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End

U"‘“ﬁ)" Q’i‘ PL?Q‘ ..\39)_\ waa

e b RH) bl eow Sy S sl
‘;ol..a)
5 () Jgaz) 05 138 4-*“%.[-“-" 90 O gs”?s O
Ay oamonlis wl el H o a5 cwsusl (e

‘/H.A (LIRS Ml.?m 61‘5; uéﬁ.: ‘;QLA)

ol S35 550 (39551
@SNy arloe gz sl =SS 25T (s To
o oslitul 25 Jge 8 5l hed - SsS

DKL(P(X)||Q(X)):iZil:P( X) Iogz%

DNA «l, & ;0 odeelSeg ol n o as

Dy (P (x)11Q(x))# D (Q(X) [1P( %))
10 oolawl 3y &g 4 D iwghs ol jo 1A

[Di Q(X)11P(X) )+ D (P(X) [1Q( X) )]

2
P 09y 9 Sl p e p90 9 sl slaghs,
3 oy oy eyl b p g Gilen p e e
logst 5 Lol wilwslies Sz p9d 5 Jsl G,

oo P(0)s b3 assilSs geds ,Slu i as
ST ageslSs a8y byt 4] wigtlSss g9-89 Jloio
w235] el DNA 6,25 {A, T, G, G aesazmse
Jed 5l eoliial b (Sl 0 ooy 99 4 o) poes a4l o

WS Ao 55

H (<) =3 2R ()30, (K)ios: b, (K

=]
5 ol (L a392lST50 50 585 5l BT Sla g a8
€89 byb a4 k agelSy 48y Jlixl Oy (k)
g 0 {C G T A} acgomo 5l ] 5i sloossdSy

el 53 DNA

L (G opdy pomw adye) pilaz a9,
10 4......4[.‘790 ) J}A)S )‘ oolazwl

H 0y ==2p 0 () XR, (WX e (mhog: py, (1

B 05l aw g48g 5l T Silask gj d aS
Lroamageliy Jiol oo Pk (m)s Sanl
P ACG T Afacgome 3l | 51 K slaassilSs g4
JS 3o a eols Lt 45 jshilen 2ol o5 DNA Jlgs
Jsb lp o2 (98] b dlne 9,51 4 se ez
Ay 2 Gly ad alxe ST o2 5 gy JS



V0

MN=YMYAE 5oblage ojledlpid Jlo ols Slagdgs Slidiss

5 <8, LK 'KMeans' "Median’ >Centroid’
s ks Al ol o wael cwns 55 slacs o
3 ady ¢ oad &l Single g, 5l Jols sondiss
ml S5 sl ol salin LB ases LB
oslizul (AdABOOSH ' Cewgls] ais o5 5l e gaaiis>
> oLL o (Freund and Schapire, 1996.%
=l Sleged ow,ypm g AdaBoost)l Jol> zls sl
5 o] psis camgdnils slaosls b oy gomddiss
Warde) o ool AGeneMANIApredictionserver
mpy ) eolaiul b olwlxe 4o (Farleyet al, 2010

A bl (2015) (MATLAB) e cwoiges L8l

FB Y o) Jslar o egn 9j5e o5 T Sl
QLAMJ LQL)) Slasin I w‘ odlice JJ[S w
FASY sb b s 5 4) YWHAH s NOP2 )5 50 ol
S Sz 5 oSy el i OFF0
SIS IS 00 (snn 90 Slag) Wog oy 950
(Vg YPYY o Jsb L s yi a0) ACTRZ25 ) o)l
Rl o emor S50 Sy S SS9 (0S5
VY LDGCRS8 4 EIF3L (slayj cyizod 25091 i’
9 (i 59551V LYWHAH g HPS6 slay5 9 (y955]
2 ady 0 by ads bl ah, Solas g5
laygsST o Loy anein 5 aineS g5, @l 9 ) Jgo
oads ool LIS Y o ¥ Jolam ol UG il o
ploz a0 gl (geml &5 LlagyST ol
by Cud 4 oy 63,9);‘.3] polie gm) 090 Aliioo
o5 Y 09 YWHAH 5 Y 9551 o5l Wog & )le
52 Sy oo 45 4 TBCID205 A 15551 s DGCRS
gs’ﬁ)“"" Slade (o yieS ACTRZ2 5 Y (9551 aS LYo
590 sy Sl plo Gl jo 1) o)z 5 pom <510 o
3 09 09351 orl obsS Job s plas 093 Sl o) 2
o VL Jsb e & YWHAH 55 ) 00551 ¢ blie

s 4 |y oYL gyl Jlade dapysSl ple

5. Unweighted pair group method centroid (UPGMC)
6. Weighted pair group method centroid (WPGMC)
7. AdaBoost

8. http://www.genemania.org

Bioedit I35l 5 51 o —SJgS 0] Sy dnle s
st gy a5 ol g, 5o A aolitul V,Y,0 ades
awolie jo ab ol ol 5l e o KL lgre @ M|
5 alie Hblie glaageilSs lanl wlwl po Jlss 9
SSe 2 Gl lel e g Bis Klen
b2y o Jlg 9o o Dglate 5 Jblie slaaisnlSes
Ll o 5 6)55l> Jgers 5 ol caws Q (X) 5 P (X)
dlne 3)90 Jled — SIS 2l STy loel (nl @o b
T 09> Gla Sy @ axgi b gy (ul 28518
21 13 dloe 5 (o) WSE 000 | Iy g0 sla
P KLa Sy & Bdlasl clsg s1p 45 a9 g 5
O3l L g 392 Jl gy et lS s ol o 51 e
alie blie glaasalSys a5 o5 cul (8 (o9, L ]
o9y o) el eols cdlo Gliwle jo g ouiid i
S0 L g 9o Glocald o55 lo Shg 4 4z b
Slr &S w2 pow gy 00 )1 il g (o) ST
poad ol KLy ol as ol 5l ey eolaiwl s
o dmsloe 98T 5 o) (o 195 polie 4y
&5 I 50 5l 45 o Djpe n drlxe og
Sy goue Jlade g alxs izme job 4y (o) 3590
2 Qe apgs g go0e Jlade 5P olyie o s
5 05 2 Sy wad ISl s 0 g ad S L
b e il lags sl dize s 4 ol lagsss]
P55 ad dsbre Wl o 951 G 5 Jkz
Lo Loy olaas ojlasl o)Ll o pile SO g an
5 Loess oolol onl g &S ad ol (w2 3550 Slagyg ST
Iy akols oyiie 5 calid on i o5 alagysyS)
Gl lere ool 5l sloolu S 0l adeiie wiiils o2
Foe HBLial a3y G e alols (55 lay
el oad o I 4 (6508 GBS 50 Ol ) 2

(Ghaderi-Zefrehegt al,, 2016

e igoadss ololy, ol I ol gl oS5
5 bys degame jo o] - SLgS al ol ool sy
Gads Joore Ghs, b (63,9 Olsie 4 a5
f'Weighted' ‘V'Average' ‘Y'Complete' ‘\'Single

1. Nearest distance (single linkage method)

2. Furthest distance (complete linkage method)

3. Unweighted pair group method average (UPGMA,
group average)

4. Weighted pair group method average (WPGMA)



3 5 S5 ise S5 S5 sheed SIS lSls 3 eslitul b 5 20 sl

Han g 0oljlans Kiiga \#

sy ples Sz b S oSlhe (98] W0g ow)p
LB Y Joux o Ll Solas bl JIgs 5 bagyg3ST

3ol olaws ol aisls y solprinn sla by, bl

sl e b ey s 4 byye I

S50 Jho ddued ggoge (pl atdl ol olaxs
O3 A 09 ab eselin ¥ a0 4T jshiles
95 ) 095 A s (gyii Jsb as TBC1D20
w1y YL polie pgw adye 4o Laid weasls YWHAH

Ll ools plais! g
aS widg olagST Gl pwyp 0,00 slags ST
2y b osalin Ll jo 59,5l b 5 YU polie

FAM192A 5 DES lasy; slayys;Sl ass ol o)

3590 sy ST ple 5l 6 3oml (g9l sl

55 b a5 ) fge sl DNA Jlgs 5o (s bl Bolai g, 5 cilises e o alons (99,551 -1 Jgor

No

Gene symbol H (x), /RH (x),

governing genes
H (x), /RH (x),

H (x)

Il /RH (X)m

Table 1. Calculated different of entropy orders thvar corresponding random entropies in cow's milk

H (x), /RH (x),

24
25
26
27
28
29
30

EIF3L
DES
HPS6
FAM192A
COPS6
YWHAH
NSUN3
CALM1
CD34
TBC1D20
HTRA2
SLC35A3
CNOT8
DGCRS8
SMIM14
MRPS11
CDK9
DALRD3
SPSB3
ZNF419
ZDHHC4
B4AGALT1
GRWD1
ACTR2
S100A16
SNRPG
TIMM21
NR1H2
C1H21orf59
RPS3A

1.9871/2.0000
1.9878/1.9991
1.9617/1.9994
1.9566/1.9999
1.9931/1.9999
1.9994/1.9983
1.9551/2.0000
1.9913/1.9998
1.9974/1.9999
1.9899/1.9998
1.9872/1.9997
1.9332/1.9995
1.9736/2.0000
1.9666/1.9999
1.9598/1.9999
1.9945/1.9998
1.9889/1.9991
1.9585/1.9995
1.9390/1.9998
1.9925/1.9997
1.9863/2.0000
1.9949/2.0000
1.9855/1.9997
1.9572/2.0000
1.9835/1.9996
1.9683/1.9998
1.9946/1.9996
1.9769/1.9998
1.9991/2.0000
1.9668/1.9997

3.9327/3.9994
3.9176/ 3.9986
3.8513/3.9917
3.8667/3.9996
3.9388/3.9973
3.9649/3.9940
3.8665/3.9998
3.9504 /3.9984
3.9404 / 3.9996
3.9345/ 3.9995
3.9364/ 3.9966
3.8293/3.9994
3.9033/3.9994
3.8899/3.9990
3.8839/3.9998
3.9417/3.9984
3.9344/3.9982
3.8711/ 3.9960
3.8173/3.9979
3.9284/3.9981
3.9435/3.9970
3.9296/3.9999
3.9017/3.9971
3.8736/3.9998
3.8754/3.9990
3.8946/3.9983
3.9570/3.9974
3.8845/3.9979
3.9576/3.9994
3.9038/3.9978

5.8699/5.9980
5.8338/5.9929
5.7134/5.9842
5.7688/5.9979
5.8660/5.9701
5.9045/5.9527
5.7703/5.9990
5.8955/5.9910
5.8681/5.9975
5.8681/5.9974
5.8759/5.9837
5.7152/5.9962
5.8216/5.9971
5.7941/5.9971
5.7988/5.9993
5.8769/5.9946
5.8663/5.9891
5.7672/5.9798
5.6846/5.9926
5.8516/5.9939
5.8876/5.9941
5.8552/5.9991
5.8109/5.9895
5.7813/5.9990
5.7561/5.9927
5.8093/5.9943
5.9043/5.9916
5.7820/5.9927
5.9041/5.9954
5.8295/5.9872

7.7993/7.9920
7.7275/7.9677
7.5078/ 7.9056
7.6626 /7.9928
7.7404/7.9375
7.7365/7.8605
7.6681/7.9966
7.8161/7.9734
7.7877/7.9926
7.7917/7.9900
7.7743/7.9315
7.5880/7.9857
7.7304/7.9881
7.6828/7.9848
7.7081/7.9961
7.7967/7.9817
7.7677/7.9596
7.6230/7.9247
7.5244/7.9645
7.7540/7.9687
7.8150/7.9746
7.7756/7.9964
7.6984/7.9656
7.6828/7.9954
7.6163/7.9745
7.7089/7.9768
7.8252/7.9611
7.6539/7.9692
7.8366/7.9816
7.7327/7.9597

Cells with gray and pink colors indicated the highasd lowest entropy values for genes in corresipgnarder,
respectively
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Table 2. Results of maximum and minimum entropyeosaf one to four in respected genes

Minimum entropy

Maximum entropy

H (x) Name of Lenght of Value Name of Lenght of Value
genes genes genes genes

H (x)I SLC35A3 14901 1.9332 YWHAH 1445 1.9994

H (x)II SPSB3 5570 3.8173 YWHAH 1445 3.9649

H (x)III SPSB3 5570 5.6846 YWHAH 1445 5.9045

H(x), HPS6 2622 7.5078 TIMM21 5716 7.8252

loys slogyg ST Hlez b St ilpe 50 aneS 5 atidon (9,50 @l - ¥ ga
Table 3. Results of different entropy orders of tméour over gene exones
Minimum entropy Maximum entropy
H(x)
Name of exone Lenght of Value Name of exone Lenght of Value
exone exone

H (x )I Exon 1 gene SPSB3 34 1.6457 Exon 1 gene YWHAH 1445 1.9994
H (x )II Exon 1 gene SPSB3 34 2.9220 Exon 1 gene YWHAH 1445 3.9649
H (X )m Exon 1 gene ACTR2 10 2.7500 Exon 8 gene TBC1D20 2286 5.8458
H (X )|v Exon 1 gene ACTR2 10 2.8074 Exon 1 gene YWHAH 1445 7.7365
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second cluster (right)
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Table 5. Functions of the first and second genstets

Function of first cluster genes Function of second cluster genes

nucleotide transport
carbohydrate derivative transport
organophosphate ester transport
glycosylation

viral transcription

ribosome

nitric oxide metabolic process
ribosomal subunit

cytosolic part macromolecule glycosylation

translational initiation protein glycosylation

establishment of protein localization to membranaucleotide transmembrane transporter activity

regulation of nitric-oxide synthase activity organophosphate ester transmembrane transporitgtyact
viral gene expression phosphate transmembrane transporter activity

protein targeting nucleobase-containing compound transmembrane waesp
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Fig. 13. Results Adaboost classifier genes basetlgn(left) and the interrelationshgamonggenes in the first
cluster (right)
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Abstract

Information theory is a branch of mathematics tnagrlaps with communications, biology. The aim loé t
current study was to provide a method for clusteamumber of Milk Governing Genes in Dairy Catiking
an algorithm based on Kullback-Leibler divergente.this study, after retrieving gene and exon DNA
sequences affecting milk yield in dairy cattle, #ngtropy in orders one to four was calculated. ideo to
extract gene distances, Kullback-Leibler divergeoeer three different methods was calculated. Tits¢ &nd
second methods were based on the genes alignmetitebthird method was based on non-alignment had t
relative entropy of the genes. The results of eaethod of Kullback-Leibler divergence over DNA agxbn
sequences were entered as input into 7 generakihg algorithms:Single Complete Average Weighted
Centroid Median and K-Means Integrated result of each clustering algorithne da AdaBoost algorithm,
which implied as gene tree, indicated that thedtimrethod was based on the relative entropy of #reg
biologically grouped set of genes as it was prdwedheir gene annotation usi@@eneMANIA We believe that
the proposed method might be used with other DNgedalustering competitive methods and thereforegn
be used to group set of genes in other species.
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