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FIG. 5A 

Tandem SNP 
if Observed dbSNP Chromosome 
haplotypes Name Chromosome Position bo dif 

1 rs10482852 A/C Chr21 14613855 86 
CC/CTIAC I rs2822567 ICT Chr21 14613941 

AAAGICGICA rs1882882 AvG Chr21 14687786 
3 rs2822785 AVG Chr21 14876399 65 

AGGGAAGA rs2822786 AVG | Chr21 14876464 
4 rs2822786 AVG Chr21 14876464 67 

GCACGT rs2822787 CT Chr21 14876531 
5 rs2822816 AVG | Chr21 14948471 97 

AAVGTIGA rs2822817 AvT Chr21 14948568 
rs2822878 CT Chr21 15033311 90 

CAvCGTG rs2822879 AvG Chr21 15033401 
7 

ATIGTIAC rs2822963 CIT chr21 15149921 
8 rs1297213 AVG Chr21 15253641 83 

GGIAG/GTIAT rs1297214 G/T Chr21 15253724 
9 rs2142450 CT. Chr21 15257273 67 

CTICCITT rs10482383 ICT Chr21 15257340 
10 rs10482863 CIT chr21 15257340 46 

TC/CC/TT rs1041403 CAT I Chr21 15257386 
11 rs2823333 C/T chr21 15825896 89 

TAJCATG rs2823334 AvG | Chr21 15825985 
GGIACGC rs992557 CIGI Chr21 15826457 

13 26 
AAWGG/AG 158336O1 

4 32 
AT/AC/CT/CC 

CC/CAVTC/TA rs13049140 AvC Chr21 17034893 
G 

17 
CTICCITC 

GGIGAAAAG rs6517774 AvG Chr21 17744144 
19 rs728015 AvG Chr21 17968624 33 

GGAAAGIGA rs728O14 AG Chr21 17968657 
20 rs1047978 C/G chr21 18091026 63 

GG/CGICCIGC rs2824495 CIGI Chr21 18091089 

GT/GCATIAC rs150141 CAT I Chr21 18355365 
22 

AT rs2824734 GT Chr21 18611032 

CAWT 
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FIG.SB 

AAGTIGAAT rs963639 AT Chr21 19009214 
24 rs2187166 AT chr21 19081111 99 

AC/TAVTCAA rs2156203 AvC Chr21 19081210 
25 rs2825470 CT Chr21 19567109 60 

CT(TC/CCTT rs2825471 ICT Chr21 19567169 
TTIGCIGT rs2825926 CT Chr21 20272639 
GTIATIGCAC rs420778 CT chr21 20273021 
AGICTICG rs2826059 GT Chr21 20465061 

29 rs2826072 CT Chr21 20487958 95 
CTICCITT rs2826.073 CIT I Chr21 20488053 

30 rs2032203 CIT Chr21 20598845 98 
CCTCTT rs2826152 CFT | Chr21 20598943 

31 rs1735808 CT. Chr21 20766284 45 
CATACGTG rs1786400 AG Chr21 20766329 
TG/CAvCGIGA rs2014519 AG Chr21 21113160 
GAAAvGG rs2155799 IAG Chr21 21471097 

34 rs1475881 CIGI Chr21 21748820. 96 
GAGGICA rs7275487 IAG Chr21 21.748916 
CGIGG/GC/CC rs12627388 CIGI Chr21 21916714 

36 rs12627388 CIGI Chr21 21916714 48 
GCIGT/CC/CT rs2522559 CIT I Chr21 21916762 
AC/GCIGT rs2826958 ICFT | Chr21 21995633 
AC/GTIATIGC rs2826982 ICT Chr21 22043979 
AAVGCAC rs2827016 TAC Chr21 22054808 
AAGAAGGG rs2827307 IAG Chr21 22545694 
ATIGTACIGC rs244261 CIT Chr21 23311825 
CGICCAGIAC I rs198061 CIGI Chr21 23334156 

GAAAGG 
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FIG. 6A 

1) Whole sequence : : : rs432114 - rs365433 CC/CTA GCA GT 

AACAAATCTTCATCTTGGAATAGCCTGTGAGAATGCCTAATCATCTACGAATgTTACTTT 
GGCACCATCTACTGGACAgATTAAATAACAACCAACTCACTGTGGATTAGACCTACTTCT 
ATTTCAG (SEQ ID NO: 1) 

OTTGO (SEQ ID NOS: 2, 3) 
LEFT PRIMER 2O 2O 55. O8 45. OO 3 OO 2. OO 
AAGCCTGTGAGAATGCCTA 
RIGHT PRIMER 107 2 O 55 - 3 O 45. OO 5. OO O. OO 
ACCACAGTGAGTTGGTTGT 
SEQUENCE SIZE: 127 
INCLUDED REGION SIZE: 127 

PRODUCT SIZE: 88, PAIR ANY COMPL: 5. OO, PAIR 3' COMPL: 1. OO 

1 AACAAATCTTCATCTTGGAATAGCCTGTGAGAATGCCTAATCATCTACGAATgTTACTTT 
>>>>>>>>>>>>>>>>>>>> 

61 GGCACCATCTACTGGACAgATTAAATAACAACCAACTCACTGTGGATTAGACCTACTTCT 
a cack KK K-3 K-3KKK 3K Ka-3K 

121 ATTTCAG 

2) Whole sequence : : : rS7277 O33 - rs211 O153 CC/CTATC/TT 
PCR did not work 

TTCCTGGAAAACAAAAGTATTTCTTTCATAGCCCAGCTAGCAtGATAAATCAGCGAGTCA 
GAATTCTAGCTTTGTTGTAAGGTT (SEO ID NO : 4) 

OLIGO (SEQ ID NOS : 5, 6) 
LEFT PRIMER 2 2 O 51 63 3 O OO 5 OO 3 OO 
TCCTGGAAAACAAAAGTATT 
RIGHT PRIMER 84 21 51.36 33.33 4. OO O. OO 
AACCTTACAACAAAGCTAGAA 
SEQUENCE SIZE: 84 
INCLUDED REGION SIZE: 84 

PRODUCT SIZE: 83, PAIR ANY COMPL: 3. OO, PAIR 3' COMPL: 2. OO 

1 TTCCTGGAAAACAAAAGTATTTCTTTCATAGCCCAGCTAGCAt GATAAATCAGCCAGTCA 
>> -->>>>>>>>>>>>>>> 

61 GAATTCTAGCTTTGTTGTA AGGTT 
a 4 aaaaaaaaaaaaaaaaaaa. 

3) Whole Sequence : : : rs2 822654-rs 1882.882 AA/AG/CA/CG 

CACTAAGCCTTGGGGATCCAGCTCCTTaAGGACTAAGACCGTATCTAGCTCCTTTTAGTA 
TTTCCACAGCA (SEQ ID NO: 7) 

OLIGO (SEQ ID NOs: 8, 9) 
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FIG. 6B 
LEFT PRIMER 2 2 O 6 O. 4 6 55. OO 6. OO 2. OO 
ACTAAGCCTTGGGGATCCAG 
RIGHT PRIMER 71. 21 54. 78 38.1 O 3 OO O. OO 
TGCTGTGGAAATACTAAAAGG 
SEQUENCE SIZE: 71 
INCLUDED REGION SIZE: 71 

PRODUCT SIZE: 70, PAIR ANY COMPL: 4. OO, PAIR 3 COMPL: O. OO 

1 CACTAAGCCTTGGGGATCCAGCTGCTTaAGGACTAAGACCoTATCTAGCTCCTTTTAGTA 
>>>>>>>>>>>>>>>>>>>> KKK gargas33 a 

61 TTCCACAGCA 
333 K 3 Kw 333 

4) Whole sequence : : : rs368657 - rs376.635 AA/AG/GA/GG 

TCCTCCAGAGGTAATCCTGTGATCAGCACTAACaCCACATACCAGCCCTTTCATCAGCTT 
GTTGGAGAAGCATCTTTACTTCCCgCCAAGCAGTGACC Tagataccatctoacaccagtt 
agaat Caggat Cattaaaaagttcaagaaaaaacag (SEQ ID NO: 10) 

OLIGO (SEQ ID NOS : 11, 12) 
LEFT PRIMER 3 2O 55.20 5 O. OO 5. OO 3 OO 
CTCCAGAGGTAATCCTGTGA 
RIGHT PRIMER 11.7 21 55. 1 O 47. 62 5. OO 2. OO 
tggtgtgagatggitat CtAGG 
SEQUENCE SIZE: 155 
INCLUDED REGION SEZE: 155 

PRODUCT SIZE: 115, PAIR ANY COMPL: 3. OO, PAIR 3' COMPL: 2. OO 

1 TCCTCCAGAGGTAATCCTGTGATCAGCACTAACaCCACATACCAGCCCTTTCATCAGCTT 
>>> -->>>>> b >>>>>>>>> 

61 GTTGGAGAAGCATCTTTACTTCCCg CCAAGCAGTGACC Tagataccatctoacaccagtt 
<<< < a. a Caa a -a < a. aaaaaaaa. 

121 agaat Caggat Cattaaaaagttcaagaaaaaacag 

5) Whole sequence : : : rs2 822731–rs2 822732 AA/AG/GA/GG 

TCCAAGTATAATCCATGAATCTTGTTTAAATATAGATCAAaTAAACCACTATACCAAAAA 
CATCAAAAGACAACTGGGTAAATTTTTTAAATGACTAGCTATTTGATGTTAAgGAAGTAA 
TGTTACTCTCTTATATACAATTTGAA (SEQ ID NO: 13) 

OTTGO (SEQ ID NOs: 14, 15) 
LEFT PRIMER 6 22 5 O. 35 27. 27 6. OO 3 OO 
GTATAATCCATGAACTTGTTT 
RIGHT PRIMER 1 A 6 22 45.69 22, 13 6. OO 1. OO 
TTCAAATTGTATATA AGAGAGT 
SEQUENCE SIZE: 146 
INCLUDED REGION SIZE: 146 

PRODUCT SIZE: 141, PAIR ANY COMPL: 4. OO, PAIR 3' COMPL: 2. OO 
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FIG. 6C 
1 TCCAAGTATAATCCATGAATCTTGTTTAAATATAGATCAAaTAAACCACTATACCAAAAA 

>>>>>>>>>>>>>>>>>>>>>> 

61 CATCAA AAGACAACTGGGTAAATTTTTTAAATGACTAGCTATTTGATGTTAAgGAAGTAA 

12. TCTTACTCTCTTATATACAATTTGAA 
k < x 33 kg (3 x x < x < x <3 k kK 3 g a 

6) Whole seculence : : : rs6516899-rs 45.5221 CC/CT/TC/TT 

ATGGAACCGAAACTTCAAG TAGTTTCATAcGTATCACATTGACAGTTTTCTCTA AGTTTT 
CtCGTCITATCACTCGTTGTTTCATTATTAAAACTGTGCCAGTGTATGCATAGCGCTTAG 
AAATTTTTTAAT (SEQ ID NO: 16) 

OLIGO (SEQ ID NOS : 17, 18) 
LEFT PRIMER 1. 18 53.87 38.89 4. OO 3 OO 
ATGGAACCGAAACTTCAA 
RIGHT PRIMER 91 22 52.84 27 - 27 5 OO 1 OO 
TTAATAATGAAACAACGAGTCA 
SEQUENCE SIZE: 132 
INCLUDED REGION SIZE : 132 

PRODUCT SIZE: 91, PAIR ANY COMPL: 4. OO, PAIR 3' COMPL: O. OO 

1 ATGGAACCGAAACTTCAAGTAGTTTCATACGTATCACATTGACAGTTTTCTCTAAGTTTT 
>>>>>>>>>>>>>>>>>> 

61 CtGGTCTTATGACTCGTTGTTTCATTATTAAAACTGTGCCAGTGTATGCATAGGGCTTAG 
<<< 3 <<< 3<<< Ka 3-ga < Ka a 3-3 

121 AAATTTTTTAAT 

7) Whole sequence : : : rs7275381-rs 12627144 GAAGG/TA/TG 

aCaggat CCttCC togalaga CaCCaCCttggggagggtgaag Gataaagaatttgat caga 
aat Calagggtggtgagata CatgttaaggatgaataaactggCCttittaggatt CttgCt. 
aaaattaga Caatgcagaggoalaccacagagt coaag (SEQ ID NO: 1.9) 

OLIGO (SEQ ID NOS: 20, 21 ) 
LEFT PRIMER 1 O 19 55.53 A 737 A. OO O. OO 
tt CCtcaaga CaCCaC Ctt 
RTCHT PRIMER 157 18 54.94 55.56 3. OO 2 OO 
CttggaCt Ctgttggttgc 
SEQUENCE SIZE: 157 
INCLUDED REGION SLZE: 157 

PRODUCT SIZE: 148 PAIR ANY COMPL: 5. OO, PAIR 3' COMPL: 1. OO 

1 acaggat CCttCctgaagacaccaccittggggagggitgaagGataaagaatttgatcaga 
>>>>>>>>>>>>>>>>>>> 

61 aat CaagggtggtgagataCatgttaaggatgaataaaCtggCCttt taggattcttgct 
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FIG. 6D 
121 aaa.Attaga Calatgcagagg CaaCCaCagagtC Caag 

<& agga gag g (3-3xx 3-3 

8) Whole sequence ::: rs1999288–rs2O8897 CC/CT/TC 

AATTTCCATTAAATCTTGTTCGTTCCTTTACTGAGGCACTGAAGTTACCAATGTTCCACT 
GGTTGACCTCCGGGGCTATCTCTAGGTTATGTTACTCCAGAAAATGAATTGTGTATAAAA 
GAGGCCTTGGAGGAAGGCGTTTTATTCaCATCAGTTGTTTTGCACATTGCTTA (SEO ID NO: 22) 

OLIGO (SEQ TD NOs: 23, 24) 
LEFT PRIMER 3 O 2O 54. 40 50. OO 4. OO 2. OO 
ACTGAGGCACTGAAGTTACC 
RIGHT PRIMER 173 2O 54 96 35 OO 4. OO O. OO 
TAAGCAATGTG CAAAACAAC 
SEQUENCE SIZE: 173 
INCLUDED REGION SIZE: 173 

PRODUCT SIZE: 144 PATR ANY COMPL: 4 - OO, PAIR 3' COMPL: 0.00 

1 AATTTCCATTAAATCTTGTTCGTTGCTTTACTGAGGCACTGAAGTTACCAATGTTcCACT 
-->>>>>>>>>>>, >>>>> 

61 GGTTGACCTCCGGGGCTATCTCTAGGTTATGTTACTCCAGAAAATGAATTGTGTATAAAA 

121 GAGGCCTTGGAGGAAGGCGITTTATTCaCATCAGTTGTTTTGCACATTGCTTA 
a Caga (Kaga aaa (CC C C Cag 

9) Whole sequence ::: rs1475881-rs7275487 CA/CG/GA/GG 
PCR did not work 

TCGGTTTCAGCAGGAAAGTTATTTTTAATAACTTCCCTGTATTT cTTGGTTTCAGTTATTAATTAACTCA 
TTAATGCTAAACTTTGTGATCCTAGGTTAAAAAACATATTCAAGATAGCTTCAGAATGTTTGGTATACAA 
gTAGGTCTGGCTAAATATAAGTGTTAGCTTT CTCAAGCATC TAAATGCTGG (SEQ ID NO: 25) 

OLIGO (SEQ ID NOS: 26, 27) 
LEFT PRIMER 1 O 2O 48. 49 25. OO 5. OO 3 OO 
GCAGGAAAGTTATTTTTAAT 
RIGHT PRIMER 179 21 54. 70 38. 10 4. OO 1. OO 
TGCTTGAGAAAGCTAACACTT 
SEQUENCE SIZE: 191 
INCLUDED REGION SIZE : 191 

PRODUCT SIZE: 17 O, PAIR ANY COMPL: 5. OO, PAIR 3' COMPL: 2. OO 

1 TCGGTTTCAGCAGGAAAGTTATTTTTAATAACTTCCCTGTATTTCTTGGTTTCACTTATT 
>>>>>>>>>>>>>>>>>>>> 

61 AATTAACT CATTAATGCTA AACTTTGTGATCCTAGGTTAAAAAACAATTCA AGATAGCI 

121 TCAGAATGTTTGGTATACAAgTAGGTCTGGCTAAATATAAGTGTTAGCTTTCTCAAGCAT 
K<< x << x <<< K Kaga < K<<< a. C. 

181 CTAAATGCTGG 



Patent Application Publication Jul. 22, 2010 Sheet 11 of 69 US 2010/0184044 A1 

FIG. 6E 
ALTERNATIVE: : ( LESS THAN 5 bp APART ) 

AAGTTATTTTTAATAACTTCCCTGTATTT cTTGGTTTCAGTTATTAATTAACTCATTAAT 
GCTA AACTTTGTGATCCTAGGTTAAAAAACATATTCAAGATAGCTTCAGAATGTTTGGTA 
TACAAgTAGGTCTGGCTAAATATAAGTGTTAGCTTTCTCAAGCATC (SEQ ID NO: 28) 

OLTIGO (SEQ ID NOS: 29, 30) 
LEFT PRIMER 6 2O A 7.68 25. OO 6. OO O. OO 
ATTTTTAATAACTTCCCTGT 
RIGHT PRIMER 148 2O 49. 30 4 O. OO 4. OO O. OO 
CACTTATATTTAGCCAGACC 
SEQUENCE SIZE: 166 
INCLUDED REGION SIZE: 166 

PRODUCT SIZE: 143 PATR ANY COMPL: 4. OO, PAIR 3' COMPL: 1. OO 

1 AAGTTATTTTTAATAACTTCCCTGTATTTCTTGGTTTCAGTTATTAATTAACTCATTAAT 
>>>>>>>>>>>>>>>>>>> 

61 GCTA AACTTTGTGATCCTAGGTTAAAAAACATATTCAAGATAGCTTCAGAATGTTTGGTA 

121 TACAAgTAGGTCTGGCTAAATATAAGTGTTAGCTTTCTCAAGCATC 
<<< K C C C 3 Ka KKa KKK CKK C 

10) Whole sequence : : : rs173597 6-rs 2827 016 AA/AC/GA/GC 

ATTCATTGTGTAGAAAGTGCCTGACTCAGTGTTTGGAAATTGTCTGACTTTTCCTCATAT 
a TAGTGTGGTTTCATGTTATTCTATATAAGAaCTGACATGAACTCTGTTTACAATAATCT 
CCCAGTGCCATAAAGACCATAATAAATAATAT (SEQ ID NO : 31) 

OLIGO (SEQ ID NOs: 32, 33) 
LEFT PRIMER 27 20 54. 11 40. OO 4. OO 1. OO 
CAGTGTTTGGAAATTGTCTG 
RIGHT PRIMER 129 2O 55.17 45. OO 3 OO 2. OO 
GGCACTGGGAGATTATTGTA 
SEQUENCE SIZE: 152 
TNCTUDED RECION SIZE: 152 

PRODUCT SIZE: 103, PAIR ANY COMPL: 5.00, PAIR 3' COMPL: 1. OO 

1 ATTCATTGTGTAGAAAGTGCCTGACT CAGTGTTTGGAAATTGTCTGACTTTTCCTCATAT 
>> >>>>>>>>>>>>>>>>>> 

61 a TACTCTCCTTTCATGTTATTGTATATAAGAaCTGACATGAACTCTGTTTACAATAATCT 
KKKKK <<<<<< 

121 CCCAGTGCCATAAAGACCATAATAAATAATAT 
<<<<< KK<< 

2" group of primers 

11) Whole sequence : : : rs 447349-rS2324097 CT/TC/TT ( 156 long ) 

CACTGGGTCCTGTTGTTAAGTACACATAATACCACaCAGGAGAAAATCAGGCTAATTGTA 
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FIG. 6F 
AATGGGCAACCTACTTAATTGTTTCATTAAAAAGCATACAGATTACATTTACACTAtAGC 
TAGTCTTGTTTGTTTTTTTATTTTGCAAAAGTAATTACGGCCC (SEQ ID NO: 34) 

OLIGO (SEO ID NOS: 35, 36) 
LEFT PRIMER 8 2O 47. T 9 35. OO 6 OO 2. OO 
TCCTGTTGT TAAGTACACAT 
RIGHT PRIMER 163 18 53. 29 44. 44 8. OO 2. OO 
GGGCCGTAATTACTTTTG 
SEQUENCE SIZE: 163 
INCLUDED REGION SIZE: 163 

PRODUCT SIZE: 156, PAIR ANY COMPL: 5. OO, PAIR 3' COMPL: 1. OO 

1 CACTGGGTCCTGTTGTTAAGTACACATAATACCACaCAGGAGAAAATCAGGCTAATTGTA 
>>>>>>>>>>>>>>>>>>>> 

61 AATGGGCAACCTACTTAATGTTTCATTAAAAAGCATACAGATTACATTTACACTAtAGC 

121 TAGTCTTGTTTGTTTTTTTATTTTGCAAAAGTAATTACGGCCC 
KK C 3 ga < 3< 3 x < KK 3 g (3 a 

12) Whole sequence : : : rs 418989- rs13047336 AC/AT/CC 

CTACTCAGTAGGCACTTTGTGTCTAGAAACTTCTGTGTCAACGGTTTTCCCTCTCTCTGG 
AATTCaTCAGGACAGAAGTGATTGGTGTGGTGGAAGAGGGTTGTGSTA (SEQ ID NO : 37) 

OLIGO (SEQ ID NOs: 38, 39) 
LEFT PRIMER 3 21 54 - 5 O 47. 62 5 OO 3 OO 
ACT CAG TAGGCACTTTGTGTC 
RIGHT PRIMER 97 18 54.95 5 O. OO 2. OO O. OO 
TCTTCCACCACACCAATC 
SEQUENCE SIZE: 108 
INCLUDED REGION SIZE: 108 

PRODUCT SIZE: 95, PAIR ANY COMPL: 5. OO, PAIR 3' COMPL: 2. OO 

1 CTACTCAGTAGGCACTTTGTGTCTAGAAACTTCTGTGTCAACgGTTTTCCCTCTCTCTGG 
>>>>>>>>>>>>>>>>>>>>> 

61 AATTCaTCAGGACAGAAGTGATTGGTGTGGTGGAAGAGGGTTGTGSTA 
<<<< x <<4 a 3-313 << k <<< 

13) Whole sequence : : : rs987 980- rs987981 AG/GG/GT 

TGGCTTTTCAAAGGTAAAATTTACTaAGTGTATTAATATTTTACCAATTTCCAGCCACCA 
GAGTATGAATGTTGCATTATTACATTGCTTTGAAACAAAGCATTAgTCTTAATTCAGAAG 
TTTAAATTCAGATGTTAACGTTGC (SEQ ID NO: 40) 

OLIGO (SEQ ID NOs: 41, 42) 
LEFT PRIMER 1. 19 53. 67 31.58 6. OO 2 ... O O 
TGGCTTTTCAAAGGTAAAA 
RIGHT PRIMER 144 21 54.59 33.33 6. OO 3. OO 
GCAACGTTAACATCTGAATTT 
SEOUENCE SIZE: 144 
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FIG. 6G 
INCLUDED REGION SIZE: 144 

PRODUCT SIZE: 144, PAIR ANY COMPL: 6.00, PAIR 3' COMPL: 3.00 

1 TGGCTTTTCAAAGGTAAAATTTACT'a ACTGTATTAATATTTTACCAATTTCCAGCCAGGA 
>>>>>>>>>>>>>>>>>>> 

61 GAGTATGAATGTTGCATTATTACATTGCTTTGAAACAAACCATTAgTCTTAATTCAGAAG 

121 TTTAAATTCACATGTTAACGTTCC 
<<<<<<<<<<<<<<<<<<<<< 

14) Whole sequence : : : rS4143392- rs 4143391 CA/CG/GA/GG 

TAAGTATTGAAGAAAGGAGAATTTAAATTACTTCATA"IACctgataaaggaaaacatata 
CAAGGCAAATAAACATCTTAGATCATGACATATAAAATAATAGATTATTA (SEQ ID NO: 43) 

OTTGO (SEQ ID NOs: 44, 45) 
LEFT PRIMER 7 2O 49.56 25. OC 4 - OO 4. OO 
TTGAAGAAAGGAGAATTTAA 
RIGHT PRIMER 98 22 45.86 22.73 6. OO 3 OO 
ATTTTATATGICATGATCTAAG 
SEQUENCE SIZE: 110 
INCLUDED REGION SIZE: 110 

PRODUCT SIZE: 92, PAIR ANY COMPL: 4.00, PAIR 3' COMPL: 1.00 

1 TAAGTATTGAACAAAGGAGAATTTAAATTACTTCATATACctgataaaggaaaacatata 
>>>>>>>>>>>>>>, >, >, >, >, >> 

61 CAAGGCAAATAAACATCTTAGATCATGACATATAAAATAATAGATTATTA 
cK-C Cacta k < g a ga a CCKCK Crax 

15.) Whole sequence : : : rs1691324 - rs13050434 CG/TA/TG ( 4 bp apart for 
right primer) 

TGCAGAGATTACAGGTGTCACCCACCGTGCCCAGCCTCATAACCGTTTCAACTACTTTTT 
CACTTGACAAGCAGATGTGAAGTTAACAAAGTCACCCATATTTCAAATAAAGATAGTATA 
TTCCTGGGG tAGGCAGAGGCAGTTGAGGATCATGAAATAACTATG (SEQ ID NO: 46) 

OTTGO (SEQ ID NOs: 47, 48) 
LEFT PRIMER 4 19 49. 78 41. 37 4. OO A. OO 
AGAGATTACAGGTGTGAGC 
RIGHT PRIMER 153 19 54.61 47 . 37 4. OO O. OO 
ATGATCCTCAACTGCCTCT 
SEQUENCE SIZE: 165 
TNCLUDED REGION SIZE ; 165 

PRODUCT SIZE: 150, PAIR ANY COMPL: 4. OO PAIR 3' COMPT, ; 2. OO 

1 TGCAGAGATTACAGGTGTGAGCCACCGTCCCCACCCTCATAACCGTTTCAACTACTTTTT 
>>>>>>>>>>>>>>>>>>> 

61 CACTTGACAAGCAGATGTGAAGTTAACAAAGTCACCCATATTTGAAATAAAGATAGTATA 
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FIG. 6H 
121 TTCCTGGGG tAGGCAGAGGCAGTTGAGGATCAGAAATAACTATG 

kgrgue gagggg CK K-g33< { { 

16) Whole sequence ::: rs11909758-rs99801.11 (159 bp long ) AG/AT / GT 

TGCAATGAAACT CAAAAGAGAAAAGTTAACAGGTGCAAaAGGTAGTTTTATTATAAAAGG 
AGCGTAGGCAACAAGAATATGTTTAATTTTTCTTCCTTTTCATGAGTAAGGACAAGAGTg 
TCATATATGTGalatatttt tatttaattittaa GTAGAAATCTCTTTTTAAAATATGGG (SEQ TD NO: 
49) 

OLIGO (SEQ ID NOs: 50, 51) 
LEFT PRIMER 6 2O 49.91 30. OO 3.00 0.00 
TGAAACT CAAAAGAGAAAAG 
RIGHT PRIMER 164 2O 42.77 2 O. OO 6. OO 4. OO 
ACAGATTTCTACttaaaatt 
SEQUENCE SIZE: 178 
INCLUDED REGION SIZE: 178 

PRODUCT SIZE: 159, PAIR ANY COMPL: 6. OO, PAIR 3' COMPL: 3.00 

1 TGCAATGAAACTCAAAAGAGAAAAGTTAACAGGTGCAAaAGGTAGTTTTATTATAAAAGG 
>>>>>>>>>>>>>>>>>>>> 

61 AGGGTAGGCAACAAGAATATGTTTAATTTTTCTTCCTTTTCATGAGTAAGGACAAGAGTg 

121 TCATATATCTGaata t t t t tatt taattittaa GTAGAAATCTGTTTTTAAAATATGGG 
<<<<<<<<<<<<<<<<<<<< 

17) Whole sequence : :: rs354613 - rs 85 4614 AA/AG/TG 

CCACCATTCATCAA AACTTTGATACTGGACTCAATTGTCAATTT GaCTTGAAATTTGATA 
ATGCTTTTGTTTTACTgTTCTGCTCAGCAAAATAGTACATGT (SEQ ID NO: 52) 

OLIGO (SEQ ID NOs: 53, 54) 
LEFT PRIMER 12 2O 49. AO 35. OO 6. OO 1. OO 
CAAAACTTTGATACTGGACT 
RIGHT PRIMER 102 19 46 ... O 5 31.58 6. OO 1. OO 
ACATGTACTATTTTCCTGA 
SEQUENCE SIZE: 102 
INCLUDED REGION SIZE : 102 

PRODUCT SIZE: 91, PAIR ANY COMPL: 5. OO PAIR 3' COMPL: 1. OO 

1 CCACCATTCATCAAAACTTTGATACTGGACT CAATTGTGAATTTGaCTTGAAATTTGATA 
>>>>>>>>>>>>>>>>>>>> 

61 ATGCTTTTGTTTTACTgTTCTGCTCAGCAAAATAGTACATGT 
-C-C-C-C k <<<<<< KKC-C-C C C C 

3" group---order primers from 18 - 25 

18) Whole sequence : : : rs282 6225-rS2826226 AA/GA/GC 

GCCTGCATAAAGTGAGGATGGTGTAGTAATTGGGTATCTCCAGTTATAAACACAAaAAGC 
ATGATAGAGCTGGGACTGTGATTGCAGGAAAGCAATAGTCACTCCAAAAGGAGATCCTCA 
TGATATGAATACGGAAGAAACAATATTTCCTGCTAATGTAGTAGCC (SEQ ID NO: 55) 
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FIG. 6I 
OLIGO (SEQ ID NOs: 56, 57) 
LEFT PRIMER 2 2 O 58. 17 5 O. OO 4. OO O. OO 
CCTGCATAAAGTGAGGATGG 
RIGHT PRIMER 12 O 21 59 - 27 47 62 6. OO O. OO 
TGAGGATCTCCTTTTGGAGTG 
SEQUENCE SIZE: 166 
INCLUDED REGION STZE: 166 

PRODUCT SIZE: 119, PAIR ANY COMPL: 6. OO, PAIR 3' COMPL: 3.00 

1 GCCTGCATAAAGTGAGGATGGTGTAGTAATTGGGTATCTCCAGTTATAAACACAAaAAGC 
>>>>>>>>>>>>>>>>>>>> 

61 ATGATAGAGCTGGGACTGTGATTGCAGGAAAGCAATAGTCACTCCAAAAGGAGATCCT CA 
Kx -a << K-C <<<<<<<<<<<<<< 

121. TGATATGAATACGGAAGAAACAATATTTCCTGCTAATGTAGTAGCC 

19 ) Whole sequence : : : rs2826842 - rs232414 CA/CG/TA/TG 

GCAAAGGGGTACTCTATGTAATGAAcATgacctggcagtactgacatctoctgaggg act 
gttagaag togCagact Cttgtat Cttt tot Caagt Citatgaaatctagacitt cattt taa 
Caagatgaccc.gatatttacatacacattaaagt (SEQ ID NO: 58) 

OLIGO (SEQ ID NOs: 59, 60) 
LEFT PRIMER 1. 2O 52.04 45. OO 4.00 2.00 
GCAAAGGGGTACTCTATGTA 
RIGHT PRIMER 135 20 53. 29 35. OO 4 OO 3 OO 
tatcqggtoat Cttgttaaa 
SEQUENCE SIZE: 154 
INCLUDED REGION SIZE: 154 

PRODUCT SIZE: 135, PAIR ANY COMPL: 3. OO, PAIR 3' COMPL: 2. OO 

1 GCAAAGGGGTACTCTATGTAATGAAcATgacctggcag tactgacatctoctgagggact 
>>>>>>>>>>>>>>>>>>>> 

61 gttagaagtgcag actCttgt at Cttt to tcaagttctatgaaatc tag act tcattttala 
<<<<< 

121 CaagatgaccCgatattta catacacattaaagt 
K43 <<<<<<<< C C (KK 

20) Whole sequence : ; ; rs1980969-rs 1980970 AA/AG/TA/TG 

GTATCTAACAAAGCTCTGTCCAAAATTTTGAATTTCTCGTTAAAaGCATCATGATTATAC 
AACAGAGGTTACAATCAATTATTCAGTCACACAATCACTCTCATCAGTCATTAAGGTGCg 
TACCTGGTGTTCCAGTTATTCAGTGTGGTATAACAAACTACCTCCAACTTAATG (SEQ ID NO: 61) 

OLIGO (SEQ TD NOS: 62, 63) 
LEFT PRIMER 4 22 56.88 36. 36 8 OO 2. OO 
TCTAACAAAGCTCTGTCCAAAA 
RIGHT PRIMER 148 21 56. 12 42.86 3. OO 1 OO 
CCACACTGAATAACTGGAACA 
SEQUENCE SIZE: 174 
INCLUDED REGION SIZE: 174 
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FIG. 6) 
PAIR 3' COMPL: 1. 

US 2010/O184044 A1 

OO 

1 GTATCTAACAAAGCTCTGTCCAAAATTTGAATTTCTCGTTAAAa GCATCATGATTATAG 
>>>>>>>>>> -->>>>>>>>>> 

61 AACAGAGGTTACAATCAATTATTCAGTCACACAATCACTCTCATCAGTCATTAAGGTGCg 

121 TACCTCCTCTTCCAGTATTCACGTCCTAAACAAACTACCTCCAACTTAATC 
a ex a 3 x 3 Ka a 3 xx a 3 x Kaga-3 K a 

4" group 

21) Whole sequence rS1899 OO-rS 2221A92 

AGAGTGGTTAAGIGACTTGATCAATTCCTCA. GGTGGGGATTCAAGCCTTAAAGCTGTAG 
ACTATGTCGTCCAAACAAACACTGACATGAATATGACTTCCAATAGGCAAGAAAAGAGGC 
CTAGGTCgAGATACTGCAAGACATGCAAGCAATCTAGTAATGGCATAAAACCTGCTATCC 
GAATTGGCTAAAATTATGTATT (SEQ ID NO: 64) 

OIGO (SEQ ID NOS : 65, 66) 
LEFT PRIMER 32 20 59.13 5 O. OO 4 OO 2. OO 
GGTGGGGATTCAAGCTCTTA 
RIGHT PRIMER 18O 22 59. 38 A. O. 91 5. OO 3 OO 
GGATAGCAGGTTTTATGCCATT 
SEQUENCE SIZE: 202 
INCLUDED REGION SIZE: 2O2 

PRODUCT SIZE: 149, PAIR ANY COMPL: 4. OO, PAIR 3 COMPL: 1. OO 

1 AGAGTGGTTAAGTGACTTGATCAATTCCTCAGGTGGGGATTCAAGCTCTTAAAGCTGTAG 
>>>, >>>>>>>>>>> -->>> 

61 ACTATGTCGTCCAAACAAAcACTGACATGAATATGACTTCCAATAGGCAAGAAAAGAGCC 

121 CTAGGTCgAGATACTGCAAGACATGCAAGCAATCTAGTAATGGCATAAAACCTGCTATCC 
3 K 3 gag agga-3 K Kaak gagakkk KK 

181 GAATTGGCTAAAATTATGTATT 

22) Whole Sequence rS282792 O-rS2827921 

TTCTTTCTCACACAATGGGTTCCATTCCCACTACTACTCCATTCAAATTGAAGTGCCTTC 

O OO 

1. OO 

aATGATTATTAAAAAACTCTCTTTAAAATAGCTCACGTAACCTTACATCCTTTGACTGAG 
GCTCAACTCATGTCAATGCTTCAGTATCAACTTTTC (SEQ ID NO: 67) 

OLTGO (SEQ ID NOS: 68, 69) 
LEFT PRIMER 14 21 59.93 47. 62 7 OO 
AATCGGTTCCATTCCCACTAC 
RIGHT PRIMER 125 2O 58.96 5 O. O.O 7 OO 
TGAGCCTCAGTCAAAGGATG 
SEQUENCE SIZE: 156 
INCLUDED REGION SIZE: 156 
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FIG. 6K 
PRODUCT SIZE: 112 PAIR ANY COMPL: 4. OO, PAIR 3' COMPL: 1. OO 

1 TTCTTTCT CACACAATCGGTTCCATTCCCACTACTACTCCATTCAAATTGAACTCCCTTC 
>>>>>>>>>>>>>>>>>>>>> 

61 aaTGATTATTAAAAAACTCTCTTTAAAATAGCTCACGTAACCTTACATCCTTTGACTGAG 
ka & a kaka 3 & 3 K-3 ca. 

121 GCTCAACTCATGTCAATGCTICAGTATCAACTTTTC 
<<<<< 

23) Whole sequence : : : rs1980.47–rs 2827935 

ATTTGTAATAACATTTAGTAAGTATTTATTTGAGGAGTTTGAATTTTGTTCTTGTTTATC 
TTGTTCTCTTTCTTCGTAGATTAGTTGGTGTTAACATCAATAGGATAACCCTTTCTTTCA 
GCATATGTGAATGAAATaAACCAATTATTGCCACTTTCCAGGTTAACCAGAATATACATA 
GATACGAGGACAGTGGACTGTT (SEQ ID NO : 7 O) 

OLIGO (SEQ ID NOS : 71, 72) 
LEFT PRIMER 3 O 22 56. O7 31. 82 4. OO 1. OO 
TTGAGGAGITTGAATTTTGTTC 
RIGHT PRIMER 164 2O 57 22 4 O. OO 3 OO 1 OO 
AACCTGGAAAGTGGCAATAA 
SEQUENCE SIZE: 2O2 
NCLUDED REGION SIZE: 2O2 

PRODUCT SIZE: 135, PAIR ANY COMPL: 3. OO, PALR 3' COMPL: 2. OO 

1 ATTTGTAATAACATTTAGTAAGTATTTATTTGAGGAGTTTGAATTTTGTTCTTGTTTATC 
>>>>>>>>>>>>>>>>>>>>>> 

61 TTGTTCTCTTTCTTcGTAGATTAGTTGGTGTTAACATCAATAGGATAACCCTTTCITICA 

121 GCATATGTGAATGAAATaAACCAATTATTGCCACTTTCCAGGTTAACCAGAATATACATA 
<KKKKKKa a 3 ga KK434 g4 Ca 

181 GATACGAGGACAGTGGACTGTT 

24) Whole sequence : : : rs9978999- rs99791.75 

tagg gCagaga gag Caag Caag Ct. Ct. Cta CCtt Ct. Catata aggg CaCtaat CCCaCCat 
galagg CdCCaCtgtcatgacCtgattatgtcacaaagaccc.cggggcaaatattaccact 
Gtgaggagta Cagttt tag Catgttgaattittggaagaaca Caalacatt tag (SEQ ID NO: 73) 

OGO (SEQ ID NOs: 74, 75) 
LEFT PREMER 14 21 585 O 52.38 4. OO O. OO 
gcaa.gcaa.gct Ct c tacct tc 
RIGHT PRIMER 160 22 59.98 36. 36 4. OO 2. OO 
tgttct tccaaaatt Cacatgc 
SEQUENCE SIZE: 171 
INCLUDED REGION SIZE: 171 

PRODUCT SIZE: 147, PAIR ANY COMPL: 3. OO, PAIR 3' COMPL: O. OO 

1 taggg cagagagagcaa.gcaag Ctctic tacct tct CatataagggcactaatcCCaC cat 
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FIG. 6L 
>>>>>>>>>>>>>>>>>>>>> 

61 gaaggcgc.cactgtcatgacCtgattatgtcacaaaga CCCCggggcaaat attacCact 

121 Gtgaggag tacagttt tag catgtgaattittggaagaacacaaacatt tag 
3ka 3 grg g g g sex C a 33 gax K-33 -g 

25) Whole sequence : : : rs10343 46-rs 12481852 

ATTCTAATITTAAATATCATTGATGTAGAACATICIATTCACIATTCCTICATIIIATI 
a TTATGGGAAATTATATACAGTTCTCCAGATTTTTAAAGCCTTCCTAACATGTTTTAAGT 
CACACAAATATTCTCCTGTGGGAAAATGACAGTAATTTAGTGTGCAACAATTATATAGAA 
CTATTTTTCAAACTT (SEQ ID NO: 76) 

OLIGO (SEQ ID NOS : 77 , 78 ) 
LEFT PRIMER 37 21 5 O. OA 23. 81 2. OO O. OO 
ATTTCACIATTCCTTCATTTT 
RIGHT PRIMER 17 3 22 5 O. 19 27, 27 6. OO 3 OO 
TAATTGTTGCACACTAAATTAC 
SEQUENCE SIZE: 195 
INCLUDED REGION SIZE: 95 

PRODUCT SIZE: 137, PAIR ANY COMPL: 4. OO, PAIR 3' COMPL: 2.00 

1 ATTCTAATTTTAAATATCATTGATGTACAACATTCTATTTCACTATTCCTTCATTTTATT 
>>>>>>>>>>>, >>>>>>>>>> 

6 a TTATGGGAAATTATATACAGTTCTCCAGATTTTTAAAGCCTTGCTA ACATGTTTTAAGT 

121 CACACAAATATTCTCCTGTGGGAAAATGACAGTAATTTAGTGTGCAACAATTATATAGAA 
a 3 KK<K 3 g (3 g g g g g Kagak grg 

181 CTATTTTTCAAACTT 

5" group 

26) Whole sequence : : : rs7509 629- rs2 828358 

ACTGTCATGGACTTAAACAATTGTCTTTGAATTGTCTTTTTTCATACTTTTATTTGCATC 
TTTCCACTAAAAAGATGgCACAAAGTAATCCTAGTTTACATTTTTTACCATGTAATTCCA 
TATTACTTTTTCCTGAAA (SEO ID NO: 79) 

OLIGO (SEO TD NOs : 80, 81) 
LEFT PRIMER 1. 2O 5 O. 46 35. OO 4. OO O. OO 
ACTGTCATGGACTTAAACAA 
RIGHT PRIMER 1.37 22 53. 49 27 - 27 4. OO O. OO 
TTCAGGAAAAAGTAATATGGAA 
SEQUENCE SIZE: 138 
INCLUDE REGION SIZE: 138 

PRODUCT SIZE: 137, PAIR ANY COMPL: 4. OO, PAIR 3' COMPL: O. OO 

1 ACTGTCATGGACTTAAACAATTGTCTTTGAATTGTCTTTTTTCATACTTTTATTTGCATC 
>>>>>>>>>>>>>>>>>>>> 
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FIG. 6M 
61 TTTcCACTAAAAAGATGg CACAAAGTAATCCTAGTTTACATTTTTTACCATGTAATTCCA 

<<<<< 

121 TATTACTTTTTCCTGAAA 
kg Kakak g g g g g Ka Ka K 

6' group 

27) Whole sequence : : : rs 4817013- rs7277036 

aaagaaaaaaaag CCaCagaaat CagtCC tagaga aaaCCg at C tatgag CtgCCt9aAa 
ataattataaaataactatcataaaaatgcc cagtgagatataagaaaacacaga Caac (SEQ ID 
NO: 82) 

OLIGO (SEQ ID NOS: 83, 84) 
LEFT PRIMER 8 21 56.10 38. 10 4. 00 2.00 
aaaaag CCaCagala at CagtC 
RIGHT PRIMER 107 22 55.60 36. 36 4. OO 2. OO 
tt Cittatat Ctcactggg Catt 
SEQUENCE SIZE: 119 
INCLUDED REGION SIZE: 119 

PRODUCT SIZE: 100, PAIR ANY COMPL: 5. OO, PAIR 3' COMPL: 1.00 

1 aaagaaaaaaaag.ccacagaaatcagtcc tagagaaaacC9 at C tatgag CtgCCtgaAa 
>>>>>>>>>>>>>>>>>>>>> 

61 ataattataaaataactat cataaaaatgccCagtgagatataagaaaacacagacaac 
K C< KK C-C-C < 13 <<<<< 3 <<<< KC 

28) Whole sequence : : : rs9981121-irs2.829696 

CAAGGTCAGAGAAGTTATCTTGGATGGTAGAAGAGAAGAAAGGAGAAGAAaGGATAAGCA 
GAAAATCAAAAAGGGCATAAAAAAATTACTGGgGAAAATAATTCTTAGTCACTCACCATT 
TCTTATGTTTGTGAAAACAGAAA (SEQ ID NO : 85) 

OITCO (SEQ ID NOs: 86, 87) 
LEFT PRIMER 22 22 56. 24 45. 45 2.00 0.00 
GGATGGTAGAAGAGAAGAAAGG 
RIGHT PRIMER 134 22 55.74 31.82 4.00 1.00 
TCACAAACATAAGAAATGGTGA 
SEQUENCE SIZE: 143 
INCLUDED REGION SIZE: 143 

PRODUCT SIZE: 113 PAIR ANY COMPL: 3.00, PAIR 3' COMPL: 0.00 

1 CAAGGTCAGAGAAGTTATCTTGGATGGTAGAAGAGAAGAAAGGAGAAGAAaGGATAAGCA 
>>>>>>>>>>>>>>>>>>>>>> 

61 GAAAATCAAAAAGGGCATAAAAAAATTACTGGgGAAAATAATTCTTAGTCACTCACCATT 
gCags gag 

121. TCTTATGTTTGTGAAAACAGAAA 
a C C C C CKC. C. CKaga 

29 ) Whole sequence : ; : rs 455921 - rs2898102 
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FIG. 6N 
gaccacaatt cacaaatgcaaagatgcagalaccaac Cta agtggCCaCtgaCtaatgaga 
ggataaagaagatgtgg catatata Tat Cagg gaCtact act CagC Catta Caagga aca 
aaataatgtc.ttttgc (SEQ TD NO: 88) 

OLIGO (SEQ ID NOs: 89, 90) 
EFT PRIMER 17 20 59.85 45. OO 4 ... O O. O. OO 

tgcaaagatgcagalaccaac 
RIGHT PRIMER 123 22 59. 63 36 - 36 2. OO 1. OO 
ttttgtt CCttgtaatggCtga 
SEQUENCE SIZE: 136 
INCLUDED REGION SIZE: 136 

PRODUCT SIZE: 107, PAIR ANY COMPL: 5. OO, PAIR 3 COMPL: 1. OO 

1 gaccacaattcacaaatgcaaagatgcagaac Caac Ctaagtgg CCaCtgaCtaatgaga 
>>>>>>>>>>>>>>>>>>>> 

61 ggataaagaagatgttgg Catatata Tat Cagg gaCtact act cagc cattacaaggaa.ca 
KK C C C C C C C C C C Car C C C k 

121 aaataatgtct tttgc 
<g g 

30) Whole sequence ::: rs2898102- rs 458848 

gaCCaCaattCaCaaatgcaaagatgCagaaCCaac CtaagtggCCaCtgaCtaatgaga 
ggataaagaagatgtgg CatatataCat Cagggiac tact"I'Ctcago Cattacaaggaa Ca 
aaataatgtc.ttittgcaacaacttggatagagctggaggC (SEQ ID NO: 91) 

OLIGO (SEQ ID NOs: 92, 93) 
LEFT PRTMER 17 2O 59.85 45. OO 4 - OO O. OO 
tgCaaagatgCaga a C Caac 
RIGHT PRIMER 16 O 21 59.86 52.38 4 OO 3 OO 
gcc ticcagotctatocaagtt 
SEQUENCE SIZE: 160 
INCLUDED REGION SIZE: 160 

PRODUCT SIZE: 144, PAIR ANY COMPL: 4.00, PAIR 3 COMPL: 3.00 

1 gaCCaCaatt Cacaaatgcaaaga Ug Cagalaccalacc talagtggcc act gaCtaatgaga 
>>>>>>>>, >, >, >>>>>, >, >>>> 

61 ggataaagaagatgtgg CatatataCatcaggg act actTct cagc.cattacaaggaaca 

121 aaataatgtc.ttittgcaacaact toggatagagctggaggc 
KK C<< C C C C at a Cagg Cak <<<< 

31) Whole sequence : : : rs961301- rs283 0208 

AATCCTAGACCTTGGATTGCAAGAGACTCCTTAATATCTTCCCATGTCCACATTTCCTTC 
ACATAGTTTGAATGTGGCTTCTATTATATACAGATACAAGATTCAAATCCAAC CTCTAtG 
ATGACTGGTCTTGTGAATAAGCAGAAGAGGCACTAACAAT (SEQ ID NO : 94) 

OLIGO (SEO ID NOS: 95, 96) 
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FIG. 60 
LEFT PRIMER 29 22 57.95 A.O. 91 4. OO 2.00 
CCTTAATATCTTCCCATGTCCA 
RIGHT PRIMER 16 O 22 57 .35 40.91 3. OO O. 00 
ATTGTTAGTGCCTCTTCTGCTT 
SEQUENCE SIZE: 160 
INCLUDED REGION SIZE: 160 

PRODUCT SIZE: 132, PAIR ANY COMPL: 3.00, PAIR 3' COMPL: 1.00 

1 AATCCTAGACCTTGGATTGCAAGAGACTCCTTAATATCTTCCCATGTCCACATTTCCTTC 
>>>>>, >, >, >>>>> t >>>>>>>>> 

61. ACATAGTTTGAATGTGGCTTCTATTATATACAGATACAAGATTCAAATCCAACCTCTAtG 

121 ATGACTGGTCTTGTGAATAAGCAGAAGAGGCACTAACAAT 
K K (K-3<<<<<< Ka CCC KK<K CK 

32) Whole sequence : :: rs217453 6-rs 458076 

AAGAGAAGTGAGCTCAGCAGCTGCAAGCCACCTCCGTCATTTAGAAAAGCTTCaTGATGT 
AGTGTGTCGTTTCGATGTGACACTGTCTCACAGAGTTAAAATGATGT tAAGGAACTGTTC 
AATGGAAATTTAGAAATTTCTCTTTTTCTCAATTTTAGTGTA (SEO ID NO: 97) 

OLIGO (SEQ ID NOs: 98, 99) 
LEFT PRIMER 3 2O 57.31 55. OO 500 5 OO 
GAGAAGTGAGGTCAGCAGCT 
RIGHT PRIMER 136 22 53. 92 27.27 6. 00 2.00 
TTTCTAAATTTCCATTGAACAG 
SEQUENCE SIZE: 162 
INCLUDED REGION SIZE: 162 

PRODUCT SIZE: 134, PAIR ANY COMPL: 4. OO, PAIR 3' COMPL: 2. OO 

1 AAGAGAAGTGAGGTCAGCAGCTGCAAGCCACCTCCGTCATTTAGAAAAGCTTCaTGATGT 
>>>>>>>>>>>>>>>>>>>> 

61 AGTGTGTCGTTTCGATGTGACACTGTCTCACAGAGTTAAAATGATGTUAAGGAACTGTTC 
K-g-g-g-a < 

121 AATGGAAATTTAGAAATTTCTCTTTTTCTCAATTTTAGTGTA 
<<<<<<<<<<<<<<<< 

33) Whole sequence ::: rs432557-rs 101.2766 

ATGGCTGAATAGTATTCCCTTGTGTATATATCT a TTTATCCTTTTATTCATTGATGGACA 
CTTAGGCTGATTTTCTCTCTTCTCATGGCTGGCTTCTCATCACCCTTTGGTCCTCCTGTA 
TCCTCgTGTAATAAAGCTCTTCCCCAATATCTCGATAGAT (SEQ ID NO: 100) 

OLIGO (SEQ ID NOS : 101, 102) 
LEFT PRIMER 3 22 57.77 45 - 45 9. OO O. OO 
GGCTGAATAGTATTCCCTTGTG 
RIGHT PRIMER 155 2O 59. 22 5 O. OO 4. OO 2. OO 
TCGAGATATTGGGGAAGAGC 
SEQUENCE SIZE: 160 
INCLUDED REGION SIZE: 16 O 
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PRODUCT SIZE: 153, PAIR ANY COMPL: 5. OO, PAIR 3' COMPL: 1.00 

1 ATGCCTGAATAGTATTCCCTTGTGTATATATCTaTTTATCCTTTTATTCATTGATGGACA 
>>>>>>>>>>>>>>>>>>>>>> 

61. CTTAGGCTGATTTTCCTCTTCTCATGGCTCCCTTCTCATCACCCTTTGGTCCTCCTGTA 

121. TCCTC.g"TGTAATAAAGCTCTTCCCCAATATCTCGATAGAT 
<<<<<<<<<<<<< 1 <<<<<< 

34) Whole sequence : : : rs1022207 6-rs 10222075 

cattt talacttgatta CC to Ca Caalaga C tatt C Cagaatalaggt tatgttctgagg tat 
taggggttacAacttcaa.catatgaattittgagtggacaca attcaa.cccatagoaCCTC 
CGTGTAAGAGCTGGGAAGGGAAAGTGGCTAAGTTGTGCAAATGTGCACATTGGTTGGAGA 
TGATTAACTTCTGGCATGT (SEQ ID NO: 103) 

OLIGO (SEQ ID NOS : 104, 105) 
LEFT PRIMER 17 22 58.32 45. 45 4. OO 2. OO 
cCtccacaaaga C tatt C Caga 
RIGHT PRIMER 146 20 6O76 55. OO 4. OO 2. OO 
CACTTTCCCTTCCCAGCTCT 
SEQUENCE SIZE: 199 
INCLUDED REGION STZE: 199 

PRODUCT SIZE: 130, PAIR ANY COMPL: 4. OO, PATR 3' COMPL: 3.00 

1 cattt taacttgattacct coacaaagacitat to Cagaataaggittatgttctgaggitat 
>>>>>>>>>>>>>>>>>>>>>> 

61 tagggg ttacAact tcaa Catatgaattittgagtgg acacaattcaac CoatagoaCCTC 

121 CGTGTAAGAGCTGGGAAGGGAAAGTGGCTA AGTTGTGCAAATGTGCACATTGGTTGGAGA 
<<<<< K<< K C C C CK<< K-g-g-g 

181. TGATTAACTTCTGGCATGT 

35) Whole sequence : ; : rs11088023 - rs11088024 

agggggala attgg Calat Ctgatt Ctaaaatt CataCC gaaaaaaacaatggagttagaat 
alactaaaa CaagtCC gaaaaagaaaaagaaatggagga C taatgcta CCtgattt Caagt 
CttatcTtataaatctacat caataaagga Caagttg (SEQ ID NO: 106) 

OLIGO (SEQ ID NOs: 107, 108) 
LEFT PRIMER 6 20 b 4.34 35. OO 7. OO 3 OO 
gala attgg Caatctgatt Ct 
RIGHT PRIMER 157 21 51.94 33.33 5. OO O. OO 
Caact togt CCtt tattgatgt 
SEQUENCE SIZE: 157 
INCLUDED REGION SIZE: 157 

PRODUCT SIZE: 152, PAIR ANY COMPL: 4. OO, PAIR 3' COMPL: 0.00 

1 agggggaaattgg CaatctgattictaaaattcataCggaaaaaaacaatggagttagaat 
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FIG. 60 
>>>>>>>>>>>>>>>>>>>> 

61 alactaaaacaagtc.cgaaaaagaaaaagaaatggaggactaatgctacctgattt Caagt 

121 CttatcTtataaatctaCatCaataaagga Caagttg 
gaaaaaaaaaa Kaa-Ca-Ca. 3 (a 

36) Whole sequence : : : rs101.1734-rS101.1733 

TCTGTGTTTGTCTATGTTGATAAAACATTGAAATGCCAaATAGCTCAAAGGTCATTCACT 
TAAGAAATCTAAGTACTGATAACATCTTACCCCCGATTCTTCATAGGCATTGTTAAGCCT 
ATTATAATTTTCCT to AGAGAGAAGGTAAACTATATTCCAGACAGGCATATAA (SEQ ID NO : 109) 

OLIGO (SEQ ID NOs: 110, 111) 
LEFT PRIMER 12 22 5 OO6 22 73 6. OO 2. OO 
CTATGTTGATAAAACATTCAAA 
RIGHT PRIMER 167 2O 51. O9 4 O. OO 4. OO 2. OO 
CCCTGTCTGGAATATAGTTT 
SEQUENCE SIZE: 173 
INCLUDED REGION SIZE: 173 

PRODUCT STZE: 156 PAIR ANY COMPL: 5. OO, PAIR 3 COMPL: 3.00 

1 TCTGGTTTGTCTATGTTGATAAAACATTGAAATGCCAaATAGCTCAAAGGTCATTCACT 
> --> --> --> x >>>>>>>>>>> 

61 TAAGAAATCTAACTACTGATAACATCTTAGCCCCGATTCTTCATAGGCATTGTTAAGCCT 

121 ATTATAATTTTGGTtCAGAGAGAAGGTAAACTATATTCCAGACAGGCATATAA 
133-33<< 13433 3-3. 3 (33333 333 

37 ) Whole sequence : : : rs2831244-rs9789838 

TGCAGGGCATATAATCTAAGCTGTAAACGTCCTGTCAGAAGACAACATATTCATCTTGCT 
AAGGTtTAAGCTATATGACTGGCACTGTGCTCA ACTCAGAGTCATTGAATGAACAGTATT 
TATTTA (SEQ ID NO : 112) 

OLIGO (SEQ ID NOS : 113, 114) 
EFT PRIMER 3 22 55, 4 O A. O. 91 5. OO 3 OO 

CAGGGCATATAATCTA AGCTGT 
RGET PRIMER 1 O7 21 55.99 47. 62 7. OO 2. OO 
CAATGACTCTGAGTTGACCAC 
SEQUENCE SIZE: 126 
INCLUDED REGION SIZE: 126 

PRODUCT SIZE: 105, PAIR ANY COMPL: 4 - OO, PAIR 3 COMPL: 2. OO 

1. TCCAGGGCATATAATCTAACCTCTAAACGTCCTCTCAGAAGACAACATATTCATCTTGCT 
> x >>> x > x >>>>>>>>>>>> * > 

61 AAGGTtTAAGCTATATGACTGGCACTGTGCTCAA CTCAGAGTCATTGAATGAACAGTATT 
K-(-g-g-g-g-g-g-g-g-ga C-C-C-CK-3-3-3-3 

121 TATTTA 
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38) Whole sequence ::: rs3132769–rs 2831440 

TTCACATTATICCCTTAAAAIA AACTCTCTCCCTCCCCTCTCCCCTCTCAaCCTTGTCCC 
TTTCTTTATATAATGGGTAAT't CGT'TAATGICAGCAGAATAGTTTTGGGGCCATAATGGC 
AAGTATCACGTG (SEQ ID NO: 115) 

OLIGO (SEQ ID NOs: 116, 117) 
LEFT PRIMER 23 19 56.84 57.89 1 OO O. OO 
AACTCTCTCCCTCCCCTCT 
RIGHT PRIMER 115 2O 5 624 40. OO 4. OO 2. OO 
TATCCCCCCAAAACTATTCT 
SEQUENCE SIZE: 132 
INCLUDED REGION SIZE: 132 

PRODUCT SIZE: 93, PAIR ANY COMPL: 2. OO, PAIR 3' COMPL: 0.00 

1 TTCACATTATTCCCTTAAAATAAACTCTCTCCCTCCCCTCTCCCGTCTCAaCCTTGTCCC 
>>>>>>>>>>>> X >>>>>> 

61 TTTCTTATATAATGGGIAAT tSTTAATGTCAGCAGAATAGTTTTGGGGCCAAATGGC 
sk gx g g K g g KKKK gig K 3 g (3 x 

121 AAGTACACGTG 

39 ) Whole sequence : : : rs3134080-rs 2831524 

TCAGGAAGCAACAACTACTGGGCAGATTCATACTGTAGCT aGGCTCTAGCTCTATACCTC 
TAGAATaaatgttacaaac tag caacttgaaagctaalacctggCC Cacag (SEQ ID NO: 118) 

OLIGO (SEQ ID NOS : 119, 120) 
LEFT PRIMER 11 2O 55.75 45. OO 6. OO 2. OO 
ACAAGTACTGGGCAGATTGA 
RIGHT PRIMER 104 2O 56. 27 45. OO 4. OO 2. OO 
gcc aggtttagottt Caagt 
SEQUENCE SIZE: 110 
INCLUDED REGION SIZE 110 

PRODUCT SIZE: 94, PAIR ANY COMPL: 4. OO, PAIR 3" COMPL: 3. OO 

1 TCACCAAGCAACAAGTACTGGGCAGATTGATACTGTAGCTaGGCTCTAGCTCTATACCTC 
>>>>>>>>>>>>>>>>>>>> 

61 TAGAATaaatgttacaaactagoaacttgaaagctaaacctggcc cacag 
kg K-g-g-g-g-KK3<-g-g-g-g-ka-g K 

40) Whole sequence : : : rs4817 219–rs 4817220 

tggttcttgagaattittatat CaggagaalacaCtgtcagtCtg tattgaaaggaacagag 
aaaat Tcgaaattaaagaagactattaaacctccaaaattctggca (SEQ ID NO: 121) 

OLIGO (SEQ ID NOS : 122, 123) 
LEFI PRIMER 14 22 51.54 31.82 4. OO 3. OO 
ttittatat caggagaaac actg 
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FIG. 6S 
RIGHT PRIMER 1 OA 2 55. O3 33.33 8. OO 2. OO 
Ccagaattittggaggtttaat 
SEQUENCE SIZE: 106 
INCLUDED REGION SIZE: 106 

PRODUCT SIZE: 91, PAIR ANY COMPL: 4. OO, PAIR 3' COMPL: 2.00 

1 to gttcttgagaattittatat Caggagaala CaCtgt CagtCtg tattgaaagga a Cagag 
>>>>>>>>>>>>>>>>>>>>>> 

61 aaaat TcgaaattaaagaagaCtattaaac CtcCaaaatt Ctgg Ca 
<< e <<<<< e <<<<<<<<<<<< 

41) Whole sequence : : : rs225 O911 - rs225.0997 

GCATCAAACTACACACTCTCATTCCTCCTTTATCTCCAAAAGCTTGAAAATTCCTCACTT 
GTaTCTCATTCTTTCTCTCTTAGAAAACTGATCACCTCTGATGAATTAgAACGGAATGAC 
CAAGCTTTGGGAGAGGCAAAAGAATCTCGGTGTTAAAGACTCAGAGTTTAA (SEQ ID NO: 1.24) 

OLIGO (SEQ TD NOS : 125, 126) 
LEFT PRIMER 17 22 58. 65 40.91 3. OO O. OO 
TGTCATTCCTCCTTTATCTCCA 
RGHT PRIMER 144 2O 59. A2 45. OO 4. OO 2. OO 
TrTCTTTTCCCTCTCCCAAAG 
SEQUENCE SIZE: 171 
INCLUDED REGION SIZE: 171 

PRODUCT SIZE: 128, PAIR ANY COMPL: 4. OO, PAIR 3' COMPL: O. OO 

1 GCATCAAACTACACACTGTCATTCCTCCTTTATCTCCAAAAGCTTGAAAATTCCTCACTT 
>>>>>>>>>>>>>>>>>>>>>> 

61 GTaTCTCATTCTTTCTCTCTTAGAAAACTGATCACCTCTGATGAATTAgAACGGAATGAC 

121 CAAGCTTTGGGAGAGGCAAAAGAATCTCGGTGTTAAAGACT CAGAGTTTAA 
akkaa kaaaaaa K. Kaika as K. 

42) Whole sequence ::: rs2831899–rs2831900 

TTGAAAATTAAGAAACCCTGGCACAGTGTTGACTGGAGCCaCTTACCT'TAATAGAAAATA 
AAGCTCACATATATCCATAATGAAAAGCAGAGACCAGCACAACCATAGTCACCTGACAGT 
TTtAAAATCCAAGGCCAGGATCTTCTCAACTCAGGCCCACTCA (SEQ ID NO: 127) 

OLIGO (SEQ LD NOs: 128, 129) 
LEFT PRIMER 5 2O 6 O. 63 55. OO 6. OO 2 OO 
ACCCTGGCACACTCTTGACT 
RIGHT PRIMER 1.59 2O 59.8O 5 O. OO 4. OO 2. OO 
TGGGCCTGAGTTGAGA AGAT 
SEQUENCE SIZE: 163 
INCLUDED REGION SIZE : 163 

PRODUCT SIZE: 145, PAIR ANY COMPL: 5. OO, PAIR 3' COMPL: 1. OO 

1 TTGAAAATTAAGAAACCCTGGCACAGTGTTGACTGGAGCCaCTTACCTTAATAGAAAATA 
>>>>>>>> t > -->>>>>>>> 
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FIG. 6T 
61 AAGCTCACATATATCCATAATGAAAAGCAGAGACCAGCACAACCATAGTCACCTGACAGT 

121 TT tAAAATCCAAGGCCAGGATCTTCTCA ACTCAGGCCCACTCA 
kaaaaaaaaaaaaaaaaa (K 

43) Whole sequence : : : rs2831902 - rs2831903 

CACATAACTAATAAATTTGTAAGTATGTGCAACGGCTCACaCTTGCTCCAGAATGGCAC 
CTAAAAAACAGATTTACCTCTCCCCAAATTCAGATATGGAATTAAATGTAATGTCAGGAA 
AACTGTCTAAGAGTTGGAAATGGGAAAAAAATGTTCTTTTGGT (SEQ ID NO : 212) 

OLIGO (SEQ ID NOS: 213, 130) 
LEFT PRIMER 14 21 53. 16 33.33 4. OO 2. OO 
AATTTGTAAGTATGTGCAACG 
RIGHT PRIMER 149 2O 56.27 35. OO 2. OO O. OO 
TTTTTCCCATTTCCAACTCT 
SEQUENCE SIZE: 163 
INCLUDED REGION SIZE: 163 

PRODUCT SIZE: 136, PAIR ANY COMPL: 4. OO, PAIR 3' COMPL: 2.00 

1 CACATAACTAATAAATTTGTAAGTATGTGCAACGGCTCACaCTTGCTTCCAGAATGGCAC 
>>>>>>>>>>>>>>>>>, >>>> 

61 CTAAAAAACAGATTTACCTCTCCCCAAATTCAGATATGGAATTAAATGTAATGTCAGGAA 

121 AACTGTCTAAGAGTTGGAAATGGGAAAAAAATGTTCTTTTGGT 
< a. a caa aaaaaaakaa3 gara 

44) Whole sequence : : : rs11088O86-rS2251.447 

AAAAAAAAAGATGAGACAGGCAGGTGCGAAAGAAATAAAAGTCAaAACTGATCCAGTTGG 
GAAACTCAGAATTGACAGTTACGTGTCCTTTCATTTATTGATATTTTGAGATTCACAGGG 
GT (SEQ ID NO : 131) 

OLIGO (SEQ ID NOs: 132, 133) 
LEFT PRIMER 6 2 O 56.41 45. OO 2. OO 2. OO 
AAAAGATGAGACAGGCAGGT 
RIGHT PRIMER 122 2O 55.99 4 O. OO 5. OO 2. OO 
ACCCCTGTGAATCT CAAAAT 
SEQUENCE SIZE: 122 
INCLUDED REGION SIZE: 122 

PRODUCT SIZE: 117, PAIR ANY COMPL: 5. OO, PAIR 3' COMPL: 2. OO 

1 AAAAAAAAAGATGAGACAGGCAGGTGCGAAAGAAATAAAAGTCAaAACTGATCCAGTTGG 
>>>>>>>>>>>>>>>>>>>> 

61 GAAACTCAGAATTGACAGTTACGTGTCCTTTCATTTATTGATATTTTGAGATTCACAGGG 
aa Kaaaaaaaaaaa kaka 

12 GT 
<< 

45) Whole sequence : : : rs2832040-rs 11088088 
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FIG. 6U 
GAGTTAAATAAAGCACTTGCTTCTATTGTTTGTACCTA AACTTAACAGAACACAGTAAGT 
AACAAGTCATTGGGATGCAGAAAAGAAAAAAGAGAGTGAAGGAAGGAGAaAAGGTGAAGG 
GAGAATGGAAGAGAGGAAGGGAGGGAGGAA (SEQ ID NO: 134) 

OIGO (SEQ ID NOS : 135, 136) 
LEFT PRIMER 13 21 54.81 38. 10 4 OO O. OO 
GCACTTGCTTCTATTGTTTGT 
RIGHT PRIMER 141 2O 57.37 50. OO 2. OO O. OO 
CCCTTCCTCTCTTCCATTCT 
SEQUENCE SIZE: 150 
INCLUDED REGION SIZE: 150 

PRODUCT SIZE: 129, PAIR ANY COMPL: 2. OO, PAIR 3' COMPL: O. OO 

1 GAGTTAAATAAAGCACTTGCTTCTATTGTTTGTACCTAAACTTAACAGAAcACAGTAAGT 
>>>>>>>>>>>>>>>>>>>>> 

61 AACAAGTCATTGGGATGCAGAAAAGAAAAAAGAGAGTGAAGGAAGGAGAaAAGGTGAAGG 

121 GAGAATGGAAGAGAGGAAGGGAGGGAGGAA 
<< KK CKK 3-C <<<<<KK <<<< 

46) Whole sequence : ; ; rs2832141 - rs22.46777 

aaacgagccaccagtgggAGCACTGCAGGTATCTGTGTGAGACCCGTACTTCACA ACTCC 
TGCTTTCCCTCCATAAAC tACCTTGCATTTTCCACATTGACTTTGCAGTTCTTTGGTATC 
TGTATTGGT (SEQ ID NO: 137) 

OLIGO (SEQ ID NOS : 138, 139) 
LEFT PRIMER 14 18 58. 28 61.11 6. 00 2.00 
gtgggAGCACTGCAGGTA 
RIGHT PRIMER 123 21 55. O 5 38.1 O 4. OO 2. OO 
ACAGATACCAAAGAACTGCAA 
SEQUENCE SIZE: 129 
INCLUDED REGION SIZE: 129 

PRODUCT SIZE: 110, PAIR ANY COMPL: 5.00, PAIR 3' COMPL: 3.00 

1 aaacgagccaccagtgggAGCACTGCAGGTATCTGTGTGAGACCCCTACTTCACAACTCC 
>>>>>>>>>>>>>>>>>> 

61 TGCTTTCCCTCCATAAAG tAGCTTGCATTTTCCACATTGACTTTCCAGTTCTTTGGTATC 
a KKKKK K-3 K K K ( K g (3 g (3 C 

121 TGTATTGGT 
<<< 

47) Whole sequence ::: rs2832.959 - rs9980934 

TGGACACCTTTCAACTTAGAAATCATAAACAGATTCATTTCCTTAAAGTTAATGaaaaga 
atta acaga CCCtcCtcaaaaaaga CatatatgcagcCta Calat Catatgaaaaaaagtt 
caa.cat tactgttcagcaaatcaaa (SEQ ID NO: 140) 

OLIGO (SEQ ID NOs: 141, 142) 
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LEFT PRIMER 1. 2O 53. 3 O 4 O. OO 3. OO 3. OO 
TGGACACCTTTCAACTTAGA 
RIGHT PRIMER 13 A 22 5 O. 67 27, 27 8. OO 3. OO 
gaacagtaatgttgaact ttitt 
SEQUENCE SIZE: 145 
INCLUDED REGION SIZE: 145 

PRODUCT SIZE: 134, PAIR ANY COMPL: 7.00, PAIR 3" COMPL: 3.00 

1 TGGACACCTTTCAACTTAGAAATCATAAACAGATTCATTTCCTTAAAGTTAATGaaaaga 
> -->>>, >>>>, >>, >>>>> x >>> 

61 attalacagacccticcitcaaaaaaga CatatatgcagcCtacaat Catatgaaaaaaagtt 
<<<<< a.kk 

121 caacattactgttcagcaaatcaaa 
a ga Karg-gg gag KwK sa 

7th 9 Ol 

48) Whole sequence : ; : rs2833734 - rs2833735 

TGGATACATTCCTACAAATAGATGGAAACTGCCTTGCAAAAAGCTTAGCACATGTTAAA 
aATTTTAGAAACAATTTGCCAAAGTITATTTAGTCTAGTGATTT tSACAGGTTAAATGGA 
CCCTTTGAGATCTTTTTTCCTCAAGTACAAAGGCT (SEQ ID NO: 143) 

OLIGO (SEO ID NOS : 144, 145) 
LEFT PRIMER 33 21 58.9 O 38.1 O 6. OO 2. OO 
CTTGCAAAAAGCTTAGCACA 
RIGHT PRIMER 137 21 57.77 38.1 O 6. OO 1. OO 
AAAAAGATCTCAAAGGGTCCA 
SEQUENCE SIZE: 155 
INCLUDED REGION SIZE: 155 

PRODUCT SIZE: 105, PAIR ANY COMPL: 4. OO, PAIR 3' COMPL: O. OO 

1 TGGATACATTCCTAGAAATAGATGGAAACTGCTCTTGCAAAAAGCTTAGCACATGTTAAA 
>->>> -> -->>>->>>>>>>>> 

61 aATTTTAGAAACAATTTGCCAAAGTTTATTTAGTCTAGTGATTT't GACAGGTAAATGGA 
KKKK 

121 CCCTTTGAGATCTTTTTTCCTCAAGTACAAAGGCT 
a g {xk Kg g g K K-3K-3<<< 

49 ) Whole sequence : ; : rs933 121-rs933 122 

GCTTTTCCTGAACACAAGTCCCAGCCACCACTCAAaCCCACATCTTCTTGTTTCCCTC. 
iTAGGTGTtTGTAGCACAACTGGTATCTGCAGACTATGCTGCTGGAAGGGCTAGCCGTC (SEQ ID 
NO: 146) 

OLIGO (SEO ID NOS : 147, 148) 
LEFT PRIMER 1. 2O 55. 61 A.O. OO 6. OO 3 OO 
GCTTTIGCTGAACATCAAGT 
RIGHT PRIMER 1 O9 19 55.56 52 - 63 3: OO 3 OO 
CCTTCCAGCAGCATAGTCT 
SEQUENCE SIZE: 119 
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FIG. 6W. 
INCLUDED REGION SIZE: 119 

PRODUCT SIZE: 109, PAIR ANY COMPL: 5.00 PAIR 3' COMPL: 1. OO 

1 CCTTTTGCTGAACATCAAGTGGTGAGCCAGGACT CAAaGCCAGATCTTCTTGTTTCCCTG 
>>>>>>>>>>>>>>>>>>>> 

61 TTAGGTGTtTGTAGCACAACTGGTATCTCCACACTATGCTGCTGGAAGGGCTAGCCGTC 
< x <<<<<<11<<<<<<<<< 

50) Whole sequence : ; ; rs2.834140-rs 12626953 

ACTGTCCTAGAAAATCCAGGATGTGCAGTGATCAtGTATGAATGCATGGACCTGCACACA 
CAGGAGTGAACAAAAGACCCACCCCTGCCAGGTCACCACTCATATCT CACCCCAGCCCAC 
GCTAGCTCACaCTCCTCCCCACACACCACTGACCTCATCAT (SEQ ID NO: 149) 

OLIGO (SEQ ID NOs: 150, 151) 
LEFT PRIMER 12 18 53. 64 44. 44 7. OO 1. OO 
AAATCCAGGATGTGCAGT 
RIGHT PRIMER 161 19 53. 29 47.37 A. O. O. O. OO 
AGATGAGGTCAGGGTGT 
SEQUENCE SIZE: 161 
INCLUDED REGION SIZE: 161 

PRODUCT SIZE: 150, PAIR ANY COMPL: 3.00, PAIR 3' COMPL: O. OO 

1 ACTGTCCTAGAAAATCCAGGATGTGCAGTGATCAtGTATGAATGCATGGACCTGCACACA 
>>>>>>>>>>>>>>>>>> 

61 CAGGAGTGAACAAAAGACCCACCCCTGCCAGGTCACCACTCATATCTCACCCCAGCCCAC 

121 GCTAGCTCACaCTCCTCCCCACACACCACTGACCTCATCAT 
<<<<<<<<<<<<<<<<<<< 

51) Whole sequence : : : rs2834485 - rs3453 

CACATCACAGATCATAGTA AATGGCTTTAATTTTTTAaCGAAATCTCACTACTGCAAATG 
CATTGTTGTCCTAGCTAATGAATGCAtAGAGTATTGCCTGCAAAATAATAATTGAGATTC 
TATT (SEQ ID NO: 152) 

OLIGO (SEQ ID NOS : 153, 154) 
LEFT PRIMER 3 22 52.35 36. 36 4. OO O. OO 
CATCACAGATCATAGTAAATGG 
RIGHT PRIMER 113 21 53.5 O 23. 81 6 - OO 4. OO 
AATTATTATTTTCCAGGCAAT 
SEQUENCE SIZE: 124 
INCLUDED REGON ST7E : 12 A. 

PRODUCT SIZE: 111, PAIR ANY COMPL: 5. OO, PAIR 3' COMPT, ; 2. OO 

1 CACATCACAGATCATAGTAAATGGCTTTAATTTTTTAaCGAAATCTCACTACTGCAAATG 
>>>>>>>>>>>>>>>>>>>>>> 

61 CATTGTTGTCCTAGCTAATGAATGCAtAGAGTATTGCCTGCAAAATAATAATTGAGATTC 
<<<<<<<<<<<<<<<<<<<<< 
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121 TAT 

8 group 
52) Whole sequence : : : rs997.4986-rs2834,703 

TATCCICCACAICCTCATGAGGCAAACACCTTTCCTACCTTACCGCTCCCCAGTGGCCT 
CCCTGTTGCCTTCTTATTCAAGACTAAGACtcTCTAGAATGTTCTTTATCCTGAGCCAG 
CTGATTGTCTATACTAATATCAGTACGGGGT (SEQ TD NO: 155) 

OITGO (SEO ID NOs: 156, 157) 
LEFT PRIMER 17 20 60.50 50. OO 4. OO 2. OO 
CATGAGGCAAACACCTTTCC 
RIGHT PRIMER 2. 22 58. A 6 45. 45 3. OO O. OO 
GCTGGACTCAGGATAAAGAACA 
SEQUENCE SIZE: 151 
INCLUDED REGION SIZE: 151 

PRODUCT SIZE: 105, PAIR ANY COMPL: 4. OO, PATR 3' COMPL: 1. OO 

1 TTATCCTCCACATCCTCATGAGGCAAACACCTTTCCTACCTTACCCCTCCCCAGTGGCCT 
>>>>>>>>>>>>>>>>>>>> 

61 CCCTGTTGCCTTCTTATTCA ACACTAAGACtcTCTAGAATGTTCTTTATCCTGAGTCCAG 
KKK < <13< (3-3 < << 3 << KKKKKK 

121. CTGATTGTCTATACTAATATCAGTACGGGGT 
g 

53) Whole sequence : : : rs12482353 - rs2205032 

ATCACCTGGTTTGGTGCATCCTCGCAGAAAGAGAGCCATACAGTGAAGTGGAAACACACCCAAAAGCTC'I' 
GCAATATTCCTACAAGTTCTCGAATCTCCTCCTTAACAGAGCTGCAGAAGGGAAACACACACAGGAAGCA 
CCTGTTTGACTCAgACAGCAGCCCTAATGCAGTCCCACTCAGGAGCATTCCCTCATTTGAAGACCCCCCA 
ATTACATGAAATTATCAACCCC (SEQ ID NO: 346) 

OLIGO (SEQ ID NOs: 347, 348) 
LEFT PRIMER 56 20 59.74 45. OO 4. OO 2. OO 
ACACCCAAAAGCTCTGCAAT 
RICHT PRIMER 199 20 60.59 5 O. OO 4. OO 2. OO 
CAAATGAGGGAATGCTCCTG 
SEQUENCE SIZE: 232 
INCLUDED REGION SIZE: 232 

PRODUCT SIZE: 144, PAIR ANY COMPL: 3.00, PAIR 3' COMPL: 0.00 

1 ATCACCTGGTTTGGTGCATCCTCGCAGAAAGAGAGCCATACAGTGAAGTGGAAACACACC 
>>>>> 

61 CAAAAGCTCTGCAATATTCCTAGAAGTTCTCGAATCTCCTCCTTAACAGAGCGCAGAAG 
>>>>>>>> x >>>>>> 

121 GGAAACACAGACAGGAAGCACCTGTTTGACTCAgACAGCAGCCCTAATGCAGTGCCACTC 
< 

181 AGGAGCATTCCCTCATTTGAAGACCCCCCAATTACATGAAATTATCA ACCCC 
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FIG. 6Y 
<<< e <<< e < e < e < ke k < e < 

54) Whole sequence : ; : rs2776266 - rs2835 001 

agggtgcagcact titat tatggaag CCtgag CtgaCtaatacaGGTGTCTCTATATCTCA 
CTGAGGGAAAGTGACAGGAAAGTAAGAACCATITaTGTCCAAGAGCCAGACGAGTCAAC 
CAGATTCTGGGGGAAAAGAAGGTAC (SEQ ID NO: 158) 

OLIGO (SEQ ID NOS : 159, 160) 
LEFT PRIMER 2O 2O 58.75 50. OC 4. OO 1. OO 
tggaag CC tag CtgaCtala 
RIGHT PRIMER 142 2O 59.87 5 O. OC 4 - OO 3. OO 
CCTTCTTTTCCCCCAGAATC 
SEQUENCE SIZE: 145 
INCLUDED REGION STZ, E: 145 

PRODUCT SIZE: 123, PAIR ANY COMPL: 4.00 PAIR 3' COMPL: O. CO 

1 agggtgcago actt tattatggaagcc tigagctgactaatacaGGTGTCTCTATATCTCA 
>>>>>>>>>>>>>>>>>>>> 

61 CTGAGGGAAAGTGACAGGAAAGTAAGAACCATTTaTGTCCAAGAGTCCAGAGGAGTCA AC 

121 CAGATTCTGGGGGAAAAGAAGGTAC 
aaaaaaaaaaaaaaaaaaaa 

55) Whole sequence : : : rs1984.014 - rs1984 O15 

TGAGAAT TTAGGAGA ACAGAAGATCAGAGGGCTGCACaGGCTAAACTAGACAATGAGCCC 
ATCCAACTAAGTTAAGACCACAAGCGCGTA AGTATGCACCTGCTTTGTCTAGGt (GACCAG 
CAAGCATTTAGCAATAGTCTTT TCAAAACAACAG (SEQ ID NO: 161) 

OLIGO (SEQ ID NOs: 162, 163) 
LEFT PRIMER 8 22 53. O9 4 O. 91. 4. OO 100 
TTAGGAGAACAGAAGATCAGAG 
RIGHT PRIMER 1A2 22 53.52 31.82 4. OO 2. OO 
AAACACTATTGCTAAATGCTTG 
SEQUENCE SIZE: 154 
NCTUDED REGION ST7...E; 15 A 

PRODUCT SIZE: 135, PAIR ANY COMPL: 4. OO, PAIR 3' COMPL: 2. OO 

1 TGAGAATTTAGGAGA ACAGAAGATCAGAGGGCTCCACaGGCTAAACTAGACAATGACCCC 
>>>>>>>>>>>>>>>>>>>>>> 

61 ATGCAAGTAAGTTAAGAGGAGAAGCGGGTAAGTATGCACCTGCTTTGTCTAGGtGACCAG 

121 CAAGCATTTAGCAATAGTCTTTTCAAAACAACAG 
13 <<<<<<<< a. a 43 < a. <<<<<< 13 < 

56) Whole sequence : : : rs1 014593- rs93 O5569 

GGAACTGCAGGAGATCCCTGCTGCCTTCCAGTTCATGGGATGATGGCCTCCACTTCTCCCCCTGTTTCCI 
TCTCCTTTCAaATCTTACATGAAGGTATACAGTTTGAAGAAGCCAGTTTGACTCCAAATCTGTGCAATC 
GAATACTGCTCATTAAAAAGgAATTAAACTATTGATACACACAACATGGGTGAAGATCAAACTGTCTCCT. 
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TCCCTTTGATTCAAGGGAATCTGAGAAATG (SEQ ID NO: 349) 

OLIGO (SEQ ID NOS: 350, 351) 
LEFT PRIMER 51 19 59.86 5.2. 63 2. OO O. OO 
ACTTCTGCCCCTGTTTGCT 
RIGHT PRIMER 198 21 58. 84 A 2.86 4. OO 3 OO 
TGATCTTCACCCATGTTGTGT 
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FIG. 6AA 

SEQUENCE STZE: 239 
INCLUDED REGION SIZE: 239 

PRODUCT SIZE: 148, PAIR ANY COMPL: 2. OO, PAIR 3' COMPL: 0.00 

1 GAACTGCAGGAGATCCCTCCTGCCTTCCACTTCATCGGATGATGGCCTCCACTTCTCCCC 
>>>>>>>>>> 

61. CTGITTGCTTCTCCTTTCAaATCTTACATGAAGGTATACAGTTTGAACAAGCCAGTTTGA 
>>, >>>>>>> 

121 CTCCAATATCTGTGCAATGGAATACTGCTCATTAAAAAGgAATTAAACTATTGATACACA 
wr K 

181 CAACATGGGTGAAGATCAAACTGTCTCCTTCCCTTTGATTCAAGGGAATCTGAGAAATG 
<<<<<<K C C C C C C C C C C < 

57) Whole sequence : : : rs7281 674 - rs2835316 

AAACAGGCAA AATAAGCGTAGGGCTGTGTGTGCA ACAGTTaATCATAAAGCCATCACCAG 
GAGACGTCACTGGGCGCCTTCTCCAGTCTATCCGTCCTAACTTTGC (SEQ ID NO: 164) 

OLIGO (SEQ ID NOs: 165, 166) 
LEFT PRIMER 13 2 O 59.93 55. OO 4. OO O. OO 
TAAGCGTAGGCCTCTCTGTG 
RIGHI PRIMER 97 21 60 - O 8 57. 14 3. OO 100 
GGACGGATAGACTCCAGAACC 
SEQUENCE SIZE: 106 
INCLUDED REGION SIZE: 106 

PRODUCT SIZE: 85, PAIR ANY COMPL: 3. OO, PAIR 3' COMPL: O - OO 

1 AAACAGGCAAAATAAGCGTAGGGCTGTGTGTGCA ACAGTTaATCATAAAGCCATCACCAG 
>>>>>>>>>>>>>>>> >>>> 

61 GAGACGTCACTGGGCGCCTTCTGGAGTCTATCCGTCCTAACTTTGC 
a K (K C<< kg gaa Kara (CCCC ( 

58) Whole sequence : : : rs13 047304 - rs13047322 

gaatgacCttgg Cact tttatcaaacat CaactggCCaCaCaCaggtgagtic tact tctg 
gacaCtta Tcctgttccattcatctgtatatic totaticcittacac (SEQ ID NO; 167) 

OLIGO (SEQ ID NOs: 168, 169) 
LEFT PRIMER 1. 23 60. 36 39. 13 3. OO 2. OO 
gaatgacCttgg Cact t titat Ca 
RIGHT PRIMER 101 27 57.86 33.33 4. OO O. OO 
aaggatagagatata Cagatgaatgga 
SEQUENCE SIZE: 105 
INCLUDED REGION STZE: 105 

PRODUCT SIZE: 101, PAIR ANY COMPL: 4.00, PAIR 3' COMPL: 1. OO 

1 gaatgacct togg CaCttittatcaaac at Caactggccaca Cacaggtgagtic tact tctg 
>>>>>>>>>>, >, >>>>>>>> -->> 
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FIG. 6AB 
61 gaCacttaToctgttcCatt Catctgtatat Ctct at CCttacaC 

a < a. aa K3 g a Cax <<<KK-3 K-3 K Ka K Ka K 

59) Whole sequence : : : rs2835545-rs 4816551 

CTGCTGGAATAGGCTGCTTGGCCATGTTCTTGGAAGCTACCACCATATCAaGGTAATTTC 
CCACACAACATTCCAGCCCCTGCTTTCCtCTCTGGCCTTATCTAGGGCCATTCCCCAACT 
CAGGTGAAT (SEQ LD NO : 170) 

OLIGO (SEQ ID NOS : 171, 172) 
LEFT PRIMER 2O 2O 60. 21 5 O. OO 4. OO 2. OO 
GGCCATGTTCTTGGAAGCTA 
RIGHT PRIMER 128 2O 6089 5 O OO 5. OO O. OO 
TTCACCTGAGTTGGGGAATG 
SEQUENCE SIZE: 129 
INCLUDED REGION SIZE: 129 

PRODUCT SIZE: 109, PAIR ANY COMPL: 3. OO, PAIR 3 COMPL: 0.00 

1. CTCCTCCAATAGGCTGCTTGGCCATGTTCTTGGAAGCTACCACCATATCAaGGTAATTTC 
>>>>>>>>>>>>>>>>>>>> 

61 CCACACAACATTCCAGCCCCTGCTTTCCtcTCTGGCCTTATCTAGGGCCATTCCCCAACT 
<<<<<<<<<<< K 

121 CAGGTGAAT 
<<<<<<<< 

6O) Whole sequence : ; : rs2835735 - rs28.35736 

ACCTTTGTTCCATGCACCGCGCAAATACCTGGGAACCCTTaTIGCCCAACTCAAGAGCCA 
GAGTCCTCTGTCATCATTTTGCCTCTCTCCTAAGTGAgAGGACTGAGTGCAGACTTGGTG 
TTTGTGGGTGAGGCATGT (SEQ ID NO: 173) 

OLIGO (SEQ ID NOS : 174, 175) 
LEFT PRTMER 11 18 62 - 22 55.56 5. OO O. OO 
CATGCACCGCGCAAATAC 
RIGHT PRIMER 136 19 59. 38 52, 63. 2. OO O. OO 
ATGCCT CACCCACAAACAC 
SEQUENCE SIZE: 138 
INCLUDED REGION SIZE: 138 

PRODUCT SIZE: 126 PAIR ANY COMPL: 3. OO, PAIR 3" COMPL: O. OO 

1 ACCTTTGTTCCATGCACCGCGCAAATACCTGGGAACCCTTaTTGCCCAACTCAAGAGCCA 
>>>, >>>>>>>>>>>>> --> 

61 GAGTCCTCTGTCATCATTTTGCCTCTCTCCTAAGTGAgAGGACTGAGTGCAGACTTGGTG 
Ka a 

121 TTTGTGGGGAGGCATG 
Kaax < KK << 3 Ka-Kaa a 

61) Whole sequence : :: rs13 047608-rs 2835826 

CTCCTGAGTCCAACCCCTTCTCACTCACCTCTTTCTTGAACTAATTTCTTCCTGTTTTTT 
TCCAGTCCTCCCTTCTGTTCATGTCTCTCCTCTGCACACTTCCATTTTgTGGTTCAGAAA 
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ATGTCACCGTCCCAG TCACACTTGCCTTATGGCTGTTGT (SEQ ID NO: 176) 

OTTGO (SEQ ID NOs: 177, 178) 
LEFT PRIMER 9 2O 60. 39 55. OO 4. OO O. OO 
TCCAAGCCCTTCTCACTCAC 
RIGHT PRIMER 135 2O 59.97 5 O. OO 3 OO 1. OO 
CTCGCACCGTGACATTTTCT 
SEQUENCE SIZE: 159 
INCLUDED REGION SIZE: 159 

PRODUCT SIZE: 127, PAIR ANY COMPL: 4. OO, PALR 3' COMPL: 0.00 

1. CTCCTGAGTCCAAGCCCTTCTCACTCACCTCTTTCTTGAACTAATTTCTTcCTGTTTTTT 
>>>> --> -->>> t > -->> 

61 TCCAGTCCTCCCTTCTGTTCATGTCTCTCCTCTGCACACTTCCATTTTgTGGTTCAGAAA 
& C3 (a 

121 ATGTCACCGTCCCAGTCACACTTCCCITATGGCTCTTGT 
aaaaaaaa Ka (K. 3 g K. 

62) Whole sequence ; ; ; rs857998 - rs17284497 

TGGAGAAAGTTGTTGCAAACTGCCCAGAGACCCTGGGAGTCACTCCAGTTTTCTGAAACCCAGATATTTC 
AGtcCCTCAGGAGAGACAAGTCCTGACCTTCTCTCCTCCAGCTCTCCCAGGACATACCCAACCCCCTAAC 
TCCCTAACTAAGCCCTICAGACCTGAAATCCATTGAGTGGCTTCTTT (SEQ ID NO: 352) 

OLIGO (SEQ ID NOS: 353, 354) 
LEFT PRIMER 15 18 59. 35 61.11 4. OO O. OO 
GCAAACTGCCCAGAGACC 
RIGHT PRIMER 147 2 O 6 O. 57 55. OO 2. OO 2. OO 
TTAGCCACTTACCGGCTTGC 
SEQUENCE SIZE: 189 
INCLUDED RECION SIZE: 189 

PRODUCT SIZE: 133, PAIR ANY COMPL: 5. OO, PAIR 3 COMPL: 2.00 

1 TCGAGAAACTTGTTCCAAACTGCCCAGACACCCTGGGAGTCACTCCAGTTTTCTGAAACC 
>>>>>>>>>>>>>>>>>> 

61 CAGATATTCAGt (GCCTCAGGAGAGACAAGTCCTGACCTTCTCTCCTCCAGCTCTCCCAG 

121 gAGATAGGCAAGCCCCTAACTCCCTAACTAAGCCCTTCAGACCTGAAATCCATTGACTGG 
aga a kaa Ka Ka (Kg g g g Kg g. 

18 CTTCTTAC 

9" group 

63) Whole sequence : : : rs2.83655 O-rs 2212596 

CCCAGGAAGAGTGGAAAGATTAACCTTTGTGAGCCAAACCaCTGACACTTGATTACTTGA 
CAGAACTAATCCTCTGTCCTGATGACAGAACTTCAACTACACAGGTACATGCAAGCTAA 
TATCTGTTGTAA (SEQ ID NO: 179) 
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FIG. 6AD 
OLIGO (SEQ ID NOs: 180, 181) 
LEFT PRIMER 1 21 59.56 47. 62 3 OO 2. OO 
CCCAGGAAGAGTGGAAAGATT 
RIGHT PRIMER 12 O 21 56. O3 42.86 6. OO 1. OO 
TTAGCTTGCATGTACCTGTGT 
SEQUENCE SIZE: 132 
TNCLUDED REGION SIZE: 132 

PRODUCT SIZE: 12 O, PAIR ANY COMPL: 5. OO, PAIR 3' COMPL: 3.00 

1 CCCAGGAAGAGTGGAAAGATTAACCTTTGTGAGCCAAACCaCTGACACTTGATTACTTGA 
>>>>>>>>>>>>>>>>>>>>> 

61 CAGAACTAATCCTTCTGTCCTGATGACAGAACTTCAACTACACAGGTACATGCAAGCTAA 
KKKK Kx < K Ka K g c < ng K. K. k < ga. 

121 TATCTGTTGTAA 

64) Whole sequence ::: rs2836660 - rs2836661 

GCCTCCCAAGCTAGATGGGGTGAATTTTCACCTGCCACAGCCGCAAGTCAAAGCCACCGG 
CTTCTCTCTTCTCCCTCCCATTGCTCCTGACAGCCAGGGTTAATATTTTCCCTCATGTAA 
ACAGGGAGGCAtCCACCCGAGAATCTCCCCTCAGCCCACATAAGC (SEQ ID NO : 182) 

OLIGO (SEQ ID NOS : 183, 184) 
LEFT PRIMER 9 20 55 - 41 40.00. 4. 00 2.00 
AGCTAGATCGGGTGAATTTT 
RIGHT PRIMER 158 18 61. 14 61 - 11 3. OO 3 OO 
TGGGCTGAGGGGAGATTC 
SEQUENCE SIZE: 165 
INCLUDED REGION STZ, E: 1.65 

PRODUCT SIZE: 150, PAIR ANY COMPL: 4.00, PAIR 3' COMPL: 3.00 

1 GCCTGGCAAGCTAGATGGGGTGAATTTTCACCTGCCACAGCCGCAAGTCAAAGCCACCGG 
>>>>>>>>>> X >>>>>>>>> 

61 CTTCTCTCTTCTCCCTCCCATTGCTCCTGACAGCCAGGGTTAATATTTTGCCTCATGTAA 

121 ACAGGGAGGCAtCCACCCGAGAATCTCCCCTCAGCCCACATAAGC 
KK (Ka (< KKK CKC KC CKK 

65) Whole sequence : : : rs 465612-rs 8131220 

at Caag Cta attaatgttat Citat CaCttcACatagttcaaCCttt ttttgttggtgagag 
tactgaagatc tact citct tag caattt toaaatctaaaataCattattattalacacagt 
CactgtgccGtacgittagotctgagg acct tattoattitt (SEQ ID NO: 185) 

OLIGO (SEQ ID NOs: 186, 187) 
LEFT PRIMER 1. 22 47. 51 22. 13 6. OO 4. OO 
at Caag Cta attaatgttat Ct 
RIGHT PRIMER 158 20 5 O. 92 40 - OO 5 OO 5 OO 
aatgaataagg to Ctcagag 
SEQUENCE SIZE: 160 
INCLUDED REGION SIZE: 160 
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FIG. 6AE 
PRODUCT SIZE: 158, PAIR ANY COMPL: 5. OO, PAIR 3' COMPL: 2.00 

1 atcaagctaattaatgttatctato act tcACatagttcaac Cttitt tttgttggtgagag 
>>>>>>>>>>>>>>>>>>>> --> 

61 tactgaagat Ctact Ctct tag caattittcaaatctaaaata Cattatt attaa.ca Cagt 

121 cactgttgccGtacgittagotctgagg acct tatt Cattitt 
3 axia as 3 3 x 3 a 3 a 3 x x 43 a 33 

66) Whole sequence : : : rs998 0072-rs 8130O31 

TTTAATCTGATCATTGCCCTATGAGGTAGGgAGTATTCTGATTCCCATTTTATAAATAAG 
GAACCCGAGGCTTAGAGAGCATCaGTGACTTGTTCAAGGTCACCCACAGCTGTCAAGTGA 
CAGA (SEQ ID NO : 188) 

OLIGO (SEQ ID NOs: 189, 190) 
LEFT PRIMER 1. 21 55. O2 33.33 6. OO 2. OO 
TTTAATCTGATCATTGCCCTA 
RIGHT PRIMER 111 18 57. 61 55.56 5. OO 1. OO 
AGCTGTGGGTGACCTTGA 
SEQUENCE SIZE: 124 
INCLUDED REGION SIZE: 124 

PRODUCT SIZE: 111, PAIR ANY COMPL: 3.00, PAIR 3' COMPL: 1. OO 

1 TTTAATCTGATCATTGCCCTATGAGGTAGGgAGTATTCTGATTCCCATTTTATAAATAAG 
Y > Y >>>>>>>>>>>>>>>>>> 

61 GAACCCGAGGCTTAGAGAGCATCaGTGACTTGTTCAAGGTCACCCACAGCTGTCAAGTGA 
Kg a kac g g g g c gas Kc3 a 

121 CAGA 

10" group 

67) Whole sequence : ; : rs 418359-rs2836926 

tgtCCCaCCattgttgtattaggitttgtagagCgtagaCaacttgCCtttittagtttgtag 
gttt C tigt at CalagagalagatgttgttgtCdgCC tala CC tag atta Cagg at CC toga Citt C 
aagt ctoga (SEQ ID NO: 1.91) 

OLIGO (SEQ ID NOs: 192, 193 ) 
LEFT PRIMER 1. 20 54. 64 4 O, OO 6. OO 3. OO 
tgtcCCaCCattgttgttatta 
RIGHT PRIMER 128 2O 54. FO 45. OO 9. OO 3 OO 
tCagaCttgaagt CCaC gat 
SEQUENCE SIZE: 128 
INCLUDED REGION SIZE: 128 

PRODUCT SIZE: 128, PAIR ANY COMPL: 3. OO, PAIR 3' COMPL: 1 - OO 

1 titcCCaCCattgttg tattaggitttgtag agCdtag acaaCttgcCtttittagtttgtag 
>>>>> -->>>>>>>>>>>>> 
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61 gtt totgitatcaagagaagatgttgttgttggg Cota acctagattacaggat CCtggaCttC 
a 3 ga (a cackg 33 

121 aagttctga 
Kakk gag KK 

68) Whole sequence : : : rs11701.943-rs 4816634 

tcatttgctaagg toggatagotcCtaattggCaaagtCaCatgg gatCC Cagggatt C 
tgaggatgaag cctgttgtt taataactAttatgccaAGTGAGCATTTTCAAATATATGAG 
AGAAATTA (SEQ ID NO : 194) 

OLIGO (SEQ ID NOS : 195, 196) 
LEFT PRIMER 2 19 53.86 42.11 4. OO 2. OO 
catttgcta agg toggata 
RIGHT PRIMER 114 2O 51.56 30. OO 6. OO 2. OO 
TATTTGAAAATGCTCACTtg 
SEQUENCE SIZE: 128 
INCLUDED REGION SIZE: 128 

PRODUCT SIZE: 113, PAIR ANY COMPL: 6. OO, PAIR 3' COMPL: O. OO 

1 to atttgctaagg toggatag citcc taattggcaaagttcaCgatgggat CCC agggatt C 
>>>>>>>>>>>>>>>>>>> 

61 to aggatgaagcctgttgtttaataactAttatgcCaAGTGAGCATTTTCAAATATATGAG 
<<<<<<<<<<<<<<< K-3 < K< 

121 AGAAATTA 

69 ) Whole sequence : : : rs7278447-rs 7278858 

CATTCCTTCACGGGTCTTAGTTTTGTGTTCaCAACTAGATTATAAACTCCTCTTGCATTC 
CTGATGGCAGTGACTTGAAGGCAtt tatttgaagaataatagaCatacagaaagggg CaC 
atgtcataaagg tacagctggacgaCttitt Cacaaagtg (SEQ ID NO : 197) 

OLIGO (SEQ ID NOS : 198, 199) 
LEFT PRIMER 5 2O 55.96 45. OO 2. OO O. OO 
GCTTCACGGGTGTTAGTTTT 
RGHT PRIMER 157 2O 55.97 45 - OO 5 OO 1. OO 
CtttgttgaaaagttcgtCCag 
SEQUENCE SIZE: 159 
INCLUDED REGION SIZE: 159 

PRODUCT SIZE: 153, PAIR ANY COMPL: 4. OO, PAIR 3' COMPL: O. OO 

1 CATTGCTTCACGGGTCTTAGTTTTCTGTTCaCAACTAGATTATAAACTCCTCTTGCATTC 
>>>>>>>> x >>> x >>>>>> 

61 CTGATGGCAGTGACTTGAAGGCAtt tatttgaagaataataga Cata Cagaaagggg CaC 

121 atgtcatalaagg taCag CtggacgaCttitt Cacaaagtg 
kg (3 x Kg3k Kwax 3 kcagxxx x s 
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FIG. 6AG 
70) Whole sequence : : : rs385787-rs367 001 

GAGAGGATGGTGCCATCATGGAAAGCATGGGGCAGTCATGGAGATGACGGaGTAGCTCAT 
GGAGAAgATAATGCCATCATGGAAGGCATAGTGCAGTCATGGAGATGATGGTGCAGC (SEQ ID NO : 
2 OO) 

OLGO (SEO ID NOs: 201, 202) 
LEFT PRIMER 13 18 58.34 5 O. O.O 7, OO 3. OO 
CCATCATGGAAAGCATGG 
RGHT PRIMER 108 2O 55. O9 45. OO 4. OO 2. OO 
TCATCTCCATGACTGCACTA 
SEQUENCE SIZE: 117 
INCLUDED REGION SIZE: 117 

PRODUCT SIZE: 96, PAIR ANY COMPL: 7. OO, PAIR 3' COMPL: 3.00 

1 GAGAGGATGGTGCCATCATGGAAAGCATGGGGCAGTCATGGAGATGACGGaGTAGCTCAT 
>>>>>>>>>>>>>>>>>> 

61 GGAGAAgATAATGCCATCATGGAAGGCATAGTGCAGTCATGGAGATGATGGTGCAGC 
a-a-a-a < k < a. a K K Ka C grg K C < K 

71) Whole sequence : :: rs367 001 - rs386095 

ATGGGGCAGTCATGGAGATGACGGAGTAGCTCATGGAGAAaATAATGCCATCATGGAAGG 
CATAGTGCAGTCATGGAGATGATGGTGCAGCTCATGGAGAAGATGGTGCCATCATGgAAG 
GCATGGTGCAATCATGGAGTAGACAGTGCAGCTGGGCCaagattic tic (SEQ ID NO: 2O3) 

OLIGO (SEQ ID NOS: 204, 205) 
LEFT PRIMER 15 2O 54 - 39 5 O. OO A. OO 3 OO 
GAGATGACGGAGTAGCTCAT 
RIGHT PRIMER 15 6 18 55, 17 61. 11 6. OO 2. OO 
CCCACCTGCACTCTCTAC 
SEQUENCE SIZE: 167 
INCLUDED REGION SIZE: 167 

PRODUCT SIZE: 142, PAIR ANY COMPL: 6.00, PAIR 3' COMPL: 2.00 

1 ATGGCGCACTCATGGAGATGACGGAGTAGCTCATGGAGAAaATAATGCCATCATGGAAGG 
>>>>>, >, >>>>>>>>>>>>>> 

61 CATAGTGCAGTCATGGAGATGATGGTGCAGCTCATGGAGAAGATGGTGCCATCATGgAAG 

121 GCATGGTGCAATCATGGAGTAGACAGTGCAGCTGGGCCaagattctic 
<<<< a < a.<<<<<<<< a.<< 

72) Whole sequence ::: rs2837296-rs 2837297 

GATGTCCCTCTCTTGTTCCAATCACACCACAGCCGTATAACTAGGGGCACTCTCTATACT 
GGCTGCACTCTGGCCAGTGCTGTCCCAgCTAGATTCATCACGGTCTAGACCTTCACCTAA 
CAGCATGA (SEQ ID NO: 206) 

OLIGO (SEQ ID NOS: 207, 208) 
LEFT PRIMER 11 2O 56. OO 45. OO A. OO 1. OO 
TCTTGTTCCAATCACAGGAC 



Patent Application Publication Jul. 22, 2010 Sheet 40 of 69 US 2010/O184044 A1 

FIG. 6AH 
RIGHT PRIMER 126 2O 54.59 45. OO 6. OO 3. OO 
ATGCTGTTAGCTGAAGCTCT 
SEQUENCE SIZE: 128 
INCLUDED REGION SIZE: 128 

PRODUCT SIZE: 116 PAIR ANY COMPL: 4. OO, PATR 3' COMPL: 1. OO 

1 GATGTGCCTCTCTTGTTCCAATCACAGGACAGGGGTATAACTAGGGGCACTGTCTATACT 
>>>> --> -->> ->>> --> 

61 GGCTGCACTCTGGCCAGTGCTGTCCCAgQTAGATTCATCAGGGTCTAGAGCTTCAGCTAA 
aga << x < q x x x < x < K 

12 CACCATCA 
<<<<<K 

73) Whole sequence ; ; ; rS423.9808-rs24.10205 

AGGGCCATCGGATCATGCACGTGGACACTCCAGTGCTACAGCTGCAAGCAAATACATTTCTGTGCTCTCA 
AGCCACCCATTTCCTGGTACTACGTTAAAACAGCTCTACCAAATTAAt ACAGATGTTCCCTGTATTTTTC 
TTTCTCATATTACTACTCATTGTTTTAATGATGACTGTTTTATT (SEQ ID NO: 355) 

OLIGO (SEQ ID NOS: 356, 357) 
LEFT PRTMER 19 2O 57 .45 55. OO A. OO 2. OO 
AGGTGGAGACTGGAGTGCTA 
RIGHT PRIMER 145 22 56.58 31. 82 2. OO O. OO 
AGAAACAAAAATACAGGCA ACA 
SEQUENCE SIZE: 184 
INCLUDED REGION SIZE: 184 

PRODUCT SIZE; 127, PAIR ANY COMPL: 3. OO, PAIR 3' COMPL: 1. OO 

1 ACCCCCATCCGATCATCCACGTCCACACTCCACTCCTACAGCTCCAACCAAATACATTTC 
> x >>>>>>>>>>>>>> -->> 

61 TGI'GCTGTGAAGCCACCCATTTGGTGGTACTACGT'TAAAACAGCTCTAGGAAATTAAtAC 

121. AGATGTTGCCTGTATTGTTTCTCATATTACTACT CATTGTTTTAATGAIGACTGTTT 
gaggggggggggg. Kg g g g g Kg 

181 TATT 

74) Whole sequence : ; : rs28373 81-rs 48.16672 

TTTTATTCATTAACTTGAAAGCTCCTAAAGCAGAGCCACCaTATTTTATGTCCCAACTC 
TCCTTAAGg CCTTGCCTATGATAGCACATCTCTTCAATAGAATTGTCCT (SEQ ID NO: 209) 

OLIGO (SEQ ID NOS: 210, 211) 
IEFT PRIMER 16 2O 55 17 45. OO 4. OO O. OO 
TGAAAGCTCCTAAAGCAGAG 
RIGHT PRIMER 97 2O 5 O. 59 35. OO 4. OO 3 OO 
TTGAAGAGATGTGCTATCAT 
SEQUENCE SIZE: 109 
INCLUDED REGION SIZE : 109 
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PRODUCT SIZE: 82, PAIR ANY COMPL: 5. OO PAIR 3' COMPL: 1. OO 

1 TTTTATTCATTAAGTTGAAAGCTCCTAAAGCAGAGGGACCaTATTTTTATGTCCCAACTC 
>>>>>>>>>>>>>>>>>>>> 

61 TCCTTAAGgCCTTGCCTATGATAGCACATCTCTTCAATAGAATTGTCCT 
3 g g Kg gas a 13-3-3-3-3-3-3K 33 x 

11 th group 

75) Whole sequence : ; : rs13047873-rS2837697 

AAAGACCAGCTTTTAGCTGAACATCAGGGCTGCCTTCAGAGTTTAATTACCGCCCTCCCC 
ATGGGGCCAAATGAGCCATCGACTCCTCCCAAGGGGGTTCgGCTTGGTACTGATCTTTAA 
GTAAGTaAACGCTAAACCACCTCATCTTAAAGCGCCCACATCTGATTTCCTGCTCTGCTG 
CAAGACAGTAGGTGACTGGTAATGACC (SEO ID NO: 214) 

OLIGO (SEQ ID NOS: 215, 216) 
LEFT PRIMER 26 2O 59. O8 50. OO 5. OO 2. OO 
AGGGCTGCCTTCAGAGTTTA 
RIGHT PRIMER 155 2 O 59.62 5 O. OO 5. OO 2. OO 
GCGCTTTAAGATGAGCTGGT 
SEQUENCE SIZE: 2O7 
INCLUDED REGION SIZE: 2O7 

PRODUCT SIZE: 130 PAIR ANY COMPL: 3.00, PAIR 3' COMPL: 1. OO 

1 AAAGACCAGCTTTTAGCTGAACATCAGGGCTGCCTTCAGAGTTTAATTACCGCCCTCCCC 
>>>>>>>>>>>>>>>>>>>> 

61 ATGGGGCCAAATGAGCCATCGACTCCTCCCAAGGGGGTTCgGCTTGGTACTGATCTTTAA 

121 GTAAGTa AACGCTAAACCAGCTCATCTAAAGCGCCCACATCTGATTTCCTGCTCTCCTG 
(g g KKK gcc C33 g g g (g g g g g g 

181 CAAGACAGTAGGTGACTGGTAATGACC 

76) Whole Sequence ; ; ; rS455999 - rs93 057 00 

ACTCTGCTCCCAGTGTGAACATGGGGAAAGTIGATTAAACTCTCTGACTTCAGATTCCTC 
aTGTAAAATGTGGGGAAACAGCTCTGACTTAATGGTGTCACTGTGAGGAGTAAATGAGGT 
AgCATATTTAAAGGATTTTGTATAGTGCTGGTGACAGTAACCAGCCAATAGATGATATAG 
CTAGTAATAGCA (SEO ID NO: 217) 

OLIGO (SEQ ID NOS: 218, 219) 
LEFT PRIMER 16 2O 57.84 4 O. OO 4, OO 2. OO 
TGAACATGGGGAAAGTTGAT 
RIGHT PRIMER 154 22 56. 81 4 O. 91. 4. OO O. OO 
TCACCAGCACTATACAAAATCC 
SEQUENCE SIZE: 192 
INCLUDED REGION SIZE: 192 

PRODUCT SIZE: 139, PAIR ANY COMPL: 4. OO PAIR 3 COMPL: 2. OO 

1 ACTCTGCTCCCAGTGTGAACATGGGGAAAGTTGATTAAACTCTCTGACTTCAGATTCCTC 
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FIG. 6AJ 
>> -->> x > X >> x >>> x >>> 

61 a GTAAAATGTGGGGAAACAGCTCTGACTTAATGGTGTCACTGTGAGGAGTAAATGAGGT 

121 AgCATATTTAAAGGATTTTGTATAGTGCTGGTGACAGTAACCAGCCAATAGATGATATAG 
<<<<<<<<< <<<<<<<<<<<<< 

181 CTAGTAATAGCA 

77) Whole sequence : : : rs9976207-rs 455473 

cittcactgaccact tcct taactgtccacticcgaaacaccCCttct tcc togttct tccaa 
tacaccaaactictitt Cttgcct ctgttgttgcttgcc catgctgttcCttctggCtt Ctt CC 
ttcACATTCAAGTCTTGACTTAGATGTCACTTGCCAAGGGAGACCTTGGA (SEQ ID NO: 220) 

OLIGO (SEQ ID NOS: 221, 222) 
LEFT PRIMER 12 21 54.96 47. 62 4. OO O OO 
act tcct taactgtccacticc 
RIGHT PRIMER 1.59 19 54. 64 47 - 37 7. OO 2. OO 
CCTTGGCAAGTGACATCTA 
SEQUENCE SIZE: 170 
INCLUDED REGION SIZE: 17 O 

PRODUCT SIZE: 148, PAIR ANY COMPL: 5. OO, PAIR 3' COMPL: 3. OO 

1 Ctt Cact gaccact tcc ttaactgtccacticcgaaacaccCottct tcc togttct tccala 
>>>>>>>>>>>>>>>>>>>>> 

61 tacaccaaactCtttcttgcct Ctgtgtgcttgcc catgctgttcc ttctggct tct tcc 

121 titcACATTCAAGTCTTGACTTAGATGTCACTTGCCAAGGGAGACCTTGGA 
K-3rag Kaa grace aaaaaaaa 

78) Whole sequence ; ; ; rs28.37807-rs 283.7808 

AAACATCCCAATAGACAAAACTCCAAGAAGAGTCAAAACAAGAATAAAGTaCAGGTCATC 
TTTTCTTTTGCACTCCTGACAGCACTTTGTACATGGTAATAATAATCTACCAATTAACTA 
CATAAGCCACATGGTTTTATCATAGTGTGAAGCTTTGTATCCAGAAAGGAGAGAAGGCTCC (SEQ II) 
NO: 223) 

OLIGO (SEQ ID NOS: 224, 225) 
LEFT PRIMER 23 22 56 - 31 36.36 3 OO O. OO 
CCAAGAAGAGTCAAAACAAGAA 
RIGHT PRIMER 172 21 56. 19 42.86 4. OO 2. OO 
TCTCCTTTCTGGATACAAAGC 
SEQUENCE SIZE: 181 
INCLUDED REGION SIZE: 181 

PRODUCT SIZE: 150, PAIR ANY COMPL: 5. OO, PAIR 3 COMPL: 1. OO 

1 AAACATCCCAATAGACAAAACTCCAAGAAGAGTCAAAACAAGAATAAAGTaCAGGTCATC 
>>>>>>>>>>>>>>>>>>>>>> 
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FIG. 6AK 
61 TTTTCTTTTGCACTCCTGACAGCACTTTGTACATGGTAATAATAATCTACCAATTAACTA 

121 CATAAGCCACATGGTTTTATCATAGTGTGAAGCTTTGTATCCAGAAAGGAGAGAAGGCTC 
<<<<<< 33 33 K 3K 33< K33K 3 

181 C 

79) Whole sequence : : : rs997 4587-rs2776356 

GCCAGAGGCATGGGGTGCATAGGGATATGGGGTGGGCCAGTTTGCTCCTCAGACCAGAAG 
GGGTGCAGGACTCCCCCCGATCAGGATCaTGGAGAAAGGTGTGGACAGAGGAAGGGAGGG 
AGGGAGAAATGGCAGCTGCCCTGCAGTGG (SEQ ID NO: 226) 

OLIGO (SEQ ID NOs : 227, 228) 
LEFT PRIMER 42 2O 6 O. 52 55. OO 3 OO 2. OO 
TTGCTCCTCAGACCAGAAGG 
RIGHT PRIMER 118 2O 59. 6.8 6 O. OO 4 OO 2. OO 
CTCCCTTCCTCTGTCCACAC 
SEQUENCE SIZE: 149 
INCLUDED REGION SIZE: 149 

PRODUCT SIZE: 77, PAIR ANY COMPL: 5. OO, PAIR 3' COMPL: 1.00 

1. GGCAGAGGCATGGGGTGCATAGGGATATGGGGTGGGCCAGTTTGCTCCTCAGACCAGAAG 
>>>>>> x >>>>>>> x >>>> 

61. GGGTGCAGGACTCCCCCCGATCAGGATCaTGGAGAAAGGTGTGGACAGAGGAAGGGAGGG 
> k < x < a k < x < a. aa a kak <<k a 

121 AGGGAGAAATGGCAGCTGCCCTGCAGTGG 

80) Whole sequence : : : rs2838089-rs 283.8090 

cagggactaagtgtc.tctgacaatacattcago CactaCtAcag tatgaag CC agcCCCt 
CatCCCCaCCtt Cagaga CCCCtggtgCCtCagatt CCtcggC Catt Ctggag CtgC tigt 
gCCCGAGGCTTGTGTAGTTGGAGATCATTTTGGCAGTCAGTGCTG (SEQ ID NO: 229) 

OLTIGO (SEO ID NOS: 230, 231) 
LEFT PRIMER 12 22 55. 48 4. O. 91 5. OO 2. OO 
tgttct CtgaCaataCatt CagC 
RIGHT PRIMER 160 2O 55.81 45. OO 4. OO 2.00 
CTGACTGCCAAAATGAICTC 
SEQUENCE SIZE: 165 
INCLUDED REGION SIZE: 1.65 

PRODUCT SIZE: 149, PAIR ANY COMPL: 5. OO, PAIR 3' COMPL: 1. OO 

1 cagggactaagtgtc.tctgacaata cattcagcCactact Acag tatgaagccago CCct 
>>>>, > x >>>>>>>>>>>>>>>> 

61 Cat CCCCaC Ctt Cagaga CCCCt9 gtgCC to agatt CCtcggc Cattctggagctgctgt 
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FIG. 6AL 
121 goCCGAGGCTTGTGTAGTTGGAGATCATTTTGGCAGTCAGTGCTG 

a KK gara KK (KK K Kaa Ka K-3 K 

12th group 

81) Whole sequence : ; : rs 45.3592 - rs38O152 

CCTGTCTCCGTGCGTGAAACCCCCCTCCAAAGTCCCTTCTCTCCTATCTCCCTTCCGCAC 
CTGGCTTTCCTGAAAGAAAGAAAACGCGTGGCTTATCTTTTCACGGCACGCCACCTTCAC 
TCTCaCTTTTTCTTTTCTAATAAATACCTCTGGATGGGTTAGTGGTAATCTCTCCTCAAAC (SEQ ID 
NO: 232) 

OLIGO (SEQ ID NOS: 233, 234) 
LEFT PRIMER 24 2O 60. OO 55. OO 4. OO 1. OO 
GCTCCAAAGTGCCTTCTGTC 
RIGHT PRIMER 1.65 2O 58. 87 55. OO 3. OO 2. OO 
CCACTAACCCATCCAGAGGT 
SEQUENCE SIZE: 181 
INCLUDED REGION SIZE: 181 

PRODUCT SIZE: 142, PAIR ANY COMPL: 4. OO, PAIR 3' COMPL: 1. OO 

1 CCTGTCTCCGTGCGTGAAAGCCGGCTCCAAAGTGCCTTCTGTCCTATCTGCCTTCCGCAC 
-->>>>>, >>>>>>>>>>>>> 

61 CTGGCTTTCCTGAAAGAAAGAAAACGCGTGGCTTATCTTTTCACGGCACGCCACCTTCAC 

121 TCTCaCTTTTTCTTTTCTAATAAATACCTCTGGATGGGTTAGTGGTAATCTCTCCT CAAA 
xx x axx Ka-Kxx K K g-g-g-g-g-g-g 

181 C 

82) Whole sequence : : : rS4 42 723-rs 449888 

GGGAGCACAACCTAGGCCCCTCCTGGGGAGGTGGTGGAGTCAGAATCACGTAAGAGaCAA 
AGTTCCAGTCCCTCAGTGCCGGCTCCATTGTCCCCTGGACTTCCCTTACAAACCACAGAT 
GCAAAGAGAGCACTTCTCgGAATCTCCACACAGCCACGGTGGAGCACTCA ACCCACCCCA 
CCCTCGGGCGCAGGTGCT (SEQ ID NO: 235) 

OLIGO (SEQ ID NOS: 236, 237) 
LEFT PRIMER 23 2O 65.82 65. OO 3 OO 1. OO 
CTGGGGAGGTGGTGGAGTCA 
RIGHT PRIMER 169 2O 66. 12 65 OO 7 OO 1. OO 
GAGTGCTCCACCGTGGCTGT 
SEQUENCE SIZE: 198 
INCLUDED REGION SIZE ; 198 

PRODUCT SIZE: 147, PAIR ANY COMPL: 7. OO, PAIR 3' COMPL: 1. OO 

1 GGGAGCACAACCTAGGCCCCTCCTGGGGAGGTGGTGGAGTCAGAATCACGTA AGAGaCAA 
>>>>>>, >, >>>>>>>>>>>>> 

61 AGTTCCAGTCCCTCAGTGCCGGCTCCATTGTCCCCTGGACTTCCCTTACAAACCACAGAT 
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FIG. 6AM 
121 GCAAAGAGAGCACTTCTCGGAATCTCCACACAGCCACGGTGGAGCACTCAACCCACGCGA 

- a ga aaaaaaa (<<<<<< 23 

181 CCCTCCGGCGCAGGTGCT 

83) Whole sequence : : : rs375886 - rs997 6560 

CCTGAGAAGCTTCCAGCAAAGCACCAGCACGAACCGCCCCACCTCCCCACCTCCCCGCAA 
GCGTTGcCGGGACTGACAGATTACAGAGCTCTGg TCCCTCTGCACTCCTGCTCTGCCACC 
CCCAGGGTGTCAGAATGTGCCCCCCACACAGTTTCCAAAAG (SEQ ID NO: 238) 

OLIGO (SEQ ID NOS: 239, 240) 
LEFT PRIMER 18 18 59.84 55.56 2. OO O. OO 
AAAGCACCAGCACGAACC 
RIGHT PRIMER 143 18 59. 89 61 - 11 3 OO 3. OO 
GGGGCACATTCGACACC 
SEQUENCE SIZE: 161 
INCLUDED REGION SIZE: 161 

PRODUCT SIZE: 126 PAIR ANY COMPL: 3.00, PAIR 3' COMPL: 0.00 

1 CCTGAGAAGCTTCCAGCAAAGCACCAGCACGAACCGCCCCACCTCCCCACCCCCCGCAA 
--> --> --> ------->> 

61 GCGTTGcCGGGACTGACAGATTACAGAGCTCTGgTCCCTCTGCACTCCTGCTCTGCCACC 

121 CCCAGGGTGTCAGAATGTGCCCCCCACACAGTTTCCAAAAG 
3Kx. K. Kxx. KKx. K-K-KKKKK K. 

84) Whole sequence : : : rs38 19900-rs3819901 

ATGGAGCGCTGCGCCGGCCTGAGCTCTGATCCCTCCTCCGACCCAGCCTCACCCTGCaA 
GCAGCACCATGTGGGGCTCAGAATGGGGATCTTAAGGGACCCTCCCCACAA CCTCCCGAT 
AAGCCTTTCCACGGAGGGCCCAAGCGGAGACAGGAGA ACACT (SEQ ID NO: 241) 

OLTIGO (SEQ TD NOs: 242, 243) 
LEFT PRIMER 2 O 19 57 OO 57 89 6 OO O. OO 
CTGAGCTCTGATCCCTCCT 
RIGHT PRIMER 158 18 57.51 55.56 2. OO O. OO 
TCTCCTGTCTCCGCTTG 
SEQUENCE SIZE: 162 
INCLUDED REGION SIZE: 162 

PRODUCT SIZE: 139, PAIR ANY COMPL: 3. OO, PAIR 3' COMPI: 0.00 

1 ATGGAGCTGCTGCGCCGGCCTGAGCTCTGATCCCTCCTCCGACCCAGCCT CACCCTGCaA 
>>> -->>>>>>>>>>>>>> 

61 GCAGCACCATGTGGGGCTCAGAATGGGGATCTTAAGGGACCCTCCCCACAACCTCCCGAT 

121 AAGCCTTTCCACGGAGGGCCCAAGCGGAGACAGGAGAACACT 
Kaa Ka Karg gag g g g g g g g k. 

85) Whole sequence : : : rs10451852–rs 10451853 
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FIG. 6AN 
ACTTTCAGAATGTGCTGCCTTCCACGTGTGAACCAGACTGAGCTCCTTTCTGCCACTGAT 
GTTGAATTGTCCATTTGCTCACaTCAGTGTCCACGTGGCAAATCCACAGGGCgTGGGTGG 
GAICCTGCACTCTAGACAAAGCCAAGGAGCACCGCTGGAGGCCACGTTGGGCTTCCCAAT 
CCACATGCAAACCC (SEQ ID NO: 244) 

OLIGO (SEQ ID NOS: 245, 246) 
LEFT PRIMER 45 2O 59. 29 5 O. OO 3 OO 1. OO 
CCTTTCTGCCACTGATGTTG 
RIGHT PRIMER 19 O 19 6 O. A 6 47. 37 4. OO O. OO 
ITGCATGTGGATTGGGAAG 
SEQUENCE SIZE: 194 
INCLUDED REGION SIZE: 1.94 

PRODUCT SIZE: 146, PAIR ANY COMPL: 4. OO, PAIR 3' COMPL: O. OO 

1 ACTTTCAGAATGTGCTGCCTTCCACGTGTGAACCAGACTGAGCTCCTTTCTGCCACTGAT 
>>>>> x >>>>>> x >>> 

61 GTTGAATTGTCCATTTGCTCACaTCAGTGTCCACGTGGCAAATCCACAGGGCgTGGGTGG 
>>>> 

121 GATCCTGCAGTCTAGACAAAGCCAAGGAGCACCGCTGGAGGCCACGTTGGGCTTCCCAAT 
<<<< a C-C ga. 

181 CCACATGCA AACCC 
K.K.K-K-3. K-33-3K 

86) Whole sequence : : : rs7278528-rs 117 01158 

TCTCCAGCCAGCGTGTCACAAAGCCGCTCACCTGCTCGTGTGAGTGTCTGAATGCACGTG 
TTTGAGTGTCAGaGGCGTGTGAACCACAGCA ACT CAATCTTGAATAGGGGCTGGGTAAAG 
TGAGGCT'gAGACCTCCCGGGGCTGCATTCCCAGATGGTTAAGGCATTCTAAGTCACAAGA 
TGAGATAGGAAGTTCGCACAAGACACTGGTCAT (SEO ID NO: 247) 

OLIGO (SEQ ID NOS: 248, 249) 
LEFT PRIMER 28 2O 6 O. 53 55. OO A. OO O. OO 
TCACCTGCTCGTGTGAGTGT 
RIGHI PRTMER 163 20 59. 39 50. OO 4. OO 2. OO 
CCTTAACCATCTGGGAATGC 
SEQUENCE SIZE: 213 
INCLUDED REGION SIZE: 213 

PRODUCT SIZE: 136, PAIR ANY COMPL: 3. OO, PAIR 3' COMPL: O. OO 

1. TCTCCAGCCAGCGTGTCACAAAGCCGCT CACCTGCTCGTGTGAGTGTCTGAATGCACGTG 
a >>>>>>>>>>>>>>>>>>> 

61 TTTGAGTGTCAGaGGCGTGTGAACCACAGCA ACTCAATCTTGAATAGGGGCTGGGTAAAG 

121 TGAGGCTgAGACCTCCCGGGGCTGCATTCCCAGATGGTTAAGGCATTCTAAGTCACAAGA 
Ka-3-3-3 Kar3-3 KK K-3K KK K-3 KK 

181 TGAGATAGGAAGTTCGCACAAGACACTGGTCAT 
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FIG. 6AO 
87) Whole sequence : : : rs283 9627-rs 170916 

TTGAGTCCTCTTAAGTAGTTACTATAGTGGAGAACTTGAGTCATTCTTTGTAGCGTGCTT 
cGTAGAGCAGCGTGTTTGTTAGAAGGATTTGTTAATCCTGTATAGgGTCTTTACGAAGGC 
TGTTTTCATGGAAGCTTCTCTTTGTTGACTCC (SEQ ID NO: 250) 

OTIGO (SEQ ID NOs: 251, 252) 
LEFT PRIMER 28 22 55.68 36.36 5. OO 1 OO 
TGGAGAACTTGAGTCATTCTTT 
RIGHT PRIMER 152 19 52. 33 47. 37 3. OO 2. OO 
GGAGTCAACAAAGAGA AGC 
SEQUENCE SIZE: 152 
TNCLUDED REGION SIZE: 152 

PRODUCT SIZE: 125, PAIR ANY COMPL: 5. OO, PAIR 3' COMPL: 3. OO 

1 TTGAGTCCTCTTAAG TAGTTACTATAGTGGAGAACTTGAGTCATTCTTTGTAGCGTGCTT 
>>>>>>>>> x >>>>>>>>>> Y > 

61 ccTAGAGCAGCGTGTTTGTTAGAAGGATTTGTTAATCCTGTATAGgGTCTTTACGAAGGC 

121. TGITITCATGGAAGCTTCCTTTGTTGACTCC 
3 a g-g-gk a 33 g K-3-K Kaak-K K 

88) Whole sequence : : : rs2839 628-rs234.740 

CATTCTCTCCAGCTCCAAACTTTCTTCAACTTTCCTAAATTCTTACTAAATTCACAGGAA 
TAGGATAAAGATCACTTAGAGAAAGGGTGCTTATGGACATAGCCTGAGTTTCCITTAACC 
TCTCTgCAATGGGTGCTTTTAACTAGCTTCTACATGGCAAGCTGTTTCAGTTTG (SEQ ID NO : 
253) 

OLTIGO (SEQ ID NOS: 254, 255) 
LEFT PRIMER 2O 21 5 O. O6 28.57 3. OO 2. OO 
CTTTCTTCAACTTTCCTAAAT 
RGHT PRIMER 16 O 19 5 O. 96 42.11 4 00 2.00 
TTGCCATGTAGAAGCTAGT 
SEQUENCE SIZE: 174 
INCLUDED REGION SIZE: 174 

PRODUCT SIZE; 141, PAIR ANY COMPL: 5. OO, PAIR 3" COMPL: 2. OO 

1 CATICTCTCCAGCTGCA AACTTTCTTCAACTTTCCTAAATTCITACTAAATTCAGAGGAA 
>>>> x >>>>> -->> x > x >> x >> 

61 TAGGATAAAGAT CACTTAGAGAAAGGGTGCTTATGGACATAGCCTGAGTTTCCTTTAACC 

121 TCTCTgCAATGGGTGCTTTTAACTAGCTTCTACATGGCAAGCTGTTTCAGTTTG 
Kx 3 g g g g sack (ax K stga (a 

89) Whole sequence : : : rs2838239 - rs2838240 

GGACATCTGGAACTGCACCAGCACAGAACCGACACGTTGTTAcTCATCGTCACTCGGCAG 
GGCTGAAGACCACCAGAACTCATGACAGGCAGACGTGCCTGGCCCAGTTGAGGATGTAGC 
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tTCAGAGCCAAGCGCCAGTCCTGTTGGCCACGTGGGCTGGGGGCAGGATAGACCA (SEQ ID NO : 
256) 

OLIGO (SEQ ID NOs: 257, 258) 
LEF RIMER 17 19 59.73 57.89 2. OO O. OO 
ACCACCACAGAACCGACAC 
RIGHT PRIMER 145 18 62. 4 O 61.11 4. OO 0.00 
AACAGGACTGGCGCTTGG 
SEQUENCE SIZE: 175 
INCLUDED RECON STZE: 175 

PRODUCT SIZE: 129, PAIR ANY COMPL: 4. OO, PAIR 3' COMPL: 1. OO 

1. CGACATCTGGAACTGCACCAGCACAGAACCGACACGTTGTTACT CATCGTCACTCGGCAG 
->> -->>>> x >>> t >> 

61 GGCTGAAGACCACCAGAACT CATGACAGGCAGACGTGCCTGGCCCAGTTGAGGATGTAGC 

121 t|CAGAGCCAAGCGCCAGTCCTGTTGGCCACGTGGGCTGGGGGCAGGATAGACCA 
<<< 3 a 3 g (333 3-3 ax K-3K 

90) Whole sequence : ; : rs63O397 - rs110891 06 

GGCTGGTTCTGCCCTTGGCACGTCGTTCCTTTCGCTCGACCACAATGTCTGaAGATGATC 
AGGAGAGGGCCAAGGGTTGGGGGGGCCCCATGTGCACCCTGAGAATGCACCAGGCACA 
GtGAGCAACTTCAGCCCTCCTTGTGCAGAGCTGCAGCGTACAGTGCCAGCCCTCGCTGGC 
CC (SEQ ID NO: 259) 

OLIGO (SEQ ID NOS: 260, 261) 
LEF PRIMER 14 2O 61. T9 55. OO 3 OO O. OO 
CTTGGGAGGTGGTTCCTTTG 
RTCHT PRIMER 148 18 61.15 61.11 4. OO 1. OO 
CTGCACAAGGAGGGCTGA 
SEQUENCE SIZE; 182 
INCLUDED REGION SIZE: 182 

PRODUCT SIZE: 135, PAIR ANY COMPL: 5. OO, PAIR 3' COMPL: 0.00 

1. GGCTGGTTCTGCCCTTGGGAGGTGGTTCCTTCGCTCCACCACAATCTCTGaACATCATC 
>>>>>>> x >>>>>>>>>>>> 

61 AGGAGAGGGCCAAGGGTTGGGGGGTGCCCCATGTGCACCCTGAGAATTGCACCAGGCACA 

121 GtGAGCAACTTCAGCCCTCCTTGTGCAGAGCTGCAGCGTACAGTGCCAGCCCTCGCTGGC 
3. KKK g g KKK g g g k < 3 k << 

181 CC 

91) Whole sequence : : : rs9637180-rs 481767 

GTICT CACIACTGAGAAACCTGGCAGCTTCTCAGGCCACCGCCCAGGTCACCTGCTCA 
CCACCAACGTGAACCACACCAAC tACGCTCTCCCCCACCCCCCTCTCCTCTCTCCTGGG 
CCCCCCTCCTCCTCACTCACCCTCTTCAGTCAAAG (SEQ ID NO: 262) 
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OLIGO (SEQ I 
LEFT PRIMER 11 
TACTGAGAAACCTGGCAGCT 
RGHT PRIMER 155 
CTTTGACTGAAGAGGGTGAG 
SEQUENCE SIZE: 155 
INCLUDED REGION SIZE 

PRODUCT SIZE: 145, PAI 
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FIG. 6AO 
D NOS: 263, 264) 

2 O 57.7 O 5 O. OO 5. OO 5. OO 

2 O 54. 98 5 O. OO 3 OO O. OO 

155 

R ANY COMPL: 3. OO, PAIR 3' COMPL: 2. OO 

1 GTTCTCACTTTACTGAGAAACCTGGCAGCTTCTCACCCCACCCCCCACGTCACCTCCTCA 
>>>> >>>>>>>>> --> 

61 CCAGCAAcGTGAACCACAGGAAC to AGGCTGTGCGGGAGGCGGCTCTGCTCTGTGCTGGG 

121 CCCCCCTCCTCCTCAC 
K 

92) Whole sequence 

TCACCCTCTTCAGT CAAAG 
Kaxa e < x < a. < K- a -a <<<<< 

rS1623 6.O-rS16235.9 

TTAGTATTATTAITTTCATATATATTTTTTATAATAATCATATATTCAATTTTATCATCA 
AGAAAAAAGTTTTAAAATTCalAAAICCTTTCATGTGCACTGTTTTAAACT tAGGTAGAAG 
AAAAAAAGTCACTGAAAATCCAAGATGTAATAAACAGGCCCAACAAAGGCCAACAAACTT (SEQ ID 
NO; 265) 

OLIGO (SEQ ID NOS: 266 , 267) 
LEFT PRIMER 45 2O 48. 37 2 O. OO 5. OO 3 OO 
ITCAATTTATCATCAAGAA 
RIGHT PRIMER 163 2O 55.18 A. O. OO 4. OO 1. OO 
TTGGGCCTGTTTATTACATC 
SEQUENCE SIZE: 18O 
INCLUDED RECTION ST7...E. 18O 

PRODUCT SIZE: 119, PATR ANY COMPL: 4. OO, PATR 3 COMPL: 1. OO 

1 TTAGTATTATTATTTTCATATATATTTTTTATAATAATCATATATTCAATTTTATCATCA 
>>>>>>>>>>>>>>>> 

61 AGAAAAAAGTTTTAAAATTCaAAATCCTTTCATGTGCACTGTTTTAAACT tAGGTAGAAG 
roop 

121 AAAAAAAGTCACTGAAAATCCAAGATGTAATAAACAGGCCCAACAAAGGCCAACAAACTT 

93) Whole sequence 

a < 3 << 1333333333<<<<<1. 

rS16235 6-rS162355 

AGGGAACATGGCCTTGCCCACACAGATTTCAGACATCTGGCTCCAGAACTGTGGGAGGAC 
ACATTTCTGTTGTTTAGAACTGCaTGTTTTTTATACITTGTTATGGCTGCCCTAGGCAAC 

O. 

3. OO 

OO 

'TAATACAGATATTATTTTCCACTTCTGAACTTAGCAA AATATTTTTAAAATGAAAATTCT 
TAAATGTTGGCACAGT (SEQ ID NO. 268) 

OLIGO (SEQ ID NOS: 259, 27 O) 
LEFT PRIMER 14 2O 6O. 24 45. OO 3 OO 
TTGCCCACACAGATTTCAGA 
RIGHT PRIMER 156 22 5688 36.36 b ... O O 
TGCTA AGTTCAGAAGTGGAAAA 
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SEQUENCE SIZE: 196 
INCLUDED REGION SIZE: 196 

PRODUCT SIZE: 143, PAIR ANY COMPL: 4. OO, PAIR 3' COMPL: 2. OO 

1 AGGGAACATCGCCTTGCCCACACAGATTTCAGACATCTGGCTCCAGAACTGTGGCAGGAC 
>>>>>>>>>>>>>>>>>>>> 

61. ACATTTCTGTTCTTTAGAACTCCaTCTTTTTTATACTTTGTTATGGCTGCCCTAGGCAAC 

121 TAATACAGATATTATTTTCCACTTCTGAACTTAGCAAAATATTTTTAAAATGAAAATTCT 
< e <<<<<<<<<<< a. <<< x <<<K 

181 TAAATGITGGCACAGT 

94) Whole sequence : : : rs91424 - rs 463738 

CTGGATAAAGGATGCTACACGTCCCTGGTGGGACAGAGCAGGACGGCAGGGGATTCATT 
AcGCCACTCAGAATGGCAGGCAATTGAAAAAACTTATAAATTGTTTATTTCCAGAATTTT (SEQ ID 
NO: 271) 

OTIGO (SEO ID NOS: 272, 273) 
LEFT PRIMER 3 2O 54.33 A 5. OO A. OO A. OO 
GGATAAAGGATGCTACACGT 
RIGHT PRIMER 120 2O 49.4 O 2 O. OO 4 OO O. OO 
AAAATTCTGGAAATAAACAA 
SEQUENCE SIZE: 120 
NCLUDED REGION STZE: 12 O 

PRODUCT SIZE: 118, PAIR ANY COMPL: 3. OO, PAIR 3' COMPL: 1. OO 

1. CTGGATAAAGGATGCTACACGTCCCTGGTGGGACAGAGCAGGACGGCAGGGGAITCATT 
--> -->>>>>>>>>>>>>> 

61 ACGCCACTCAGAATGGCAGGCAATTGAAAAAACTTATAAATTGTTTATTTCCAGAATTTT 
<< Ka Kas a 3 C-3 C<<< x <<< K 

95) Whole sequence : : : rs28.383 18-rs2838.319 

TGTCAGTGGGTAACCGACTGTGAAAGATCAGTCTAACAAAACAGCGGGGAGAGAGAGG 
GCTGAATCAGAGCalACTAGGTCCAAAGCCGAGGGAACCACCAACAGATCCCCTGGTGACC 
CAACAAGAAATGCTCACAGTCTGGACCCAgTCAGAGTCTGCAGGACACAGCAGACATTCT 
GGAAGTTACAACAGCCAGGAGCAAGAGGACGCATGGCCTGACTG (SEQ ID NO: 274) 

OLIGO (SEQ LD NOs: 275, 276) 
LEFT PRIMER 49 2O 6 O. 30 6 O, OO 3 OO 3 OO 
GGGAGAGAGAGGGCTGAATC 
RIGHT PRIMER 2O2 21 59. OO 52.38 4. OO 2. OO 
GCTCCGGCTGTTGAACTTC 
SEQUENCE SIZE: 224 
INCLUDED REGION SIZE: 224 

PRODUCT SIZE: 154, PAIR ANY COMPL: 4. OO, PAIR 3' COMPL: 1. OO 

1 TGTCAGTGGTGTAATCCGACTGTGAA AGATCAGTCTAACAAAACAGCGGGGAGAGAGAGG 
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FIG. 6AS 
>>>>>>>>>>>> 

61 GCTGAATCAGAGCaACTAGGTCCAAAGCCGAGGGAACCACCAACAGATCCCCTGGTGACC 
otes 

121 CAACAAGAAATCCTCACAGTCTGGACCCAgTCAGAGTCTGCAGGACACAGCAGACATTCT 

18 GGAAGTTACAACAGCCAGGACCAAGAGGACGCATGGCCTGACTG 
kugawa 3 k < kagara 3 x Kuxxx x < 

96) Whole sequence : : : rs91577 O-rS 73 1935 

CGCCAGAGCACCCCTTCTCAGAACAGAAAGCGTCTCTACAaAGTGATCCGGAAGTGAGTG 
TCTGAGCCCGCTGCGTCCTCCCTGCTCCCCTTGGAGTTGCCCTTTCTIGCTCAGATCTGG 
GTGCCTTgGCCTTGTCCTGGGCCCTTCCGCAGCCCCCGGGGTGATCCCCGCTAG (SEQ ID NO: 
277) 

OLIGO (SEQ TD NOS: 278, 279) 
LEFT PRIMER 3 19 6 O. 95. 63 - 16 3. OO 3 OO 
CCAGACCACCCCTTCTCAG 
RIGHT PRIMER 148 18 62.95 66.67 6. OO O. OO 
GGAAGGGCCCAGGACAAG 
SEQUENCE SIZE: 174 
INCLUDED REGION SIZE: 174 

PRODUCT SIZE: 146, PAIR ANY COMPL: 6.00, PAIR 3' COMPL: 2.00 

1. CGCCAGAGCACCCCTTCTCAGAACAGAAAGCGTCTCTACAaAGTGATCCGGAAGTGAGTG 
>>>>>>>, >>>>> x >>>>>> 

61 TGTGAGGGCGCTGCGTCCTCCCTGCTCCCCTTGGAGTTGCCCTTTCTTGCTCAGATCTGG 

121 GTGCCTTg GCCTTGTCCTGGGCCCTTCCGCAGCCCCCGGGGTGATCCCCGCTAG 
a Caa & Cak Kaagaaagaa 

Final Set 

97) Whole sequence : : : rs1573.338–rs 1573.339 

TATCTTACGGATTTGTCAACATCATTTGAGAAGAAGTCCATAGGCTCAGCAGATTTTTAT 
GCCAGGTGGGCCATGGCATAAAAATGTGAAGAATGTGCTCaCTTAGACAATAC CTGTGCT 
AAAATTGGAACAATACAGAGA AGATTAGCAAATTAAAACAATGTTAGGAAGTCAGTGTGG 
TGAGGTACGGTGCCTCATGCC (SEO ID NO: 280) 

OLIGO (SEQ ID NOs: 281, 282) 
LEFT PRIMER A 7 21 59. 24 42.86 3. OO 1. OO 
CAGCAGATTTTTATGCCACCT 
RIGHT PRIMER 192 2O 6O. O6 6O. OO 4. OO 3 OO 
CACCGTACCTCACCACACTG 
SEQUENCE SIZE: 2O1 
NCLUDED REGION SIZE: 2O1 

PRODUCT SIZE: 146, PAIR ANY COMPL: 4. OO, PAIR 3' COMPL: 3.00 

1 TATCTTACGGATTTGTCAACATCATTTGAGAAGAAGTCCATAGGCTCAGCAGATTTTTAT 
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FIG. 6AT 
>>>>>>>>>>>>>> 

61 CCCACGTCGGCCATGGCATAAAAATGTGAAGAATGTGCTCaCTTAGACAATAC CTGTGCT 
>>> a >>> 

121 AAAATTGGAACAATACAGAGAAGATTAGCAAATTAAAACAATGTTAGGAAGICAGTGTGG 
a < a c e < 8 k 

181. TGAGGTACGGTGCCTCATGCC 
grgrg-g-g-g-gxK K. K. 

98) Whole sequence : ; : rs378.8094 - rs3788.095 

AGGCAGGGCCCTCCTTGCCACATGTAAAGCTGCACAGAGCGGTCACTATATGTGTTTCCA 
TATTTGCAATCCAACCACCACCAACTGAGTGTGCGTCCTGaTCAGCCGAGCCTGCCCACG 
GTGGCCACAGGCCCTCTACATTCTAATCTCGAGAGCCTGAGCATGTACAAATTAAAC gAA 
CCAAAACCACACCACCCAGTTCTGGCCGTACTATAGGAGGTTTCCAGGAAGGGTTTGTGA 
ACATAAACATAAGCTAGGTAACACTCCTTTCTGAA (SEQ ID NO: 283) 

OLIGO (SEQ ID NOS: 284, 285) 
EFT PRIMER 73 2 O 57.88 5 O. OO 5. OO 3 OO 

AACCACCACCAACTGAGTGT 
RIGHT PRIMER 22 O 2 O 56.94 55. OO 6. OO 2 OO 
CCTCCTATAGTACGGCCAGA 
SEQUENCE SIZE: 275 
INCLUDED REGION SIZE: 275 

PRODUCT SIZE: 148 PAIR ANY COMPL: 3. OO, PAIR 3' COMPL: 1.00 

1 AGGCAGGGCCCTCCTTGCCACATGTAAAGCTGCACAGAGCGGTCACTATATGTGTTTCCA 

61 TATTTGCAATCCAACCACCACCAACTGAGTGTGCGTCCTGaTCAGCCGAGCCTGCCCACG 
>>>>>>>>>>>>, >, >, >>>>>> 

121 GTGGCCACAGGCCCTCTACATTCTAATCTCCAGAGCCTGACCATCTACAAATTAAACgAA 

181 GCAAAACGACACCACCCAGTTCTGGCCGTACTATAGGAGGTTTCCAGGAAGGGTTTGTGA 
(3x33 Ka 3 x 3 Kxg K 3 g (333 K -g 

241 ACATAAACATAAGCTAGGTAACACTCCTTTCTGAA 

99 ) Whole sequence ; ; ; rs756554-rs 75.6555 

TCAGAGCATCGCCTCAGTGGCCATCAATAC CTCGGGGGACTCCATTGCTTTTCCCTGTTC 
AGGTTTCTCCCCaCCCTGGGTGGTAGAGATGGACTCCCCATTAGGGACCAGTGCTGCCCG 
GCTACACGCtTACTTGACAGCCACCCACTGGGGGTGCCCTCCCCTCCCCCAGTTGTCTTC 
CATGGGGTGCCCTCTCCCCCAGCCGCCTTTCAGAAGGGGCCCTCCCCTCC (SEQ ID NO : 286) 

OLGO (SEQ ID NOs: 287, 288) 
LEFT PRIMER 41 2O 61.15 A5 OO 2. OO O. OO 
TGGATTGCTTTTGGCTGTTC 
RIGHT PRIMER 189 2O 61.37 55 OO 6 OO 2. OO 
CACCCCATGGAAGACAACTG 
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SEQUENCE SIZE: 230 
INCLUDED REGION SIZE: 230 

PRODUCT SIZE: 149 PAIR ANY COMPL: 4.00 PAIR 3' COMPL: 2.00 

1 TCAGAGCATCGCCTCAGTGGCCATCAATAGCTCGGGGGACTGGATTGCTTTTGGCTGTTC 
>>>>>>>>>>>>>>>>>>>> 

61 AGGTTTGTCCCCaCCCTGGGGGTAGAGATGGACTCCCCATTAGGGACCAGTGCTGCCCG 

121 GCTACAGGCtTACTTGACAGCCACCCACTGGGGGTCCCCTCCCCTCCCCCAGTTGTCTTC 
<<<<<<< a. a a C 

181 CATGGGGTGCCCTCTCCCCCAGCCGCCTTTCAGAAGGGGCCCTCCCCTCC 
KKCK-3 a <<< 

100 ) Whole sequence : : : rs4350841-rs 28385.45 

CTCATGCTTACATCCTTAGCTGATCATTAAACTTTGTGACCATTTCATGCTCACTGCFTT 
CTTGCCCGGGAGCTAATGGTGAGGAAAGGTCACTGGGAACCAGCGCACCAACCTCAGACA 
CGATTTTGTTCCAGCCTTTTTTCCTGGGCAGGGGTGGCTATCACCTGCTGGTAGGCAGC 

GGCAGGCCCACTGTCCTGC (SEQ ID NO: 289) 

OLIGO (SEQ ID NOS: 290, 291) 
LEFT PRIMER 27 21 53. A 5 28.57 5. OO 2. OO 
TTAAACTTTGTGACCATTTCA 
RIGHT PRIMER 174 18 54. 55 55.56 6. OO 2. OO 
TACCAGCAGGTGATAGCC 
SEQUENCE SIZE: 199 
TNCLUDED REGION SIZE: 199 

PRODUCT SIZE: 148, PAIR ANY COMPL: 3. OO, PAIR 3' COMPL: O. OO 

1. CTCATGCTTACATCCTTAGCTGATCATTAAACTTTGTGACCATTTCATGCTCACTGCTTT 
>>>>>>>>>>>>>>>>>>>>> 

61 CTTGCCCGGGAGCTAATGGTGAGGAAAGGTCACTGGGAACCAGCGCACCAACCTCAGACA 

121 TCGATTTTGTTCCAGCCTTTTTTCCTGGGCAGGGGTGGCTATCACCTGCTGGTAGGCAGC 
KKK (K K C < K C C C C < Ka<< 

181 GGCAGGCCCACTGTCCTGC 

101 ) Whole sequence : : : rs2838551-rS2838552 

TGACAGAAAAGTCTCAGAGCAGTGCCTTCGAGCTCTTCTACACCAAGCAGGCAGAATGT 
TCACTGCTAATGAGgCTGGAGCTGGTCCCCAGCAGTGGTAGGAAGCTTCCAaCAGGCTCA 
GGCTGTGGGTGCTTGCAGGGGCACAGTGTGACGGCCACGGGCCTCAGAGCTCTGGTGGGC 
T (SEQ ID NO: 292) 

OLIGO (SEQ ID NOs : 293, 294) 
LEFT PRIMER 2 2O 53. O5 45. OO 5 OO 3 OO 
GACAGAAAAGTCTCAGAGCA 
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RIGHT PRIMER 135 18 62. 10 61. 11 5. OO 3 OO 
CAAGCACCCACAGCCTGA 
SEQUENCE SIZE: 181 
INCLUDED REGION SIZE: 181 

PRODUCT SIZE: 134, PAIR ANY COMPL: 4. OO, PAIR 3' COMPL: 3.00 

1 TGACAGAAAAGTCTCAGAGCAGTGCCTTCTGAGCTCTTCTACACCAAGCAGGCAGAATGT 
>>>>>>>>>>>>>>>>>>>> 

61 TCACTGCTAATGAGgCTGGAGCTGGTCCCCAGCAGTGGTAGGAAGCTTCCAaCAGGCTCA 
K KK 

121. GGCTGTGGGTGCTTGCAGGGGCACAGTGTGACGGCCACGGGCCTCAGAGCTCTGGTGGGC 
<<<<<<<< Ka <<<<< 

181 T 

102 ) Whole sequence : : : rs3134902-rs 81.33874 

ACATCTTTCTCAAATAAAGATAACAGCGATGTATTTTCACAAAAGCA AGAGCTTAGAAAG 
TACTCCACCCAGGTATCCCTCTTGGAAAAAATaCTTAAGGAAATATGACAAATGGCA AAG 
TCATTGTTATGGATGGAATGTTTGTATCCTCCCAAAATTCACATGTTGAGACCCTAATTC 
CAATATG (SEQ ID NO : 295) 

OITGO (SEQ ID NOS: 296, 297) 
LEFT PRIMER 33 2O 54.84 35. OO 5. OO 2. OO 
ATTTTCACAAAAGCAAGAGC 
RIGHT PRIMER 155 2O 5497 40. OO 3 OO O. OO 
TTGGGAGGATACAAACATTC 
SEQUENCE SIZE: 187 
INCLUDED REGION SIZE: 187 

PRODUCT SIZE: 123, PAIR ANY COMPL: 4. OO, PAIR 3' COMPL: O. OO 

1 ACATCTTTCTCAAATAAAGATA ACAGCGATGTATTTTCACAAAAGCA AGAGCTTAGAAAG 
>>>>>>>>>>>>>>>>>>>> 

61 TACT'cCACCCAGGTATCCCTCTTGGAAAAAATaCTTAAGGAAATATGACAAATCGCAAAG 

121. TGATTGTTATGGATGGAATGTTTGTATCCTCCCAAAATTCACATGTTGAGACCCTAATTC 
(g 33 3-g3 g g g g g g g Kag (g 3K (g 3 

181 CAATATG 

103 ) Whole sequence : ; ; rS425667-rs382478 

AGGGGCATTCACAAAACACCCAACCGGTCAAGGTCGCTGAGGCCAAGGAGAGATTGGGC 
AACCGTCACAAACCAGAGAAGCCGAGGAGACCTTTCAGCCAACGCCATGTGGGGTCCTGA 
GCAGGACCCACCGGAAGTTGGTGCAGCTGCCTAAAGACCGTCCTGGCTGAGAAGAAACAG (SEQ ID 
NO; 298) 

OLIGO (SEQ ID NOs : 299, 3 OO) 
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LEFT PRIMER 46 18 55 ... O 6 5 O. OO 4. OO 2. OO 
AAGGAGAGATTGGGCAAC 
RIGHT PRIMER 178 19 54.85 52.63 3. OO 1. OO 
GTTTCTTCTCAGCCACCAC 
SEQUENCE SIZE: 180 
INCLUDED REGION SIZE : 18O 

PRODUCT SIZE: 133 PATR ANY COMPL: 4. OO, PAIR 3' COMPL: O. OO 

1 AGGGGCATTCTACAAAACACCCAACCGGTCAAGGTCGCTGAGGCCAAGGAGAGATTGGGC 
>>>>>>>>>>>>>>> 

61 AACCGTCACAAACCAGAGAAGcCGAGGAGACCTT"ICAGCCAACGCCATGTGGGGTCCTGA 
>>> 

121 GCAGGACCCACCGGAAGTTGGTGCAGCTGCCTAAAGACCGTCCTGGCTGAGAAGAAACAG 
-K g-g-ga (g g g g g (3 g g g g g g g 3 

104 ) Whole sequence : : : rs2838 650-rs 28.38651 

TGGCCCTGACCTGCCAGAGCTGTTGGCCTCCAGCTGGCGGGTAAAACCCACGGCCTTCTC 
AGAACAGGTTTCTCAACACATGAGACAGAACACACCAGACTTCCaAGGGGAACACCTGGA 
TGGAGCTGGTTACCCAGATCGTTCAACACCGAGGGGCAGCGGCTTGAGGGTCTTTCCACG 
AAGGCTTCCATTAACAAGAGGAGCASRGGTCTCTCCAGGATGGGCCCA (SEQ ID NO: 301) 

OLIGO (SEQ ID NOs : 302, 303) 
LEFT PRIMER 79 2O 54.89 5 O. OO 4. OO 1. OO 
CATGAGACAGAACACACCAG 
RTGHT PRIMER 199 20 54.61 4 O. OO 5. OO 3. OO 
TCTTGTTAATCCAAGCCTTC 
SEQUENCE SIZE: 228 
INCLUDED REGION SIZE: 228 

PRODUCT SIZE: 121, PAIR ANY COMPL: 4. OO, PAIR 3' COMPL: 1. OO 

1 TGGCCCTGACCTGCCAGAGCTGTTGGCCTCCAGCTGGCGGGTAAAACCCACGGCCTTCTC 

61. AGAACAGGTTTCTCA ACACATGAGACAGA ACACACCAGACTTCCaAGGGGAACACCTGGA 
>> --> X >>>>>> x >>>>>>> 

121 TGGAGCTGGTTACCCAGATcGTTCAACACCGAGGGGCAGCGGCTTGAGGGTCTTTCCACG 
K 

181 AAGGCTTGGATTAACAAGAGGAGCASRGGTCTCTCCAGGATGGGCCCA 
<<<<<< C C C Ka C C C C <<<< 

105 ) Whole sequence : : : rs28.38654-rs1296.489 

CCACCCAGTGTCACGTCACGGCCCCGGCACGCCATCCACGGACCCTGGATGGAGCCCAGC 
TGCCTCCaCGAGCGCAGTTTAACTACAAAGGAGCCCTGGCTGCCCGCCCCGCCCAGACGC 
ACTGACCTGTTGTTCTCTGTGGCTGCTGATGGCCCaTCCCCAACCACTGGTGACTCTTCC 
CTGGGGCCCCAAGCTCAGCCCCTAACCCCCTGTTGCTGGAAGT (SEQ ID NO: 304) 

OLIGO (SEQ ID NOS: 305, 306) 
LEFT PRIMER 37 18 62.56 66.67 5. OO 2. OO 
CACGGACCCTGGATGGAG 
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FIG. 6AX 
RIGHT PRIMER 183 18 53 14 55.56 3. OO 2. OO 
CAGGGAAGAGTCACCAGT 
SEQUENCE SIZE: 223 
INCLUDED REGION STZE: 223 

PRODUCT SIZE: 147, PAIR ANY COMPL: 5. OO, PAIR 3' COMPL: 2. OO 

1 CCACCCAGTGTCACGTCACGGCCCCGGCACGCCATCCACGGACCCTGGATGGAGCCCAGC 
>>>>>>>>>>>>>>>>>> 

61 TGCCTCCaCGAGCGCAGTTTAACTACAAAGGAGCCCTGGCTGCCCGCCCCGCCCAGACGC 

121 ACTGACCTGTTGITCTCTGTGGCTGCTGATGGCCCaTCCCCAACCACTGGTGACTCTTCC 
a C C C C Cagg C. C C C C C. 

181. CTGGGGCCCCAAGCTCAGCCCCTAACCCCCTGTTGCTGGAAGT 
<<< 

106 ) Whole sequence : ; : rs2838 659 - rs1108261 

CAGAGGACTGGGCTGCGGGGTCAGGAATGGGCACACTTCCTAACTGCAGGACACTCTAAG 
GGCTTTGGTCATGCACACgCAGCCAAGAGAAGGTGTCGCTGaCACACAGCCTTCCAGGAG 
CGGACTTGGAGACCTCGCCAAGGACCAGGACTCCCCAGCACTCACACTCCCTTAGGCGCT 
GAAGTC (SEQ ID NO: 307) 

OLIGO (SEQ ID NOS : 308, 309) 
LEFT PRTMER 53 2O 55. 48 45. OO 4.00 2.00 
ACTCTAAGGGCTTTGGTCAT 
RIGHT PRIMER 175 2O 56. O2 55. OO 3 OO 1. OO 
CTAAGGGAGTGTGAGTGCTG 
SEQUENCE SIZE: 186 
INCLUDED REGION SIZE: 186 

PRODUCT SIZE: 123, PAIR ANY COMPL: 4 - OO, PAIR 3' COMPL: 1. OO 

1 CAGAGGACTGGGCTGCGGGGTCAGGAATGGGCACACTTCCTAACTGCAGGACACTCTAAG 
>>>>>>>> 

61 GGCTTTGGTCATGCACACgCAGCCAAGAGAAGGTGTCGCTGaCACACAGCCTTCCAGGAG 
>>>>>>>>>>>> 

121 CGGACTTGGAGACCTCGCCAAGGACCAGGACTCCCCAGCACTCACACTCCCTTAGGCGCT 
K-3-3-ga <<<< C C C C C C C C C C C 

181 GAAGTC 

107 ) Whole sequence : : : rs685587-rs585 601 

GAAGAGGACAACACGGGGCTGTCTGCAGAGCACCTGCCACGCGCCAGGCTCTGTGTCCAC 
AAGCACGGCGGCTGCTCCCACATGACaGAGCTCGTGCGGCAGCTCCAGGACTGTCTGGTG 
CCAGAGCCCCAGCTCTCCGCCAGCCCCAGGCCACTGTGCGAGGCCCTCAGTGAAGAGGGG 
GCCGT (SEQ ID NO: 31 O) 

OLTIGO (SEQ ID NOS : 311, 312) 
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FIG. 6AY 
LEFT PRIMER 42 1.8 64.78 66.67 5. OO 2.00 
CGCCAGGCTCTCTCTCCA 
RIGHT PRIMER 183 18 60.76 66.67 5. OO 3. OO 
GCCCCCCTCTTCACTGAC 
SEQUENCE SIZE: 185 
INCLUDED REGION SIZE: 185 

PRODUCT SIZE: 142, PAIR ANY COMPL: 5. OO, PAIR 3' COMPL: 3.00 

1 GAAGAGGACAACACGGGGCTGTCTGCAGAGCACCTGCCACGCGCCAGGCTCTGTGTCCAC 
>>>>>>>>> c >>>>>>>> 

61 AAGCACGGCGGCTCCTCCCACATGACaGAGCTCGTGCGGCAGCTCCAGGACTGTCTGGTG 

121 CCAGAGCCCCAGCTCTCCGCCAGCCCCAGGCCACTGTGCGAGGCCCTCAGTGAAGAGGGG 
<<<< K C { {k Kg KKKK 

181 CCCCT 
(<< 

108 ) Whole sequence : : : rs9981033-rs 48.18998 

TCTAAATAATGTTAATGATCAAATTTAGTCACATCTCAATCTTCATATGTTAGTTGCCTT 
CTTAaTAAAIATTCTGTTTTCTTTATCGTTCTTTATTTGTATCTCCACCTTCATTTCTGA 
TTAAATTAAGAACTTTTGTCTCTTCCATTTAATAATTAATGTATTTAATAACC (SEQ ID NO: 313) 

OLIGO (SEQ ID NOs : 314, 315) 
LEFT PRIMER 24 22 51.86 31.82 6. OO 2. OO 
TTTAGTCAGATCT CAATCTTCA 
RIGHT PRIMER 149 22 54. O2 31.82 4. OO 3. OO 
AATGGAAGAGACAAAACTTCTT 
SEQUENCE SIZE: 173 
INCLUDED REGION SIZE: 173 

PRODUCT SIZE: 126 PAIR ANY COMPL: 5.00, PAIR 3' COMPL: 1. OO 

1 TCTAAATAATGTTAATGATCAAATTTAGTCAGATCTCAATCTTCATAGTTAGTTGCCTT 
>>>>>>>>>>>>>>>>>>>>>> 

61 CTTAaTAAATATTCTGTTTTCTTTATCGTTCTTTATTTGTATCTCCACCTTCATTTCTCA 

121 TTAAATTAAGAAGTTTTGTCTCTTCCATTTAATAATTAATGTATTTAATAACC 
K C-C <<<K CK-3-343 C-3 C-3 1C434 Ca 

109 ) Whole sequence : : : rs28388 O2- rs2838803 

CACACTCCACACTGGCCCCACGCGGGTGGCGAAGGACTCAGCCAGAGCCTGGCAGGATCC 
TGGGGTGTCTaTTTCCAAGGAATGTTCTGGAAGAAACATACACACATACTTGTTTGCCAG 
ATTTACCTGTGTGGTCTTCCAGATGAGAAGCAGCCTGTGTCACTCCATAAGGGAGAGTCC 
GTGCAGCATTGAGA (SEQ ID NO: 316) 

OLIGO (SEQ ID NOS : 317, 318) 
LEFT PRIMER 31 18 55.96 61.11. 5. OO 3. OO 
GAAGGACTCAGCCAGAGC 
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FIG. 6AZ 
RIGHT PRIMER 177 2O 55.2 O 5 O. O.O 7. OO 3.00 
CTCTCCCTTATGGAGTGACA 
SEQUENCE SIZE: 194 
INCLUDED REGION SIZE: 194 

PRODUCT SIZE: 147, PAIR ANY COMPL: 4. OO, PAIR 3" COMPL: O. OO 

1 CACACTCCACACTGGCCCCACGCGGGTGGCGAAGGACTCAGCCAGAGCCTGGCAGGATCC 
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FIG. 6AAA 
>>>>>>>>>>>>>>>>>> 

61. GGGGTGTCTaTTTCCAAGGAATGTTCTGGAAGAAACATACACACATACTTGTTTGCCAG 

121 ATTTACCTGTGTGGT CTTCCAGATGAGAAGCAGCCTGTGTCACTCCATAAGGGAGAGTGC 
a C C a garga as < a. axxxx-3K-g 

181 GTGCAGCATTGAGA 

110 ) Whole sequence : : : rs2 183596 - rs215 0452 

AAGAAACTCCCAAGGAACGCATTGTCCCAAGTTGCGCACCAGTCAGTGTACATTCCCAC 
AAaCAGTGCATGAGAGTTCCTGTTGCTTGTGAAATAAATGGTCAGCATTCAGTGTTGTCA 
GCTTTTAAAATTTTCTCCTTTCTAGTGGGCATGTAATGGTCTCACATTATAGTTTTAATT 
TGCATTTTCCTGGTGACATGTGATACGGAACCTTCCTCCCATGCT (SEQ ID NO : 319) 

OLIGO (SEQ ID NOS: 320, 321) 
LEFT PRIMER 39 19 5 O. 19 47 . 37 6. OO 2. OO 
ACCAGTCAGTGTACATTCC 
RIGHT PRIMER 19 O 19 5 O. 12 26.32 A. O. O. O. O.O 
GGAAAATGCAAATTAAAAC 
SEQUENCE SIZE: 225 
INCLUDED REGION SIZE: 225 

PRODUCT SIZE: 152, PAIR ANY COMPL: 4. OO, PAIR 3' COMPL: 1. OO 

1 AAGAAACTCCCAAGGAACGCATTGTCCCAAGTTGCTCCACCAGTCAGTGTACATTCCCAC 
>>>>>>>>>>>>>>>>>>> 

61 AAaCAGTGCATGAGAGTTCCTGTTGCTTGTGAAATAAATGGTCAGCATTCAGTGTTGTCA 

121 GCTITTAAAATTTTCTCCTTTCTAGTGGGCATGTAATGGTCTCACATTATAGTTTTAATT 
aga aaaaaaa. 

181 TGCATTTTCCTGGTGACATGTGATACGGAACCTTCCTCCCATGCT 
a <<<<<< a. a < 

111 ) Whole sequence : : : rs 45.992 18- rs997 86.46 

GTGCAATTTAATTACAA ACGCTTAAATGGGGAGGTCAGGGGCAGAGGGATGATGTCACAA 
ACACACCCACGTGTGCTTGGTGCAAAACAGTAAAACAAACAGCAAGAAGg TCCATGAAGG 
AAAGATCGCCTCTGTCAGTGGGAGTAATGAGAGTGGCTGATGGACAGGTG (SEQ ID NO : 322) 

OTIGO (SEC ID NOs: 323, 324 ) 
LEFT PRIMER 19 20 61.86 55. OO 4 OO 1 OO 
CGCTTAAATGGGGAGGTCAG 
RIGHT PRINER 168 2O 6O. 83 60. OO 3. OO O. OO 
CCTGTCCATCAGCCACTCTC 
SEQUENCE SIZE: 170 
INCLUDED REGION SIZE: 17 O 

PRODUCT SIZE: 150, PAIR ANY COMPL: 5. OO, PAIR 3' COMPL: 2. OO 
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FIG. 6AAB 
1 GTGCAATTTAATTACAA ACGCTTAAATGGGGAGGTCAGGGGCAGAGGGATGATGTCACAA 

>>>>>>>>>>>>>>>>>>>> 

61 ACACACCCAcGTGTGCTTGGTGCAAAACAGTAAAACAAACAGCAAGAAGg TCCATGAAGG 

121 AAAGATCGCCTCTGTCAGTGGGAGTAATGAGAGTGGCTGATGGACAGGTG 
Kaag 33< 3 K K 3-33 aga. 3 a 3 3 x K 

112 ) Whole Secuence : : : rs117025 O3-rs3827 270 

ACCCCAAGCAGGAGATGCCAGACACAGAGTCCATCCTGAGAGAGTCTGTTCCTGTCCAAG 
CTCAGAAACACAGGAAGCCACCTGTGCTGTAGCAGCACaCCGAGATGCATCCTTTCTGCT 
CCACCCCACCCCCCTCATTGCAGTCAGGGATCCTCTCCCAGAAAGTCCCTGCTGCCAGCC 
CCTGCCCTT (SEQ ID NO: 325) 

OLIGO (SEQ ID NOS: 326, 327) 
LEFT PRIMER 7 2O 62. O2 55. OO 3 OO O. OO 
AGCAGGAGATGCCAGACACA 
RIGHT PRIMER 125 2O 63. 37 55. OO 5 OO 4 OO 
GGTGGACCAGAAAGGATGCA 
SEQUENCE SIZE: 189 
INCLUDED REGION SIZE: 189 

PRODUCT SIZE: 119 PAIR ANY COMPL: 3. OO, PAIR 3' COMPI: 0.00 

1 ACGCCAAGCAGGAGATGCCAGACACAGAGTCCATCCTGAGAGAGTCTGTTCCTGTCCAAG 
--> or --> -->>>>>>>>>>>> 

61 CTCAGAAACACAGGAAGCCACCTGTGCTGTAGCAGCACaCGGAGATGCATCCTTTCTGGT 
kg 3 g 33 g g 3 Ka 3-3 K K 

121 CCACCCCACGGCCCTCATTGCAGTCAGGGATCCTCTCCCAGAAAGTCCCTGCTGCCAGCC 
a << a.< 

181 CCTGCCCTT 

113 ) Whole sequence : : : rs283 9084 - rs998.4302 

CATGAGAAAGACTTTGTTCCCATGAGAACAACAAGAGAAACTCAAACAAAATTAAAATTG 
TACTTTTCTAAAAGACCGGGGTGGGGGTCGTGGTCAGGCAGCaGCATGAAGAAAGCCTTG 
AGAACTGAATTCCAGAAAGAAACAAGCATAGGCAAGAAAGAGAGATGACA (SEQ ID NO: 328) 

OLIGO (SEO ID NOS ; 329, 330) 
LEFT PRIMER 19 22 59. 21 4 O. 91 4. OO O. OO 
CCCATGAGAACAACAAGAGAAA 
RIGHT PRIMER 162 2O 55. A 6 45. OO A. OO 2. OO 
CTCTTTCTTGCCTATGCTTG 
SEQUENCE SIZE: 17 O 
INCLUDED REGION SIZE: 17 O 

PRODUCT SIZE: 144 PAIR ANY COMPL: 5. OO, PAIR 3' COMPL: 3. OO 

1 CATGAGAAAGACTTTGTTCCCATGAGAACAACAAGAGAAACT CAAACAAAATTAAAATTC 
>> b >>>>>>>>>>>>>> -->>> 
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FIG. 6AAC 
61 TACTTTTCTAAAAGACCGGGGTGGGGGTCGTGGTCAGGCAGCaGCATGAAGAAAGCCTTG 

21 AGAACTGAATTCCAGAAAGAAACAAGCATAGGCAAGAAAGAGAGATGACA 
Ka<<< 1333 Ka 33<<<<< 3< 3 

114 ) Whole sequence : : : rs2249057-rs 2249 060 

AAGATTTAGAACAGCTGAAGCAGCGAGAAAAAACCCAGCATGAGTCaGAACTGGAGCAAC 
TGAGGATTTATTTTGAAAAGAAGTTAAGGGATGCTGAGAAAACTTACCAAGAAGACCTAA 
cCCTGTTACAGCAGAGGCTGCAGGGGGCGAGGGAAGATGCTCTTCTG (SEQ TD NO: 331) 

OLIGO (SEC ID NOS : 332, 333) 
LEFT PRIMER 12 21 63. O7 47. 62 6. OO O. OO 
CAGCTGAAGCAGCGAGAAAAA 
RIGHT PRIMER 146 19 66.33 68. 42 6. OO 3 OO 
CCCCTGCAGCCTCTGCTGT 
SEQUENCE SIZE: 167 
INCLUDED REGION SIZE: 167 

PRODUCT SIZE: 135 PAIR ANY COMPL: 7. OO, PAIR 3' COMPL: 1. OO 

1 AAGATTTAGAACAGCTGAAGCAGCGAGAAAAAACCCAGCATGAGTCaGAACTGGAGCAAC 
>>>>>>>>>>>>>>>>>>>>> 

61 TGAGGATTTATTTTGAAAAGAAGTTAAGGGATGCTGAGAAAACTTACCAAGAAGACCTAA 

121 CCCTGTTACAGCAGAGGCTGCAGGGGGCGAGGGAAGATGCTCTTCTG 
ckgrga Kaa Kakkkaka Kak 

115 ) Whole sequence : : : rs283922 6-rS283 9227 

GGGAAACTGACTTGGCTTTTGCAAGGGTCATTGCTTCCTGATGCATGTTTAACTGTCCTG 
TGTTCACITTGTIGCCGCAGGTTTTTAGAGGAACGTAAAGAGATCaCCGAGAAATTCAGT 
GCGGAACAAGATGCCTTCCTGCAGGAGGCCCAGGAGCAGCATGCCCGTGAGCTG (SEQ ID NO; 
334) 

OLIGO (SEQ TD NOS : 335, 336) 
LEFT PRIMER 1 22 64. 29 50. OO 3 OO 2. OO 
GGGAAACTGACTTGGCTTTTGC 
RIGHT PRIMER 135 2 O 64. 63 55. OO 3 OO 2. OO 
GGCATCTTGTTCCGCACTGA 
SEQUENCE SIZE: 174 
INCLUDED REGION SIZE : 17 A 

PRODUCT SIZE: 135, PAIR ANY COMPL: 4. OO, PAIR 3' COMPL: O. OO 

1. GGGAAACTGACTTGGCTTTTGCAAGGGTCATTGCTTCCTGATGCATGTTTAACTGTCCTG 
--> -->>>>>>>>>>>>>> 

61 TGTTCACTTTGTTGCCGCAGGTTTTTAGAGGAACGTAAAGAGATCaCCGAGAAATTCACT 
33 a 3 x 

121 GCGGAACAAGATGCCTTCCTGCAGGAGGCCCAGGAGCAGCATGCCCGTGAGCTG 
K-33 a a g a 3 (3 x 33 3 a K 
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FIG. 6AAD 
116 ) Whole sequence : : : rs10854 482 - rs283 92.61 

CCCTGCACACTGACCTGCATGCCCTCGT CACCTGCACTCTGCATGCTCACCATCTGACGG 
ACTCCTGCGACGGGCATGGGAAGGTCGCCGCCGCCGGCAGCC tTGCGAGCACTTTGGATG 
TGTGCACCCGGCATGCCAGGCCCGAGTCAACACACTCGCCGACCTTGGCGTCCTG (SEQ ID NO : 
337 ) 

OLIGO (SEQ ID NOs: 338, 339) 
IEET PRIMER 21 2 O 65 - 22 65 OO 4. OO O. OO 
GCCCCGTCACCTGCACTCT 
RIGHE PRIMER 168 2O 64. T 7 6 O. OO 5. OO 1. OO 
CCAAGGTCGGCCAGTCTGTT 
SEQUENCE SIZE: 175 
INCLUDED REGION SIZE: 175 

148, PAIR ANY COMPL: 4. OO, PATR 3' COMPL: O. OO E PRODUCT SIZE : 

1 CCCGCACACTGACCTGCATGCCCTCGTCACCTGCACTCTGCATGCTCACCATCTGACGG 
>>>>>>>>>>>>>>>>>>>> 

61. ACTCCTGCGAcGGGCATGGGAAGGTCGCCGCCGCCGGCAGCC tTGCGAGCACTTTGGATG 

121. TGTGCACCCGGCATGCCAGGCCCGAGTCAACAGACTGGCCGACCTTGGCGTCCTG 
<< a. aaaaaaaaaaaaaaaaa 

117 ) Whole sequence : ; : rs203211.1-rs 7 18496 

TITATIGCTGAGGGTATTCCATTTTATGGGTCCATTATAGTTTATTTGTCCAGACACTI 
CATGGAAaGACATCAGTGTTTCCt(GTTTTTCAATCATAAATTGATGTTTAATTTTAAAAT 
TTTGGAATTGTAGAAGAAATGCAATTCTTTTTTCC (SEQ ID NO: 340) 

OLIGO (SEQ ID NOS : 341, 34.2) 
LEFT PRIMER 28 22 53. 65 31. 82 4 - OO 3 OO 
TGGGTCCATTATAGTTTATTTG 
RIGHT PRIMER 143 22 57. 46 31.82 A. O.O 2. OO 
TGCATTTCTTCTACAATTCCAA 
SEQUENCESIZE:155 
INCLUDED REGION SIZE: 155 

PRODUCT SIZE: 116 PAIR ANY COMPL: 5. OO, PAIR 3' COMPL: 3. OO 

1 TTTATTGCTGAGTGGTATTCCATTTTATGGGTCCATTATAGTTTATTTGTCCAGACACTT 
>>>>>>>>>>>>>>>>>>>>>> 

61 CATGGAAaGACATCAGTGTTTCC GTTTTTCAATCATAAATTGATGTTTAATTTTAAAAT 

121 TTGGAATTGTAGAAGAAAGCAATTCTTTTTTCC 
< Kaa a C a 3 k <<<<<<<<<<< K< 

118 ) Whole secuence : : : rs2O70 434 - rs2O70 435 

CTTTGGTGCAGAATCATGCTGCAGGCAAGGTGGGCCCACCTCCCTGGAATTTCATCCCCC 
CCGTCAGTEAAACCCATGGTGGTTTTATTTCTAGGCCACCTGATCTGGGAGGACCACCT 
CCAAGAAAAGCAGTCC'TaTCGATGAACGGTCTAAGTTATGGTGTTATCAGAGTGGATACT 



Patent Application Publication Jul. 22, 2010 Sheet 63 of 69 US 2010/O184044 A1 

GAAGAAAACTTGTCAGTCCTTACTGTTC (SEQ ID NO: 343) 

OLIGO (SEQ ID NOS: 344, 345) 
LEFT PRIMER 33 2O 66.57 6 O. OO 4 OO 3 OO 
GGCCCACCTCCCTGGAATTT 
RIGHT PRIMER 76 22 54, 26 4 O. 9 4. OO O. OO 
TCCACTCTGATAACACCATAAC 
SEQUENCE SIZE: 208 
INCLUDED REGION SIZE: 2O8 

PRODUCT SIZE: 144, PAIR ANY COMPL: 4 - OO, PAIR 3' COMPL: 1. OO 

1. CTTTGGTGCACAATCATGCTGCAGGCAAGGTGGGCCCACCTCCCTGGAATTTCATCCCCC 
>>>>>>>>>>>>>>>>>>>> 

61 CCGTCAGTTAAACCCATGGTGGTTTTATTTTCTAGGCCACCTGATCTGGGAGGACCACCT 

121 CCAAGAAAAGCAGTCCTaTCGATGAACGGTCTAAGTTATGGTGTTATCAGAGTGGATACT 
33<< 3-343 (3.3-313 3-3-3-3-3-3-3-3 << 3 

181 GAAGAAAAGTTGTCAGTCCTTACTGTTC 
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FIG. 7 

rs2839418.7hadotype 1 

rs28394167 haplotype 2 

rs2839416-7 haplotype 3 

rs28394167 haplatype 4 
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FG. 9A 

Chromosome 13 
31403476 31403533 rs9590624 rs384975 
31493027 31493109 rs9566986 rs95624 11 
31527771 315278O3 rS411126 rs398251 
31605663 31605691 rs9594995 rs9594996 
31608545 31608638 rs9567251 rs2106134 
3161973O 31619743 rs204571 rS2O4572 
31629896 31629948 rS537967 rs689338 
31631138 31631179 rs17634824 rs2O5004 
31 787968 31788026 rs2O6119 rs9562605 
31896328 31896362 rs2O6334 rS 169562 
3193466O 31934759 rs108855O rs1081796 
31997.315 31997347 rS5358O3 rS45604 
322 19045 32219091 rs12877579 rs2O51570 
32380735. 32380821 rs766345 rs766346 
109352953 109E-08 rs1763O37 rs376476 
109354.048 109E+08 rs1763036 rs1763O34 
1094,31411 109E-08 rs9555657 rS4771655 
109436361 109E--08 rS3742209 rs1333982 
109461769 109E-08 rs7326063 rs9559708 
O9477161 109E-08 rs7986 126 rs9559710 
109508102 11E+08 rs7327434 rs6492238 
109515518 11 E--08 rs7334921 rs7334.783 
10951576O 11E+08 rS4503663 rs9559717 
1095164.64 1.1E--08 rs9559718 rs9559719 
109591078 11E+08 rs7319307 rs656533 
1096O4491 11E+08 rs11922O1 rs11922O2 
109606682 11E+08 rs631428 rs17588591 
109606739 11 E--08 rs17588591 rs613116 
109609579 11E+08 rS1 192198 rS8002698 
109626892 11E--08 rs1975.514 rs1562173 
1096.55824 11 E--O8 rS482757 rs677877 
109667423 11 E--08 rs6492246 rs9515168 
109677OO8 11 E+08 rs679958 rs66O433 
1097.01188 11E+08 rs72509 rS751749 
1097 15483 11E+08 rs9559.755 rs903352 
1097.15769 11E--08 rs686642 rS554882 
10972O695 11 E+08 rs6492252 rs681777 
109753O36 11 E--08 rs7317591 rs731 7784 
109759237 11 E+08 rs6492260 rs2391824 
109761032 1.1 E--08 rS4773145 rS4773147 
1097.83608 11 E--08 rs1556122 rs7323190 
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F.G. 9B 

Chromosome 18 
261910 1 26 19162 rs11080967 rs1108.0969 
2624848 262.4943 rs93O3909 rs7237881 
2626514, 2626605 S 11660259 rs11663451 
263O789 2630803 rs1568207 rs1568208 
2631809 2631858 rs9958.281 rs7229070 
27.15198 2715268 is 12605423 rs673364 
2781571 2781603 rS585064, rs9964586 
2859839 2859916 S724, 1980 rs6791.53 
2862368 2862449 rs9950998 rs613796 
2863900 2863939 rS568289 rs1755362O 
2864364. 2864408 rS68O173 rS642887 
5762047 5762139 rs1917929 rs1917930 
5913280 591.3341 rs1940613 S80972O1 
5942499 5942544 rS523295 rs626823 
5945083 5945181 rs3745091 rs1940622 
5945911 5945932 rs2298535 rs2298534 
5946 116 5946 145 rs3737351 rs3737352 
5946145 5946238 rs3737352 rs3737.353 
5954761 5954799 rS606266 rS194O611 
6046847 6046888 rs1785234 rs1784.816 

72822082 72822160 rS2282569 rS470822 
72822160 72822206 rS470822 rS470821 
72823947 72823973 rS470823 rS470826 
72825169 72825247 S2279078 rS2279.079 
72825247 72825322 rS2279079 rS470550 
72825322 72825413 rS470550 rS470546 
7285.4057 72854,154 rs12406 rS22825.57 
728764.12 72876476 S8092433 rS470549 
72892O82 72892105 S7232346 rS1 1150996 
7292.0062 72920157, rs9964602 rs9954, 182 
72981791 7298.1859 S4890903 S1617137 
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F.G. 9C 

Chromosome 22a11.2 region 

163O2735. 163O277O rS5745385 rS5747145 
1631.1483. 16311566 rS5747167 rS1OO4973 
16326168 163262O2 rS2S22288 rS574.7187 
16377569 16377619 rs78914 rS1743O2 
16400773 16400796 rs10O3861 rS59927.32 
164952.51 16495277 rS5747295 rS5747296 
16501,246 165O1334 rS126288.18 rs110891.97 
16823681 16823699 rS599.2916 rS599.2917 
16824657 16824734 S7286607 rS1110659 
16859382 15859.447 rS410456 rS4O1910 
16892.282 16892325 rs107321 rs960.5500 
16898.634, 16898.651 rS481.966O rs1076115 
1691.3335. 16913434 rS455758 rS458888 
19634408 19634463 rS737894 rs1548410 
2O312249 20312340 rs378825 rs861857 
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which is hereby incorporated by reference in its entirety. This 
application is a continuation-in-part of U.S. patent applica 
tion Ser. No. 1 1/713,069, filed Feb. 28, 2007, which claims 
priority to U.S. Patent Application No. 60/777,865, filed Feb. 
28, 2006, each of which is hereby incorporated by reference 
in its entirety. 

BACKGROUND OF THE INVENTION 

0002. A majority of pregnant women receive some kind of 
test, including maternal serum screening and/oran ultrasound 
test, to determine risks for common birth defects, such as 
those resulting from trisomy 13, 18, and 21 (Down Syn 
drome). Both the sensitivity and specificity of these common 
non-invasive screening tools are extremely poor. The best 
current non-invasive tests lead to a false positive rate between 
7 and 20%. This high false positive rate often causes indi 
viduals to opt for invasive diagnostic tests. Such as chorionic 
Villus sampling (CVS) and amniocentesis. Such invasive tests 
each carry a fetal loss rate of 0.5%-1% and account for the 
loss of thousands of normal fetuses annually. However, pre 
natal diagnosis can be critical for management of a pregnancy 
with chromosomal abnormalities and localized genetic 
abnormalities, because an accurate and early diagnosis allows 
for interventional care before or during delivery and can 
prevent devastating consequences for the neonate. The devel 
opment of a non-invasive test for genetic abnormalities that is 
sensitive and specific with low false-positive and false-nega 
tive rates would be of benefit to the field of molecular diag 
nostics. 

SUMMARY OF THE INVENTION 

0003. Accordingly, the present invention provides meth 
ods and compositions for detecting genetic abnormalities. 
0004. In one aspect, the present invention provides method 
for determining whether a fetus has at least one chromosomal 
abnormality. This method includes the step of comparing at 
least three alleles, and this comparing identifies the at least 
one chromosomal abnormality. 
0005. In a further aspect, the present invention provides a 
method for determining whether a fetus has at least one chro 
mosomal abnormality. This method includes the steps of: (i) 
detecting a paternally-inherited fetal allele in a sample that 
includes both maternal and fetal nucleic acids, wherein that 
paternally-inherited fetal allele is not present in the maternal 
genome; (ii) detecting a first maternal allele and a second 
maternal allele in the sample; and (iii) comparing the pater 
nally-inherited fetal allele to the first and second maternal 
alleles, where the comparing identifies the at least one chro 
mosomal abnormality. 
0006. In an exemplary embodiment, comparing alleles 
according to the present invention includes detecting the 
number of molecules of eachallele. In a further embodiment, 
detecting the number of molecules of each allele provides the 
allelic dosage of each allele. 
0007. In a still further exemplary embodiment, comparing 
alleles according to the present invention includes calculating 
a haplotype ratio. In a still further embodiment, the haplotype 
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ratio is calculated according to the formula: HR=|P1-P2 / 
P3, where P1 is the number of molecules of a first maternal 
allele, P2 is the number of molecules of a second maternal 
allele, and P3 is the number of molecules of a paternally 
inherited fetal allele. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 is a schematic illustration of an embodiment 
of an assay of the invention. 
0009 FIG. 2 is a schematic illustration of possible haplo 
types in an exemplary embodiment of a tandem SNP. 
0010 FIG. 3 is a schematic illustration of an embodiment 
of an assay of the invention. 
0011 FIG. 4 is a schematic illustration of an embodiment 
of an assay of the invention. 
0012 FIG. 5A-B is a table of an exemplary list of tandem 
SNPs of the invention. 
0013 FIG. 6A-AO is a table of an exemplary list of tandem 
SNPs of the invention and primers directed to those tandem 
SNPS. 
0014 FIG. 7 provides a DNA melting map of a constant 
denaturant capillary electrophoresis target sequence covering 
a tandem SNP. 
0015 FIGS. 8A and B provides data of a haplotype ratio 
analysis. 
0016 FIG.9A-C is a table of an exemplary list of tandem 
SNPs of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0017. The practice of the present invention may employ, 
unless otherwise indicated, conventional techniques and 
descriptions of organic chemistry, polymer technology, 
molecular biology (including recombinant techniques), cell 
biology, biochemistry, and immunology, which are within the 
skill of the art. Such conventional techniques include polymer 
array synthesis, hybridization, ligation, and detection of 
hybridization using a label. Specific illustrations of suitable 
techniques can be had by reference to the example herein 
below. However, other equivalent conventional procedures 
can, of course, also be used. Such conventional techniques 
and descriptions can be found in Standard laboratory manuals 
Such as Genome Analysis: A Laboratory Manual Series (Vols. 
I-IV). Using Antibodies: A Laboratory Manual, Cells. A 
Laboratory Manual, PCR Primer: A Laboratory Manual, and 
Molecular Cloning: A Laboratory Manual (all from Cold 
Spring Harbor Laboratory Press), Stryer, L. (1995) Biochem 
istry (4th Ed.) Freeman, New York, Gait, “Oligonucleotide 
Synthesis: A Practical Approach' 1984, IRL Press, London, 
Nelson and Cox (2000), Lehninger, Principles of Biochemis 
try 3" Ed., W. H. Freeman Pub., New York, N.Y. and Berget 
al. (2002) Biochemistry, 5" Ed., W. H. Freeman Pub., New 
York, N.Y., all of which are herein incorporated in their 
entirety by reference for all purposes. 
0018 Note that as used herein and in the appended claims, 
the singular forms “a,” “an and “the' include plural referents 
unless the context clearly dictates otherwise. Thus, for 
example, reference to “a polymerase' refers to one agent or 
mixtures of such agents, and reference to “the method 
includes reference to equivalent steps and methods known to 
those skilled in the art, and so forth. 
0019. Unless defined otherwise, all technical and scien 

tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 



US 2010/0184044 A1 

invention belongs. All publications mentioned herein are 
incorporated herein by reference for the purpose of describ 
ing and disclosing devices, compositions, formulations and 
methodologies which are described in the publication and 
which might be used in connection with the presently 
described invention. 
0020. Where a range of values is provided, it is understood 
that each intervening value, to the tenth of the unit of the lower 
limit unless the context clearly dictates otherwise, between 
the upper and lower limit of that range and any other stated or 
intervening value in that Stated range is encompassed within 
the invention. The upper and lower limits of these smaller 
ranges may independently be included in the Smaller ranges 
and are also encompassed within the invention, Subject to any 
specifically excluded limit in the stated range. Where the 
stated range includes one or both of the limits, ranges exclud 
ing either both of those included limits are also included in the 
invention. 
0021. In the following description, numerous specific 
details are set forth to provide a more thorough understanding 
of the present invention. However, it will be apparent to one of 
skill in the art that the present invention may be practiced 
without one or more of these specific details. In other 
instances, well-known features and procedures well known to 
those skilled in the art have not been described in order to 
avoid obscuring the invention. 
0022. Although the present invention is described prima 

rily with reference to specific embodiments, it is also envi 
sioned that other embodiments will become apparent to those 
skilled in the art upon reading the present disclosure, and it is 
intended that such embodiments be contained within the 
present inventive methods. 

I. Overview of the Invention 

0023 The present invention is directed to methods and 
compositions for detecting genetic abnormalities. By 
'genetic abnormality” is meant any variation in one or more 
elements of an individual's genome in comparison to a gen 
eral population. Genetic abnormalities can include without 
limitation chromosomal abnormalities, single point muta 
tions, and any other variations that can result in changes in the 
levels of cDNA, RNA, mRNA, microRNA, and coding and 
non-coding RNA. Thus, the term “genetic abnormality’ as 
used herein is interchangeable with the term “nucleic acid 
abnormality”. “Chromosomal abnormalities' can include 
without limitation aneuploidy (including without limitation 
trisomy 13 (Patau Syndrome), trisomy 18 (Edward Syn 
drome) and sex chromosome aneuploidies such as XXY 
(Klinefelter's Syndrome), subchromosomal abnormalities, 
gross deletions, gross insertions, large deletions, large inser 
tions, copy number variants, copy number variation, repeat 
variations, structural alterations, small deletions (<20 bp). 
small insertions (<20 bp), indels, small indels (<20 bp), and 
the like. Genetic abnormalities can be inherited, arise somati 
cally, occur as de novo events, occur clonally, etc. 
0024. In general, methods and compositions of the present 
invention can be used to analyze a sample comprising genetic 
material from two or more individuals. “Genetic material' 
includes without limitation DNA (including full or partial 
chromosomes, cDNA and genetic DNA) and RNA (including 
mRNA, tRNA, siRNA, microRNA, coding and non-coding 
RNA). Methods of the present invention include comparing 
alleles contained in the sample to detect and quantify differ 
ences between the genetic material from the two or more 
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individuals. In some embodiments, such differences can be 
used to identify genetic abnormalities in one or more of the 
individuals. Although the description of the present invention 
is primarily provided herein in terms of DNA, it will be 
appreciated that these aspects and embodiments of the inven 
tion also encompass RNA, and that all methods and compo 
sitions of the present invention can be applied to any nucleic 
acid. 
0025. In a specific aspect, methods and compositions of 
the invention are used to analyze a sample containing fetal 
and maternal genetic material. In a further aspect, methods 
and compositions of the invention are used to compare alleles 
contained in Such a sample to determine if the fetal genetic 
material comprises a genetic abnormality. As used herein, 
“allele is a variant form of a sequence at a particular region 
on a chromosome. The variants in the sequence can come as 
a result of single nucleotide polymorphisms (“SNPs), com 
binations of SNPs, haplotype methylation patterns, inser 
tions, deletions, and the like. An allele may comprise the 
variant form of a single nucleotide, a variant form of a con 
tiguous sequence of nucleotides from a region of interest on a 
chromosome, or a variant form of multiple single nucleotides 
(not necessarily all contiguous) from a region of interest on a 
chromosome. 
0026. The term “comparing alleles’ as used herein refers 
to any analysis that identifies similarities and differences 
among the alleles of interest. For example, comparing alleles 
may involve detecting and/or identifying the different alleles 
of interest in a sample. Comparing alleles may also involve 
detecting and quantifying the number of molecules of each of 
the different alleles of interest in a sample. Comparing alleles 
may further involve determining the relative number of mol 
ecules of each of the different alleles with respect to each 
other or with respect to a reference sample. In addition, com 
paring alleles may involve a comparison of the concentrations 
orrelative concentrations of each of the alleles in a sample. As 
will be discussed in further detail herein, comparing alleles in 
a sample can detect and identify genetic abnormalities. 
0027. Although the present invention is primarily dis 
cussed in terms of a comparison between fetal and maternal 
genetic material, the methods and compositions described 
herein can also be applied to other applications in which a 
comparison of the genetic material between two or more 
individuals is desired. Embodiments of such extensions to the 
described methods and compositions are discussed in further 
detail herein and are encompassed by the present invention. 

II. Comparing and Quantifying Alleles 
0028. In one aspect, the present invention provides meth 
ods and compositions for comparing alleles in a sample. 
0029. A “sample' in accordance with the present inven 
tion may comprise any number of Substances, including, but 
not limited to, bodily fluids (including, but not limited to, 
blood, urine, serum, lymph, Saliva, anal and vaginal secre 
tions, perspiration and semen, of virtually any organism, with 
mammalian samples being preferred and human samples 
being particularly preferred); environmental samples (includ 
ing, but not limited to, air, agricultural, water and soil 
samples); biological warfare agent samples; research samples 
(i.e. in the case of nucleic acids, the sample may be the 
products of an amplification reaction, including both target 
and signal amplification as is generally described in PCT/ 
US99/01705, such as PCR amplification reaction); purified 
samples, such as purified genomic DNA, RNA, proteins, etc.; 
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raw samples (bacteria, virus, genomic DNA, etc.); as will be 
appreciated by those in the art, virtually any experimental 
manipulation may have been conducted on the sample. 
0030. In one aspect, samples of use in the present inven 
tion are obtained from a pregnant female. Such samples can 
include without limitation maternal blood, maternal urine, 
maternal sweat, maternal cells, or cell free DNA. In a further 
aspect, these maternal samples contain both maternal and 
fetal DNA. 
0031. Although the majority of the disclosure herein is 
directed to embodiments using DNA, it will be appreciated 
that any genetic material is contemplated for use and analysis 
in accordance with the present invention and is therefore 
encompassed by the present invention. In addition, the terms 
"chromosomal region' and "chromosome' are used inter 
changeably herein, and both refer to part or all of a chromo 
Some unless otherwise specified. 
0032. In general, the present invention provides methods 
and compositions for comparing alleles in a sample. Compar 
ing alleles in accordance with the invention includes detect 
ing the identity of the different alleles present in the sample. 
Comparing alleles also includes detecting and/or quantifying 
the number of molecules of each allele of interest that is 
present in a sample. For example, a maternal sample contain 
ing both fetal and maternal DNA may contain three different 
alleles for a particular chromosomal region of interest. As 
discussed above, these three alleles would be variant 
sequences of the chromosomal region of interest. Methods 
known in the art and described further herein can be used to 
determine how many molecules of each of the three different 
alleles are present in the sample. In Such an exemplary 
embodiment, comparing the three alleles would include com 
paring the number of molecules of each of the three alleles. 
Comparing alleles in further embodiments of the invention 
can include without limitation evaluating the concentration of 
alleles in a sample and evaluating relative concentrations 
and/or relative numbers of molecules of alleles in a sample. 
0033. In a further embodiment, evaluating relative con 
centrations or numbers of molecules in a sample includes 
calculating an “allelic ratio” among the alleles in a sample. 
This allelic ratio is the ratio of the amount of molecules of 
each of the alleles of interest present in the sample, and may 
be calculated in any number of ways known in the art and 
described further herein. For example, if a sample comprises 
two alleles A and B, and a standard method in the art (such as 
sequencing) shows that there are twice as many molecules of 
B as there are of A, then one embodiment of an allelic ratio 
may be the characterization of A:B as 1:2. In further embodi 
ments, such as those containing a calculation of multiple 
alleles, the allelic ratio may be a standard ratio—for example, 
for three alleles A, B, and C, the allelic ratio may be expressed 
as the number of molecules of A:B:C. In further embodi 
ments, a more complex relationship may be described as an 
allelic ratio, such as (A-B)/C. Such embodiments are dis 
cussed in further detail herein. 
0034 Methods for detecting and quantifying alleles or any 
other sequence of interest are known in the art. Such methods 
include without limitation any methods that detect DNA (in 
cluding without limitation genomic and cDNA) and RNA 
(including without limitation mRNA, microRNA, and silent 
RNA). Such methods for detecting nucleic acids can include 
without limitation sequencing methods, gel electrophoresis, 
mass spectrometry, detection of methylation patterns, PCR 
methods, high performance liquid chromatography (HPLC) 
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and the like. Methods for detecting and quantifying alleles in 
accordance with the present invention provide the sequence 
of the alleles present in the sample (or identify the presence of 
an allele of interest) and may also provide the number of 
molecules of each of the alleles in the sample. Methods for 
detecting and/or quantifying alleles that are of use in the 
present invention also include methods that quantify the rela 
tive amounts of two or more alleles of interest in a sample. By 
“relative amounts’ is meant relative numbers of molecules 
and/or relative concentrations. 
0035 Sequencing methods of use for detecting and quan 
tifying alleles of interest according to the present invention 
include without limitation single molecule sequencing, 
sequencing by synthesis, sequencing using arrays (hybridiza 
tion and/or ligation), capillary sequencers, Sanger sequenc 
ing, constant denaturant capillary electrophoresis (CDCE), 
cycling temperature capillary electrophoresis (CTCE), 
polony sequencing, pyrosequencing, shot-gun sequencing, 
and the like. Commercial high throughput sequencing plat 
forms for detecting and quantifying alleles of interest and 
Such platforms are known in the art and can include without 
limitation: Illumina's GA, Life Technologies’ SOLiD, 
Roche's 454, Pacific Biosciences single molecule sequencing 
platform, Oxford Nanopore, Ion Torrent, Complete Genom 
ics, Nimblegen, Helicos Biosciences, Lingvitae, NabSys, and 
Visigen Biotechnologies. 
0036 PCR methods of use for detecting and quantifying 
alleles of interest according to the present invention include 
without limitation digital PCR and competitive PCR. 
0037 Methods such as those described above and known 
in the art can be used to compare alleles in a sample by 
providing information on the identity (i.e., the sequence) of 
the alleles as well as the number of molecules of each allele 
present in the sample. 
0038. In general, methods of the invention include detect 
ing alleles of a specific chromosomal region. As has been 
discussed above, the term "chromosomal region” refers to all 
or part of a chromosome. Detection of such alleles can be 
conducted using any method known in the art, including the 
sequencing and PCR methods described above. In some 
embodiments, the sample being analyzed is from a pregnant 
female and contains both maternal and fetal DNA. Detecting 
and/or quantifying the number of different alleles in the 
sample and the number of molecules of those alleles that are 
present in the sample can identify the presence of a chromo 
Somal abnormality in a fetus. 
0039. In a further exemplary embodiment, a sample con 
tains three alleles of a chromosomal region that is being 
analyzed. Two of the alleles are from a known source, while 
the third allele is expected to come from a separate source. 
Quantification of the number of molecules present in the 
sample of each allele allows comparison between the alleles 
from the known source and the third allele. 
0040. In a still further exemplary embodiment, the sample 

is a maternal sample containing both fetal and maternal 
nucleic acids. In this example, the sample again contains three 
alleles of a particular chromosomal region. If the maternal 
genome is heterozygous for this allele, then two of the three 
alleles detected in the sample are from the maternal germline 
DNA, while the third allele is expected from the paternal 
DNA contribution (if the paternal DNA contains an allele not 
present in the maternal genome). Quantification of the three 
alleles therefore allows comparisons between the two mater 
nal alleles from the mother, allowing the determination of 
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which allele and how many molecules were contributed by 
the mother to the fetus. Quantifying the number of molecules 
of the alleles also provides information on how many mol 
ecules of the third allele were contributed by the father to the 
fetus. Comparison of the maternally inherited and paternally 
inherited alleles further allows a quantification of the mater 
nal and paternal contributions to the fetal DNA. 
0041 FIG. 1 is a schematic representation of the compari 
sons that can be made between different alleles detected in a 
sample. In FIG. 1, a maternal sample in which three alleles are 
detected is shown. The peaks illustrated in FIG. 1 represent 
the number of molecules of each allele present in the sample. 
As discussed herein, these “peaks” (i.e., the number of mol 
ecules) can be determined using methods well known in the 
art and described herein. For example, the area under the 
peaks from an electropherogram from a CDCE analysis of a 
sample provides information on the number of molecules of 
each detected allele. Similarly, the output of a sequencing 
platform will provide a count of the number of molecules for 
eachallele, which can also be depicted by the peaks in FIG.1. 
0042. In an exemplary embodiment, genetic abnormali 

ties, including chromosomal abnormalities, are detected by 
comparing the number of molecules of alleles in a sample. As 
is generally illustrated in FIG. 1, a sample comprising both 
fetal and maternal nucleic acids will be expected to show 
specific relationships between the number of molecules for 
alleles of a particular chromosome. For example, if the mater 
nal genome is heterozygous for a particular chromosomal 
region, then two alleles detected in the sample will be the 
maternal contribution. Since the sample contains both fetal 
and maternal DNA, the number of molecules detected for 
those two alleles will include the numbers of molecules from 
the maternal DNA and the numbers of molecules for the 
maternally-inherited allele in the fetal DNA (also referred to 
herein as the “maternally-inherited fetal allele'). The fetal 
genome will contain maternally and paternally-inherited alle 
les. If the paternally-inherited allele in the fetal DNA (also 
referred to herein as the “paternally-inherited fetal allele') is 
not present in the maternal genome, then three different alle 
les will be detected in the sample containing both maternal 
and fetal DNA (the two alleles from the mother and the one 
paternally-inherited allele in the fetus). Comparing the num 
ber of molecules for each allele can then be used to detect a 
chromosomal abnormality. 
0043. In further embodiments, the present invention pro 
vides methods for detecting genetic abnormalities, including 
chromosomal abnormalities, in a fetus by detecting alleles for 
a location of intereston a chromosome (also referred to herein 
as a 'genetic location'), where the maternal genome is het 
erozygous at that location of interest and the fetus inherits a 
different allele from the father at that same genetic location. 
In still further embodiments, methods of the invention detect 
a paternally-inherited fetal allele in a sample comprising both 
maternal and fetal nucleic acids, where that paternally-inher 
ited fetal allele is not present in the maternal genome. Detec 
tion of such a paternally-inherited fetal allele will in such 
embodiments indicate that the fetus does have a genetic 
abnormality. 
0044 As will be appreciated, the term “maternal allele' 
may refer to the allele inherited by the fetus from the mother 
and/or the alleles in the maternal genome. In a sample com 
prising both fetal and maternal DNA, the molecules of 
“maternal allele' detected and quantified will include both 
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molecules of the allele from the maternal DNA as well as 
molecules from the fetal DNA of the maternally-inherited 
fetal allele. 

0045. For example, in approximately 95% of trisomy 
cases, the fetus inherits two copies of the chromosome from 
the mother. In this situation, three alleles of that chromosome 
or a particular region of that chromosome are detected in the 
sample (represented by the three peaks in FIG. 1). As dis 
cussed above, if the mother is heterozygous, two of the alleles 
detected are the maternal alleles. The number of molecules 
detected for those two alleles will reflect the molecules from 
the maternal DNA in the sample plus the molecules of those 
same two alleles from the fetal DNA (i.e., the maternal alleles 
plus the maternally-inherited fetal alleles). The third allele 
detected will be the fetal allele that is paternally inherited and 
is not present in the maternal genome. In this example, tri 
somy is detected if the number of molecules for the two 
maternal alleles is equal (first trace of FIG. 1B) or if all three 
alleles are present in different numbers in the relationship of 
peak, X and peak+2X, where "peak” represents the number of 
molecules for one of the maternal alleles, “x' represents the 
number of molecules for the paternally-inherited fetal allele, 
and “peak+2x' is the number of molecules for the other 
maternal allele (right two traces of FIG. 1B). In the situation 
in which the two maternal alleles have equal numbers of 
molecules, trisomy is detected, because the numbers for the 
two maternal alleles are actually a Sum of the maternal alleles 
and the maternally-inherited fetal alleles. The only way for 
the numbers for both maternal alleles to be equal in a sample 
comprising both fetal and maternal DNA is if the fetus inher 
ited two alleles from the mother. The presence of the pater 
nally inherited allele indicates that the fetus must then have 
trisomy, because it has both alleles from the mother and one 
from the father. 

0046 Similarly, in the situation in which all three alleles 
are present in the sample in the relationship of peak, X and 
peak+2X, this also indicates that the fetus has trisomy. The 
"peak” represents the number of molecules of maternal allele. 
“x' represents the number of molecules of the paternally 
inherited fetal allele. “x' therefore represents a kind of inter 
nal standard of how much fetal DNA is present in the sample. 
The allele with the number of alleles “peak--2x” thus contains 
alleles from the mother as well as two copies of the allele from 
the fetus. These two copies are the maternally-inherited fetal 
DNA. Therefore, the fetus again has inherited two alleles 
from the mother and one from the father, which is an indica 
tion of trisomy. 
0047. The same analysis of the number and identity of the 
alleles in a sample can also be used to determine that the fetus 
does not have trisomy. As discussed above, this analysis must 
be conducted for an allele for which the maternal genome is 
heterozygous. If three alleles are detected in a sample con 
taining both maternal and fetal DNA, then two of the alleles 
will be from the heterozygous mother, and the third allele is 
the paternally-inherited fetal allele. For a fetus without tri 
somy, the number of molecules of the three alleles will all be 
different, but unlike the case with trisomy above, the number 
of molecules of the three alleles will be in the relationship of 
"peak”, “x' and “peak+x”. “Peak” represents the number of 
molecules of one of the maternal alleles. “x' represents the 
number of molecules of the paternally-inherited fetal allele. 
“Peak--X' represents the number of molecules of the second 
maternal allele—this number includes both the number of 
molecules of the allele from the maternal DNA and the num 
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ber of molecules of the maternally-inherited fetal allele. 
Thus, if the fetus has inherited only one chromosome from 
each parent, there should be a larger number of molecules for 
the allele the fetus inherited from the mother and a smaller 
number of molecules for the allele the fetus inherited from the 
father. Since the sample comprises maternal and fetal DNA 
but no paternal DNA, the only molecules of paternal alleles 
present in the sample are molecules of the paternally-inher 
ited fetal allele. As a result, the number of molecules of the 
paternally-inherited fetal allele can provide an internal stan 
dard of how much fetal DNA is present in the sample relative 
to the maternal DNA. 

0048. In further embodiments, analysis of the number of 
molecules of alleles in a sample provides a measure of “allelic 
dosage'. By “allelic dosage' as used herein is meant the 
number or concentration (or relative number or concentra 
tion) of molecules of each allele that is present in a sample. 
Thus, calculation of an “allelic ratio” as discussed above 
provides a mechanism to measure the dosage of each allele. 
Furthermore, in an analysis of a sample comprising both fetal 
and maternal nucleic acids, determining the number of mol 
ecules of paternally-inherited fetal alleles also provides a 
measure of the paternally-inherited fetal allelic dosage. This 
paternally-inherited fetal allelic dosage can serve as an inter 
nal standard that can be used to determine the maternally 
inherited fetal allelic dosage. Thus, a calculation of allelic 
dosage provides a measure of the allelic dosage from each 
parent to the fetus. Calculations of allelic dosage can be used 
to detect a genetic abnormality using any of the methods 
described herein, because the relationships expected for 
maternal and paternal (and maternally-inherited and pater 
nally-inherited) are equivalent to the relationships described 
herein for comparing alleles. 
0049. As will be appreciated, the above methods can also 
be used to compare alleles based on de novo deletions, inser 
tions, and the like. For example, in the case of 22q11.2 dele 
tion syndrome (the most common human deletion syndrome, 
which is typically a 3 million basepair deletion), the deletion 
is a de novo event in 75% of the cases. If the de novo event is 
a maternally-derived deletion in the fetal genome, three alle 
les would again be detectable in a sample comprising both 
maternal and fetal DNA. However, the number of molecules 
of the three alleles will show a relationship in which two of the 
alleles are present inequal numbers and the third allele will be 
present in smaller numbers. In other words, two fetal alleles 
will not be detected in the sample, because one of those alleles 
would be deleted. As discussed above, for a normal fetus, all 
three alleles should have different numbers of molecules 
present in the sample, with the numbers being in the relation 
ship of “peak', 'x' and “peak--X'. In the case of a maternally 
derived deletion, the numbers would instead be in the rela 
tionship of “peak’, "peak” and “x'. 
0050. Similarly, in the case of a de novo but paternally 
derived 22q11.2 deletion in the fetal genome, a third allele 
would not be detected in a sample containing both maternal 
and fetal DNA, because it would be the paternally-inherited 
fetal allele that would be deleted. In further embodiments, 
multiple assays directed to the detection of different alleles 
can be conducted to confirm that the lack of a third fetal allele 
is the result of a deletion rather than the result of a non 
informative assay (i.e., an assay in which the maternal 
genome is not heterozygous for an allele or the paternal 
genome has an allele in common with the maternal genome). 
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0051. In further embodiments, methods of the present 
invention can be used to detect alleles that are inherited. In the 
maternally-derived and paternally-derived deletions dis 
cussed above, the maternal and paternal genomes are normal 
at the deletion/insertion site, but during meiosis, deletions or 
insertions occur and are passed to the fetus. In contrast, dele 
tions and insertions and point mutations (which would 
include basepair Substitutions), Small (less than 20 base pairs) 
deletions or insertions (also referred to herein as “small 
deletions” and “small-insertions' respectively) may occur in 
the maternal and/or paternal genomes and are passed on to the 
fetus. When a target sequence is larger than the Small deletion 
orinsertion, the same comparisons described above for allelic 
comparisons can be used to determine allelic dosage inherit 
ance if a neighboring SNP can be encompassed by the target 
sequence. For example, the delta F508 deletion in the CFTR 
gene is a small deletion that can be passed on to the fetus by 
either the mother or the father. In the case where the mother is 
a carrier of the delta F508 deletion, it will appear as if she has 
two peaks. If the father contributes a normal allele and the 
fetus inherits the delta F508 deletion, the maternal plasma 
would show two peaks of equal area and height. It would not 
be clear if there was no fetal DNA present in the sample, or 
was at levels too low to be detected. However, ifa neighboring 
SNP is encompassed, permitting at least three possible alleles 
in the target sequence, it would be possible to distinguish 
maternally inherited from paternally inherited alleles. The 
term "peaks” as used herein refers to the number of molecules 
of an allele and to a signal associated with the number of 
molecules of an allele. 

0052. In one aspect, the present invention provides meth 
ods and compositions for comparing alleles, where those 
alleles may be comprised of haplotypes. As used herein, the 
term “haplotypes' refers to groups or sets of markers (includ 
ing without limitation SNPs, deletions, small deletions, inser 
tions, Small insertions, methylation, and short tandem 
repeats) that are inherited together as a unit. Thus, alleles 
detected and quantified as described herein encompass mul 
tiple markers, and thus different alleles comprise different 
combinations of these multiple markers. As will be discussed 
in further detail herein, alleles of use in the present invention 
may comprise multiple SNPs. These SNPs may be contigu 
ous or non-contiguous. In further embodiments, alleles for 
comparison may include any combination of sites, including 
deletion sites, insertion sites, and sites which comprise vari 
ant sequences of two or more nucleotides in length. For 
example, alleles detected and compared in accordance with 
the present invention may include a deletion site and/or an 
insertion site and/or one or more SNPs and/or a variant 
sequence comprising two or more nucleotides. Such combi 
nations increase the number of haplotypes that can be 
detected for a particular genetic location, thus increasing the 
informative of the comparative assays of the invention, as is 
discussed in more detail herein. 

0053. In a further aspect, multiple alleles are detected in a 
single reaction or assay. Thus, by identifying one or more 
SNPs, methylation patterns, or any other combination of 
markers that can compose an allele as described above, 
detecting multiple alleles (e.g., detecting both maternal alle 
les and a paternally-inherited fetal allele) in a single reaction 
or assay preserves phase information on the chromosome. 
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0054 II(A). Amplification of Nucleic Acids Prior to 
Detection 

0055. In order to increase the signal of alleles of interest 
for a specific chromosome or chromosomal region, the 
nucleic acids in a sample are in many embodiments amplified 
using methods known in the art. Such amplification methods 
include polymerase chain reaction (PCR), Strand displace 
ment amplification (SDA), multiple displacement amplifica 
tion (MDA), rolling circle amplification (RCA), rolling circle 
amplification (RCR) and other amplification (including 
whole genome amplification) methodologies. In certain 
embodiments, the chromosomes are amplified using primers 
directed to desired regions. This amplification enriches the 
sample for the allelic sequences for those specific chromo 
Somal regions, and then methods known in the art for detect 
ing those sequences can be used to detect and quantify the 
different alleles present in the sample. In some embodiments 
all nucleic acids in the sample are amplified, and then alleles 
of interest are detected using methods known in the art and 
described herein. In some embodiments, alleles of interest are 
amplified using primers with sequences such as those listed in 
FIGS. 5 and 6 and then detected using methods well known in 
the art and described herein. 

0056. The term “nucleic acid” refers to deoxyribonucle 
otides or ribonucleotides and polymers thereof in either 
single- or double-stranded form, made of monomers (nucle 
otides) containing a Sugar, phosphate and a base that is either 
a purine or pyrimidine. Unless specifically limited, the term 
encompasses nucleic acids containing known analogs of 
natural nucleotides that have similar binding properties as the 
reference nucleic acid and are metabolized in a manner simi 
lar to naturally occurring nucleotides. Unless otherwise indi 
cated, a particular nucleic acid sequence also encompasses 
conservatively modified variants thereof (e.g., degenerate 
codon Substitutions) and complementary sequences, as well 
as the sequence explicitly indicated. Specifically, degenerate 
codon Substitutions may be achieved by generating 
sequences in which the third position of one or more selected 
(or all) codons is substituted with mixed-base and/or deoxyi 
nosine residues. 

0057 The term “nucleotide sequence” refers to a polymer 
of DNA or RNA which can be single-stranded or double 
Stranded, optionally containing synthetic, non-natural or 
altered nucleotide bases capable of incorporation into DNA 
or RNA polymers. The terms “nucleic acid.” “nucleic acid 
molecule,” or “polynucleotide' are used interchangeably 
herein. 

0058. In some embodiments, High-Fidelity (Hi-Fi) PCR is 
used to amplify alleles of interest in a sample. High-Fidelity 
PCR is an amplification method resulting in an error rate (in 
per basepair doubling) equal to or better than standard PCR. 
For example, Taq polymerase, which is not a high fidelity 
polymerase, has an error rate of ~10 per basepair doubling. 
In contrast, Pyrococcus furiosus (Pfu) is a high-fidelity poly 
merase, with a published error rate for Pfu is 1.3x10 per 
basepair doubling (Cline et al. Nucleic Acids Res. 1996 Sep. 
15: 24(18): 3546-3551). Examples of high-fidelity enzymes 
include Pfu and its derivations, or other enzymes with similar 
proofreading 3'->5' exonucleases. Mixed blends and fusions 
with enzymes with proof-reading capabilities can increase 
the fidelity of a polymerase. Use of such a high fidelity poly 
merase ensures that the alleles of interest are amplified effi 
ciently and with minimal to no introduction of errors. 
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0059 Methods for improving PCR fidelity and efficiency 
include, among others: A) using a high-fidelity polymerase 
enzyme; and B) the addition of chemical reagents (e.g., 
betaine) that can lower temperatures required during the PCR 
process. Lowering temperatures required during the PCR 
products can increase efficiency and prevent damage to the 
amplification products, because prolonged heating of DNA 
and nucleotides during PCR can lead to damaged products, 
Such as deaminated cytosines (uracils) and thus lead to mis 
incorporation errors and miscopying errors during PCR (An 
dre, Kim, Khrapko, Thilly. Genome Res. 19977: 843-852. 
Zheng, Khrapko, Coller. Thilly, Copeland. Mutat Res. 2006 
Jul. 25: 599(1-2):11-20). 
0060. In certain embodiments of the invention, amplifica 
tion using HiFi-PCR, is performed with primers present in 
molar excess (e.g., 10' copies/ul of primer vs 10° or less of 
the template) so that it is more likely that primers will anneal 
with template DNA than with each other (see, e.g., Li-Suc 
holeiki XC, Thilly W. G. Nucleic Acids Res. 2000 May 1: 
28(9):E44; Thompson J. R. Marcelino L, Polz, M. Nucleic 
Acids Res. 2002 May 1:30(9): 2083-2088.). This can signifi 
cantly reduce the creation of heteroduplexes. 

III. Tandem SNPs 

0061. In certain embodiments, comparisons of alleles as 
described above utilize alleles of tandem single nucleotide 
polymorphisms (referred to herein as “tandem SNPs). A 
“single nucleotide polymorphism (SNP) is a single basepair 
variation in a nucleic acid sequence. A “tandem SNP is a 
variation in more than one nucleotide in a nucleic acid 
sequence, e.g. on a chromosome. In some embodiments, a 
tandem SNP is a pair of SNPs that are located in the nucleic 
acid sequence. In further embodiments, a tandem SNP com 
prises more than two SNPs. As will be appreciated, any num 
ber of SNPs can be contained in a tandem SNP limited only 
by the total number of nucleotides present in the nucleic acid. 
In still further embodiments, a tandem SNP comprises from 2 
to about 20 SNPs. In still further embodiments, a tandem SNP 
comprises from about 3 to about 19, about 4 to about 18, about 
5 to about 17, about 6 to about 16, about 7 to about 15, about 
8 to about 14, about 9 to about 13, and about 10 to about 12 
SNPs. In yet further embodiments, a tandem SNP comprises 
between two SNPs and the maximum number of SNPS that 
can be assayed in a single reaction, which may depend on the 
detection platform (e.g., the read length of the sequencing 
technology). In still further embodiments, a tandem SNP 
comprises between two SNPs and the maximum number of 
SNPs contained within the segment of genetic material to be 
analyzed. For example, fetal DNA circulating in maternal 
serum is often fragmented and has a length of 200-400 
bases—in such an exemplary embodiment, the number of 
SNPs contained in a tandem SNP would be limited by the 
maximum number of SNPs contained in that fragmented 
DNA. 
0062. As will be appreciated, the two or more single SNPs 
in a tandem SNP may be of any distance apart. For tandem 
SNPs with more than two single SNPs, the multiple SNPs 
may be of equal distance apart, or there may be varying 
distances between them. In some embodiments, the distance 
between SNPs of a tandem SNP is generally about 350 base 
pairs or fewer. In still further embodiments, the SNPs of 
tandem SNPs are about 5 to about 300, about 10 to about 250, 
about 15 to about 200, about 20 to about 150, about 25 to 
about 140, about 30 to about 130, about 35 to about 120, about 
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40 to about 110, about 45 to about 100, about 50 to about 90, 
about 55 to about 80, and about 60 to about 70 base pairs 
apart. 
0063 Increasing the number of SNPs that make up tandem 
SNPs of the invention increases the potential number of hap 
lotypes, and thereby increases the likelihood that an assay 
detecting alleles will be informative. For example, if a tandem 
SNP contains 3 SNP sites, the potential number of haplotypes 
is 8 and if it contains 4 SNP sites, the potential number of 
haplotypes is 16. This increases the likelihood that an assay 
will be informative, because the mother is more likely to be 
heterozygous at Such a tandem SNP, and the paternal contri 
bution to the fetus (also referred to herein as the “paternally 
inherited fetal allele') is likely to be different from that 
present in the mother's genome. Thus, an assay that detects 
the alleles for this tandem SNP is likely to provide the at least 
three alleles that allows a comparison to be conducted for 
detection of a genetic abnormality, as is discussed in further 
detail herein. 
0064. Tandem SNPs provide a particularly powerful tool 
for comparing alleles in a sample, because tandem SNPs 
allow the detection and quantification of haplotypes. As will 
be discussed in further detail herein, the use of haplotypes in 
methods of the present invention provide an internal standard 
that eliminates the need for using reference markers across 
different chromosomes, thereby increasing specificity and/or 
minimizing or eliminating false positives. 
0065. As discussed herein, “haplotypes are groups or sets 
of markers (including without limitation SNPs, deletions, 
Small deletions, insertions, Small insertions, methylation, and 
short tandem repeats) that are inherited together as a unit. 
Different alleles of a tandem SNP are thus haplotypes, and 
haplotypes can be assigned to a chromosome (i.e., the mater 
nally inherited or paternally inherited chromosome). Com 
paring alleles of a tandem SNP comprises far more informa 
tion than is possible from comparing individual SNPs, 
because comparing alleles of a tandem SNP provides a com 
parison of haplotypes. 
0066 An exemplary embodiment of a tandem SNP is 
schematically illustrated in FIG. 2. In this embodiment, the 
tandem SNP comprises a pair of SNPs. At SNP 1, two alleles 
are possible: G or T. At SNP 2, two alleles are possible: A or 
G. There are therefore four alleles possible for this tandem 
SNP, and these alleles are defined by the four possible hap 
lotypes: G-A, T-A, G-G, or T-G. As will be appreciated, an 
individual may be heterozygous or homozygous for a tandem 
SNP, as is the case for a single SNP, but being heterozygous 
for a tandem SNP means that multiple different haplotypes 
are possible alleles for that tandem SNP. As will also be 
appreciated, for tandem SNPs containing three or more SNPs, 
the resultant number of possible haplotypes will also 
increase. 
0067. As discussed above, genetic abnormalities can be 
detected in a fetus by comparing the number of molecules of 
alleles between the fetal and maternal nucleic acids in a 
sample. By using tandem SNPs, the comparison can be used 
to both compare and quantify the differences between mater 
nal and fetal DNA. 
0068. In an exemplary embodiment, detecting the alleles 
of tandem SNPs in a sample containing both maternal and 
fetal DNA can be used to calculate a haplotype ratio. As 
discussed above, these allele comparison assays are con 
ducted for chromosomal regions of interest at which the 
maternal genome is heterozygous. In the case of tandem 
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SNPs, the maternal genome being heterozygous means that it 
has two different haplotypes for that particular tandem SNP. 
Detecting the number of molecules of alleles of the tandem 
SNP present in a sample is thus a detection of the number of 
molecules of the different haplotypes are present in the 
sample. 
0069. If three alleles of a tandem SNP are detected in a 
sample containing both maternal and fetal DNA, the haplo 
type ratio (HR) can be calculated using the following for 
mula: 

(0070 P1 and P2 represent the number of molecules of 
each of the maternal haplotypes, and P3 represents the num 
ber of molecules of a third haplotype that is not present in the 
maternal genome. P3 thus represents the number of mol 
ecules of the haplotype inherited by the fetus from the father. 
As discussed herein for comparing alleles, the calculation of 
the haplotype ratio provides a way to determine if the fetus 
has a chromosomal abnormality, including without limitation 
trisomy, monosomy, partial duplication, partial deletion, 
microduplication, microdeletion, and the like. As will be 
appreciated, the description of the number of molecules of 
alleles as relating to the terms “peak', and “X” are related to 
P1, P2 and P3 of Formula I. For example, P1 and P2 represent 
the maternal alleles—i.e., “peak--X (or “peak+2x” in cases of 
trisomy) and “peak', whereas P3 of Formula I is equivalent to 
the paternally-inherited fetal allele, i.e., “x'. 
0071. In exemplary embodiments, the haplotype ratio cal 
culation will produce the discrete results of 1, 2, 0 or 0.5. 
These numbers are interpreted as follows: 

(Formula I) 

TABLE 1 

interpretation of haplotype ratio calculations for the 
detection of trisony and/or partial duplications 

Haplotype ratio Interpretation 

P1 - P2, P3 = 1 Fetus has the normal number of chromosomes 
P1 - P2, P3 = 2 Fetus has trisomy, likely as result of a duplication 

during maternal meiosis II or paternal meiosis I 
P1 - P2, P3 = O Fetus has trisomy, likely as a result of a duplication 

during maternal meiosis I 
Fetus has trisomy, likely as a result of a duplication 
during paternal meiosis II 

P1 - P2, P3 = 0.5 

0072. In a further embodiment, paternal non-disjunction, 
in which the fetus inherits two alleles from the father, may 
result in the haplotyperatios described in Table 1. In addition, 
if the two alleles from the father are both not found in the 
maternal genome, it would be possible to detect four alleles in 
a sample containing both maternal and fetal DNA two alle 
les would again be from the maternal genome, and two would 
be paternally-inherited fetal alleles (see FIG. 3, lower panel 
for exemplary combinations of alleles). 
0073. In further embodiments, the haplotype ratio can be 
calculated according to the following formula: 

HR=P1-P2, P3-P4. (Formula II) 

In this embodiment, P1 and P2 represent the number of mol 
ecules of each of the maternal haplotypes and P3 and P4 
represent the number of molecules of a third and fourth hap 
lotype that is not present in the maternal genome. As will be 
appreciated. Formula II is applicable to embodiments of 
paternal non-disjunction trisomy, in which two paternally 
inherited fetal alleles are present in the sample. Formula II is 
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also applicable to situations in which only one paternally 
inherited fetal allele is present in the sample—in such situa 
tions, either P3 or P4–0. Thus, Formula II can be applied to 
calculate the haplotype ratio for any sample from a pregnant 
female carrying a single fetus. 
0074 For de novo deletions in the fetus (including partial 
deletions, microsomal deletions, large deletions, etc.), pater 
nally inherited deletions in the fetus would result in an entire 
panel of tandem SNPs without an informative third allele 
being present in the maternal sample. In Such a situation, 
haplotype ratios cannot be calculated. Thus, the absence of an 
informative third allele or third haplotype can indicate a de 
novo deletion in the paternally inherited chromosome and 
would be informative in and of itself. 

0075 Thus, calculation of the haplotype ratio provides 
discrete detection and quantification of fetal chromosomal/ 
genetic abnormality/allelic dosage within a single measure 
ment from a sample comprising both maternal and fetal DNA. 
Unlike traditional methods of using single SNPs to determine 
whether a fetus has a chromosomal abnormality, the present 
invention does not require measurements of alleles across 
different chromosomes in order to determine the amount of 
fetal DNA present in the sample in relation to the maternal 
DNA. As discussed above, the present invention has an inter 
nal standard for each measurement. Since the maternal 
genome is heterozygous for the particular tandem SNP being 
analyzed, detection of three alleles in a sample containing 
both maternal and fetal DNA means that one of the detected 
alleles is the paternally-inherited fetal allele. Since the mol 
ecules of the paternally-inherited fetal allele can only be from 
the fetal DNA, detection of the number of molecules of that 
paternally-inherited fetal allele provides a measurement of 
how much fetal DNA is present in the sample. This third allele 
serves as an internal standard of the amount offetal DNA, and 
there is no need to compare the measurement of the number of 
molecules offetal alleles against the number of molecules of 
fetal alleles present for another chromosome that is not 
expected to have an abnormality. Thus, in the present inven 
tion, a single measurement of the number of molecules of an 
allele of a particular chromosome (i.e., a chromosome 
expected to be subject to an abnormality) provides all the 
information needed to determine whether the fetus has a 
chromosomal abnormality. 
0076 A further advantage of the methods of the present 
invention, particularly the internal standard provided by 
detection of the third allele, is that the ratios of the alleles and 
the calculation of the haplotype ratio will not vary based on 
the concentration in the sample of fetal genetic material. 
Traditional methods for detecting chromosomal abnormali 
ties must normalize calculations of ratios with respect to the 
amount of fetal genetic material present in the sample being 
analyzed. In contrast, the methods of the present invention do 
not require Such normalization, because comparing the num 
ber of molecules of the paternally-inherited fetal allele to the 
number of molecules of the maternal alleles in accordance 
with the present invention allows a calculation of allelic ratios 
that is independent of the amount of the total amount of fetal 
genetic material present in the sample. 
0077. As will be appreciated, the above methods for cal 
culating haplotype ratios can be conducted using a single 
tandem SNP or using multiple tandem SNPs (also referred to 
herein as “panels' of tandem SNPs). When multiple tandem 
SNPs are used in any methods in accordance with the present 
invention, they can be utilized one at a time, in specific group 
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ings, or all possible tandem SNPs can be analyzed at the same 
time in a multiplex assay. In some embodiments of the inven 
tion, panels of tandem SNPs comprise between 2 and 200 
tandem SNPs. As will be appreciated, each of these tandem 
SNPs define a haplotype and therefore may in turn comprise 
two or more SNPs. In further embodiments, panels of tandem 
SNPs comprising between about 2-150, 10-140, 15-130, 
20-120, 25-110, 30-100, 35-90, 40-80, 45-70, and 50-60 tan 
dem SNPs are used in accordance with the present invention. 
(0078 Multiple tandem SNPs may be assayed individually 
for a sample or multiplexed into a single assay. In some 
embodiments, the number of SNPs applied in a single assay 
may depend on the amount of nucleic acids that are present in 
and/or can be obtained from a sample. In further embodi 
ments, all or a selected portion of the nucleic acids in a sample 
are amplified, which will allow multiple tandem SNPs 
directed to one or more chromosomes to be applied in a single 
multiplexed assay. As will be appreciated, using multiple 
tandem SNPs, either sequentially or simultaneously, can be 
used in some embodiments to assay for abnormalities in 
multiple chromosomes. The number of chromosomes that 
can be assayed using methods of the invention is limited only 
by the number of chromosomes present in the organism from 
which the sample is obtained. 
0079. In many embodiments, a panel of tandem SNPs is 
assayed in a sample, but only a Subset of the panel (anywhere 
from between 1 and up to the total number of tandem SNPs in 
the panel) is informative, meaning that not every tandem SNP 
in a panel will produce a “positive' result. A positive result in 
assays utilizing tandem SNPs is generally the detection of at 
least three alleles for a particular tandem SNP. For any par 
ticular sample, even a single positive result from a tandem 
SNP can allow detection of a genetic abnormality. Results 
from more than one tandem SNP can be used as further 
internal confirmation of an assay. 
0080. The analysis of the paternally inherited fetal allele, 
particularly analysis with respect to tandem SNPs, is of use in 
detecting non-chromosomal mutations. In the case of a point 
mutation that is present in the mother or father's genome (A* 
in FIG. 4), this can be combined with a nearby SNP site to 
create at least three potential haplotypes. The inheritance 
pattern of the point mutation(s) to the fetus can therefore be 
traced in accordance with the methods described herein. 

I0081. As is schematically illustrated in FIG. 4, the use of 
tandem SNPs allows detection of a recessive mutation that 
would not be detectable in methods utilizing single SNPs. As 
shown in the left panel, detecting alleles for a single SNP in a 
sample comprising both maternal and fetal DNA does not 
allow one to determine whether the fetus has inherited the 
point mutation. However, using the haplotype analysis pos 
sible by detecting alleles of tandem SNPs (FIG. 4, right 
panel), it is possible to detect the third allele in the sample, 
which is the paternally-inherited fetal allele. If the paternally 
inherited fetal haplotype comprises the recessive point muta 
tion, detection of that third allele is informative. Although in 
this exemplary embodiment the tandem SNP comprises two 
single SNPs, as is discussed herein, tandem SNPs may com 
prise multiple single SNPs. 
I0082 In the extremely rare situation that the point muta 
tion occurs at a base pair which is known to have a SNP, the 
single site would be tri-allelic and therefore it may not be 
necessary to combine the point mutation site with a nearby 
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SNP. Then a simple comparison of detected alleles as 
described in further detail above would allow detection of the 
mutant allele. 
0083. The ability to trace the inheritance pattern of point 
mutations has clinical importance in the case of recessive 
disorders. If both the mother andfather are heterozygous at a 
point mutation site carrying a normal and mutated base, the 
use of haplotypes (point mutation+nearby SNP) allows one to 
determine whether the fetus is at risk for being homozygous 
for the recessive mutation. This is thus one embodiment of the 
tandem SNP analysis described herein. The combination of 
any mutation (e.g. point mutation, insertion, deletion, methy 
lation) along with a nearby SNP is useful to determining the 
fetal risk of homozygosity for a recessive disorder. 
0084. In some embodiments, short tandem repeats (STRs) 
can be used as a tandem SNP or as part of a tandem SNP for 
comparing alleles. STRS are highly polymorphic regions in 
the genome, and many alleles can be present at a single STR 
site—for example, in many situations it is possible to have ten 
or more alleles at a given site. STRS generally arise in highly 
repetitive sequences which are error prone during amplifica 
tion, resulting in their highly polymorphic state. 
0085. In some embodiments, tandem SNPs do not com 
prise STRs. 
I0086. In some embodiments, the information gathered 
about the alleles of interest in a sample comprising both 
maternal and fetal DNA is compared to similar information 
gathered about the alleles of interest in a sample comprising 
maternal DNA but no fetal DNA. The sample containing only 
the maternal DNA can be used as a reference for the sample 
containing both maternal and fetal DNA. Although such a 
reference sample is not generally necessary, it can provide 
additional Substantiation of the results from the assays dis 
cussed herein. In some embodiments, the sample comprising 
maternal DNA but no fetal DNA is obtained using methods 
known in the art. Such samples can be obtained from a num 
ber of Sources, including without limitation: maternal buccal 
Swabs, maternal cells, including maternal white blood cells, 
and the like. 
I0087. III(A). Identifying Tandem SNPs 
0088 As will be appreciated, different samples will 
require the use of different tandem SNPs for detection of 
genetic abnormalities. This is because one requirement of the 
methods described herein, particularly methods involving 
tandem SNPs, is that the maternal genome must be heterozy 
gous for the allele of interest in order to allow the detection of 
a third, paternally-inherited allele. In addition, tandem SNPs 
for which the paternal genome comprises the same haplo 
types as the maternal genome will not beinformative, because 
it is the detection of three alleles for a particular tandem SNP 
that provides the internal standard of the paternally-inherited 
fetal allele. 
0089. The present invention provides methods and com 
positions for identifying tandem SNPs. In some embodi 
ments, a chromosomal region of interest is studied to identify 
potential markers (i.e., alleles) for use as tandem SNPs. 
Studying a chromosomal region of interest for identifying 
tandem SNPs in some embodiments involves analyzing a 
database comprising information on the occurrence of SNPs 
in one or more populations (such as the database from the 
International HapMap Project). In further embodiments, 
studying a chromosomal region of interest to identify tandem 
SNPs comprises collecting samples of nucleic acids for a 
number of individuals and amplifying the region of interest. 
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The amplification product can then be sequenced or other 
wise analyzed to identify potential markers for use as tandem 
SNPS. 

0090. In some embodiments, a tandem SNP is chosen by 
identifying two or more neighboring SNPs. Such SNPs may 
be separated by any range of distances, and as will be appre 
ciated, the distances between neighboring SNPs is limited 
only by the size of the chromosomal region of interest. In 
some embodiments, the two or more SNPs in a tandem SNP 
may be separated by a distance of about 5 to about 400 base 
pairs. In further embodiments, the two or more SNPs in a 
tandem SNP may be separated by a distance of about 10 to 
about 350, about 20 to about 300, about 30 to about 250, about 
40 to about 200, about 50 to about 150, about 50 to about 140, 
about 60 to about 130, about 70 to about 120, about 80 to 
about 110, and about 80 to about 100 base pairs. In embodi 
ments in which more than two SNPs are in a tandem SNP, 
each individual SNP may be of equal distance from the other 
SNPs, or the SNPs may be at varying distances from each 
other. Although the description herein of tandem SNPs is 
primarily in terms of two or more SNPs, a tandem SNP may 
also include any combination of SNPs, deletions, insertions, 
and sequence variants of two nucleotides or greater, and 
descriptions of tandem SNPs herein applies to all such com 
binations. As will be appreciated, “neighboring SNPs as 
described herein may have one or more SNPs (or deletions, 
insertions, sequence variants) that occur in the region 
between the SNPs that are part of a particular tandem SNP. 
Thus, in an exemplary embodiment, ifSNPs A, B and Coccur 
in that order along a chromosomal region in a population, a 
tandem SNP may be chosen such that A and C are the “neigh 
boring SNPs, and B is a SNP located in the intervening 
region between A and C. 
0091. In further embodiments, tandem SNPs of the inven 
tion are selected such that the combination of SNPs (and/or 
deletions, insertions and sequence variants) results in more 
than two haplotypes being present in a population. In still 
further embodiments, tandem SNPs are chosen that result in 
more than two haplotypes present in populations across dif 
ferent ethnic groups—as will be appreciated, such informa 
tion can be generated from publicly available databases (such 
as the HapMap database) or from direct investigation of 
samples collected from multiple individuals. 
0092. In still further embodiments, tandem SNPs of the 
invention are chosen such that their component SNPs, dele 
tions, insertions and sequence variants do not lie within a 
common, non-disease related CNV (copy number variation) 
region, such as those present in the Database of Genomic 
Variants from The Centre for Applied Genomics at http:// 
projects.tcag.ca/variation/..) 
0093. In further embodiments, methods for identifying 
tandem SNPs utilize maternal buccal samples (or any other 
samples that contain maternal DNA but no fetal DNA) in 
order to identify regions at which the maternal genome is 
heterozygous. 
0094. In an exemplary embodiment, tandem SNPs are 
identified from population data files (such as the HapMap 
database). In this exemplary embodiment, highly heterozy 
gous (i.e., greater than 10% or more or “common”) SNPs are 
identified. In some embodiments, only those SNPs that are 
highly heterozygous in all populations contained in the data 
base are chosen as likely candidates. In other embodiments, 
likely candidates are chosen from SNPs that are highly het 
erozygous in a Subset of the populations contained in the 
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database. Tandem SNPs can then be provisionally selected by 
choosing highly heterozygous SNPs that are at a desired 
distance from each other, as is discussed above. As is also 
discussed herein, likely tandem SNPs may comprise a wide 
range of individual SNPs. 
0095. In still further embodiment, any likely tandem SNPs 
that occur in the list of SNPs from common CNV regions are 
removed from further consideration. In still further embodi 
ments, tandem SNPs that lie in regions with long stretches of 
homopolymeric sequences (i.e. 6 or greater) are also removed 
from further consideration. 
0096. In yet further embodiments, primers are designed to 
amplify regions containing likely tandem SNPs. In some 
embodiments, these primers are optimized for efficiency and 
specificity using methods known in the art. In further embodi 
ments, primers are tested to determine if they preferentially 
amplify one or more alleles of the likely tandem SNPs over 
others. 
0097. As will be appreciated, tandem SNPs of use in 
accordance with the present invention can be chosen using 
any combination of the above methods and characteristics. In 
some exemplary embodiments, tandem SNPs are chosen 
based solely on distance between each component. A "com 
ponent of a tandem SNP as used herein refers to individual 
SNPs, deletions, insertions, or sequence variations that make 
up a tandem SNP. 
0098. In some embodiments, a chromosomal region of 
interest can be directly sequenced from one or more samples 
to identify potential tandem SNPs. In further embodiments, 
genetic material from a number of individuals, (e.g., 8 indi 
viduals, 10 individuals, 96 individuals, even 20,000 individu 
als) can be collected and amplified for a given target sequence 
of interest. The alleles present in this amplified sample can 
then be detected and quantified to identify sequences that can 
serve as tandem SNPs. In some embodiments, the genomic 
DNA from these individuals are pooled together and a target 
sequence of interest is amplified in a single PCR reaction. If 
three or more alleles occur in this pooled sample, and at least 
three of these alleles occurat high percentages (>10%) in the 
pooled sample, then the target sequence is a likely candidate 
for use as a tandem SNP in accordance with the present 
invention. 
0099. As will be appreciated, tandem SNPs can be identi 
fied for any chromosome. Exemplary tandem SNPs identified 
in accordance with the present invention for chromosome 21 
are provided in FIG. 5. FIG. 6 shows tandem SNPs for chro 
mosome 21 as well as primers that can be used for amplifi 
cation and detection of these tandem SNPs. Exemplary tan 
dem SNPs identified in accordance with the present invention 
for chromosomes 13, 18 and 22 are provided in FIG. 9. 
Tandem SNPs identified in accordance with the present 
invention for any other chromosome are also encompassed by 
the present invention, as are tandem SNPs other than those in 
FIGS. 5, 6 and 9. As will be appreciated, sequences that have 
at least 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 
94%.95%,96%.97%.98%, and 99% sequence identity to the 
sequences provided in FIGS. 5-6 and 9 are also encompassed 
by the present invention. 

IV. Uses Beyond Detecting Genetic Abnormalities 
0100 Although the above description has been provided 
in terms primarily of genetic abnormalities, the same detec 
tion and quantification of alleles, including alleles of tandem 
SNPs, can be used in other applications. 
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0101. In some embodiments, the present methods and 
compositions of the present invention can be used to evaluate 
tissue rejection in a patient who has received a tissue trans 
plant. In Such embodiments, if the host is heterozygous, 
detection of a third (and possibly fourth) allele frequency may 
come from the graft at the time of transplant. The levels of 
allelic dosage at the time of transplant can then be compared 
to levels at later time points to determine if the graft is being 
rejected. Such comparisons can be conducted by calculating 
allelic and/or haplotype ratios as discussed herein. An advan 
tage of using tandem SNPs in this embodiment, particularly 
with tandem SNPs comprising more than two SNPs or other 
components, is that the likelihood of having an informative 
assay (i.e., one in which at least three alleles can be detected) 
is increased, and it would be possible to quantitatively mea 
sure both the maternally inherited and the paternally inherited 
alleles from both the recipient and the graft by calculating a 
Haplotype Ratio. Such information can not be obtained from 
studies in which only individual SNPs are used to compare 
between the genetic material of the recipient and the graft. 
0102. In still further embodiments, the methods and com 
positions can be used in transfusions, to determine if a donor 
is a match for the recipient. As with the analysis for detecting 
tissue rejection, the allelic dosage can be calculated to deter 
mine if the transfusion is acceptable to the recipient. 
0103) In further embodiments, the methods and composi 
tions of the present invention can be used in forensic analysis 
by identifying samples through a comparison of alleles for a 
particular chromosomal region. Methods of the present 
invention for detecting and comparing alleles, including alle 
les of tandem SNPs, will provide information as to whether a 
particular forensic sample comprises samples from one or 
more individuals. Such forensic analysis may be used in cases 
of sexual assault, for determining paternity, as well as other 
forensic applications that would benefit from the ability to 
compare allelic dosage in a sample. 

EXAMPLES 

Example 1 
Tandem SNPs for Chromosome 21 

0104 Allelic markers on chromosome 21 were selected by 
examining tandem SNPs. These tandem SNPs covered both q 
and p arms of the chromosome. Using heterozygosity data 
available through dbSNP, DCC Genotype Database and 
through the HapMap Project, SNPs that appeared to be prom 
ising for high heterozygosity (225%) were selected. Because 
all four possibilities may not exist in nature due to haplotype 
blocks in regions of low recombination, those that Suggested 
less than three haplotypes were screened out. 
0105 Target sequences covering tandem SNPs were 
designed using Vector NTI and WinMelt software. As an 
example, the melting map of a CDCE or CTCE target cover 
ing two tandem SNPs (dbSNP rs2839416 and rs28394.17) on 
chromosome 21 was calculated using WinMelt according to 
the algorithm of Lerman and Silverstein (Lermanet al., Meth 
ods Enzymol, 1987. 155: p. 482-501) and is depicted in FIG. 
7. 
0106 FIG. 7 depicts a DNA melting map of a CDCE or 
CTCE target sequence covering tandem SNPs. All four hap 
lotypes can be theoretically separated according to DNA 
melting temperature. The curves for the four different haplo 
types (haplotype 1 (GA); haplotype 2 (TA); haplotype 3 
(G,G); and haplotype 4 (TG)) are identified on the figure. 
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0107 HiFi PCR optimization for each target sequence was 
performed using Pfu polymerase. One of primers flanking the 
target sequence was ~20 bases in length and labeled 5" with a 
fluorescein molecule. The other primer was about 74 bases 
including a ~20-base target specific sequence and the 54-base 
clamp sequence. A standard HiFi PCR condition was applied 
to all target sequences, varying only annealing temperatures. 
These PCR amplicons were subjected to CDCE or CTCE 
electrophoretic separation. The resulting electropherograms 
were analyzed for yield and purity of the PCR products. The 
purity was evaluated by comparing the peak area of the 
desired products to that of the byproducts and nonspecific 
amplification. Target sequences that could be amplified with 
a high PCR efficiency (245% per cycle) and low levels of 
byproducts and nonspecific amplification 0.1% of the desired 
products) were subjected to CDCE or CTCE optimization. 
For those target sequences that did not have acceptable PCR 
products in the first stage, increasing amounts of Mg" con 
centrations (up to about 7 mM) in combination with different 
annealing temperatures were tested. For the remaining target 
sequences that still did not work, primer positions were 
changed and the entire optimization process is repeated. 
0108 For CDCE or CTCE optimization, the relevant hap 
lotypes were created for the targets using pools of 96 indi 
viduals. The optimal separation condition for each haplotype 
should provide the greatest resolution among the observed 
peaks. Initial optimization is done around the theoretical 
melting temperature (T,) in a 2° C. temperature range in 
increments of 0.2° C. which covers (T-1° C.ita predeter 
mined offset) to (T+1° C.ita predetermined offset). 
0109 Electropherogram and peak measurements were 
transferred to a spreadsheet for analysis. To ensure the quality 
of the data, minimum and maximum peak heights were used. 
Individual markers were failed if electrophoretic spikes 
occur. Peak areas were used to calculate allele ratios. A check 
for allelic preferential amplification was performed on all 96 
tandem SNPs. 

0110. In the fall of 2005, the International HapMap Project 
publicly released genotypes and frequencies from 270 people 
of four ethnic populations. Chromosome 21 haplotype data 
from approximately 40,000 SNPs genotyped across four 
populations, including U.S. residents with northern and west 
ern European ancestry, residents of Ibadan, Nigeria, of 
Tokyo, Japan, and of Beijing, China, were downloaded 
(2005-10-24: HapMap Public Release #19) and converted to 
the + orientation. Tandem SNP candidates fell within 100 
basepairs from each other and at least three haplotypes 
existed in all four ethnic populations. CDCE or CTCE target 
sequences and primers were designed for the tandem SNPs 
identified through the HapMap Project. The neighboring 
sequences for each of the tandem SNPs were imported into a 
Software program, e.g., Sequencher (Gene Codes, AnnArbor, 
Mich.) and/or Vector NTI (Invitrogen, Carlsbad, Calif.) for 
sequence alignment and primer design, and into Winmelt 
(Medprobe, Oslo, Norway) or Poland software (available at 
biophys.uniduesseldorf.de/local/POLAND/poland.html) 
where the algorithm for computing DNA melting tempera 
tures given the Gotoh-Tagashira values for the enthalpy of 
melting DNA sequences were used to calculate melting tem 
peratures of target sequences. CDCE or CTCE candidates 
generally have a high melting region adjacent to a low melting 
region, lie in a low melting region, melting temperatures of 
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the low melting region fall below 80° C., and no “valleys' 
occur between the high melting region and the low melting 
region. 
0111 All of the 40,000 genotypes on chromosome 21 
were analyzed for tandem SNP/CDCE/CTCE marker suit 
ability. 118 tandem SNPs/CDCE/CTCE targets meeting 
requirements have been identified (see FIG. 5 for the first 42 
identified and FIG. 6 for all 118). 
(O112 Primer sequences for these 118 tandem SNP/ 
CDCE/CTCE targets were designed. These were optimized 
as described herein using HiFi PCR and CDCE or CTCE. 
These optimizations included the creation of relevant haplo 
types for all targets, a check for allelic preferential amplifi 
cation during HiFi PCR, and obtaining the greatest resolution 
among peaks during CDCE or CTCE. Haplotypes may be 
separated as homoduplex peaks. However, if certain targets 
cannot be separated out as homoduplexes, maternal DNA can 
be separated from fetal DNA as heteroduplexes. 

Example 2 
Determining Heterozygosity of Tandem SNPs 

0113 Genomic DNA samples from 300 anonymous sub 
jects were obtained from healthy young adults who were less 
than 35 years old. The samples were anonymous as the only 
data obtained were the geographic location of the Red Cross 
blood donor center, donor gender, and whether or not the 
donor was 35 and under. These samples were reviewed to 
ensure that at least three haplotypes were present for a given 
target sequence of interest. These results were compared to 
haplotypes identified through analysis of the database from 
the HapMap project as described in Example 1, and it was 
found that the same or similar haplotypes were identified 
using both methods. 

Example 3 
Detecting Fetal DNA in Maternal Serum 

0114. A cohort of subjects confirmed to have trisomy 21 
by traditional karyotype analysis was examined. Tandem 
SNPs were used to demonstrate detection of trisomy in sub 
jects. DNA from 20 subjects who were characterized by tra 
ditional karyotype analysis to have trisomy 21 were analyzed 
with the tandem SNP panel. 
0115 Biological samples, including a buccal (cheek) 
swab and a blood sample were collected from a cohort of 
pregnant women. Maternal buccal Swab samples were com 
pared to maternal serum to demonstrate that a third (paternal) 
peak was observed in several of the tandem SNP assays. 
Approximately 20 maternal buccal Swab to maternal serum 
comparisons were made. To control for experimental arti 
facts, genomic DNA samples from maternal buccal Swabs 
were utilized for each target sequence. The buccal samples 
were subjected to the process in parallel with the maternal 
blood sample. Any artifacts generated by the CDCE/CTCE/ 
HiFi-PCR procedure (including nonspecific PCR amplifica 
tion and polymerase-induced mutations) were revealed as 
background peaks in the buccal Swab samples. 

Example 4 
Detecting Fetal Chromosomal Abnormalities 

0116. A blinded study is performed where the goal is to 
detect 20 known trisomy 21 fetuses by assaying maternal 
serum from 40 patients (previously determined by amniocen 
tesis or CVS) (see FIG. 3). 
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0117 FIG. 1A depicts a schematic illustration of the out 
put of detecting alleles in a sample from maternal buccal 
swab. Markers exhibiting two alleles were pursued. A baby 
with trisomy is expected to show either three alleles, evident 
by three peaks in a 1:1:1 ratio or two alleles in a 2:1 ratio. FIG. 
1B depicts a sample from maternal serum. Markers exhibiting 
three alleles are informative. Maternal serum from a woman 
carrying a baby with trisomy is expected to exhibit three 
alleles, evident by two equal peaks with a third smaller peak 
if the trisomy occurred during meiosis I (75% of T21 cases) or 
three alleles with different areas if the trisomy occurred dur 
ing meiosis II (20% of T21 cases) where areas are: peak, X, 
and peak+2x. FIG.1C is a schematic illustration of the analy 
sis of a sample from maternal serum. Markers exhibiting 
three alleles are informative. Maternal serum from a woman 
with a normal baby with three alleles has three different areas 
where areas are: peak, X, and peak+X. 
0118 FIG.8 shows data from a CDCE experiment for two 
different samples. In the top sample, the mother is carrying a 
non-trisomy 21 fetus. As expected, the haplotype ratio calcu 
lated from comparing the peaks in the output (which each 
represent a different allele, and the area under each of which 
provides the number of molecules for each allele) is within a 
margin of error to 1, the haplotype ratio expected for a normal 
fetus (see FIG. 8A). FIG. 8B shows the results for a mother 
carrying a fetus with trisomy 21. The haplotype ratio calcu 
lated from these data was within a margin of error to 2, which 
is one of the haplotype ratios expected for a fetus with a 
chromosomal abnormality. 
0119 For the case of the minimum heterozygosity, where 
both SNP1 and SNP2 are heterozygous at their respective loci 
at a rate of 25%, if 96 tandem SNPs are assayed, an average of 
43 markers (44.5%) are expected to be heterozygous (two 
haplotypes) in the mother. The mother's expected heterozy 
gosity is calculated using the following formula: 

H=1-Xp, (Formula III) 

wherein l=1 to kalleles and pi-estimated allele frequency. 
0120. The allele frequencies at each SNP loci are expected 

to be 85% and 15% for the majority and minority alleles, 
respectively, assuming Hardy-Weinberg equilibrium. The 
desired third haplotype is expected to be presentatan average 
of 6.4 markers (15%) of per maternal-fetal sample tested. 
Because most loci have a heterozygosity value greater than 
25%, for every maternal-fetal sampletested using the panel of 
96 tandem SNP assays, greater than about 6.4 markers are 
most informative. Thus, while a panel of 96 tandem SNPs 
may be used, 6 or 7 of those tandem SNPs may be informative 
for any one specific maternal-fetal sample tested, and a posi 
tive result from any one of those tandem SNPs is informative. 
0121 Finally, in order to diagnose a trisomy, a “positive' 
tandem SNPs should be identified on both the p and the q arm 
of chromosome 21. Because of the comparative nature of the 
basic approach, the tandem SNP assay is predicted to have a 
detection rate of 95% (those that occur during maternal meio 
sis) for trisomy 21. If paternal samples are available, non 
disjunctions that occur during paternal meiosis can also be 
detected. Thus, detection rates would be higher (about ~99%) 
with a 0% false positive rate. 

Example 5 
Identification of Patients with Trisomy 21 

0122) A study was approved by the Institutional Review 
Board for Human Research at the Medical College of Wis 
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consin. 27 high risk pregnant patients who were scheduled to 
undergo amniocentesis or CVS or had already had either of 
these procedures were recruited as subjects at Froedtert Hos 
pital. Informed consent was obtained from each participant 
before blood draws and buccal swabs were obtained. 
I0123 Karyotype analysis confirmed 7 pregnancies carried 
a trisomy 21 fetus while 20 pregnancies carried a disomy 21 
fetus. The gestational week and maternal age varied from 
9-36.1 weeks and 22-43 years respectively. The gestational 
age ranged from first to third trimesters and the race and 
ethnicity of the subjects were (White (non-Hispanic), White 
(other), Asian, Other, and unknown). 
0.124. The results from the study are shown in the table 
below: 

TABLE 2 

RESULTS OF STUDY CONFIRMED BY 
KARYOTYPEANALYSIS 

Fetal % of fetal 
Chromosome 21 Haplotype ratio DNA (paternal 

Subiec Status (HR) CV contribution) 

Subject 1 Disomy 1.21 O.39 7.4% 
Subject 2 Disomy 1.19 O.O6 10.8% 
Subject 3 Trisomy 2.29 O.17 4.4% 
Subject 4 Trisomy 2.55 O.22 1.3% 
Subject 5 Trisomy 2.09 O.08 S.0% 
Subject 6 Trisomy 2.33 O.26 3.3% 
Subject 7 Trisomy 2.29 O.S6 1.7% 
Subject 8 Trisomy O.OS O.OS 7.1% 
Subject 9 Disomy O.95 O16 5.5% 
Subject 10 Disomy .04 O.OS 19.7% 
Subject 11 Disomy OO O.OS 8.0% 
Subject 12 Disomy O.99 O.31 6.8% 
Subject 13 Disomy O.90 O.26 7.3% 
Subject 14 Disomy .04 O.OS 24.0% 
Subject 15 Disomy 1S O.12 4.0% 
Subject 16 Disomy O6 O.11 2.9% 
Subject 17 Disomy O.92 O.26 4.0% 
Subject 18 Disomy 35 O.O2 11.7% 
Subject 19 Disomy O.95 O.13 9.2% 
Subject 20 Disomy 29 O.23 3.7% 
Subject 21 Disomy 46 O.O7 7.0% 
Subject 22 Disomy .21 O.14 6.4% 
Subject 23 Trisomy 2.07 O.13 6.8% 
Subject 24 Disomy 29 O.25 7.3% 
Subject 25 Disomy O1 O.10 4.2% 
Subject 26 Disomy O.85 O.04 13.7% 
Subject 27 Disomy 2O O.21 9.7% 

0.125. As is apparent from the above table, calculation of 
the haplotype ratio correctly identified each Subject carrying 
a baby with trisomy and the haplotype ratio calculation was 
also able to correctly identify all normal pregnancies. 
0.126 The present specification provides a complete 
description of the methodologies, systems and/or structures 
and uses thereof in example aspects of the presently-de 
scribed technology. Although various aspects of this technol 
ogy have been described above with a certain degree of par 
ticularity, or with reference to one or more individual aspects, 
those skilled in the art could make numerous alterations to the 
disclosed aspects without departing from the spirit or scope of 
the technology hereof. Since many aspects can be made with 
out departing from the spirit and scope of the presently 
described technology, the appropriate Scope resides in the 
claims hereinafter appended. Other aspects are therefore con 
templated. Furthermore, it should be understood that any 
operations may be performed in any order, unless explicitly 
claimed otherwise or a specific order is inherently necessi 
tated by the claim language. It is intended that all matter 
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contained in the above description and shown in the accom 
panying drawings shall be interpreted as illustrative only of 
particular aspects and are not limiting to the embodiments 
shown. Unless otherwise clear from the context or expressly 
stated, any concentration values provided herein are gener 
ally given in terms of admixture values or percentages with 
out regard to any conversion that occurs upon or following 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 357 

<21 Os SEQ ID NO 1 
&211s LENGTH: 127 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs SEQUENCE: 1 
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addition of the particular component of the mixture. To the 
extent not already expressly incorporated herein, all pub 
lished references and patent documents referred to in this 
disclosure are incorporated herein by reference in their 
entirety for all purposes. Changes in detailor structure may be 
made without departing from the basic elements of the 
present technology as defined in the following claims. 

aacaaatctt catcttggaa tagcctgtga gaatgcc taa to at citacga atgttactitt 60 

ggcac catct actggacaga ttaaataa.ca accaact cac totggattag acct acttct 12O 

attt cag 127 

<21 Os SEQ ID NO 2 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs SEQUENCE: 2 

at agcctgtg agaatgcct a 

<21 Os SEQ ID NO 3 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs SEQUENCE: 3 

atccacagtg agttggttgt 

<21 Os SEQ ID NO 4 
&211s LENGTH: 84 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs SEQUENCE: 4 

titcctggaala acaaaagtat ttctitt cata gcc.cago tag catgataaat cagogagt ca 60 

gaattictago tttgttgtaa ggitt 

<21 Os SEQ ID NO 5 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs SEQUENCE: 5 

toctdgaaaa caaaagtatt 

<21 Os SEQ ID NO 6 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

84 
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<4 OOs, SEQUENCE: 13 

tccaagtata atc catgaat cittgtttaaa 

catcaaaaga caactgggta aattittittaa 

tgttact citc titatatacaa tittgaa 

<210s, SEQ ID NO 14 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 14 

gtataatcca tdaatcttgt tt 

<210s, SEQ ID NO 15 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 15 

ttcaaattgt atataagaga git 

<210s, SEQ ID NO 16 
&211s LENGTH: 132 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 16 

atggaaccoga aacttcaagt agttt catac 

ctggtott at gacticgttgt tt catt atta 

aaattittitta at 

<210s, SEQ ID NO 17 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 17 

atggaaccoga aacttcaa 

<210s, SEQ ID NO 18 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 18 

ttaataatga aacaacgagt ca 

<210s, SEQ ID NO 19 
&211s LENGTH: 157 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 19 

acaggat.cct tcc tdaagac accaccittgg 

aatcaagggit ggtgagatac atgttaagga 

aaaattagac aatgcagagg caaccacaga 

15 

- Continued 

tatagat caa ataaaccact ataccaaaaa 

atgactagot atttgatgtt aaggaagtaa 

gtat cacatt gacagttitt c totaagttitt 

aaactgtgcc agtgtatgca tagggct tag 

ggagggtgaa ggataaagaa tittgat Caga 

tgaataaact ggc ctitt tag gattcttgct 

gtcCaag 

6 O 

12 O 

146 

22 

22 

6 O 

12 O 

132 

18 

22 

6 O 

12 O 

157 

Jul. 22, 2010 









US 2010/0184044 A1 
19 

- Continued 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 4 O 

tggcttitt ca aaggtaaaat titactaagtg tattaatatt ttaccaattt coagc.cagga 

gag tatgaat gttgcatt at tacattgctt tdaaacaaag cattagt citt aattcagaag 

tittaaattica gatgttaacg ttgc 

<210s, SEQ ID NO 41 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 41 

tggcttitt ca aaggtaaaa 

<210s, SEQ ID NO 42 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 42 

gcaa.cgittaa catctgaatt t 

<210s, SEQ ID NO 43 
&211s LENGTH: 110 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 43 

taagtattga agaaaggaga atttalaatta citt catatac ctdataaagg aaaacatata 

caaggcaaat aaa.cat citta gat catgaca tataaaataa tagattatta 

<210s, SEQ ID NO 44 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 44 

ttgaagaaag gagaatttaa 

<210s, SEQ ID NO 45 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 45 

attittatatgtcatgatcta ag 

<210s, SEQ ID NO 46 
&211s LENGTH: 1.65 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 46 

tgcagagatt acaggtgtga gcc accqtgc cca.gc.ct cat aaccotttca act actttitt 

cacttgacaa gcagatgtga agittaacaaa gtcacccata tittgaaataa agatagtata 

titcCtggggt aggcagaggc agttgaggat catgaaataa citatg 

6 O 

12 O 

144 

19 

21 

6 O 

11 O 

22 

6 O 

12 O 

1.65 
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<210s, SEQ ID NO 54 

<213> ORGANISM: Homo sapiens 

acatgtacta ttittgctga 

LENGTH 19 
TYPE: DNA 

SEQUENCE: 54 

<210s, SEQ ID NO 55 

<213> ORGANISM: Homo sapiens 

gcctgcataa agtgaggatg gtgtagta at tigt at Ctc Cagttataaa cacaaaaagc 

atgatagagc tigggactgtg attgcaggaa agcaatagtic act coaaaag gagat.cctica 

LENGTH: 16 
TYPE: DNA 

SEQUENCE: 

6 

55 

21 

- Continued 

tgatatgaat acggaagaaa caatatttico togctaatgta gtagcc 

<210s, SEQ ID NO 56 

<213> ORGANISM: Homo sapiens 

cCtgcataaa gtgaggatgg 

< 4 OOs 

tgaggat.ct c Cttittggagt g 

< 4 OOs 

gcaaaggggt actictatgta atgaacatga Cctggcagta Ctgacat Ct c ctgagggact 

gttagaagtg cagact cittg tat cittitt ct caagtictatog aaatctagac tt cattittaa 

caagatgacc cqatatttac atacacatta aagt 

LENGTH: 2O 
TYPE: DNA 

SEQUENCE: 

SEQ ID NO 
LENGTH: 21 
TYPE: DNA 

ORGANISM: Homo sapiens 

SEQUENCE: 

SEQ ID NO 
LENGTH: 15 
TYPE: DNA 

ORGANISM: Homo sapiens 

SEQUENCE: 

56 

f 

f 

58 
4. 

58 

<210s, SEQ ID NO 59 

<213> ORGANISM: Homo sapiens 

gcaaaggggt actictatgta 

< 4 OOs 

LENGTH: 2O 
TYPE: DNA 

SEQUENCE: 

SEQ ID NO 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Homo sapiens 

SEQUENCE: 

59 

6 O 

6 O 

19 

6 O 

12 O 

166 

21 

6 O 

12 O 

154 
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<210s, SEQ ID NO 94 

<213> ORGANISM: Homo sapiens 

aatcct agac cittggattgc aagagactico ttaatat citt cc catgtc.ca cattt cott c 

acat agtttgaatgtggctt ct attatata cagatacaag attcaaatcc aacct citatg 

atgactggtc. ttgttgaataa gCagalagagg Cactaacaat 

LENGTH: 16 
TYPE: DNA 

SEQUENCE: 

O 

94 

<210s, SEQ ID NO 95 

<213> ORGANISM: Homo sapiens 

ccittaatat c titcc catgtc. ca. 

LENGTH: 22 
TYPE: DNA 

SEQUENCE: 95 

<210s, SEQ ID NO 96 

<213> ORGANISM: Homo sapiens 

attgttagtg cct cttctgc tit 

< 4 OOs 

aagagaagtg aggtoagcag Ctgcaa.gc.ca cct cogt cat ttagaaaagc tit catgatgt 

agtgttgtcgt titcgatgtga cactgtctica cagagittaala atgatgttaa ggaactgttc 

aatggaaatt tagaaatttic tictttittct c aattittagtg ta 

< 4 OOs 

gagalagtgag gtcago agct 

LENGTH: 22 
TYPE: DNA 

SEQUENCE: 

SEQ ID NO 
LENGTH: 16 
TYPE: DNA 

ORGANISM: Homo sapiens 

SEQUENCE: 

SEQ ID NO 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Homo sapiens 

SEQUENCE: 

96 

97 
2 

97 

98 

98 

<210s, SEQ ID NO 99 

<213> ORGANISM: Homo sapiens 

tittctaaatt to cattgaac ag 

< 4 OOs 

LENGTH: 22 
TYPE: DNA 

SEQUENCE: 

SEQ ID NO 
LENGTH: 16 
TYPE: DNA 

ORGANISM: Homo sapiens 

SEQUENCE: 

99 

1 OO 
O 

1 OO 

27 

- Continued 

6 O 

12 O 

16 O 

22 

22 

6 O 

12 O 

162 

22 
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Cagggcatat aatctaagct gt 

<210s, SEQ ID NO 114 

<213> ORGANISM: Homo sapiens 

Caatgact ct gagttgagca C 

LENGTH: 21 
TYPE: DNA 

SEQUENCE: 114 

<210s, SEQ ID NO 115 

<213> ORGANISM: Homo sapiens 

ttcacatt at tcc cittaaaa taalactict ct c cct c cc ct c ticcc.gtctica accttgtc.cc 

tittctittata taatgggtaa titcgittaatgtcago agaat agttittgggg ccataatggc 

LENGTH: 13 
TYPE: DNA 

SEQUENCE: 

aagtat cacg td 

2 

115 

<210s, SEQ ID NO 116 

<213> ORGANISM: Homo sapiens 

aact ct ct co ct cocct ct 

< 4 OOs 

tatggc.ccca aaactatt ct 

< 4 OOs 

t caggaagca acaagtactg ggcagattga tactgtagct aggct ctago totatacct c 

LENGTH 19 
TYPE: DNA 

SEQUENCE: 

SEQ ID NO 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Homo sapiens 

SEQUENCE: 

SEQ ID NO 
LENGTH: 11 
TYPE: DNA 

ORGANISM: Homo sapiens 

SEQUENCE: 

116 

117 

117 

118 
O 

118 

30 

- Continued 

tagaataaat gttacaaact agcaacttga aagctaalacc toggcc cacag 

<210s, SEQ ID NO 119 

<213> ORGANISM: Homo sapiens 

acaagtactg. g.gcagattga 

< 4 OOs 

LENGTH: 2O 
TYPE: DNA 

SEQUENCE: 

SEQ ID NO 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Homo sapiens 

SEQUENCE: 

119 

12O 

12O 

22 

21 

6 O 

12 O 

132 

19 

6 O 

11 O 
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