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(57) Abstract: The present invention relates to a composition for estimating the risk of onset of systemic lupus erythematosus, and
more particularly, to a composition which determines an examinee as having a high risk of onset of systemic lupus erythematosus
when a DNA copy number variation has occurred in the C4 region, 1q25.1 region and 10q21.3 region. The composition of the
present invention may estimate the risk of onset of systemic lupus erythematosus using the fact that the copy number variation in C4
location, 1g25.1 location and 10g21.3 location has a synergistic effect in the occurrence of systemic lupus erythematosus. The com-
position of the present invention enables a clinically friendly method that may reduce an error of an analysis which might be caused
by a newly purchased device or by technological limitations, by using PCR which is generally performed in most laboratories of hos -
pital. Furthermore, the composition of the present invention has the advantages of being performed on an examinee using a non-in -
vasive method. Thus, the composition of the present invention may estimate the risk of onset of systemic lupus erythematosus at an
early stage, and thus can be used in preventing an aggravated state or in delaying the occurrence of the disease.
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7 5 (allele intensity)(B tH B4 A} Wl ) AR S 7] 2 =2, PennCNV &al8] 52
712 A" GE = ARE Sl CNVE 3

PennCNV €31 2] 55 HMMS ARS8 2 9144 0 2 &) 8l +=
CNV(consecutive CNV)2] & 4 52A}of| gk A 4k (threshold)©] LA &= kO L}, o]
Ao A W] 2] BE SNP+= 370 o] /9] A<:4] 0= E )| 8F+= SNP(3-198871| o]
theoh = = 52 2ke] SNP7F A H QUUE CNVR 3 3t 22 H 9] 79 13429131,
TLE2 7010 hE E3ekaL AU 7 CNVe] FAl= A SNP Z2H o] A9
Aol A wpA a2 M (hg18)ol] o] 2= Ho] 2 AA Hrh CNVE] dnkA Q]
EA4 o thaj A= 3k7] 3E 10 YERH AT
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[Table 1]
Parameters Case Control(n=191 |Total(n=573) Mann-WhitneyP-
(n=382) ) value
Total number of 12,287 5,979 18,266
CNVs
Avg. CNVsper |30.8 (30) [30.2 (30) 30.6 (30) 0.906
sample (Median)
Gain 13.4 (11) 12.0 (11) 12.9 (11) 0.153
Loss 17.9 (17) 18.3 (18) 18.0 (18) 0.096
Avg. of Size (kb) |49.2 (20.4) [54.1 (21.1) 52.5(21.0) 0.012
(Median)
Gain 70.1 (30.1) |71.4 (29.3) 70.5 (29.8) 0.107
Loss 42.4 (13.2) |34.8 (13.2) 39.8 (13.2) 0.548
Ratio (Loss/Gain) (1.4 1.5 1.4
[74]
[75] Z+F CNV 2] 74 7| (boundaries) T A M % SNP probe = H-E| n}<] 4} SNP
2 H(hgl8)7}A1 ] A AYE AA T
[76] LARE- 9 <= (first quartile) -1.5 *IQR < N < 3AM:9| 5>(third quartile)+1.5 *IQR 2]
%l/_q oﬂ [q_{ﬂ_ ﬁ]}lxl-{g]_oq’ x] 14_;‘(] 7ﬂ ] 7% L+ oo CNVE X ?‘5]—-3]__‘: AR EL;,Q /\1 64
Adpol| A A L) AT, o] 714 N2 2F Aol A fl=d CNV el 2AHE ¢ m] s,
IQR 600" o] A7 tdollA A& CNV 5 A EZEH Altbd AREH S
H 9] (inter-quartile range)& & V| ¢kr}, vpx| et o 2 - 5737] o] AE(3827H 9] FHA}
19178 o]ty S WA ol A,
[77]

[78] A Al 9 4. CNV_4 ¥ (region) 773 & EA 4 E4

[79] §A&2 7F L= Hof gk CNV U] ]Eia TS a1 A AH2X),

/\](%Sé@'(g— /\El_OX H]—?H ?51— 73/\1 IX), 5] (Z3X).Q.E ﬁl*j% _E_xﬂ _/[:
71z CNVE T gt} 5737 o] 74 25 CNVE €18}l

Redon et al.l] 7] 2l & HH o) & CNVRuler software S AF-&3Fo] CNV el A X +=

FES A A CNVE duk4 el o Oﬂ(CNV region, CNVR)< 114 8} 31 U}, ©]

WS AR A SR CNVRE 1 e o vk &4l o] Loy, CNVRel| E£5+4

CNV % =277} 5383] & CNVZ} = 4 -l CNVRE] A7) 7} A A B} 2 A

A2E 2 9luhs gy o] git), ek B E CONV S50 J.tﬂ—ﬂﬁ =,
CNVRE] RIE7} 7] = E(singleton)©] 1} 53] =1 CNV 7| 3285 of 9]
CNVRE| A717} ARG AA A4 5 dvk(= 2 7). o] & 7}-‘5—*3-%
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H As)sl7] $8l A, 3] A2 922 CNV(#A A CNVE] 10% 7] W7} 32 8= o]

= A9 CNVRE HA] Eokty,

[80] % 18,266 CNVE 57371 9] A&l A 4+ 8kttt 71Q1 2] CNV 9] S 1h¢k
30(1~2852] Y $])o1 A aL, CNV 2] 7+ 7] %= 21.0kb(14bp~18Mbp 2] ) v}
copy number-loss CNV = copy number-gain CNVE.T} 1.44] ©] WIXE7} 5 A
L} ERw T

[81] 18,2667 2] CNVZH-E] 2,5447)] 2] CNVR<S 5+ 3181t} 1 5 144 CNVRO] 5%
o] ko] Zh A & el A HEFS T

[82] 8l7] 35 200%= 5% o]/de] ANA A LA E 144 7] ©] CNVR= LERY AT

[83]

[84]

L
[\
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[Table 2]
CNVR |(Chr |Start(bp) |End(bp) Length G/L |RefSeq gene annotation
(Kb)

cnvel (1 |1,610,720 |1,626,497 |15.7 G/L|MMP23A, CDK11B,
CDK11A

cnve2 |1 12,777,429 112,841,261 |63.8 G/L |PRAMEF11,
LOC649330,
HNRNPCLI1,
PRAMEF2

cnved |1 17,085,956 |17,140,083 |54.1 G/L |CROCC

cnved |1 76,124,315 (76,124,567 [0.25 G/L |MSH4

cnves |1 147,292,384 (147,637,598 |345.2 G/L |LOC388692, FCGRI1C

cnve6 |1 173064490 |173068262 |3.7 G/L |RABGAPIL

cnve7 |1 246,837,884 (246,852,068 |14.,1 G/L |-

cnve8 (2 |24,456,463 |24,459,556 |3.1 L |-

cnve9 (2 (36,263,684 [36,264,490 (0.8 G/L |-

cnvelQ (2 41,092,148 (41,101,972 |9.8 G/L |-

cnvell (2 52,613,957 (52,637,176 |23.2 G/L |-

cnvel2 (2 |89731562 |89885025 |153.4 G/L |-

cnvel3 (2 |132,485,521(132,588,945(103.4 G/L |-

cnveld (3 1,652,400 |1,666,090 |13.7 -

cnvel5 (3 37,954,886 |37,961,253 |6.4 CTDSPL

cnvel6 (3 (53,003,023 |53,013,826 |10.8 SFMBT1
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cnvel7 |3 |65,166,887 (65,187,636 |20.8 L |-
cnvel8 |3 (90,421,209 (90,576,572 |155.4 G/L |-
cnvel9 |3 [150,446,085|150,450,025|3.9 L |-
cnve20 |3 [163,699,360(163,712,278(12.9 G/L |-
cnve2l |3 [164,004,033(164,101,579|97.5 G/L |-
cnve22 |3 (191,220,845(191,221,750(0.9 G/L [LEPREL1
cnve23 |4 (8,980,214 19,097,760 |117.5 G/L |DEFB131, LOC650293
cnve24 |4 (10,006,425 (10,009,254 (2.8 -
cnve25 |4 (20,982,707 (20,984,915 |2.2 KCNIP4
cnve26 |4 (34,469,747 (34,499,424 |29.7 -
cnve27 |4 (58,417,022 |58,418,605 |1.6 G/L |-
cnve28 |4 (63,352,170 (63,367,714 |15.5 G/L |-
cnve29 |4 (64,380,191 64,392,223 |12 G/L |-
cnve30 |4 (69,064,675 (69,163,188 |98.5 G/L (UGT2B17
cnve3dl |4 (70,164,518 (70,257,471 [92.9 G/L (UGT2B28
cnve32 |4 (115,398,433 (115,401,739(3.3 G/L |-
cnve33 |4 (116,387,607 (116,393,377|5.8 L |-
cnve34 |4 (122,504,713 (122,508,095 (3.4 L |QRFPR
cnve35 |4 (138,312,400(138,316,899 (4.5 L |-
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cnve36 162,083,3431162,146,977(63.6 G/L |-

cnve37 783,022 873,185 90.2 G/L |ZDHHCI11

cnve38 27,462,485 (27,462,654 |0.17 G/L |-

cnve39 32,142,841 (32,202,977 [60.1 G |PDZD2, GOLPH3

cnve40 70,210,770 (70,415,222 |204.4 G/L |GTF2H2, GTF2H2B,
GTF2H2D, GTF2H2C,
SERF1B, SERFIA,
SMN1, SMN2, NAIP,
OCLN , LOC647859

cnvedl 151,495,149|151,499,003{3.9 L |-

cnve42 180,327,250(180,363,775(36.5 G/L |BTNL3

cnve43 219,847 306,547 86.7 G/L \DUSP22

cnved4 29,965,065 |30,003,207 [38.1 G/L [ HCG2P7, HCG4P6,
HLA-H

cnveds 31388080 [31406722 |[18.6 G/L |-

cnve46 31,445,794 (31,449,319 (3.5 G/L |-

cnve47 31,465,370 (31,561,597 (96.2 G/L \MICA, HCPS, HCG26,
MICA

cnve48 31,979,464 (31,986,474 |7 L |[C2

cnved9 32058245 32110823 [52.6 G/L |STK19, STK19, TNXA,
C4A, C4B

cnve50 32,563,460 (32,600,286 [36.8 G/L \HLA-DRBS5

cnve51 32,608,853 (32,629,229 (20.4 G/L [HLA-DRB6
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cnves2 32,630,503 32,666,924 |36.4 G/L {HLA-DRB1,
HLA-DRB6

cnves3 32,672,677 132,672,762 (0.086 G/L |-

cnvesS4 32,746,293 132,756,221 (9.9 G/L |-

cnvess 57,482,074 (57,503,129 |21.1 G |PRIM2

cnvesS6 62,241,860 162,281,216 |39.4 G/L |-

cnveS7 77,074,879 77,081,385 |6.5 L |-

cnveS8 79,029,649 (79,090,197 |60.5 L |-

cnvesS9 81,341,226 (81,346,109 (4.9 G/L |-

cnve60 162,655,871(162,659,755|3.9 G/L [PARK2

cnve61 169,248,365(169,262.,485|14.1 L |-

cnve62 170,222,030|170,223,555|1.5 G/L |-

cnve63 136,005 164,003 279 G/L |-

cnve6b4 61,256,909 161,311,414 (54.5 G/L |-

cnvebS 101,931,221(102,109,692|178.5 G/L [POLR2J3, SPDYE?2,
SPDYE2L, POLR2J2,
UPK3BL, RASA4

cnve66 141,419,097 (141,441,259(22.2 G/L [MGAM

cnve67 3,773,951 (3,777,675 |3.7 G/L |CSMD1

cnve68 5,583,199 15,592,495 (9.3 G/L |-

cnve69 7,242915 (7,459,302 |216.4 G/L |DEFB families,
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cnve70 |8 |7,683,445 7,830,417 |146.9 G/L |DEFB families
cnve7l |8 (12,570,457 12,603,846 |33.4 G/L |-
cnve72 |8 [15,447,307 (15,455,979 |8.7 L |TUSC3
cnve73 |8 (25,129,632 25,130,278 |0.64 G/L | DOCKS5S
cnve74 |8 39,356,825 39,497,557 |140.7 G/L |ADAM3A , ADAMSP
cnve75 |8 (115704806 (115711712 (6.9 G/L |-
cnve76 |9 (4,516,796 4,519,671 |2.9 L |SLCIAl
cnve77 |9 (11,398,647 |11,398,865 |0.22 G/L |-
cnve78 |9 [11,786,468 (12,110,085 |323.6 L |-
cnve79 |9 43,515,795 43,730,292 |214.5 G/L |[FAM75A6
cnve80 |9 (44,708,655 (44,779,627 |70.9 G/L |-
cnve8l |9 |45,757,243 (45,837,067 |79.8 G/L |-
cnve82 |9 (66,345,398 (66,759,835 |414.4 G/L [LOC100133920
cnve83 |9 [140,149,899(140,225,046|75.1 G |TUBBPS
cnve84 |10 (38,740,240 (38,953,282 (213 G/L [LOC399744
cnve85 |10 (41679826 (41702521 |22.7 G/L |-
cnve86 |10 (58,575,075 (58,606,559 |31.5 L |-
cnve87 |10 (66980652 (66983043 |2.4 G/L |-
cnve88 |10 (81,478,475 (81,492,542 (14.1 G/L |-
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cnve89 |11 (4,217,831 4,333,781 |115.9 G/L |-
cnve90 |11 5,856,461 5,891,679 |35.2 G |OR52E4
cnve9l |11 (48,689,789 (48,868,236 |178.4 G/L |-
cnve92 |11 (48,886,497 (48,918,267 |31.8 G/L |-
cnve93 |11 (50,470,172 (50,687,058 |216.9 G/L |-
cnve94 |11 (54,649,547 54,738,983 |89.4 G/L |-
cnve9S |11 [55,124,465 55,209,499 |85 G/L |OR4S2, OR4P4,
OR4C11, OR4C6
cnve96 |11 (99,152,896 99,160,002 |7.1 L |CNTN5S
cnve97 |12 (9,526,879 (9,607,393 |80.5 G/L |-
cnve98 |12 (11,398,341 (11,438,799 |40.5 G/L |PRB1, PRB2
cnve99 |12 (31,202,075 (31,237,140 |35.1 G/L |-
cnvelO0 |12 (33,192,424 (33,197,122 |4.7 L |-
cnvelO1 |12 36,270,798 36,667,312 |396.5 G/L |-
cnvel02 |13 [18,209,780 (18,299,097 |89.3 G/L |-
cnvel03 |13 (49,238,624 49,271,799 |33.2 G/L |[KPNA3
cnvel04 |13 (56,648,172 (56,722,157 |73.9 G/L |-
cnvel(O5 |14 (18,312,221 (18,373,017 |60.8 G/L |-
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cnvel(06 |14 19,255,839 (19,493,705 |237.9 G/L |OR4Q3, OR4M1,
OR4N2, OR4K2,
OR4K1, OR4K5

cnvel07 |14 (40,679,974 (40,738,084 [58.1 L |-

cnvelO8 |14 (43,574,960 (43,600,472 |25.5 L |-

cnvel(09 |14 [105,099,614105,259,090|159.5 G/L |-

cnvellO|15 (18,822,301 18,883,654 |61.3 G/L (HERC2P3

cnvelll |15 (19,095,051 (19,545,168 |450.1 G/L (NF1P1, BCLS,
LOC646214, POTEB,
CXADRP2

cnvel 12|15 (19,768,826 (20,093,116 [324.3 G/L [LOC727924, REREP3,
OR4N3P, OR4N4,
OR4M2

cnvel 13|15 (22,134,751 (22,284,089 [149.3 G/L |-

cnvel 14|15 (30,272,117 (30,302,218 (30.1 G/L |-

cnvell5 |15 (32,459,510 32,595,161 |135.7 G/L [MIR1233-1, MIR1233-2,
GOLGASBA

cnvell6 |15 54,579,805 54,582,930 |3.1 L |-

cnvell7|16 (16,519,474 (16,713,816 [194.3 G/L |-

cnvel 18 |16 (22,538,900 (22,617,264 |78.4 G/L |-

cnvel19 |16 (27,147,411 (27,147,520 [0.11 G/L INSMCE1

cnvel20 |16 (32,404,517 (32,511,911 [107.4 G/L |-

cnvel21 |16 (33,778,130 (33,820,307 [42.2 G/L |-
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cnvel22 |16 (54,390,068 (54,420,550 |30.5 G/L |CES1

cnvel23 |16 (68,715,069 (68,753,813 |38.7 G |PDPR

cnvel24 |17 (14,984,724 [14,998,961 [14.2 G/L |-

cnvel25(17 (31,462,326 (31,567,477 [105.2 G/L |CCL3L1, CCLALL,
CCLA4L2, CCL3L3,
TBC1D3B

cnvel26 |17 (41,780,482 (41,922,658 [142.2 G/L |[NSFP1, ARL17B

cnvel27 |18 (14,170,547 (14,271,864 [101.3 G/L |-

cnvel28 |18 (64,897,188 (64,906,488 (9.3 G/L |-

cnvel29 |19 (20,404,485 (20,507,068 |102.6 L |-

cnvel30|19 (32,470,668 (32,730,547 |259.9 G/L |-

cnvel31|19 (33,903,241 33,903,289 |0.05 G/L |-

cnvel32 (19 (46,041,879 (46,064,315 [22.4 G/L |CYP2A6

cnvel33 |19 47,997,996 (48,235,556 |237.6 G/L |PSG6, PSGI,
LOC100289650, PSG10,
PSG7, PSGI1

cnvel34 |19 (58,023,726 (58,050,701 |26.9 G/L |ZNF468

cnvel35|20 (26,235,048 (28,107,200 (1,872 G/L |-

cnvel36|21 (9,730,102 9,870,617 |140.5 G/L |-

cnvel37(22 (22,619,365 (22,728,586 [109.2 G/L |GSTTP1, DDTL,
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GSTT2B, DDT, GSTT2,
LOC391322, GSTTI,
GSTTP2
cnvel38 |22 49,129,839 (49,130,879 |1 G/L |PPP6R2
cnvel39|X 16,305,623 [16,306,395 |0.8 G/L |-
cnveld0|X  |58406597 [58580762 |174.2 G/L |-
cnveldl [X  |61660428 |61815821 [155.4 G/L |-
cnveld2 |X (93,289,757 (93,290,555 |0.8 G/L |-
cnveld3 (X [110,851,010(110,851,339(0.33 G/L |ALG13
cnveldd |X  |145712954 |145717285 (4.3 G/L |-
[85]
[86] o] 1447 2] CNVR & o] &3}, X 28 3] 418 52835l t}, o] & &3
Ao & AE G zfo)o upel A Axprt ok 2 A Vel AL A s T

[87]
[88]

18

T Uz 1] A& 3l 4 3)7] 93l false discovery rate(FDR) W=

AF-&-3191 U} P<0.05, FDR<0.19] CNVR- 2] 4]

0] =
PA -

Ao wokrt 71 A

SLE W ¢ 3 7174 #hed A o] 35 1g25.1, 8q23.3, 102101 4 2] 37) 2]
CNVRE 2313l tt, o] ol sl A = 38t7] 3% 3¢ LFEf AT

EK
w
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[Table 3]
CNV |Start* [End* |Lengt |Typ |Ge |[GWAS Replication? [Replication®
RLo |(bp) |[(bp) |h e nes |Discovery! (564 cases vs |(564 cases vs
catio (kb) (382 cases vs  |S11controls) [495controls)
n 191controls)
P |FD |OR |P |FD|OR (P |FD |OR
R (95 R |(95 R [(95
% % %
Ci) Cl) Ci)
1g251173,0 (173,0\3.8 |Loss|RA |4.40|0.02|2.28 10.0 (0.0 |1.30 (0.00)0.01 |1.38
A 16.490 (68.26 BG |E-0 |4 |(1.2 |38 |57 |(1.02{9 |I (1.08
AP |3 9-4. -1.67 -1.77
1L 01) ) )
8q231115,7 (115,716.9 |Loss|- |5.20|0.04|0.3710.2 |0.2 |0.85 (ND |ND |ND
3 |04.81(11.71 E-0 |4 (02|13 |3 [(0.65
4 1-0. -1.11
65) )
10q2 166,98 (66,98|2.4 |Loss|- |0.03|0.06(1.62|3.6 (1.1 |1.90 |0.01 |0.01 |1.40
1.3 10.65 |(3.04 9 |6 |(1.0 |OE-|OE-|(1.40|1 1 (1.08
2-2. 105 |04 |-2.58 -1.81
56) ) )
[89]
[90] *hg18;
[91] Principal component analysis was performed to adjust population stratification.
[92] ’Replication by qPCR;
[93] *Replication by deletion-typing PCR;
[94] f Adjusted for age; ND, not determined
[95] CNVR 9] OR+- 2n8l 714 & 715 &5 alo] A|4be vt A4 Elo]=d PCR
o3k B A o] A, ORS >2nS 7] 0.7 3fo] AAFE Qv =l ol o1 33 <]
#E WA 3}7] 93| principal componet analysis (PCA)E =3 5} 3 v}, 3]
A& 9 E A=, PCARE-A ol A &9 A9 2711 9] principal component < PC13}
PC2E covariate ©. 2 A}-8-3} 3] ©. 1 SNP-array batch d B = S A] 3] 7-41 & ¢k
covariate ©. % A8 % T}, FDR-< 144 CNVRQ] p-value=ZA] 7| 2F5 St}
[96] 3718k 3% 2] CNVR# ol] SLES #A|7} 2l 21 0 2 4+ ¥ HE 21+ CNVR

FA] A, Ca(6paL. 32)0] B 4= A4 o] SLE $HAbtol A U] & nl
e AL, 35 EFY CNVR 23] 2] SLE Wi &

E

W= giakE 2k A

N

o=
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[97]
[98]

[99]

[100]

[101]
[102]

[103]
[104]

[105]

UEpET S o] Ak BAA o4

20

PCT/KR2013/009074

s EURERIER S

ANAA

(OR=2.35, 95% CI=0.64-8.57, P=0.197 for loss; OR=0.40, 95% C1=0.16-1.03,
P=0.057 for gain).

A Al 4 5. genomic gPCRS- o] £33 SLES} #+# o] 1+ CNVRY]
71 = (validation)

2 WY A}E-2 genomic quantitative PCR(QPCR)< ¢ 3l 5-0] 4]

e}

o

—. ¢
T3

r}

IZgloly A EE Y ARISISI T, o] iZeto]H A EE o] 83 GWAS discovery
A ol A SLES} #E A o] 28 A o 7 U] X CNVRS 54 3} o] 3018} 314}

sk,
2l ol A AL K E Sebol v o) B = el et Ao A
apol 5] A}, ol that 4= 37 I 40 A BT
k4
[Table 4]
Chr |Start End Amplico |Forward Reverse Efficienc |R?
nSize y (%)
(bp)
1 [1730645 (17306459 (88 AGGTCAAA |TAACGCCA |104.7 0.99
05 2 CATCACCT |ACAGTGGT
GCTCTGGA( |GCTCTAGT(
AEaws ) (HEWsE2)
8 |1157056 |11570572 |97 ACAAGACC |CAGCATCT |90.3 0.993
32 8 ATGTGGCC |TCTTGCCTA
CTATGTGA |ACAGCCT
10 [6698151 (66981683 (173 ACCCAGCC |AGGATTCT |91.7 0.998
1 TCAGGTAT |GGTGGTGT
TCCTTTGT( |GGCTAGAA
MEANZ 3) |(AEHE 4)

Viia 7 system(Life Technologies, Carlsbad, CA)= ©]-8-3}¢] genomic qPCR=

Skt

1g25.1  10921.39] gPCROI| %1 °] A +=, genomic DNAE 20ng E 338}l ol +=
Hk-S- 235 20ul, SYBR Premix Ex Tag TM II(TaKaRaBioA}), IxROX, &

ko]l 10 pmol< AF-8-3FS1 T} 95°Ce| A 30% &St 1 cycles 73] SF -,

95°Col| A 5%, 55°Cell Al 102, 72°Cell Al 305 5 &9 45 cycle S 4= 31U
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[106]  C4 +73A2] 4 -9-(C4A 2 C4B), F 4| 7= C4A H C4Bo]| o] X o=
t] A}ol ¥l 2 2] Tagman assay(Hs07226349_cn "2 Hs07226350_cn(Life
Technologies)) & ©]-8-3}9] genomic PCR-S =8 3}¢] A4 3} St} 10ng2]
genomic DNA, TaqMan universal PCR master mix II(Life Technologies), C4A 5=+
C4B TaqMan probe, ¥ RNaseP TagMan probe& X 3}3}= F 10ul2] W&

3= S AFE3F U PCR &7 2 95°Col| A 103F 1 cycle, 95°Coll A 15&%t

HES- A Z1 2 60°Col| A 1327 WH-3- A1 7] 71 & 40 cycle 2 3o <=8 3} 1T}

[107] A o] e t] gk PCR & £-(PCR efficiency, Ct value)<- standard curve over
serial 1:5 dilution.©. 2. A % 8} 91 t}. Ct value+= reference gene©] standard curve2]
AR o] =dslr] Y al] &7 = PCR cycle®] 31525 Ad @) 2t g} Aol o gk
M4 4 Woliz 2e5criz GO EI 9L, o 7] ACHE SHe1eaLA S Aol A
reference gene(RNase P)$} calibrator DNA(7]] ¢1/calibrator) 25 & %] o]
0 €12) Apo| o] Aho]F ), o | Hlo|El = 1 e A5
L+53t+‘Elg}g¢;¢gﬂ’%%,g§t§;¢5112.5117ﬂsq AAfol ot AES
o]l A (diploid) = Y} 3l, 25 =4 H 1925.13% 10921.3 qPCR H| & =X & 2711 9]

oy = = & > (@] A=
EA|Eo ubg 2435t 249 N & 2= 7P 7 AR
Nhe skl o] 370e] CNVRE] WIke -3 <= ofeff 3% (3F 5) o] YER AT 35
A7l CNVR GWAS & A3 o] NI o] 51, F1F A8 2 qPCR A5
(o] [e] =
Astoln], 92 A%l & 74 Eho] ) PCR 115 Aol u},
[108]
[109] %5
[Table 5]
CNVR - lowas Discovery” Replication by gPCR? Replication by deletion-typing PCR?
Location [Case (n=382} Control (n=191) Case (n==564) Cantrol (n=511) Case (n=564) Cantrol (n=4395)
Loss [2n |Gain [Loss |CN=2 |Gain {loss ]2n [Gain [NO jLoss [2n ]Gain |ND ]loss >2n IND |loss »2Zn |ND
HOM HET HOM HET
1g25.1 72 308 |t 18 0 173 §302 249 |13 i) 220 1236 |55 0 52 248 {250 |5 27 184 1264 ¢
80233 37 345 10 34 158 1 185 311 8B i 177 1253 |81 0 — - - S - - -
lquZ‘LB 135 243 |4 40 150 1 205 §181 197 11 128 1191 1182 10 145 (247 A0 |2 197 1183 182 {138

[110] SNP-array intensity signal =¥ array©ol] A YEF 5T CNVE] 92.8% 7} genomic
qPCROI A L= A& fl th= AMY S &2l8t Qi) 1q25.100 4 ©] RABGAPIL CNV 9]
o HF A A9} qPCR 801 A3t 1 30 vrelf AT

[111] = 39] = &+ Nlumina’F2] GenomeStudio software 2 32 154480415
1A (173066744 9 %], hgl18)2] genoplot image©] th. o] Y X o)l A 2] Al & &7}
Z+Z} 2X(A/A, A/B/ B/B), 1X(A/-, B/-), 0X(-/-)2] 6714 F= 3 3k ] th(cluster)=

o] F=t], o]l whe}t HA| = A E & Uk TYEY B 1925.1 G FHY

Ao A &S UER Eolth 39 95 = 19251 999 4 A &
genomic gPCR=Z 213k T o| U}, X523 PennCNV ol 2|5k 54 5= A e &
LHERU 31, Y552 gPCROY| 9] ¢k 54 DNA 4] o]t}

[112]  Genomic qPCRS °] &3 5 H X 15 E 315 A3} 1g25.1°1 4] RABGAPILS
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[113]

[114]

[115]
[116]

[117]
[118]
[119]

7F2A] 25 CNVR# 10g21.3 CNVRE] A #/do] 5 HA 5 IS E ol A
AFH o2 HAEATE (3 3). 2B 8q23.3 Y X 2] CNVR- -4 5] 2] &9k},
B g 258 0nS 717 7| A2 SLE il 3% o =9] Vo
2F k=] (OR=1.30, 95% CI 1.02-1.67, P=0.038), OR-S 4] =27} Z71&4=5
FAasE FAE EATH=0.939)(% 4 ). 10q21.3 %] A4 E}FS] CNVRO]
= NAEE 24 4] 2n2] /A= H o} SLE W 9] 3 o] 39k 2 1 (OR=1.90,
95% CI 1.40-2.58, P=3.6 x 105), A 5~} T 3| A = ORo| A ojH A4
daFol VLA 8 9htha2=0.528)(1 4 5-5).

GWAS discovery @A ol A C4 7 Aol A ©] CNVRE SLE W 9] 3] &= o}
o] Y= Ao WEF O R o] CNVRE = § 4] 0 2 24349 th308 4 <]
et 230778 O] ). C49] JAlFE 583817 HalA =, o] At
o gk o]l A copyTE 7FA 3L A= A &2 el %] HeLa 4| 3£.2] DNAE o] W A
a0 2 AdAslal o]of whE 243ttt 2ns 7HX A E V) E o R
A S ), C4A9] EH A 4= A4 o] = 7= SLE W Y8 =7 A A 3] =
L} EF 531 (OR=1.83, 95% CI 0.19-0.49, P=3.6 x 10), C4A 2] I &= g 50 9li=
WA= SLE &8 g =7 ¢ A4 3] v A e THOR=0.30, 95% CI 1.15-3.06,
P=1.87 x 10°%). ZL&] 1} C4B2] CNVR SLE Y g wmel W #hdo] gl Ao
LHEFSE T S A C4(C4A+C4B)Y°] A = A4 o] = 7HA] 9 A] 4no] 3+
7R A 1} SLE 1 93 527} 3 A 8] 3= rHOR=1.88, 95% CI 1.15-3.06, P=0.01).

C4E 7}=A 25 CNVRQI 6p21.329] W% #-3+= 317] 3% 69l VFEFUI LT
3162] 9153+ CNV GWAS ' A 3o al o} 1+ qPCR 543 4 folt),

%6

[Table 6]

GWAS(2])

CNVR  |Start* End* Len |JGWAS Discovery

Locatic J(bp) (bp) gth [Case (n=382) |Control

n {kb) =191
{Loss JON= JGain [Los |[CN {Gal

7 5 =2 in
6p21.32 |32,088,245 132,110,823 |53 |14 ]asg !9 3 |i7sfi2

Replication by qPCR(O}2])
CNVR  JReplication by gPCR

Locatio |C4 Total CAA C4B
n
Case (n=308) Control {(n=307) |Case {n=308)|Control {n=307) |Case {n=308) |Control (n=307}
Loss 4n GainjLoss {4n  lGain JLos 12n {Gal JLos {2n |Gain |Lossi2n [Gal JLos [2n |Gain
S n_Is n_lIs
6p21.32 |70 181 57 138 185 184 162 1215|131 |36 19477 48 201159 |54 197 |56

21 Al 9] 6. deletion-typing PCR- ©] £ 3 CNV Y] 7] ¢ A A 39l
6-1. CNVS] 517] 2 A A &9




WO 2014/058254 PCT/KR2013/009074

[120]

[121]

[122]
[123]

[124]
[125]

[126]

2 Al 1 ﬂ @ﬂ SLE<} vﬂ & A HS 1ol A (1g25.1 2 10q21.3)2]
, " A& deletion-typing
PCR< Tﬁﬂ 0}93\‘:}. @@Q o %%ZjX}PE—QI O
sequencing= ©]-&3) Al A AT C4 -4l 4
7 sko] AAlskA] Sokt

1g251.7} 10921.32] &3k A7) e} A S wtefstr] Haf, & 2aes2 44
Elo]sg PCR A & AR T}, o] 5] = A A F-9] 5218 9] flanking sequence 2} A2
B Well A Zefol A EE 218k QA T, ofof] thgh -4 4] Q1 A3 K= 3% 7
LR QL TE PCR- 3171 9] 271 0.2 528 ¥ %I T}, genomic DNAE 20ng, FX DNA
polymerase(TOYOBO, Osaka, Japan)< 0.4 unit, 2% DNSO, > 2}0] ™ 6pmol-<
EFF8kE W Z3HE S 20ul 1] 31 Th PCR: 94°Coll A 24511 1 cycle,
98°Coll A 1023Y, 69°Co A 15-/Kb & <F 32 cycleS <=8 3} 91t} PCR W5 F-0f],
10ul2] PCR AHE2 0.5% o} 7L 2 Aol A 1719 53t vk A4 9 allelex=
PCR-direct sequencing "' ©. 2 A| A 4] 313 1},

(amplicon)~- PCR-direct
deletion-typing PCR 2 7] 7}

—o W{U i of

357
[Table 7]
Target Forward Primer (5°—3") Reverse Primer (5°—37)
Region
1q25.1_Lon |[AAGCGTCACGTTCTCATTG |[TCCCACCCATTCAAGCACTAAGG
g TGGCA(M EH & 5) T EHZ 6)
1q25.1_Shor | AAGCGTCACGTTCTCATTG |AGCTGCCAAGCAAGATTCACGTT
t TGGCAX € E 7) CHEH )
10921.3_Lo |GATGGTGGCAGCAAAGTC |[CATTCTGCCAAACATGAAGGGCC
ng AACACA(MEH % 9) AKX EHZ 10)
10923.1_Sh |GATGGTGGCAGCAAAGTC |[TGACCAGGATACTGCAGATGGC
ort AACACA(MEWZ 11) AAMEH T 12)

A2zlo] Q1= A9 o3k 2719 PCR 5%5-9) L}EML HEH 7“‘ o] *XH 3l
1 A7INEE Do) 7F 443 PCR 5354 Eo] YERY A W= 8] o)t
|

]
g AE o] YAkl gk 1g25.1 G & o] A o) H 3 AFe] 5% 7] (amplicon
size)+ 9.4Kb%] 3L, SNP2] A] 2}-5A 9] X|(start-end position)©l] 7]zt
1g25.101 4 ¢] A2l o o] o =5 =7]= 3.8 Kbl ez A2
Ol H 2o 5% =752 5.6 Kb2 A Ak 212 v A2 E ol 4 2k
A FF F71= 42Kb oA 2B = 1q25.1 H Ao A o] A A A H7]12 3.8
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[127]

[128]

[129]
[130]

[131]
[132]

[133]
[134]

[135]

Kb7} o} e} 5.2 Kb o] 8t A o2 AAEE vk whebA] 9.4Kb M= WhE L ER =
AFHE 2n (diploid) & 8| 4] & 4= 91 a1 4.2Kb M =S e = AL e
homozygous deletion (HOM) 2. 2. 3| 2] & 11 9 4Kb<} 4.2Kb Tl = Z 5 A] o]

B &= AL heterozygous deletion (HET) = &4 ¥ v},

ol e} HEXF7FA 2, 10921.3 & & ol A] SNP2] A] 2F-<&2 9] X](start-end position) |
71%8 A2 o] o=H A7]E= 24 Kb o TR S A A o) #5421
FZ 7]+ 11.6 Kbtk whekA] 92 Kb 712 A4 BFo]3 PCR FEAES 0]
o 5 L A A AA YA FEAE9] F7]5=3.3Kb o]dlonE,
10g21.3 G el A o A A A4 Oy -FdAe] 5% 715 2.4 Kb7} oY 2 8.3 Kb
o]&td Ao 2 AXE At whakA] 11.6Kb METHS e = AFE-E 2n
(diploid) & 3|43 8k 9= 9141 3.3 Kb M =1k el = AFeh2 homozygous deletion
(HOM) 2. 2 34 5] 1 11.6 Kb2} 3.3 Kb tH=Z %A o] L ERY &= AL FS
heterozygous deletion (HET) = &4 ¥ v},

g AEe A E FHake] FEES A
A7)eF FAX A4S gl sl .

= 5 T %2 deletion-typing PCR AH&-2] A7) 5 A3 el

E539 S oA, 1g25.1 92 Band 1, 9.4 Kb; Band 2, 4.2Kb; Band 3, 2.3
Kb Ve T & 5 S92 S04, 10g21.3 49 92 Band 1, 11.6Kb; Band 2,
3.3Kb; Band 3, 3.2 Kb2 WEFG T P13 P2+= 212) S efolv] A E [,25
o] &},

%53 192519 10q21.39] A4 FA - (&4 357 7H 7] &= Fai &

1 oJ5= DNA A4 9] oA o]},

EREEE:

3l

o
=
‘1 |

6-2. THHF AA D o] P A3 Ao v

olg g2 oz Ailo] dojd MEd M= F T 279 TEHE(dA A7)
2 Axlo] dojid A7))o] Qlojof Ghof| & Ehelar, WA A7) 9] FEHES
CNVR R0 A 2k 7] 2] PCR| t) gk A& & d(preference for small-sized
PCR)C. = & Y EFYA] & = ATt whebA] A4 v =8 (mapping) tl] o] E] ]

71z8ko] T A o) P A S H Y] YA, Bty AES
AdE A D ol A sZefolw & A tAelste] A A o /3 2kE o vl s)=
e SR EAE AAS A A= 5, 52 7). A&l ol A Ad S
Zb= 739, AA) HFAAE SS9 F7](1925.190] a4 &= 2.3 Kb, 10g21.3°]]
3l 4= 3.2 Kb) o] F4E-2 A2bst Aol A4 ti gy fr Aol A= 18 A
Ba sl o® o ek ith AEo] TR AN 2 = B9, PCR F35&0]
Ay o] %3}

S| (<} 2] =3 o] d4 85t} 1g25.19]
th 3 ] homozygous A4 4.2 Kb W= 4], 9.4 Kb M= 24, 2.3 Kb W=
o 2 Kb R 9FAd, 2.3 Kb M= A o] o,

2
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9.4 Kb M == A o] At LB LEA] &5 <= Qlvk. 271 o]/l 4] 5= Wol 7}
AT 89,94 Kb M= ¥4, 23 Kb M= G4, 32Kb M= 54, 42Kb W=
=74 0]}, 10g21.3°1 t] 3l 4] =, homozygous deletion+ 3.3 Kb "= <F4), 3.2 Kb
CLRSEE =63

[136]

[137]

[138]

[139]
[140]

11.6 Kb = &4 & 7l 0] 31, heterozygous deletion 3.3 Kb "= A,
132, 11.6 Kb A o] A X vk YERA] &S 4= ), 27]]

(98]
[\
z
=
-

(o}

o
o,
o
Y

A [e]
o] ake] HEA| 42 Wol 7}t = Aol =, 11.6 Kb = kA, 3.2 Kb Wi = 9FA) 3.3
Kb M= 540 Sl o]t 4).

o] AeF& F3), HOM, HET, >2nS 4 &3} A] 8 st &= QA th(= 4B 2 40).
A allele®] HAl=S Al @5k, A4 F9 o] Agg 7] 2 A4 SAHE
obdl = QA Th

Hoabd 258 A A3 A4 Blo]3 PCR A S =% 715 318 E (564 cases

[
=
[oN

=]
495 controls)®ll 2]-&3}o] A4 Elo]sd PCRS 43319 1, gPCRe]l 2] 3
T E A e] 95% o] 3l7F A4 Elo]s PCR A ¥oF 2 A ghu}= ARAS U v
Deletion-typing PCR 2 3}-o] 7] %3], 1g25.1°14 CNVR®] = AFE2(HOM 2
HET) >2n°l| B] 3] SLE W1 3F5-0] 7 A 3 A Vel 31 (0OR=1.38, 95% CI
1.08-1.77, P=0.0009), 10g21.3¢1 4] A2l o] 9= 3¢5 w714 9 tHOR=1.40,
95% CI 1.08-1.81, P=0.011)(3E 3). 1q24.1 %= 10q21.3 HOM<- >2n0l] 1] &l 443
=8 SLE Y Y92 1. vhzHzE OR=1.82, 95% CI 1.03-3.20, P=0.039;
OR=1.46, 95% CI 1.01-2.10, P=0.044). GWAS discovery 2 44l E}- 0|5 PCR9]

WEf A4 A3 CNVRE 3 A7 U S 794 A= AsdS & =
A TH(1q24.19] 5 OR=1.51,95% CI 1.20-1.89, P=4 x 10*; 10q21.32] 73 -$-,
OR=1.46,95% CI 1.01-2.10, P=8 x 104).

Y5k L WP AES SLE Y 913 % o Sofl loj A 3712] T8 Y Aol A
Aol A4 B CNVRo| A gk 7 5-9] g ool vfelf ¢arz) ahqltt.
RABGAPIL % 10q21.3¢] A4 BF9] PCR A 39} C40l| 4 2] gPCR A 3}+5 33
ks wf, Al § 2] BFoll A A4 o] e HA 9] A F-(E AT Ao 8.1%
2 EaR 0] 2.3%) Al A A BTl A 2208l ANA(E ARl BAR 2] 10.7%
ot 9] 16.6%)°l B] 3l SLE " A =7F 5,58 55 Al Y EFS v (OR=5.52, 95%
CI12.14-14.21, P=3.9 x 10%). MW 39] Aale] 4ol W2 ORS T = o4 F7}
FAHS WA H12=0.965).(% 7, 3% 8)

3 8



PCT/KR2013/009074

Control (307)
7 (2.3%)

106 (34.5%)
136 (44.3%)
51 (16.6%)

7 (2.3%)

26

Case (308)
122 (39.6%)
126 (40.9%)
33 (10.7%)
2 (0.6%)

25 (8.1%)

>2n in all 3 loci

ND

Losses in all 3 loci
Losses in 2 loci
Loss in 1 locus

[Table 8]
Type
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4T

(773 1] A 2194 F3F 22 (Systemic Lupus Erythematosus) W 9] ¢ &%=
ol S& 2AHERAM, AV 2AEL A AAA A C4, 1g25.1
A A] H/HE = 10921.3 9 %] 2] DNA 54 5= ¥ °](DNA copy number
variation) 7] & & 3 &} o] ™ (primen & X 3= A S 5RO 2
Sk, 24

1% 2] Al 13l 9l A,

}7] 1g25.1 $1 %] 2] DNA 4] 5= 1 o] (DNA copy number variation)
&8 ol (primer)= A EWME 1 222 DNA A E S
Z bl Al A% PCR(genomic quantitative PCR) -8 3 2}-0]
B AE 5 oR o, A=

[78 73 3] Al 18} Qo] A,
71 10921.3 91 21 2] DNA E-A| 5= ¥ o](DNA copy number
variation) 7] &8 3Z 2}0] ™ (primer)= A @ W & 3 2 42] DNA
XS 3838l Alvs A =4 PCR(genomic quantitative PCR) &
Sglolm Aol AL EA o R e RAE

(77" 4] Al 18} Qo] A,
7] 1925.1 #9121 2] DNA 54| 5 ¥ o](DNA copy number variation)
&4 Zfo] W (primer)v= A W E 5 U #] 8= o] Fof %l
T O R HE A EE DNA A LS 338k A4 Blolg
PCR(deletion-typing PCR) & 3 g}o]H &

[78 73 5] Al 18} Qo] A,
71 10921.3 91 21 2] DNA E-A| 5= ¥ o](DNA copy number
variation) 71 &8 3Z 2}o] ™ (primer)= A W& 9 WA 122
o] Fo]zl 7o 2 N E A DNA A DS E§hst: A4 o]
PCR(deletion-typing PCR) -& 3 g}o] )& 54 O & =, 24 &,

[T 6] 217 W] F3F2=(Systemic Lupus Erythematosus) ' 93 &
=g 7| ERA, A7) 71 Ex AA Y A 1g25.1 YA

/= 10921.3 91 %] 2] DNA 4| 5= ¥ o] (DNA copy number

variation) 7] & & 3Z 2}0] ™ (primer) & E% gl AE EH O R
3, 71 E

[ -3 7] Al 63l 9lof A,
71 Zefolr = AU S 1 A 128 o] Fol 3] i o R
A8 H DNA A D2 338k Zefol <l A8 S o= dh+,
71 E.

[7d 73 8] A) AA 2] A2 C49 A, 1925.1 YA H/HE= 10g21.3 9 A<l
DNA 4| <= 1 o](DNA copy number variation) 7] & &

=
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3 2}o] ™ (primer) & %1 A DNA A] &9 3 7}38}o] PCRE S~8 3} =
)
B) A7) =8l ¥l PCR A2 5-E] A A7} C49 A, 1925.1 YA
/= 10921.3 91 %] ¢l DNA 4| 5= ¥ o] (DNA copy number
variation)= 714 3L Ql+=A] o] H-&E A5 = WA E X+
RARAIRGY %‘?_V‘é TR0 I EE of| F317] At JHE
[ "3 9] A 88Fel| Qo] A,
F71 Ay Al 2] 1g25.1 91 &) B/ 10921.3 $1 %] 2] DNA 54| =
1H O] (DNA copy number variation) 31 & & 3 2}-0] ¥ (primer)
A AT 1A 42 o] Foj ] F o RN A ¥ DNA A E<
SESEl = Al A %% PCR(genomic quantitative PCR) 8-

Sgloln L ER o =, W,

[7d -3 10] Al 83kl Lo 1
A7) AyeA 2] 1g25.1 Y 2] H/HE= 10q21 3 9 %] 2] DNA 54| 5=
1H O] (DNA copy number variation) 31 & & 3 2}-0] ¥ (primer)
AEAHE 5 HA 122 o] Fol X o2 HE e DNA A<
Zshsl= A4 Elo]d PCR(deletion-typing PCR) & 3Z&}o] ] <]
ER 02 3h=, i,
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[Fig. 3]
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[Fig. 4]
20 CNVR in 1q25.1(RABGAPIL) (C 20 CNVR in 10g21.3
) | y=-0.539x+ 1-919 ) 1..90(1.40‘2.58) y=*0.341)(+ 2.055
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[Fig. 5]
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[Fig. 6]
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