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ABSTRACT

The aim of this study was to extract genes and probes hub based on Bayesian networks on probe and gene
transcriptomic data over different tissues in Bovine species. Using raw probe and gene transcriptomic data in each
tissue, genes and probes with the highest expression variances were extracted and fitted to Bayesian networks. The
hub genes and hub probes were identified using the ratio of in-and-out degree. The size of the Markov Blanket was
different in different networks. This might be indicative of existing of substructures topology of aforementioned
network on different tissues. Using gene based network, in muscle (CBR1 and LOC788826); in mammary of (NID2,
COL5A2, LOC616942 and FXYD3); in liver (LOC100132279; MGC127133; MBOATZ2; CLDN2; ANKRDI;
IGFBP1; DGAT2; CKMT1, ISG15, CKMT1), and in the ovary (LOC286871 and INHBA) were extracted as hub
genes. It was shown that the hubs were different in different tissues. These results can be used for more accurate
bioassays of each tissue. Using probe based network, two genes BOLA-DQB and JSP.1 would have function in liver
and uterus tissues. The results of this study can reduce the gap between phonemics-and Genomics distance on
investigated tissues in bovine species.
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5. Structural network learning

6. Network Inference

7. Local distribution

8. Hill climbing

9. Global optimum

10. Local optimum

11. Random-restart hill climbing

-

400
Ol plozer ol sz I DNA &T3, ) (55518
Bad Sl 00,5 el asl L ocdl SO o 1) o5
ooyl Cews & DNA &Ll glagialejl 2t
Lulps o s oad olo oglite lop)y 5l s
RNA-seq b Jlg (5,0l el 5l ion ool ol
5o oslatul 9,50 slap BNy os xS 1 (S
JSczza aal | el Jyonnpboty 4 wiogs | S yia B
YO aslSysfll (S5 im0 S5 v |
sl RS a5 wis b laie uSslSs
S, (Stalteri & Harrison, 2007) &g oo
aalss ol 1,7 6K 0glS Aegarme K a2 b b KiglS
55 o Bpne Jpaneyshty (5,555lS degozma 2 05
Silodse digd slml (G5 ole slaedls 5 b
L 393 O3 QL.’ sosls )| oolarwl b 5 Sasls
G G Geee A5 g Gpme SA4S
Liuet ) oS «l,l 1, aSos prbaws 0 g (sloans] 3
Lmkg)Lo.ﬁ 9 LS‘>L‘43'§‘ P Slew )’1 ngl.z.m.g .al., 2016
50505 bz 5 Jlite 3l Jeal pls ol el o
ol kel g S5 839> 5o 039l i Lanme -5
L o5 uLu ‘_gl.tboa‘.) )| 35 ul...) s C‘ e | 6‘)‘.’ ‘l"b
Cewl 03 oolazl f(o.oss;) S5 Gug sl s,
Alexandre et al., 2015; Fortes et al., 2012; Girard )
Komolka et et al., 2015; Kogelman et al., 2014;
2014; Verardo et al., 2016; Ramayo-Caldas et al.,
olSasy 3l ke al., 2016; Weber et al., 2016
g e laalal, Slobid ln 1) 5 08 0 p) 8
Friedman, 2004; ) wilos,S cwyp g5 o Joleo
559> ;0 «Jl=cplb (Ghaderi-Zefrehei et al., 2015
SV (S B0 ohastr 5 Sl S
Hageman ) col ool glgl 3 oolaul (5m (sloasiss

et al., 2011; Malovini et al., 2009; Sherif et al.,
G rasiiy 5l eslaul et al., 2015 2015; Stingo

1. Affymetrix
2. Probe

3. Probe set
4. GWAS



yaq VAV liasl oY 5L FQ 8,58 el ol psle

& Ol |y lo sla Kagls Culgsys 13,5 oolizna]
3 5l 0yl Jleds 4 o Slac 5laSNP I guyae
Sl lagl gy 59 O laslie (sSE So
30 GRS L5 olo beesls 51 solaxwl) asius
ol 428,55 ol 58 HisS o ikt il paiz
il gl (ragn ool 5l Saa cal il
4 el 5l Sl e oL 8L e Gl
S8 g e 0F S 4SS il sl 50,8
O S i (ooclas gla K55 g gy dunlie 5 5920
S5 D5 5 e ool Slao b Lag e clacdl

|

b 95 9 3lgs
LLle, bl e sleosls 51 ragsy ol
G lazals) Sglaie cidl i 40 gy o DNA
GSE24560 : sl sae GSE75347 : sl |
iolaess g GSE33030 :p>, GSE25319 .S
S ygods ool ol eolatul 48 445 (GSE23348
Sal gl GEO oKL 1 Ll Soft
ol mlo «(https://www.ncbi.nlm.nih.gov/geo)

Glosls it Oldes bl 4 agy)
Gommr b Lly oyl ,o e DNA &115,
b iole;l leis g8 L5 0 sodS H55ly S 5
eiilel shatws ol ol atie 28l ;o ol
pR cd Jol> g (aged) wl)l iy l)ls oS
eizred . Add oolaiwl wisg (GPL1221) LSS
OSn 3> I 45 wigd bl glaibes] b e
sl axls mo b pleed 55l 5 oialej] Ll
o0 &l ) Jgaz 4o b ilesT ol JolS SledLl
‘Wwﬁs%&b Jedz bl caws o bocwl
plml (sl ol plaxil oy pb (g5, Lo Slgls S
ooliztsl Mailos e Gl Gl 5l Bl )
29 b 2l 5l 6T alr glp m A e 3 08
L7 LS g jee O S ASed siledae o
O &5 le Sagls g oy ey Va6

11. Preprocess
12. Annotation table
13. Median absolute deviation

097 5 (Sjdens) (LD Sla sla Sy
C Slees sl Sleasls el S oSl i
ST YA SR VY F OO LR IS APES
o sla S5l 5 bopg cals o Wi 35
SG 0 patde 5 4l Bl il il gl 236
lly 4 A le g (SIS sl S
Nagarajan et ) sg.5 oo bl 5 SO 5,8 9 juned
SbaSs sl Sl Liie glenl (l, 2013
ool S (3l Joe slag) 5l (o SarsS elide
luly Glyice i A 0 K0 slapseda
55 S sl slogs) yme &5 5 ol (Sloon
15 s 3,505 b glayg lulis o aS el ol
Jole e Geizmes WS (o0 SLLE S A
Slgi e a5 cel lony Slas LSl 5 sleasls
5 S0 oS 05,8 8 5t cos el o) S Ly
S5y e At Sns obul slale
(Nagarajan et al., 2013) <ol 4 ,o “L;.ws
O Bl ghel sl g iyl g9 cnl 9,88
53 lae —de dlal, Slolid o Wlsi o b
I ol g S35 )9 )0 45 g9d9e (pl 4 4z L
gl s 05 Ol i sbeSed iledae
Gz clacdl 1o s e Jsbs —cle claala,
51 edslcawsa wls il 433 )18 axgi 0,90 oS
e Aol 2ol o sl gy nl o8
e g oD 059> (nl O Segid g eSoess
05 Doge 50 4 aSed Sl iludae o g Sl
3l odes Baa SO el ol jeme SKiglS g j97e
gl e K0S e L iledee
S8 oIS g5l g oSS o Sgls
|, bodakd oyl GWSNP s oo 13 s CDNA

35 el sladalip jo g glainl pedinne pd sboey

. Markov Blanket

. Branching Factor

. Neighborhood Size
. Degree

. Closeness

. Betweenness

. Centrality

. Eccentricity

. Modularity

0. Sparsity

P OO~NO O WN -


https://www.ncbi.nlm.nih.gov/geo

b gl G668 slacdl sl S ye 6 Kl g (S5 A (gl )5 5 (g5l 5 ARN

Ol oz & (s dlS e 28l 5 Ol slaosls
N ) Gl S50 50 il S sl S5 culis
5 Ol do,l,S5 5l plaSye (gl g (Ver g A B (Y-
P idljs 2oy AD g doy FO Sl g o ailial
a3,5 5 53 (g om Bl ol o0 Jb sl
5 el Og 0 (395) b gmpp joliieds B
L el lal Cbll) caiSagums sl ale (yuizon
ezl p gs; (oare glulial o Glg Gt
35 sl b dslie ;o oals ool i3l (g5 AUl
095 5l oolaul) al oolatul Joo duw ¢ oleisas v )65l
el S el g8l 5 o tal Dgrtiey ;68U o oKl
Gl i Olim (eaiSsgame glaasel b
odalive JB Y oz uaging 50 lapm sl (12
St ol IS Ojgea VO SS o el
&5 ol sleesls (g5, alinl g ol Dgy sl S5
ozl b ol sud o3l L5 oS dmeale il
302 )3 8 9 sy Syge Sk O des (gl A
GHilp seme KB g seme 0 D lpl S
Seslaial b ola gla Kigls ¢ lays ol cwoay
RRARTPO FRE CEIW [ JUWNPI PRI S
sty dogrye 5 sloaSads ) 26 g B2y
oslizil b 5 aSes o5l sl glaazel b il
aad 3,9l R lasxe o igraph g )l58ls 5 a3
SleMbl el ¢l (Csardi & Nepusz, 2006)
(pg3) OS5 ) exdglulid lay (smparil>
sles Enterez ID 4 PubMed RefSeq ) 45 655
Sobe Sl (egieessS 9y of Je g 5k cdx
Assembly ;| 4 UCSC Genome Browser
Ao eolaw!l  (Bos_taurus UMD _3.1.1/bosTau8)
SleMbl (6,515,5 glp cpimen (Kent et al., 2002)
oddglulid lag) (g 3 ,Sdes 3590 50 5l 3590
http://www.genecards.org/ 3 NCBI ;| 48 &5 ,o

(Rebhan et al., 1997) . ool

8. Bootstrap

9. Arc strength

10. Arc direction

11. Adjacency matrix
12. In degree

13. Out degree

Widg 00,5 Slml of ol sleesls o 1, Guil s
(Langfelder & Horvath, 2008) &gl ol
Ole Oolite slagys 5 K3l Glyres bl (s
osliial (5m SS (53559 lyieas 5 a5lis s
3 aed glaaziul)d g el glpel sl wias
ol @ly s R e yo bnlearn (g ,l580s 5 &y
w93l 5l jemme KAl g s9me 0F slaslag, 4l
b (Nagarajan et al., 2013) o oolaxwl (50,945
degazme L |y Slgren oy yiiey ool s AL
Olime s 68l £45 ol JS 0 il ansls Weools
ools degasme Ll aSll aiSens [LSLe o Jlgen
Son [l gp a5 glaigSa wuS e b))
S99 4 dzgi Lol sl 1) glgsen oy iy
62,9545 iyl 5o Al Sl Dgliie sla lire
Sledbsl jlas) oglate el slaal gzen
T oo Jolae TSIT oMbl Jline 550
W oy (s)  Coleiiup w8
s il jles o dolas LT bl g luags
@l 5l plaebl 5 (Fuwys 251 s 4 S0 5
VY 50 ool oole i3l n (gim (sladSiils codelCawody
Uil i el wiad sy cilize Sl
o G0 dzmale CBl slaosls (g, o Al
B2 @S Gl Sl mls YU e e @ g
el bl gla s 51 Sy B 5, e0s5 bacdly
aS 5 ebas .l 2ojlinl slaali sl eolatul iy,
b iluodse ;o 1) slael on 2eS a5 ca3jliel & 5o
O Olyea wal asl oSl ksl gl
Sl o uizmas 0ed 0 Al g3l e Cl>
szl Oy osmen R Gleatls ag
@liee glacdl> Y S o g Jlaine 5 o,
Sl (55 Ol slaosls (59, oall 2 (53,9545 o o]
e P Sl e Sl 0ad (B me oIS domnle

S9y Nl Gzl sl 0z ge S VY 5l >

1. Differentially Expressed Genes or DE’s
2. Bayesian Information Criterion or BIC
3. Akaike Information Criterion or AIC

4. Bayesian Gaussian Equivalent or BGE
5. Logarithm Likelihood or LogL

6. Optimization
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Figure 1- Examining different scenarios of hill climbing algorithm implemented on skeletal muscle tissue expression data
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Figure 2. Examining different parameters in Bootstrap algorithm in skeletal muscle tissue expression data
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Table 1. DNA Microarray data from various bovine tissues used in this research

Experiment Platform Tissue Title Array
GSE23348 GPL2112 Ovary Prostaglandin F20. -induced changes in transcriptome of bovine mid 30
cycle versus early corpus luteum
GSE33030 GPL2112 Uterus Effects of pregnancy and progesterone supplementation on endometrial 79
gene expression in cattle
GSE75347 GPL2112 Muscle Comparative analysis of Musculus longissimus dorsi expression of 20
Holstein x Charolais F2 cattle (SEGFAM) with high and low
intramuscular fat (IMF) content
GSE25319 GPL2112 Liver Gene transcription profiles showing early systemic response to E. coli 54
(k2bh2) infection in bovine liver
GSE24560 GPL2112 Mammary Comparative Expression Profiling of E. coli and S. aureus inoculated 88
primary Mammary Gland Cells sampled from Cows with different
genetic Predisposition for Somatic Cell Score
&I domale w8l 55 )l sbaosls (55 0adl 2] (69,95 4 s8N Alisie slacdl> ¥ Jgor
Table 2. Different sets of hill climbing algorithms tested on skeletal muscle tissue
Score Values
Model N E MB NH BF BGE AIC BIC [OGL T
1 121 1497 81.79 24.74 12.37 -3742 15046 1420 16664 190980
2 121 1497 81.79 24.74 12.37 -3742 15046 1420 16664 22186560
3 121 1801 84.18 29.77 14.88 -3876 18388 17431 20310 26615160
4 121 1801 84.18 29.77 14.88 -3879 18388 17431 20310 227700
5 121 2007 84.18 33.17 16.59 -3973 18805 17746 20933 250260
6 121 2007 84.18 33.17 16.59 -3973 18805 17746 20933 29286840
7 121 1801 84.18 29.77 14.88 -3876 18388 17431 20310 26615160
8 121 1497 81.79 24.74 12.37 -3742 15046 1420 16664 22186560
9 121 1497 81.79 24.74 12.37 -3742 15046 1420 16664 190980
10 121 1497 81.79 24.74 12.37 -3742 15046 1420 16664 190980
11 121 1497 81.79 24.74 12.37 -3742 15046 1420 16664 191220
12 121 1801 81.79 20.77 14.88 -3876 18456 17499 20378 227700

of test used.

e olows T ‘)L...cl :SC ‘LS)L“"A""'@H :OP ‘)L..;DL..; J.aLc :BF ‘u&w c)‘|.\$| :NH ‘LEéS)L‘ Sdg :MB ‘LthLn )Lo...: E ‘Lmolf )Lo...: :N
N: Number of node, E: Number of Edge, MB: Markov Blanket, NH: Neighborhood size, BF: Branching factor, OP: optimization, SC: score, T: number

1: Optimized=True, Score=BIC, 2: Optimized=False, Score=BIC, 3: Optimized= False, Score=AIC, 4: Optimized=True, Score=AIC,
5: Optimized=True, Score=Log Likelihood, 6: Optimized= False, Score= Log Likelihood, 7: Optimized= False, Score=AlIC, restart=0, perturb=1,
8: Optimized=False, Score=BIC, restart=0, perturb=1, 9: Optimized=True, Score=BIC, restart= Inf, perturb= Inf, 10: Optimized=True, Score=BIC,
restart=0, perturb=Inf, 11:0ptimized=True, Score=BIC, restart=1, perturb=1, 12: Optimized=True, Score=AlIC, restart=1, perturb=1.
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Table 3. Fitted structural Bayesian network for skeletal muscle in different combinations of hill climbing algorithm

No. of Arcs Average Markov Blanket Average of Neighborhood Size
Bootstrap Replication Bootstrap Replication Bootstrap Replication
A T 10 20 50 80 100 10 20 50 80 100 | 10 20 50 80 100

65 65 70 43 46 35 41 (12 074 078 058 068 |11 071 0.76 058 0.68
65 85 30 20 16 16 15|05 033 026 026 025 |05 033 0.26 026 0.25
85 65 63 42 37 38 38|11 071 063 064 063 1 0.69 0.61 0.63 0.63
85 85 18 15 16 13 15 | 03 25 026 021 025 )03 0.25 0.26 021 0.25

A: Arc direction and strength, T: Threshold bl T daJb cgz g oj08 A

Table 4. Gene-based (and probe-based) estimation of bayesian network parameters in different tissues and conditions

T M* N E MB* NH* BF*
1 109(121) 1194(1423) 75.6(82.4) 21.9(23.6) 10.9(11.8)
Muscle 2 109(121) 12(16) 0.22(0.26) 0.22(0.2) 0.11(0.1)
3 23(36) 13(19) 1.13(1.06) 1.13(1.06) 0.57(0.54)
1 98(121) 736(903) 47(50) 15(14) 751(7.46)
Mammary 2 98(121) 64(71) 1.6(1.4) 1.3(1.1) 0.65(0.59)
3 65(90) 60(71) 2.3(1.8) 1.8(15) 0.9(0.7)
1 102(121) 672(887) 61.7(64.8) 13.1(14.6) 6.5(7.3)
Liver 2 102(121) 39(52) 0.84(0.98) 0.76(0.86) 0.38(0.43)
3 102(79) 672(54) 61.7(1.52) 13.1(1.3) 6.59(0.6)
1 89(121) 388(577) 25.3(32.4) 8.72(9.54) 436(4.7)
Uterus 2 89(121) 40(50) 1.01(0.86) 1.90(0.83) 0.45(0.41)
3 53(80) 39(40) 1.66(1.27) 1.47(1.2) 0.74(0.6)
1 100(121) 952(661) 81.5(89) 19.4(17.6) 95(3.81)
Ovary 2 100(121) 16(26) 0.32(0.45) 0.32(0.43) 0.16(0.21)
3 26(36) 14(21) 1.08(1.11) 1.08(1.11) 0.54(0.55)
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TAD =ailiwl + b 508 + Ol Sgr+ (60,5345 o 16501 Y e e sl Dagr +(50,5345 02,5501 Y Jde (59,9345 w5501 ) Jae
* T: Tissue, M: Model, N= Number of Node, E= Number of Edge, MB= Average of Markov Blanket Size, NH=Average of Neighborhood Size, BF=
Average of Branching Factor

Model1: Hill Climbing Algorithm, 2: Hill Climbing+ Bootstrap, 3: Hill Climbing+ Bootstrap+ Arc Strength+ Threshold= 85%.
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1. Cluster coefficient
2. Distance

3. Modularity
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Table 5- Gene-based (and probe-based) topological parameters of 5 studied tissues

Parameters ‘!’lssue
Skeletal muscle Mammary Liver Uterus Ovary

Betweenness 0.0002(0.000002)  0.00008(0.00008)  0.00006(0.00003)  0.0001(0.00004)  0.00006(0.00001)
Edge betweenness 2.773(1.111) 1.675(2.467) 1.538(1.173) 1.935(1.745) 1.222(1.08)
In degree 0.013(0.015) 0.012(0.008) 0.012(0.014) 0.015(0.008) 0.018(0.013)
Out degree 0.013(0.015) 0.012(0.008) 0.012(0.014) 0.015(0.008) 0.018(0.013)
Degree 0.027(0.030) 0.024(0.017) 0.025(0.028) 0.031(0.016) 0.036(0.026)
In closeness 0.016(0.029) 0.018(0.011) 0.018(0.024) 0.027(0.012) 0.031(0.023)
Out closeness 0.016(0.029) 0.018(0.011) 0.181(0.024) 0.022(0.012) 0.031(0.023)
closeness 0.018(0.029) 0.019(0.012) 0.018(0.025) 0.023(0.013) 0.032(0.023)
In eccentricity 1.095(0.542) 0.745(1.032) 0.75(0.609) 0.911(0.797) 0.593(0.568)
Out eccentricity 0.984(0.542) 0.781(0.956) 0.732(0.536) 0.755(0.784) 0.593(0.5)
Eccentricity 0.984(1.057) 1.709(4.714) 1.732(1.292) 1.955(1.708) 1.312(1.272)
Alpha centrality 4.698(1.542) 1.890(2.252) 1.892(1.609) 2(1.873) 1.625(1.590)
In strength 2.460(0.514) 0.672(0.780) 0.696(0.560) 0.688(0.645) 0.562(0.568)
Out strength 0.841(0.514) 0.672(0.780) 0.696(0.560) 0.688(0.645) 0.562(0.568)
Strength 1.682(1.028) 1.345(1.560) 1.392(1.121) 1.377(1.29) 1.125(1.136)
Sub graph centrality 1(1) 1(1) 1(1) 1(1) 1(1)

o 090 lacdl s a4 ol lulil slagyy o,5,I5 -F Jgu

Table 6- Characteristics of discovered hub genes for 5 studied tissues-gene based

PubMed ID Location Length (bp) Probe
(5]
g . chrl1:150,054,221-
2 CBR1.: Carbonyl Reductase 1 150 064,637 10417 Bt.5304.1.51_at
NID2 chr10:44894656- 92004 Bt.13542.1.S1 at, Bt.278.1.S1_at,
Nidogen-2 Precursor 44986659 Bt.8124.1.S2_at, Bt.9360.1.S1 at
MHC Clgsgfg%ﬁﬁ:%recursor °hr22?§§ZGB2§7253‘ 4245 Bt3213.1.AL atBt5395.1.51 a at,
Bt.16087.1.S1_at, Bt.16628.2.A1_at
g COL5A2
: . Bt.27856.1.S1_at,Bt.29821.1.51_at,
é Collagen Alpha-2(V) Chain Chrfgﬁ%%?é%m 147965 Bt.357.1.S1_at, Bt4670.1.51_at
IS Preproprotein - -
Bt.24211.2.S1 at,Bt.4209.2.51_at,
EXYD hr18:46033460 Bt.5324.1.51_s_a,Bt.8804.1.S1_at
Domain-Containing lon Transport enr 46039 480 ) 6014 Bt.12304.1.51 atBt.15788.1.51 a at,
Regulator 3 Precursor Bt.3805.1.S1_at,Bt.9966.1.51 at
chr11:88418175-

MBOAT2 88450929 82755 Bt.16592.1.A1 at,Bt.17110.1.A1 at,
= ANKRD1 . Bt.17516.1.A1_at, Bt.9549.1.51_at
2 Ankyrin Repeat Domain-Containing chr2162.51§857§§09— 9372
- Protein Bt4594.1.51 at, Bt.5324.1.51 s at,

. chrX:60134285- Bt.6376.1.A1_at,Bt.12961.1.A1_at
CLDN2 Claudin-2 60136956 2672
MGC127133 . Bt.13106.1.A1_at,Bt.16250.2.51_at,
beta-Hydroxysteroid Dehydrogenase- chr1:150108438- 2071 Bt.28443.1.51_at, Bt.3805.1.51_at
Like 150110508
IGFBP: Insulin-like Growth Factor- chr4:76720425- 4885
Binding Protein 1 Precursor 76725309 Bt.13855.2.51_at, Bt.468.1.S1_at, Bt.13796.1.S1_at,
" Diacylglycerol O-Acyltransferase 2 chrlE_)559575§ggg 57 32473 BL11702.1.A1_atBt17729.1A1 at,
5 CKMT1 Chr21:55877337- Bt.190.1.A1_at,Bt21934.1.51 a at,Bt.26011.1.A1 at,
2 Creatine Kinase U-Type Mitochondrial 55882 400 5064 Bt.26921.1.A1_a,Bt.4594.1.S1_at,
Precursor Bt.569.1.S1_at,Bt.8027.1.S1_at Bt.25270.1.A1_a_at
ISG15 exon2 chrl6:52714627- 1028
Ubiquitin-Like Protein ISG15 52715654
= INHBA chr4:79986254- 11503 Bt.15511.1.A1_at, Bt.18639.1.A1_at,
3 Inhibin Beta A Chain Precursor 79997756 Bt.4751.1.S1 a at
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Table 7- Genes Match to Hub Probes found for Each Tissue Separately

Tissue Probe set Gene
Muscle Bt.5304.1.S1 at GSTM3
Bt.13542.1.S1 at, Bt.278.1.S1_at, Bt.8124.1.S2_at, ADAM12, ASPN, C3, CFB,
Bt.9360.1.S1_at, Bt.3213.1.Al_at, Bt.5395.1.S1_a_at, CHRDL1, COL1A2, COL5A2,
Bt.16087.1.S1_at, Bt.16628.2.A1_at, Bt.24211.2.51_at, ISG15, , ,
Mammary Bt.4209.2.51_at, , Bt.8804.1.51_at, LOC100128178, LOC507402,
Bt.27856.1.S1_at, Bt.29821.1.S1 at, Bt.357.1.S1_at, LOC616942, NELL2, NID2,
Bt.4670.1.S1_at, t.12304.1.S1_at, Bt.15788.1.S1_a_at, S100A12, S100A8, TGFBI,
, Bt.9966.1.S1 at VCAN
Bt.16592.1.A1 at, Bt.17110.1.A1_at, Bt.17516.1.A1_at, BOLA-DQB, FMO5, HAOL,
Liver Bt.9549.1.S1 at, Bt.4594.1.S1 at, , , , MCF2, MGC13057,
Bt.6376.1.A1_at ,Bt.12961.1.A1_at, Bt.13106.1.Al_at, MICAL2, PRLR, SLC10A1,
Bt.16250.2.S1 at, Bt.28443.1.S1 at, SLCO1B3
Bt.13855.2.S1 at, Bt.468.1.S1_at, Bt.13796.1.S1 _at,
Bt.11702.1.A1_at, Bt.17729.1.A1 at, Bt.190.1.A1_at, atADgMgECCFlT'?'\I‘gEE'P?OLA'
Uterus Bt.21934.1.S1 a_at, Bt.25270.1.A1_a_at, Bt.26011.1.A1_at, LOC(7983‘399 M’APZ MA’PZ
Bt.26921.1.A1_at, Bt.4594.1.51 at, Bt.569.1.S1_at, MMDZ’SLCZY’AG !
Bt.8027.1.51_at '
Ovary Bt.15511.1.A1 at, Bt.18639.1.A1 at, Bt.4751.1.S1 a at FABP3, FBX032, HLA-DQA1

il se 035 S ds SinglS 90 CullSs B yre iy By > g b paiz 0 )5 S S Byre o g e By SglS S5 pas B yne o8 By >
The red words indicate the non-mapping genes for the probe. The green and blue words indicate the mapping of an identical probe to the target gene in
the two specified tissue, and the purple words represent the mapping of two probes to a gene.
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Figure 3. Venn diagram of common genes between the 5 studied tissues after the mapping of hub probes to genes
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Table 8. Characteristics of the Discovered Hub Genes for 5 Studied Tissues- Probe Based

Tissue Pubmed ID Enterez ID RefSeq ID Location L?Qg)th Product PubMed Name
(5]
e chr3:33768050- :
2 GSTMG  61S507  NML00046560. Faoh 2775 Glutathione S-Transferase Mu 3
chr26:45848826- Disintegrin And Metalloproteinase Domain-Containing
ADAM12 407229 NM_001001156.1 PRAE A 389313 T tenase D
Chr8:85499331- :
ASPN 507990 NM_001034309.2 85524670 25340 Asporin Precursor
c3 280677 NM_0010404g92  CN'TA8%962 35967 Complement C3 Preproprotein
CFB 514076 NM_001040526.1 ~ C23Z7229266- 6027 Complement Factor B Precursor
CHRDL1 100336005 NM_001205187.1 ~ CrX.G3068443- 56455 Chordin-Like Protein 1
>  COLIA2 282188  NM_1745202 chrt1604470- 36604 Collagen Alpha-2(1) Chain Precursor
©
£ chr16:52714627-
é ISG15 281871  NM_174366.1 wenarLe 1028
JSP1 407173 NM_0010404gg1  CZ3ZBAE9733- 3642 MHC Class I JSP.1 Precursor
chr23:27842253- Major Histocompatibility Complex Class | A-Like
LOC616942 616942 NM_001206459.1 e 4245 bility Con
NELL2 524622 NM_0011020841 ~ CMMo=o0old2d- 385370 Protein Kinase C-Binding Protein NELL2 Precursor
NID2  coig54  NM 001102065.1 o >0 92004 Nidogen-2 Precursor
317164142 ,
SI00A12 282467  NM 1746513 et 1125 Protein S100-A12
SI00A8 616818 NM_0011137252 ~ CMMIA7LACOLS- 982 Protein S100-A8
chr7:49062892- Transforming Growth Factor-Beta-Induced Protein Ig-
TGFBI 539506  NM_001205402.1 fasecs 33087 f bactor Bet:
VCAN 282662 NM_181035.2 chrgg&;%g%%%s& 116839 Versican Core Protein Precursor
BOLA- chr23:25375270- Major Histocompatibility Complex Class Il DQ Beta
Dop 282495  NM_0010126763 2 w2 M * iy Com) _ _
EMO5 788719  NM_001101304.1 chr§:2262155é12%22— 43105 Dimethylaniline Monooxygenase [N-Oxide-Forming]
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