vi si ons
of an Eu kar yo te’s DNA that are trans cri bed in to
RNA are pro te in-co ding sec ti ons cal led exons, and
non pro te in-co ding sec ti ons cal led in trons. In ves ti -
ga ting the se ma jor di vi si ons has at trac ted re se arc -
hers’ at ten ti on. App li ca ti ons of in for ma ti on the ory
for DNA struc tu re in fin ding ways of in for ma ti on
trans mit ted in li ving or ga nisms ha ve pro ved use-
ful. It ma kes go od in tu i ti ve sen se that in trons and
exons pro ba bi lity dis tri bu ti ons may be dif fe rent,
sin ce they are sub ject to dif fe rent ran dom pro cess.
In this pa per we apply in for ma ti on the o re tic con-
cept of en tropy and Kull back-Le ib ler dis tan ce to
cha rac te ri ze the dis tri bu ti on of exons, in trons and
ami no acid in DNA se qu en ces. Alt ho ugh, in trons
are usu ally mo re highly di ver si fi ed than ne igh bo -
ring exons, we ob ta in that the pro ba bi lity dis tri bu -
ti on of exons and in trons are si mi lar. This
un fo re se en re sult ex hi bits that in trons can carry
ne arly as much in for ma ti on as exons. The ef fects
of the si mi la rity of the pro ba bi lity dis tri bu ti ons of
the ami no acids in the ge nes and the ba se se qu en -
ce on the mu tu al in for ma ti on are al so exa mi ned.

FUN DA MEN TALS OF DNA

DNA is the ge ne tic ma te ri al in or ga nisms and it sto -
res the ins truc ti on ne e ded by the cell to per form
da ily li fe func ti on. Cen tral Dog ma (Fi gu re 1) is the
term that tells us how we get the pro te in from the
DNA. This pro cess is al so cal led ge ne ex pres si on.
The ex pres si on of ge ne con sists of two steps: Tran-
s crip ti on and Trans la ti on se e.5

The two ma jor di vi si ons of an Eu kar yo te’s
DNA that are trans cri bed in to RNA are pro te in-

co ding sec ti ons cal led exons, and non pro te in-co -
ding sec ti ons cal led in trons. In tron is a seg ment of
ge ne si tu a ted bet we en exons. It is not res pon sib le
for the co ding of pro te in. So the in trons will be ul-
ti ma tely spli ced out of the mRNA. An exon is a nu-
c le o ti de se qu en ce in DNA that car ri es the co de for
the fi nal mRNA mo le cu le and thus de fi nes the ami -
no acid se qu en ce du ring pro te in synthe sis. The
pro cess of re mo ving the in trons for the mRNA se-
qu en ce is cal led RNA spli cing. In tron in eu kar yo -
tic ge nes ge ne rally sa tis fi es the GT-AG ru le. That
is, an in tron be gins with GT and ends with AG.6 In
li ving cells, the set of ru les that pro vi de the link be-
t we en the se qu en ce of the DNA with the ba ses in
the RNA mo le cu le as its co un ter part and the pro-
te ins to be synthe si zed is cal led the ge ne tic co de.
Apart from so me ex cep ti ons, all li ving ob jects use
the sa me ge ne tic co de cal led Stan dard Ge ne tic Co -
de. The ami no acids pro du ced vi a the se co des are
pre sen ted in Tab le 1.5
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U C A G

U Phe (UUU)  Ser (UCU) Tyr (UAU) Cys (UGU) U

Phe (UUC) Ser (UCC) Tyr (UAC)    Cys (UGC) C

Leu (UUA) Ser (UCA) Stop(UAA) Stop(UGA) A

Leu (UUG) Ser (UCG) Stop(UAG)  Trp  (AGG) G

C Leu (CUU) Pro (CCU) His  (CAU) Arg  (CGU) U

Leu (CUC)  Pro (CCC)  His   (CAC) Arg  (CGC) C

Leu (CUA) Pro (CCA) Gln   (CAA)   Arg  (CGA) A

Leu (CUG)  Pro (CCG) Gln   (CAG) Arg  (CGG) G

A Ile   ( AUU) Thr  (ACU) Asn  (AAU)  Ser  (AGU) U

Ile   (AUC) Thr  (ACC) Asn   (AAC) Ser  (AGC) C

Ile   (AUA) Thr  (ACA) Lys   (AAA) Arg  (AGA) A

Met (AUG) Thr  (ACG) Lys   (AAG) Arg  (AGG) G

G Val  (GAU) Ala   (GCU) Asp   (GAU) Gly  (GGU) U

Val  (GAC) Ala   (GCC) Asp   (GAC) Gly  (GGC) C

Val  (GAA) Ala   (GCA) Glu    (GAA) Gly  (GGA) A

Val  (GAG) Ala  (GCG) Glu    (GAG) Gly  (GGG) G

TABLE 1: The Genetic Code.
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FIGURE 1: Central Dogma in a Cell.



CON CEPTS OF EN TROPY

Shan non en tropy is a qu an ti ta ti ve me a su re of un-
cer ta inty in a da ta set. This sec ti on bri efly de fi nes
Shan non en tropy, re la ti ve en tropy (Kull back-Le -
ib ler di ver gen ce), jo int en tropy and mu tu al in for -
ma ti on. Let X be a dis cre te ran dom va ri ab le, ta king
a fi ni te num ber of pos sib le va lu es x1, x2,...xn with
res pec ti ve pro ba bi li ti es pi≥0 for i=1, 2,...,n and       

.The Shan non en tropy H(X) is de fi ned by

(1)

in the works Co ver and Tho mas, and Shan non.7,8

The jo int en tropy me a su res how much en tropy is
con ta i ned in a jo int system of two ran dom va ri ab -
les. If the ran dom va ri ab les are X and Y, the jo int
en tropy H(X;Y) gi ven in Co ver and Tho mas is 7

(2)

The mu tu al in for ma ti on of two ran dom va ri -
ab les is a qu an tity that me a su res the mu tu al de pen -
den ce of the two va ri ab les. The in ter pre ta ti on is
that when mu tu al in for ma ti on is ab sent, mar gi nal
dis tri bu ti ons are in de pen dent and the ir en tro pi es
add up to the to tal en tropy. When mu tu al in for -
ma ti on is po si ti ve, mar gi nal dis tri bu ti ons are de-
pen dent as so me com bi na ti ons oc cur re la ti vely
mo re of ten than ot her com bi na ti ons do, and mar-
gi nal en tro pi es ex ce ed to tal en tropy by an amo unt
equ al to the mu tu al in for ma ti on. Mu tu al in for ma -
ti on I is eva lu a ted by the for mu la7

(3)

The Kull bac k-Le ib ler di ver gen ce (KL=
is a non-com mu ta ti ve me a su re of the dif fe ren ce be-
t we en two pro ba bi lity dis tri bu ti ons p and q. KL is
al so so me ti mes cal led the in for ma ti on ga in abo ut
X ac hi e ved if  p can be used ins te ad of q. It is al so
cal led the re la ti ve en tropy, for using q ins te ad of p.
The re la ti ve en tropy is an ap prop ri a te me a su re of
the si mi la rity of the un derl ying dis tri bu ti on. It may
be cal cu la ted from

(4)

The pro per ti es of the re la ti ve en tropy equ a ti -
on ma ke it non-ne ga ti ve and it is ze ro if both dis-
tri bu ti ons are equ i va lent p=q. The smal ler the
re la ti ve en tropy is the mo re si mi lar the dis tri bu ti -
on of the two va ri ab les and vi ce ver sa.9

MATERIAL AND METHODS
The da ta sets per ta i ning to the hu man ge no me ge -
nes used in this pa per are ob ta i ned vi a the web si -
tes of the NCBI (Na ti o nal Cen ter for Bi o tech no logy
In for ma ti on) and BDGP (Ber ke ley Dro sop hi la Ge -
no me Pro ject). The hu man ge nes HUM GALK1A,
HUMCD19A and HSA LADG are used as da ta sets.
The Hu man Ga lac to ki na se (HUM GALK1A) ge ne
ex trac ted from the 17th chro mo so me of the hu man
ge no me com pri ses of 8 exons and 7 in trons. The
Hu man CD19 (HUMCD19A) ge ne ex trac ted from
the 16th chro mo so me is com po sed of 14 exons and
13 in trons. As for the Ho mo sa pi ens ALAD (HSA L-
ADG) ge ne, it has 14 exons and 13 in trons. This
study con sists of two se pa ra te app li ca ti ons con cer -
ning the ways of using in for ma ti on the ory in in-
ves ti ga ting the DNA struc tu re. The pur po se of the
first app li ca ti on is to show that the pro ba bi lity dis-
tri bu ti ons of the exons and the in trons of ge nes are
the sa me and to emp ha si ze that in trons al so inc lu -
de in for ma ti on as exons do, and to con duct an
analy sis for the spli ce si te re gi ons of exons and in-
trons, con si de ring that exons al ways be gin with a
GT ba se pa ir. The se cond app li ca ti on aims at pro vi -
ding an examp le for in for ma ti on the ory on the
ami no acid se qu en ces in the ge nes. The Kull back-
Le ib ler dis tan ce is used in or der to me a su re the si -
mi la rity among the pro ba bi lity dis tri bu ti ons that
are ob ta i ned using the ba ses in the exons, in trons
and the ami no acids of the ge nes. Mo re o ver, va ri -
o us en tropy va lu es are com pu ted from the pro ba -
bi lity dis tri bu ti ons. Al so, the dis tan ce of the
pro ba bi lity dis tri bu ti ons of the ba se se qu en ces of
the ami no acids in the exons and in trons to the uni-
form dis tri bu ti on, whe re each ba se has the sa me
chan ce to be se en and the en tropy is at the ma xi -
mum va lu e, is exa mi ned by cal cu la ting the po si ti -
o nal re la ti ve en tropy va lu es. Be si des, so me
in ter pre ta ti ons on the ran dom ness in the se qu en ces
are ma de with res pect to the dis tan ces.
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APP LI CA TIONS

In the first app li ca ti on, the dis tan ces bet we en the
uni form dis tri bu ti on and the pro ba bi lity dis tri bu -
ti ons ob ta i ned from the ba ses in the exons and in-
trons of the thre e ge nes un der ins pec ti on are
exa mi ned se pa ra tely. Ac cor ding to the re sults pre-
sen ted in Tab le 2, the pro ba bi lity dis tri bu ti ons of
the exons and in trons in each ge ne are pro xi ma te to
the uni form dis tri bu ti on. The si mi la rity to the uni-
form dis tri bu ti on shows that the ba ses in the exons
and in trons oc cur in equ al pro ba bi lity which in di -
ca tes that the se qu en ces are ran dom.

The si mi la ri ti es bet we en the pro ba bi lity dis-
tri bu ti ons of the exons and in trons, gro un ded on
the ba ses, are exa mi ned vi a the cal cu la ti on of the
Kull back-Le ib ler dis tan ce va lu es. The va lu es ob ta -
i ned are pre sen ted in Tab le 3. The se va lu es are clo -
se to ze ro in each of the ge nes. This clo se ness shows
that the pro ba bi lity dis tri bu ti ons of exons and in-
trons are si mi lar to each ot her.

In the last part of the first app li ca ti on, an
analy sis is car ri ed out for the spli ce si te re gi ons of
exons and in trons, con si de ring that in trons al ways

be gin with a GT ba se pa ir. It is known that in trons
al ways be gin with a GT ba se pa ir and end with an
AG ba se pa ir. We ob ser ved this con di ti on in the
spli ce si te re gi ons of exons and in trons. When the
pro te in se qu en ce is exa mi ned, each GT ba se pa ir
ob ser ved is not al ways an in tron be gin ning. Si mi -
larly, each AG ba se pa ir ob ser ved is not al ways an
in tron en ding. In va ri o us stu di es on de ter mi ning
how in trons be gin, it is se en that the last ba ses of
the exon be fo re the GT pa ir and the first ba ses of
the in tron af ter, is im por tant. As we exa mi ne the
pro ba bi lity dis tri bu ti ons of the se qu en ces of the ni -
ne last ba ses of the exon be fo re the GT pa ir and the
se qu en ces of the first ni ne ba ses of the in tron af ter
the GT pa ir in the ge nes in qu es ti on, it is ob ser ved
that exons en ding be fo re in trons be gin ning with a
GT pa ir most pro bably end with a Gu a ni ne ba se.
Using Kull back-Le ib ler dis tan ce sca le one may de-
du ce that the pro ba bi lity dis tri bu ti ons of the spli -
ce si te re gi on ba ses of exons and in trons are
dif fe rent from the pro ba bi lity dis tri bu ti ons of the
ba ses in exons and in trons in the who le se qu en ce.
Tab le 4 de mons tra tes this re sult. In for ma ti on on
spli ce si te re gi on can be ob ta i ned by analy zing the
pro ba bi lity dis tri bu ti ons of the last ni ne ba ses of
exons be fo re the GT pa ir and of the first ni ne ba ses
of in trons af ter the GT pa ir.

For the se cond app li ca ti on, we ac qu i red the
pro ba bi lity dis tri bu ti ons of the ami no acids be lon -
ging to the thre e ge nes un der exa mi na ti on. The re-
sults ob ta i ned are pre sen ted in Tab le 5. The
en tropy va lu es cal cu la ted using the se pro ba bi lity
dis tri bu ti ons are 4,119339bits for HSA LADG,
4,071260bits for HUMCD19A and 3,992027bits for
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EXON&INTRON vs UNIFORM

GENES K-L DIVERGENCE 

HUMGALK1A EXON 0,068914955

INTRON 0,017947962

HUMCD19A EXON 0,035600501

INTRON 0,029262792

HSALADG EXON 0,025785072

INTRON 0,004980854

TABLE 2: Distance from the Uniform Distribution of
Exons and Introns Distribution.

EXON vs INTRON

GENES K-L DIVERGENCE

HUMGALK1A 0,036551825

HUMCD19A 0,037031963

HSALADG 0,012455115

TABLE 3: Distance between the Distribution of Exons
and Distribution of Introns Distribution.

Genes K-L Divergence

HUMGALK1A EXON 0,041399401

INTRON 0,160774519

HUMCD19A EXON 0,131393025

INTRON 0,133212327

HSALADG EXON 0,084580981

INTRON 0,127826935

TABLE 4: Distance from the splice site region bases
distributions of exons to all exons distributions.



HUM GALK1A. Be ca u se the HUM GALK1A ge ne
has the smal lest en tropy va lu e ac cor ding to the va l-
u es fo und, it can be sa id that the es ti ma ti on of the
ami no acids of this ge ne is ea si er. 

The en tropy va lu e dec re a ses when new in for -
ma ti on is ad ded. We chec ked this con di ti on for the
ge nes we analy zed in our app li ca ti on. The re sults
ob ta i ned are pre sen ted in Tab le 6. The en tropy va -
lu e that cal cu la ted when we do not know the first
ba se of the ami no acids can be se en in the Ge nes
row of the tab le. The va lu es when the first ba se is
known are shown in the ot her rows. Any ad di ti o -
nal ba se in for ma ti on le ads to a dec re a se in the en-
tropy va lu e. When the ad di ti o nal in for ma ti on
con firms the re a li za ti on of the ami no acid, the en-
tropy va lu e is fo und ze ro as ex pec ted. We may im-
p le ment the se cal cu la ti ons for ot her ba se
se qu en ces. Among the thre e ge nes un der exa mi na -
ti on, HUM GALK1A is the ea si est one to es ti ma te
the ami no acids when new in for ma ti on is ad ded.

The si mi la rity bet we en the pro ba bi lity dis tri -
bu ti ons ba sed on the ami no acids com pri sing the
thre e ge nes in our app li ca ti on is analy zed by com pu -
ting Kull back-Le ib ler va lu e. Ac cor ding to the re sults
pre sen ted in Tab le 7, the ge nes whe re the ami no
acid dis tri bu ti ons are the furt hest are HUMCD19A
and HUM GALK1A. It is se en that the ami no acid
dis tri bu ti ons of HUM GALK1A and HSA LADG are
very si mi lar. The re fo re the ami no acid se qu en ces of
ge nes with si mi lar dis tri bu ti on may be es ti ma ted ea -
sily by exa mi ning ot her ge nes’ dis tri bu ti ons.

The jo int en tropy va lu es of all ge nes and all
ba se po si ti on are cal cu la ted se pa ra tely from the jo -
int pro ba bi lity dis tri bu ti on. The jo int en tropy va lu -
es are gi ven in Tab le 8. The sa me re sult is al so va lid
for the ot her va ri ab les.
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Amino Acid HSALADG HUMCD19A HUMGALK1A

Phenylalanine (F) 0,03371 0,02551 0,02657

Leucine (L) 0,09831 0,10714 0,11353

Isoleucine (I) 0,03371 0,01361 0,02174

Methionine (M) 0,03090 0,02381 0,02174

Valine (V) 0,07022 0,04252 0,07488

Serine (S) 0,05618 0,09184 0,07488

Proline (P) 0,06461 0,09864 0,05556

Threonine (T) 0,06461 0,06803 0,06522

Alanine (A) 0,11236 0,04592 0,11594

Tyrosine (Y) 0,03371 0,02381 0,02657

STOP 0,00281 0,00170 0,00242

Histidine (H) 0,02528 0,01531 0,02174

Glutamine (Q) 0,02809 0,03741 0,04831

Asparagine (N) 0,01404 0,03061 0,01208

Lysine (K) 0,03371 0,02891 0,01691

Aspartic Acid (D) 0,05056 0,05272 0,03140

Glutamic Acid(E) 0,08708 0,09524 0,09420

Cysteine (C) 0,02247 0,01361 0,01932

Tryptophan (W) 0,00843 0,02891 0,00242

Arginine (R) 0,06461 0,05442 0,07488

Glycine (G) 0,06461 0,10034 0,07971

TABLE 5: Probability Distributions of amino acid in
HSALASG, HUMCD19A, HUMGALK1A genes.

Entropy HSALADG HUMCD19A HUMGALK1A

Genes 4,1193386 4,07126012 3,99202660

Initial T 2,5185482 2,40382757 2,36292184

Initial C 2,1732272 2,01671637 2,16791716

Initial A 2,7419248 2,74608344 2,69412214

Initial G 2,2589254 2,24306345 2,22170036

TABLE 6: Entropy Values for Additional Information.

HSALADG HUMCD19A HUMGALK1A

HSALADG 0 0,143158427 0,046260314

HUMCD19A 0,148137697 0 0,156046159

HUMGALK1A 0,050428046 0,183402414 0

TABLE 7: Relative Entropy Values for HSALADG,
HUMCD19A and HUMGALK1A genes.

Joint Entropy

Amino Acid Adenine Guanine Thymine Cytosine

HSALADG 4,371859 4,094576 4,152196 4,283639

HUMCD19A 4,298459 4,168234 4,028408 4,193326

HUMGALK1A 4,206562 4,083357 3,867612 4,267013

TABLE 8: Joint Entropy for Amino Acid Variables and
Adenine, Cytosine, Guanine, Thymine Base Position

Variables for Three Genes.



The con se qu en ce is the jo int en tropy: H(X; Y
) = 4; 371859 whe re X is Ade ni ne is and Y is HSA -
LADG. It shows how much en tropy is con ta i ned in
a jo int system of Ade ni ne po si ti on and HSA LADG
ami no acid. In pro ba bi lity the ory and in for ma ti on
the ory, the mu tu al in for ma ti on, or trans for ma ti on,
of two ran dom va ri ab les is a qu an tity that me a su -
res the mu tu al de pen den ce of the two va ri ab les. In-
tu i ti vely, mu tu al in for ma ti on me a su res the
in for ma ti on that X and Y sha re: It me a su res how
much we know abo ut one of the se va ri ab les and
hen ce re du ces the un cer ta inty abo ut the ot her. For
examp le, if X and Y are in de pen dent, then kno w-
ing X do es not gi ve any in for ma ti on abo ut Y and
vi ce ver sa, so the ir mu tu al in for ma ti on is ze ro. In
this study, the mu tu al in for ma ti on va lu e cal cu la -
ted for the Ura sil ba se po si ti on-HSA LADG ami no
acid can be in ter pre ted as fol lows. Tho se two va ri -
ab les se em to ha ve a lot of in for ma ti on in com mon,
0.899653 bits of in for ma ti on. The mu tu al in for ma -
ti on va lu es al so fo und for the Ura sil ba se po si ti on-
HUMCD19A ami no acid va ri ab les and the Ura sil
ba se po si ti on-HUM GALK1A ami no acid va ri ab les
are in ter pre ted in the sa me way. It was ob ser ved
that the va ri ab le of the Ura sil ba se po si ti on, among
the mu tu al in for ma ti on va lu es ob ta i ned in this
work, was ab le to res trict the un cer ta inty on ot her
va ri ab les so much. Tab le 9 ex hi bits the sha red in-
for ma ti on bet we en pa irs of all ba se and ami no acid
va ri ab les. The pa ir sha ring the most in for ma ti on is
Ade ni ne ba se po si ti on - HSA LADG, whi le the le ast
is Cyto si ne ba se po si ti on - HUMCD19A ami no acid
va ri ab les.

CONCLUSION
Ini ti ally, the pro ba bi lity dis tri bu ti ons of the ba ses
in exons and in trons of thre e ge nes be lon ging to
hu man ge no me are exa mi ned. As a re sult, it is ob-
ser ved that the ba se se qu en ces of both exons and
in trons are equ ally ran dom and it is fo und that the
pro ba bi lity dis tri bu ti ons of exons are very si mi lar
to pro ba bi lity dis tri bu ti ons of in trons. Hen ce it is
shown that in trons can al so carry in for ma ti on as
exons do, in con trast to ge ne ral ag re e ment. If the
study is re pe a ted for the ot her da ta sets be lon ging
to the hu man ge no me, we may ob ta in re sults con-

cer ning the si mi la rity of the pro ba bi lity dis tri bu ti -
ons of ba se se qu en ces of exons and in trons. Our
work sug gests that re la ti ve en tropy (Kull back-Le -
ib ler dis tan ce) is use ful to ol in exp lo ring the dis tri -
bu ti on of in tron and exons. In analy zing the spli ce
si te re gi ons of exons and in trons, it is ob ser ved that
the pro ba bi lity dis tri bu ti ons of the ba ses are very
dif fe rent than the pro ba bi lity dis tri bu ti ons of all
the ba ses of exons and in trons. It may be sa id that
the last ba se of exons, be fo re the GT ba se pa ir in
the spli ce si te re gi on of ge nes in da ta set, is most
pro bably gu a ni ne. And the first ba se af ter the GT
ba se pa ir is most pro bably Ade ni ne or Thymi ne.
We may cla im that one may ob ta in in for ma ti on on
the spli ce si te re gi on of the ge nes by exa mi ning the
pro ba bi lity dis tri bu ti ons of the last ba ses of exons
be fo re the GT pa ir and the first ba ses of in trons af -
ter the GT pa ir. Furt her mo re, when the en tropy
va lu es cal cu la ted using the pro ba bi lity dis tri bu ti -
ons of the ami no acid se qu en ces in each thre e ge -
nes, it is ob ser ved that HUM GALK1A has the
smal lest en tropy va lu e and this ma kes the es ti ma -
ti on of this ge ne’s ami no acids ea si er. When the si -
mi la rity of the ami no acid dis tri bu ti ons of the ge nes
exa mi ned it is se en that so me of them are qu i te clo -
se. The se analy ses using this met hod can be app li -
ed to dif fe rent ge nes, and the ami no acid se qu en ces
of ge nes with si mi lar dis tri bu ti on may be es ti ma -
ted ea sily by exa mi ning ot her ge nes’ dis tri bu ti ons.
Fi nally, the com pu ta ti on of the mu tu al in for ma ti -
on va lu e bet we en the ami no acids in the ge nes and
the se qu en ce of ba ses re ve als how much in for ma -
ti on the know led ge on the ba se se qu en ce va lu e
pro vi des to ack now led ge the ami no acids in the ge -
nes.
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TABLE 9: Mutual Information for Amino Acid Variables
and Adenine, Cytosine, Guanine, Thymine Base Position

Variables for Three Genes.

Mutual Information

Amino Acid Adenine Guanine Thymine Cytosine

HSALADG 1,126493 0,893481 0,899653 0,765229

HUMCD19A 0,985267 0,794084 1,009066 0,717221

HUMGALK1A 1,040720 0,784268 0,908829 0,773480
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