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Genome—-Wide Association Study between Copy Number Variation and
Trans—Gene Expression by Protein—Protein Interaction—-Network

Chihyun Park” - Jaegyoon Ahn' - Youngmi Yoon™ - Sanghyun Park™

ABSTRACT

The CNV (Copy Number Variation) which is one of the genetic structural variations in human genome is closely related with the
function of gene. In particular, the genome-wide association studies for genetic diseased persons have been researched. However, there
have been few studies which infer the genetic function of CNV with normal human. In this paper, we propose the analysis method to
reveal the functional relationship between common CNV and genes without considering their genomic loci. To achieve that, we propose the
data integration method for heterogeneity biological data and novel measurement which can calculate the correlation between common CNV
and genes. To verify the significance of proposed method, we has experimented several verification tests with GO database. The result
showed that the novel measurement had enough significance compared with random test and the proposed method could systematically
produce the candidates of genetic function which have strong correlation with common CNV.
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For each protein, p; in PPI
pi is converted g; using Protein To Gene map information
Store g; to PPI data instead of p;
End For
For cach gene, g, in GE data
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CE 3y 228 AM

Hlofl cHsto == CNVROY| CHEE GO &

No.

No. of found genes with

Chromosome 22 P-value” P-value #0.05) GO Term
CNVR_1 NA NA 16 -
CNVR_2 NA NA 17 -
CNVR_3 NA NA 3 -
CNVR_4 NA 0.02 593 GO:0048523
CNVR_5 0.014 NA 34 GO:0070161
CNVR_6 0.012 0.003 9546 (GO:0043681/GO:0005829
CNVR_7 NA NA 12 -
CNVR_8 0.002 NA 90 GO:0042611
CNVR_9 0.005 NA 124 GO:0005576
CNVR_10 0.001 NA 49 GO:0005576
CNVR_11 NA NA 450 -
CNVR_12 NA NA 1 -
CNVR_13 NA NA 3 -
CNVR_14 NA NA 84 -
CNVR_15 NA NA 63 -
CNVR_16 0.006 NA 97 GO:0005587
CNVR_17 NA NA 196 -
CNVR_18 < 0.001 NA 133 GO:0070161
CNVR_19 0.001 NA 33 GO:0042613
CNVR_20 0.018 NA 225 GO:0030057
CNVR_21 < 0.001 NA 34 GO:0005576
CNVR_22 < 0.001 NA 43 GO:0005576
CNVR_23 NA NA 3 -
CNVR_24 NA NA 2 -
CNVR_25 NA NA 12 -
CNVR_26 NA NA 0 -

* N/A+= SGNell tislA GO HAEE FygAn 4345 A 23 495 vl
* P-value' = t(0.05)8 243 AL A4S ] ﬂ GOAZFA dolA adjusted P-value 232 YeRH
* Pvalue® & B 45wt oz AuE AR o) GOPZA AL adjusted P-valueE Ve

CE H 1 Aol thstod 2= CNVROll CHSH GO HE &t

Chroml\(l)z;)me 1 P-value” P-value” No. of fm;(%(.io;’r)e nes with GO Term
CNVR_1 N/A N/A 33 -
CNVR_2 N/A N/A 83 -
CNVR_3 < 0.001 N/A 165 GO:0005615
CNVR 4 0.003 N/A 168 GO:0005615
CNVR_5 N/A N/A 15 -
CNVR_6 0.016 N/A 134 GO:0016337
CNVR_7 N/A N/A 3 -
CNVR_8 0.009 N/A 342 GO:0016525
CNVR_9 N/A N/A 0 -
CNVR_10 N/A N/A 0 -
CNVR_11 < 0.001 N/A 8 GO:0042611
CNVR_12 N/A N/A 1 -
CNVR_13 < 0.001 N/A 274 GO:0016337
CNVR_14 N/A N/A 1 -
CNVR_15 N/A 0.005 56 GO:0032991
CNVR_16 N/A N/A 5 -
CNVR_17 N/A N/A 58 -
CNVR_18 N/A N/A 1 -
CNVR_19 0.005 0.016 169 GO:0005911/G0:0051014
CNVR_20 N/A N/A 42 -
CNVR_21 0.002 N/A 79 GO:0016337
CNVR_22 0.007 N/A 235 GO:0005911
CNVR_23 N/A N/A 6 -
CNVR_24 0.006 0.004 2147 GO:0006626/GO:0005829
CNVR_25 N/A N/A 85 -
CNVR_26 N/A N/A 0 -
CNVR_27 0.002 N/A 125 GO:0005576
CNVR_28 0.001 N/A 239 GO:0005576
CNVR_29 0.002 N/A 29 GO:0005576
CNVR_30 N/A N/A 0
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CNVR_31 N/A N/A 431 E

CNVR_32 0.002 N/A 125 GO:0042613

CNVR_33 0.012 N/A 9 GO:0008329

CNVR_34 0.012 N/A 29 GO:0030057

CNVR_35 0.001 N/A 389 GO:0005201

CNVR_36 N/A N/A 2 -

CNVR_37 N/A N/A 32 -

CNVR_38 N/A N/A 491 -

CNVR_39 N/A N/A 0 E

CNVR_40 0.001 N/A 43 GO:0005576

CNVR_41 N/A N/A 23 -

CNVR_42 < 0.001 0.003 999 GO:0006626/GO:0005515

CNVR_43 N/A N/A 0 -

CNVR_44 N/A N/A 4 -

CNVR_45 N/A N/A 3 -

CNVR_46 N/A N/A 9 -

CNVR_47 N/A N/A 213 E

CNVR_48 0.007 0.002 726 GO:0019843/GO:0005515

CNVR_49 < 0.001 N/A 49 GO:0005576

CNVR_50 N/A N/A 0 -

CNVR_51 N/A N/A 0 -

CNVR_52 0.007 N/A 184 GO:0004867

CNVR_5H3 N/A N/A 1 -

CNVR_bH4 0.009 N/A 160 GO:0005911

CNVR_55 N/A N/A 17 -

CNVR_56 N/A N/A 14 -

CNVR_57 N/A N/A 5 -

CNVR_58 N/A N/A 66 -

CNVR_59 0.011 N/A 45 GO:0016337

CNVR_60 0.012 N/A 121 GO:0005587

CNVR_61 < 0.001 N/A 45 GO:0005576

CNVR_62 N/A N/A 12 -

CNVR_63 0.003 N/A 204 GO:0016337

CNVR_64 N/A N/A 255 E

CNVR_65 N/A N/A 175 -

CNVR_66 N/A N/A 1 -

CNVR_67 N/A N/A 60 -

34 5tbel CNVRZF 2t 7| RT AL Alojeo| ozt 24 Z 3} A#AAo] glom olF EajA 1 FAA ] 11HA CNVRS
339 A& dbe] CNVRO A #£0.05)S wr&Ese 2 ArH oz AEe fAd TAsta ks AS F2I B

E HFAAES e R GOHEES FHst mxgo 4 9tk B =RoME CNVRIY A3 4472 RIS A
2 B AFAME S P-valueE 2ztE se] CNVRO o 2gA o7 AAsta, 28 A Ao FE AR
A deld ZHzhe] 71 Kol sidahs SGNk, ool o ek GOHSE E31A CNVRS 715S FE3HL ik
M GO AFE FdsLh o] A4S B3 = oj9} e ATA BA A VFEE o]FAAXA &%
o CNVR¥} d#t5o] 9 7bsel & §dA71559 5 & M2 Feje] 49 dafolth ¥ w=RolA A8 ol
HE ¢ ®o] A& £ g9t} <X 5> tEHoez 1A ¢ B9} g dolEE AFEE [14]d14 = 3hue] CNVRe
Aol 11HA CNVRO dizte] £4& 533 435 el aa] A& B 9219 2Mbolel EAstE RS
itk &= 10638709 7F53E SGNECIA 1H  GAA < e et A3 BAS Fdstd <iE 62 [14]9] HF
CNVR[16509639-17229287]¢l thalAl £0.05)¢]/d2] SES#S Ao dRES Uit oS So R wA 39l
Zk= SGNE 8719tk olF GO #5 23 P-valueE 9& Chr19.9% 3ld CNVRE Alzd o 2HE 51496692 &
AL 5709t} o ﬂm E3) 718 2o P-valueE e 1 o REE 6826870 el A2 “GI_11038644-1"7}F &4 3}
W SGNE CNVRI[16509639-17229287]3 7&tAl #elo] = v ARdd AEE YellE pvalues -log 2AY T
AAE 7ol ot & 4 itk Aukgom o] AYS 356050]th, <3F 6> RE L 0.001 o] p-valueE

23to] % CNVRE  GO:0030101(natural killer cell — ERlls Atk mopge Aolth [14]9] Azt shtel
activation, A% A4, GO0005923(tight junction, M CNVRel halx] 54 o} el EAjshes fawe o4

A3}, GO:0042613(MHC class II protein complex, 3¢ o7 AAAYE HAEIGY] wiel, <E 5>9F o] e
sHA), GO:0006874(cellular calcium ion homeostasis, Z4 CNVRI talr GOHES 3tA & #ut ol EA 7]
o] 2 &AHAd) GO:0031093(platelet alpha granule lumen, & ol ug FFE AR ofE it [14] o % AMEY A
2% 44 84 273 I 2 V5 ddd nkgoew A FAA Feel daiAE daAd AT77t o) FolAA &%



CHHE Mg HERTE 5ot |TEA H2(UEH0(2F EARIIL Lointol oty 2AM 99
{E 5> FuncAssociate 2.0 0|28t 181 AMX|e| 11 A CNVR[16509639-17229287] of CHEH GO Z#Z Zxt
SGN id SES N X Adjusted P-value GO Term SGN
1 16.6667 2 24 < 0.001 GO:0030101 GI_13375655-S GI_6679051-S
GI_16418366-S GI_20149581-S
2 20.7143 N/A N/A N/A N/A GL 4506922-S
3 17.1429 N/A N/A N/A N/A GI_21040248-S GI_6679051-S
4 22.381 2 71 0.004 GO:0005923 GI_21536296-S GI_28416401-A
5 16.6667 2 15 0.002 GO:0042613 GI_24797075-S GI_24797073-S
6 17.1429 N/A N/A N/A N/A GI_31341185-S GI_6226959-S
7 20 2 146 0.007 GO:0006874 GI_4506832-S (GI_13929430-S
8 17.619 2 3H 0.002 GO:0031093 GI_45269140-S GI_10518500-S
* N/A® SGNel| tsA GO HZ=EE FdPA 235 44 3 & vepyl
* ‘SGN(Gene Set) EolA 7] A= A EA
* N2 34 7 FoA GOl &3t Ay AFE ey
* X GOE olF&= FHx9 /MFE e
(E 6) [14]0lAM 8 CNVRE} gene expression ARO|S| C1HMZAL ZTje| R R
. CNV
-log10 Distance Distance probe Frequency in
CNV_ID Tllumina Gene_ID probe to N CNV_class
(P-value) to CNV_end 270 HapMap
CNV _start R
individuals
Chr19_9 GI_11038644-1 3.5605 514,966 682,687 del 3
Chrl0_6 GI_31341468-S 3.2798 1,775,769 1,931,816 del 54
Chr22_26 GI_25092724-S 4.2056 -7,936 93,355 dup 25
Chr3_25 GI_27894375-S 6.1255 -90,713 93,983 complex 3
Chr2_10 GI_7656998-S 7.1119 -212,771 -33,218 del 2
Chr22_24 GI_32698823-S 6.9669 -95,275 73,303 del/dup 21
Chrl4_6 GI_31742485-S 3.585 -1,535,518 -1,377,556 dup 4
3, (1410 st e 2ol ©es] 7 odlolE Abol €] 2 FPta7] wite] Zohd Ay 3&7417} AT} A RE
AYAQ FRAGTE SAske WHo] UF-Eoly] Aord WHE o]&shd CNVR¥E Add 44 7l FH
Agtete W 748 YTsy] e dugsEY v 58 =2 947 3 AATE ﬁl—o— ,AleRIdoR |
@ A9 wA%he A 2 vt gglh B Rl B E 24 o] Tasclgls] Wi Fu AnEe 44 2
%7} CNVRO] 7152 Bd4om B4 4+ S old & & dth @F 2 =RAAs 4§ 282 9t a9
AE HolHE St MEZL B SATHES AMEst 4 aCGH dlolg 9} 2 o7t ¥ Je -2k
v A EdE Adste Aoll7] wiiel <E 5> e F3A-E(GGD HolH[19]E o]&ste] CNVRF A#dES &
ARE BN ARE mEH 9 Aol wY ol g B AL 5 U= PWed 0B A7 $9F oFoln,
w8l b 2 FHelda ¢ 4 vk
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