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ABSTRACT

This application relates to methods of treating attention
deficit hyperactivity disorder (ADHD), 22q deletion and/or
duplication syndrome, and co-morbidities with a nonselec-
tive activator of metabotropic glutamate receptors, such as
fasoracetam, for example, in subjects having a genetic
alteration in at least one metabotropic glutamate receptor
(mGluR) network gene.
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StartSNP EndSNP
Tier 1 GeneRange GeneRange GeneRange {GeneRange {GeneRange
Gane {hgig} +500khihel9} | {hglB) +500kh} +500kk}
chrii:107482

chr11:10799225 | 237 chr11:10749746

ACATL 7-108018351 108518291 7-107523485 rs7925970 kgp39578560
chrl7:31340105 | chr17:308401 | chrl7:28364218-

ACCNL -32483825 05-32983825 29507938 rs2519865 kgpilE54158
chr2:65454828- | chr2:6495482 | chr2:65%308405%-

ACTRZ 65498390 8-65998390 65351891 rs1477043 kgpd266233
chr7:45614124- | che7:4511412 | chr7:45580649-

ADCYL 45762714 4-46262714 45729239 rs2289367 kgpi3398740
chril:67033804 | chr11:665338 | chri1:66790480-

ADRBKL -57054G25 DA-67554028 66810605 kgp7862178 kgp2126040
chri6:30064410 | chri6:295644 | chrl6:29871972- kgpb386467 153

ALDOA -30081741 10-30581741 29989238 kgp733881 3997546
chr21:27252860 | chr21:267528 | chr21:26174733-

App -27543446 60-28043446 | 26465003 r57281883 kgp2004872
Chr3:53180613- | chwB:5268081 | ¢hr5:53216370-

ARL1S 53806403 3-54106403 53642160 kgpl0474479 | rs10058571
chr17:42268172 | chwd7:417681 | ¢chrl7:38624698-

ATKNTLI | -42275528 72-42775529 39631055 rs11650560 rs6503338
chrld: 96671134 | chrid:861711 | chrid:95740887-

BDURB2Z -96710666 34-57210666 95780415 kepl19731302 kepiB0h230
chr8:61101422- | chrB:6060142 | chr&:61283976-

CAR 61193954 2-51693954 61356508 kgpf568230 kgp1623935

CACNAL | chr$:140772240 | che9:3402722 | chr9:139892061-

B -141819076 40-141519076 | 140136452 kep18327422 | kgp12374930
che1:174968570 | chri:1744685 | chr1:173235483-

CACYBP | -174981163 7C-175481163 | 173247786 rs1313763 kgpi5391194
chrid:90863326 | chrid:903633 | chrid:89933125-

CALMIL -9087461% 26-91374618 | 89944363 kgp82881i9 kgp22766175
chr1:2395459864 | chr1:23%0498 | chri:237616487-

CHRM3 -2400498%85 64-240549896 | 238116519 kgpl999037 rs1537850
chr19:42788816 | ¢hr19:423888 | chr19:47480656-

CiC -427959%49 16-43299948 | 47491788 kgp21495548 | kgp22794755
chr17:40118758 | ¢hrl7:396187 | chri7:37372284-

LHP -4(123754 58-40628754 | 37383280 kgpdosgsa2 kepliS73374

Fig. 1-1
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StartSNP EndSNpP

Tier GeneRange GeneRange GeneRange {GeneRange {GeneRange

Gene {hgi9l +500kb{hg19} {hgis8} +500kb} +500kb}
chr3:2140549- | chr3:1640549- | ¢hr3:2117246- kepi1488181,rs9

CNTNG 3059645 3599645 3074645 kgp7465125 B11783
chrd7:854314- | ¢hr17:454318- | ¢hri7:4121744

CRHRL 1170453 1670453 8-41268973 kgp12243700 kgp2967880
chr2:79412356 | chr2:78912356- | chrZ:75265864-

CTNNAZ | -BOS75988 81375988 80729416 kgp2692843 kgp6161954
chr1:23166439 | chr1:23116439 | chri:22982918

DISCY 8-232177019 8-232677019 3-230243641 kgpls830047 kgpl0O247084
chr? 15358441 | chr7:15308441 | chr7:15321535

DPPE 8-154685995 | 8-1551854895 1-154316528 rsi8227¢7 rs7781i545
chrl2: 1208076 | chrl2:1204076 | chri2:1193820

DYRMLLY 59-120936298 | 59-1214362988 42-119420621 rs2353569 rs11698343
chrl9:5224902 | chr19:5174902 | chri9:5694083

FPR1 2-52255150 2-52755150 7-56946962 rs11084062 kgp21351572
chri2:6643656 | chri2:61436568- | chr12:6513917-

GAPDH -6647536 7147536 6517797 kgpl2277967 kgp3951889
chri9:3136190 | chri%:2636190- | chri9:3087190-

GNALS -3163766 3563766 3114766 kgps441497 158103435
chr3:50283723 | chr3:49763723- | chr3:50238727-

GNAIZ -80236786 50796786 50271790 rsi1045256 kgp1163947
chri5:5622525 | chr16:5572525 | chr16:5478275

GNAOL 0-56351356 (-58891356 1-54348857 rs36013 kgpi6402238
chr9:80335190 | chr9:798351380- | chr9:78525010-

GNAG -80646219 81146219 79836012 rs38024457 kgpa 78959
chr21:3090925 | chr21:3040925 | chr21:2983112

GRIK1 3-31312282 3-31812282 4-30234153 kgpb759057 kgpi31823414
chri:37261127 | chr1:36761127- | chril:37033714-

GRIK3 -37498844 37999844 37272431 kgplh160339 kgp6185747
chr6:14634878 | chrb:14584878 | chri:14639047

GRM1 1-145758731 1-147258731 4-146800424 kgpl7333275 317076442
chr7:86273229 | chr7:85773229- | chr7:86111165-

GRM3I -86494192 86594192 §6332128 rs 7802507 36950721
chril:8823774 | chrli:3773774 | chril:3788100

GRMS 3-88756816 3-89296816 5-88436464 kgpll022062 157123374
chr3:6902801- | chr3:6402801- | chr3:6377926-

GRM7 7783218 8283218 7758217 rs17283121 kgpi0770378
chr7:12607885 | chr7:12857865 | chr7:12586588

GRMS 1126893147 1-127353147 7-126680383 rsi11767202 kgpi3721602
chr%:12388376 | chr9:1234637 chr9:12300358

GSH (-124095120 | $-124585120 1-123134941 rs109845384 kgp10246524
chr5: 786569785 | chr5:78169785- | chrS:73705541-

HOMERL | -78808700 793089700 783845456 kgp22480767 £52438612

Fig.

1-2
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StartSNP EndSMP

Tier 1 GensRange GeneRange GeneRange {GeneRange {GeneRange

Gene {hpid) +500kb{hplg)} {hgi8} +500khb} +500kh}
chri3:4740751 | chri3:4680751 | chri3:4630551

HTR24 2-47471165% 2-4797116% 3-46368995 rs4842513 152185411
chrd:11355811 | chr4:11305811 | chr4:11377756

LARP7 3-113578742 S-114078742 8-1137981¢81 kgp20778198 1510516583
chr22:2211384 | chr22:21613%94 | chr22:2044394

MAPRKI 6-222231870 §-227231870 6-20551970 rs2(319503 35758017
chrid:6485475 | chrid:6435475 | chrid:6392484

MTHFDL | 8-64026725 2-65426725 5-63986474 kgp8236539 kgp19724535
chr21:4279251 | chr21:4229251 | chr21:4171431

BAX1 3-42831141 9-43331141 1-41753008 13728073853 kgpa356591
chrd: 14022267 | chr4:13972267 | chr4:14044212

MARGL 5-140311933 5-140811933 5-140531385 kgpd51257 kgp2276151
chrl:71868624 | chri: 71368624~ | chri:71641212-

NEGR1 -7274840% 73248405 72520993 kgpi15840593 | kepls187386
chi5:65018022 | chr5:84518022- | chr5:65053840-

NLN -§5125111 85625111 85155145 kgp8540617 kgp&780911
chr2:15212638 | chr2:151626%8 | chr2:15183522

B 1-152146430 1-152646430 7-151854676 139789673 134303715
chr21:4706368 | chr21:4656368 | chr21:4588811

PCBP3 2-47355618 2-47855813 0-46180046 1513047550 rs17371795
chr7: 31792631 | chr7:31282631- | chr7:31759156-

PRDEIC -323383832 32838383 32305466 15960434 1210264489
chriS:5269305 | chri®:5219305 | chri®:5738504

PPPZRLA | A-52723678 4-53229878 5-57421483 kgp3827878 kgpl1490256
chrl7:7430686 | chri7:7380685 | chri7:7181860

PRPSAPY | 7-74350279% 7-74880279 9-71861526 kgp13336725 kgpb222426
chrl7:3077150 | chri?:3027150G | chel7:2779561

BSMDI1 | 1-30808042 1-31308042 4-27832155 kgpl2010810 rs8065019
chrlli:236807- chri1:226807-

PSMDI3 | 252984 chril:1-752984 | 242084 kgpl815234 kgp7252222
chri2:1206482 | ¢hri2:1301482 | chr12:1181326

PXN 41-120703574 | 41-121203574 | 32-119187946 | kgp9730305 k2p10851563
chri7: 7427042 | ¢hrd7:7377012 | chel7:7178172

QRICHZ | 9-74303761 974803761 4-71815356 kep9434493 kppi13978344
chr22: 2010802 | ¢hr22:1960502 | chr22:1848502

RANBPI | 3-20114706 3-20614706 3-18494704 kepiS081773 kRp240898
chri3:9208647 | chri3:9758647 | chrl3:9688447

RAPZA 4-98120252 4-98620252 6-36918245 kepl964422 kepl2456635
chri:28832454 | ¢hr1:28332454- | chel:28717331-

RCCL -2BB6LT0E 29365708 28738194 kepdt72332 kppl0548261
chr4:3315873- | chrd: 2815873~ | chr4:3285671-

RG812 3441640 3941640 3411438 kzpbBH3457 kgpl21002i8

Fig.

1-3
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StartShP EndSNp

Tier i Genelange GeneRange GenaRange {GeneRange {GeneRange

Gene {hgig} +500kb{hgl9) {hgid} +500kb} +500kb}
chr2:15226639 | chr2:15176639 | chr2:15187464

RiF1 6-152333360 6-152833860 5-152040665 rs13010870 kgplid366130
chr19:4948715 | chrih4899715 | chriS:5418856

RUVBLZ | 549519182 5-50019182 7-54210894 kgp2866116 rs6508434
chri®: 3892433 | chr19:3842433 | chri9:4361617

RYR1 9-38078204 9-38578204 8-43770044 kgp21463042 kgpi(827233
chrl:23720570 | chr1:23670570 | chel:23527232

RYR2Z 1-237997288 1-238497288% 4-236063911 kgpl526%824 kgp855891
chrl:31342312 | chr1:30842312- | chri:31114899-

SDC3 -31381480 31881480 31154067 kpp3545961 rs1039630
chr1:16968178 | chr1:16219178 | chr1:16735840

SELE 0-128703220 0-170203220 4-187965844 kgpli738441 kgp5736867

SERPING | chrin2887503- | chr6:2387503- | chr6:2832502-

9 2903545 3443545 2848505 34859652 kgp8128983
chr21:3741598 | chr21:3691538 | chr21:3633785%

SETDA 1-37451687 1-37851687 1-36373557 rs8131794 kgpi(193R14
chr3:84961754 | chrhi64461754- | chrD:64957510-

§GTB -65017341 65517941 65053637 152367238 rs253229
chr18:53116508 | chr19:5066508 | chri9:5585689

SHANKL | 3-51220195 3-51720185 G-35912007 KgplBLB89D kgp5265049
chr12:3369856 | chr19:3319956 | chr1®:3839141

SLC7A10 | 9-33716758 3-34216755 (-38408548 kgp3880561 kgp21532613
chr15:45231530 | chr15:4481530 | chrif:4310263

SORD 1-45367287 1-45867287 2-43154331 rs3752691 Fs1762721%
chr12:1603528 | chr12:1353528 | chri2:1582655

STRAP 7-18056410 7-16556410 4-15947677 kepQ763258 kgp1B8858582
chr17:7617015 | chrl7:756701% | chr17:7368175

THL 9-75183235 876683285 4-73694820 kgpl3260604 kgpdh69268
chr3:37078028 | ¢hr3:17028029 | che3:17226436

THIK 1-171178197 1-171878187 3-172660546 kgpl7660923 kgp3100328
chrl:85532031 | chr1:55032031- | chri:535304819-

1sp24 -5RE81033 56181028 55453350 kzp30h2862 kgp5594096
chr3:10183318 | chr3:8683318- | chr3: 10158318

VHL -10185354 10695354 10168746 kppb652387 rs9942062

Fig. 1-4
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StartSNE EndSNP

Tier 2 GeneRange+t00kbih {GeneRange+ {GeneRange+50

Gane Genzfangethgi®) | g19) GeneRangelhgis) | 500kb} (kb}
chr: 160182388 | chr6:159682988- chri2:51783540

ACAT2 -160200087 160700087 ~518(34550 kegpl7016252 rs3119312
chri2:50451486 | ¢hwlZ:49951486~ chr12:48737753

ACTNZ -50477394 50877354 -4R763661 kgpGD838G1 kgp2326833
chr2:264868- chr2:254871-

ACPL 27R282 chr2:1-778282 268282 kgpl4878812 kgp6217001
chr7:5566778- chr?:5066778- chr7:5533304-

ALTS 5570232 6070232 5536758 kppl0503129 317136342
chrz0:43248162 | chr20:42748162- cnr2(:42681576

ADA -43283376 A37BO376 -42713790 kgp505723 £522071898
chré:2845583- chr4:2345583- chrd:2815381-

ADD1 2931802 3431802 2901587 kgpSe01853 kgpS383382
chr2: 70834748~ | chr2:70334749- chr2:7Q688257-

ADD2 70895375 71495375 70848837 kgpl4188214 kgpdl77034
chri:203096835 | chrl:202556835%- chr1:201383458

ADDRAL | -203136533 203636533 -201403156 516850143 rs1 2568960
chr5:158343735 | ¢hw5:158843733 chr5:159276317

ADRALBR -1549400017 159900017 -158332595 517056747 kgp2774548
chrl(: 11283678 | chrif:112336789- chri0: 11282651

ADRAZA | 9-112840662 113340862 0-112830560 kgp3219023 110787378
chré:37682985- chr4:3268295- chrd:3737872-

ADRA2C 3770253 A270253 3740016 kpp21189210 kgp21320658
chrS: 148206155 | chr5: 147706155~ cnr5:148186348

ADRB2 ~-148208197 1487081587 -148188381 kgph738042 £5352336
chrl5:60639349 | chr15:60139349- chrl5:58426641

ANXAZ -60690185 €1190185 -58477477 kgplos04124 kgp1248561
chr®:32972603- | chr9:32472803- chr$:32962607-

APTX 33001639 33501639 33015116 kgp8123814 kgp22778750
chr7:30833009- | chr7:30393005- chr7:30917992-

AQPL 30965131 31465131 30931656 kgp13347683 rs11983505

ARMGARE | chré:86396283- | chrd:85895283- chr4: 86615307~

4 86523825 87423823 RB7142847 kgp12192788 kgp20591115
chrli: 74871165 | chril:74471165- chr11:74654129

ARRB1 -75062875 75552875 -74740821 kepp13077708 kegpl12867051
chri7:4613788~ | chrl7:4113788- cnrl 74560537

ARRBZ2 4624785 5124795 4571544 kep10630047 £52304505

Fig. 2-1
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StartSNP EncdSNP

Tier 2 GeneRange+&00kbih {GeneRange+ {GeneRangea+30

Gene GeneRangethgll) | g19) GeneRange{hgi8) | 500kb} kb))
chrid: 96722546 | chrild:896222546- chrid:95792311

BOKRS1 -96731100 972313100 -B5800853 1530146784 kpp10184056
chri8:1585446- | chr19:1485445%- chr19:1936445-

BYBD2 2015702 2515702 1866702 kgpgeaanla rs12985186
chri:203274663 | chrl:202774643 chr1: 201541286

BTG2 -20327872% 203778729 -2(31545352 kgp11073382 kgp22834576
chrl7:8123%66- | chrl7:7622965- chr17:8064691-

Ci?orfd4 | 8127361 8627361 8068085 kepl4083005 kgpBi66362
chr1:207191885 | chrl:206691865- chrl: 205258488

Clorflis | -207206101 207706101 -205272724 kep15208583 1312084477
chr7:42548871- | chr7:42448871- chr7:42515395-

C7orf25 42871805 43471805 42838330 kgpl3766903 kgplh234823
chri6: 71392615 | chr16:70882615- chri6:69950126

CALBZ ~73424342 71824342 -68981843 rs1774414 kgplb318275
chr2:47387220- | chr2:46887220- chr2:47146583-

CALMZ 47403740 47503740 47257154 kgp12094177 kppd237241
chrid:90863326 | ¢hrl14:90363326- chr19:51736351

CALM3 -30874615 81374619 -51805879 kgpB28213 kgp22766175
chr3:8759028- chr3:328%028- chr3:9774030-

CAMEKL 9811668 10211668 9786661 kgpd340327 kgpizigeel
chr7:44256748- | che7 43756743 chr7:44223273-

CAMK28 | 44365230 44865230 44331749 rs1(1245456 kgpi(338229
chr5:3110558846 | chr5:110059946- che5:1105873880

CARKS -110820748 111320748 -110848647 kgpl11081357 kgp22673631
chrS:68462836- | chri:679628346- chr5:68458668-

CONBL 68474070 83974070 68509826 kgp5100830 rs28529133
chrd:22379118- | chrl:21879119- che1:22251708-

coC42 22415436 22519436 22292023 kgp15282352 rs 2019696
chri2:5811K3876 | chrlZ2:57618076- chr12:56404343

CENTGL -58135344 58435544 -56422211 kgp22774357 rs12825103
chrZ23:5831573- | chr2(:5381873- chr20:5840167-

CHGE R806005 6406005 5854003 kgpl18217329 kgphd406173
chrik:41523436 | chri5:41023436- chri5:38310728

CHP -41574083 42074083 -35361375 kgp9389002 kgpilog15429
chr7:136553398 | chr7:136053398- chr7:1362039838

CHRM2 -136701771 137204771 -136352311 152882248 kepilns51162
chir2:6988440- chr2: 5488440~ che2:6905851-

CAPK 7005950 7335950 £923401 rs 16865056 kep6b717309
chr6:88849584- | ¢chr6:88349584- che6:88910155-

CNRL 8875767 89275757 88932281 kgpllZ66911 | kgp5424340

Fig. 2-2
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StartShp EndSNP

Tier 2 GengRange+500kbih {GeneRange+ {Genelange+50

Gene zeneRangalhg19) | g19) GeneRange(hgl8] | 00kb} [$13+)]
chr3:139076432 | chr3;138576432- chr3:140559122

COPR2 -139108522 138648522 -140581212 kgpl 7652827 152554152
chr?:2515826%- | chr7:24658269- chr7:25124799-

CYCS 25164930 25664580 25331480 kgp22782653 kgpB259047
chr12:91538034 | chr12:9103%034- chr12:30063165

DCN -G1576806 42076806 -801060937 rs11105720 r51502946
chrii:71145456 | chr11:70645456- chr11:70823104

DHLIRY ~71159477 71655477 70837125 r52316495 kgpd157665
chrl4:75348533 | chr14.74848593- chrl4: 734418371

DLST -73370450 78870450 -74440198 kgp60e9ise rs11621369
chrid:11328031 | ¢hri1:112780316- | chr11:11278552

DRDZ 6-113346001 113846001 6-112851211 kgpl2732525 rs1(062613
che3:113847556 | chr3:113347556- chr3:115330244

DRD3 -113918254 114418254 115400944 kgplB078164 | kpp7361746
chr20:17550598 | chr2(:17050598- ¢hr20:17498598

DSTHN -17588652 18088652 -17536652 kgpl193508538 rs1581925%
ched:13517598 | chri(:134675986- chri:13502597

ECHSE £6-135186508 135686508 9-135036858 kgp21664075 kgpl2837031
chir7:55086724- | chr7:54R785724- chr7:75054218-

EGFR 55275031 55775031 55242525 kpp12053718 kgp3314724
che8: 1176537055 | chw:1171570565- chr@:117726236

£iF3s83 ~117768062 118268062 ~-117837243 kgpl0576753 r$1793723
chr17:37844302 | chrl7:37344392- chr17:35097918

ERBE2 -37884915 38384815 -35138441 kepll528115 Kgp670921
chrS: 70011867 | chr5:75511867- chr2: 78047623

FZR 76031585 76531555 76067351 kgp22518836 k21549629
¢hr5:75911306- | chr5:75411306- chr5: 75947062~

F2RLZ 75919344 76419240 758549946 kgpl0188048 kgnl04169%
chri9:16999825 | chri3:164539825- chr19:16860825

F2REZ -17002830 17502830 -16863830 kgpa756004 kgpl2567834
chri:94994731- | chri:84494731- chrl:84767460-

F3 a5007443 G5507413 04779303 kgp22732358 kgph203715
chr14:45584801 | chri4:45084801- chr14:448654858

FKBP3 -45604030% 46104008 -A4574272 kgpB873158 kgpl8724486
chr7:53632435- chr7:5132435- chr7:5598979-

FSCN1 5646287 6146287 5612812 kgpl1535801 kgp22733484
chri5:91411884 | chr15:90911883- chr15:89212888

FURIN -51426687 91926687 ~-89227691 kgp19755110 kgp787087%
chr6:111981534 | chrb:111481534- chr6:112089177

FYN -112194655 112694655 -112301320 kgpas53033 kgpl084387¢

Fig. 2-3
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StartSNP EndSNP

Tier 2 GenzRange+500khih {GeneRange+ {GeneRange+50

Gene GeneRangethgis) | 219) GeneRanpefhgll) | 500kb} Qkh)
chrg:39016556- | chrb:38516556- chi6:38124534-

GLPIR 38055520 38555520 38163498 kpplld2739% kgpB067157
chri7:9729380- | chri7:922%380- chr17:9670105-

GLP2R 9793022 10283022 9733747 kgp13857921 kgp14085302
chr7:79764139- | chr?:79264139- chr?. 78602075

GRNAIL 79848715 80348725 785686661 kgp3340161 Kgpy6572
chri 110091185 | chr1:109591185- chei: 109832708

GNAI3 -110138452 110638452 -149338975 285034049 kgp2138201
chr5:180663927 | chr5:180163827- chr5:180596533

GNB2L1 -180670906 181170906 -1206803512 kgp9825803 kep22785368
chri0:10115662 | chridi00656626- | chri0:10114661

G071 6-101180530 101580530 7-101180336 kgp21656902 kgp21815940
chr17:4835591- | ¢hr17:4335591- chri7:4776371-

GPIBA 4838325 5338325 4779067 kgp13849132 kgpl111R86643
chri€: 12542587 | chr10:124825870- | chri:12541586

GPR2S 0-125456%13 125556913 0-125444113 kgp7582662 kgpll878542
chri7:73314156 | chri7:72814156- chri7:70825751

GRE2 73401790 73901730 70913385 kgp13841089 | kepl4035219
chrl7:37894161 | chr17:37394161- chri?:35147712

GRB? -37903533 38403538 -35157064 kgp14102913 Kgpl3833584
chr5:152870083 | ¢hr5:152370083- che5:152850276

GRIAL -15319342% 153683429 -153173622 rs1438937 rs103057369
chr3:51742080- | chr2:51241080- chr3:517168127-

GRM2Z 51752625 52252625 31727665 rs4367100 rs1 3060208
chir6:33989627- | chr6:33483627- chri: 34097605

GRM4 34113868 34613869 34231377 kgpl7076142 rs6909637
chr5:178405329 | chr5:177905329- chr5:178337935

GRMG -178422124 178222124 -178354730 rsb03852 rs11249632
chri: 110843876 | chrl: 110443876 chri: 110745399

HBXIP -110950546 111450546 -110752069 kgpB686658 rs19356942
chr8:125596495 | chr&: 125038496 chr6:125638185

HE -125623282 126123282 -125664881 r513154263 rs11967627
chrZ:178077422 | chr2: 177577422 chr2:177785668

HRNRPAZ -178088635 178588685 -177796931 kgp14203861 rs1344924
chri9:18017768 | ¢hr19:18517768- chri® 18901011

HOMER3 | -19045218 18545219 -18912983 rs13344313 rs4808199
chr1:193091088 | chrl:182531038- chri:191357711

HRPTZ -193223942 193723842 -181450565 kgp2473538 kgpl2065536

HSPOOAB | chrf:44214848- | chr6:43714248- chri:44322826-

i 44221614 44721614 44326592 keps5836209 kgp8706663

Fig. 2-4
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StartSNP Endsip

Tier 2 GeneRange+5G0kb{h {GenaRange+ {GeneRanges5d

Gene GeneRangethgli®) | gi8} GeneRangelhgl8) | 500kb) Okb}
chr2:218989987 | chr2:218483657- chr2:218698242

HERE -219001975 219501975 -213710220 kgp22730583 rsi0%35816
chr3:45061761- | chrd:48561761- chr3:49036765-

MIPDHZ 49056875 49566875 49041879 kgp22731555 kgpb626213
chr5:75699148- | chr5:75199148- chr5:75734304-

HQGAPL 76003857 75503857 76035713 kgp22490664 | rs11739698
chri:33189245 | ¢hri0:32689245- chrif3:33220251

1GB1 -33247293 33747283 -33287299 kgp12034252 rs110(08395%
chr12:53585106 | chel2:53085186- chri2:51871373

ITGR? -53601000 54101000 -51887267 kgpisii412 kgp3313746
che3:4535031- chr3:4035031- chr3:4510033-

{TPR1 4889524 5339524 4864286 kgp17889944 kgpl749057
chr1:19544583- | chri:19044583- chri:1941717%-

KIAADODO | 19578046 20478046 19450633 rs624761 151009631
chr1®:1836790% | chri%:17867505- chri3;18222307

HiAA1683 | 18335319 18885319 -18245235 kgptd35620 rs10412356
chr6:112428133 | chri211929133- chr6:112535826

LAMAS -112575828 113075828 -112682521 kgpl6562466 | kgpl7024247
ched: 186285031 | chrd:18%785031- chrd:186%22026

LRPZBP ~1856300172 186800172 -186537166 kgp7238414 19994807
chr17:484%8593 | chri7:47958593- chri7:45813597

LRRCSS -48474914 48574914 -45823831 kgpl600816 kgpl3856216
chr:2825414- chr6:2825414- chr6:2787675-

LTA 2827639 2827635 2789683 kgp11675228 rs6912537
chrd 4269428~ chr4:3769428- chrd:4320337-

LYAR 4291256 4791896 4342744 kgp22720996 | kgp7317116
chr2:56792385- | chr8:56292385- chrB8:56954939-

LYN 56925006 57425006 57086444 kgp8836202 12670027
chr3:47892179- | chr3:47392179- chr3:47867188-

MAPS 481307689 48630765 48105715 kgpl7741397 535623035
chr17:43971747 | chrl7:423471747- chri7:41327543

MAPT -44105699 44805699 -41461546 kgp22730328 kgpl12941400
chri®:45754515 | chri9:45254515- chr19:50446681

MARKS -45808541 45308541 -50500381 kgpl0230030 | kgp21456098
chr18:58038563 | chrl&:57538563- chri8:56189543

MCAR -58040001 58540001 -56190981 kgp7049183 kgpl258536

MGCII08 | chriB:3602998- | chrig:3102988%- chri8:3552098-

2 3604385 4104385 3594385 kgp15965827 kgp12318627
chr6:44081372- | chr6:43581372- chr&ed4189349-

MRPLIG 44055191 44595191 44203169 kgpl7033192 15527322

Fig.

2-5
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StariSNF EndSNP

Tier 2 GeneRange+500khih {GeneRange+ {GeneRange+S50

Gene GeneRangelhgl) | g19) GeneRangefhgi8) | 500kb} Ok}
chrifh 75006445 | chril: 74506445 chr10:74678606

MBRPS16 -75012451 75512451 -74682457 kgp2l628722 1512243089
chrd: 187454808 | chrd;188554808&- chrd; 187691802

BMTNRIA | -187476537 187976537 -187713531 rel2648771 53476657
chrii:92702788 | chrii:52202788%- c¢hri1:92342436

MTNRIB | -92715948 83215948 -9235553¢6 kgel(063029 152658801
chr8:128748314 | chr&:128248314- chr8:128817497

BYC -128753680 129253680 ~128822855 kgp3177285 kgpl944877
chr6:76458908- | chr6:75558908- chrb: 76515625~

MY QG 76629254 77129254 78685974 kgpl7262775 kgpil7183304
chr9:100818958 | ¢hr9:100318358- chr3:89847709-

NANS -100845365 101345365 99835172 rs10817759 rs2778908
chr3:138581049 | chr3:135608104%- chr3: 138063762

MCKI -136667968 137167968 -13815068528 kgnil7446 kepl0600232
chrid:35870715 | ¢hrid:35370715- chri4:34940466

NFKBIA -35873960 36373960 -34943711 kgpl9t52677 kepl9707730
chrd: 156123780 | chrd 135629780 chrd: 156349230

NPY2R ~-156138228 156638228 -1363578678 kgp3956236 kgp20850236
chri:27248223- | chri: 26748223 chel:27120810-

NUDC 27272887 ITFTIRRT 37145474 r511247955 kppls584139
chri:29138653- | chri: 28538653 chr1:29011240-

OPRDI 29190208 29690208 28062735 kgp2104521 kgplSBR5740

PAFAHIE | chri$:42801184 | chri®423011&4- chri19:47493024

3 ~-42806952 43306952 -A7488563 kgp21540635 kgp22735078
chr2:70314584- | chr2:65814584- chr2: 70168204~

PCBRL 70316334 70816334 703169836 kgpl4596264 kgpbL68959
chr5:3140186671 | chr5:1396365671- chr5:140166855

BCDHAS -140391929 140891929 -140372115 kgpfa68526 kgpll727572
chrii:325805313 | chrii:32105313- chr11:32561888

PCIDT -32624037 33124037 -32580613 kgp13035943 1510836023
chrt: 150070830 | chr5: 148570830 chrg: 150112657

PCMTL -150132557 150632557 -150174243 kgpl7277449 kgplD169289
chri:33072083 | chriB:32572033- chri9:37763843

PDCDS -33078358 33578358 -3777016% kgp21531284 157259333
chri2:54843176 | chri2:54443176- ¢hri2:53238670

PDELB -54973023 55473023 -533255280 kppl8962385 511171350
chri7: 79817488 | chri7:79117488%- chri7:77227893

PDEGG 79623607 80123607 ~772348038 kgp3i7ii6 kgpl3898509
chri:B84058948- | chriib3558846- chr1:63831534-

PG 64125916 64625916 63898505 kppl75729 kgpl5416792

Fig.

2-6
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StartSNp EndSNP

Tier 2 GFeneRange+500khih {GeneRanget {GeneRange+S0

Gene GeneRangefhgld) | g19) GeneRangethglB) | S500kh} Sk}
chrif:47495209 | chrif46995209- chri6:46052714%

PHKR -47735434 48235434 -46282935 kgp8481371 rs16945930
chri6:3075%619 | chr16:30259619- chrié: 30667237

PHKG2 ~30772487 312724597 -30676183 kgpl631R1i58 kgp22773724
chr22:38453261 | chr22:37853281- chr22:36783207

PICKE -3R471708 38971708 -356301654 kgpS170623 kgpl759630
chr3:178866310 | chr3:178365310- chr3:180343004

PHGICA -178852497 173452437 -1803435131 157615444 rs1025864
chr5:67511583- | chr5:67011583- chr2:67547358-

PIK3R: (7597649 6807640 67633405 kgp7244449 rs77372%6
chrf: 46672052~ | chrf:461720%2- chir6:46780011-

PLAZGT 46703430 47203430 46811110 kgpd678268 kRpB155835
chr20:8113285- | chrz0:7613235- chr2(:30612395-

piLBl 8855547 9355547 8813547 kgpl9226483 152076234
chrii:640189834 | chri1:63518934- chrii:63775697

PLCB3 -64036924 64536824 -63793193 kgp9427286 rsd84886
chri6:81812898 | ¢hri6:81312898- chrif:80370430

PLCG2 -8399185%9 RI491889 -80549400 kgpas22733 kgp3230988
chrl:43124047~ | chr1:42624047- chr1:42896634-

PPIH 43142429 43042428 42915016 kgpl870818 rs21210802
chr1:45976706- | chr1:45476706- chrl:45749293-

PROX1 45528562 46438562 45760196 33806405 kgpl5560310
chri7:64298925 | chr17:63798925- chr17:81725387

PRICA -6A806862 65306862 -B2237324 kgpl3847618 kgp13994329
chri0:12035291 | chrl0:119852915- | chri(:12034290

PRLHR 5-1203585160 120835160 5-120345150 rs833584 kg2 1650663
chri9:50180408 | chri9:49680408- chri9:54872307

PRAMTL -50191707 50691707 -54883515 kgpld601is kgp5315133
chr9:80912058- | chr9:804120%8- chr3:80101873-

PSATL 80345003 81445008 803134825 kgp2581728 kRpB769053
chr14:73603142 | chri4:73103142- chrid: 726725931

PSENL -7369(1353 74130389 ~72756862 kgpB4Q5661 kgpin611371
chrii:14526421 | chril:14026421- chrii:18482897

PSRIAL -14665180 15165180 -14821733 kgpl2643185 kEpl130105%6
chrid: 830722893 | ¢hri4:80222893- chri4:39792646

PSMCE -B738386¢6 3123896& -89808719 rs10140098 kgpl9535798
chr2:231921577 | chr2:231421577- chr2:231629852

PSRDT -232037540 232537540 -231745717 rsi678155 kgpll602261
chr3:63996230- | chr3:63496230- chr3:63971270-

PSMIDG 64009658 64509658 63584658 kgpS706776 kgpl771R198

Fig. 2-7
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StartSNP EndSNP

Tier 2 GeneRange+500kbih {GeneRanger {GeneRange+50

Geng GeneRange{hgi9} | gi9) GeneRangelhgi®} | 500kb} O}
chi14:24605377 | chrl4:24105377- chrid:23675217

PSMEL -24608176 25108176 -23678016 kzp11494860 kgp2234181
chr2:206353736 | chr2:208853735- chir2:208061981

PTHR2 -200704818 210204818 -209413063 Kgplae52386 rs1020407
¢hri4:51371934 | chr14:50871934- chrid:50441685

PYGL -51411248 51911248 -B5048G924 kgpl0951856 r37145892
chr11:645313860 | chr11:64013860- chri1:64270436

PYGM -64528187 ©5028187 -64284763 kgpl2876954 rs672671
chr8:61429465- | chr&:60929469- chr8:61592023-

RAB2 61536203 62036203 61698757 kgp7067636 t53864667
chr7:30663151- | chr7:38183151- chr7:39629686-

RALA 39747723 A0247723 39714242 kpp22733616 re11768838
chr1:17733250- | chr3:17233250- chri:176G5865-

RCC2 17766250 18266250 17638807 kgpl5535308 kgp7647703
chr1: 192778168 | chrl:192278168- chr1:191044793

RGS2Z ~192781407 193281407 -191048026 rs10921130 kgp11065785
chr3:48386578- | chr3:48896578- chr3:49371582-

RHOA 48448526 49948526 43424530 kgpl1466037 rs868891
chi1:28218048- | chr1:27718048- chri:28030635-

RPAZ 28241236 28741236 28113823 rs12033326 kgp15705538
chr11:809935- chr11:309935- chir}1:758935-

RPLE2 812875 1312876 802876 kgplld73410 kgp7 750665
chr26:35807455 | chr2(:35307455- chr20:35240887

RPNZ ~35870025 36370025 -35302438 kgp9846122 kgp18260650
chr5:148823751 | chr8:144323791- chr$:149803984

RPSid -149829319 1503293198 -149809512 Kgp22444746 kep22218062
chr11:4137307- | chril:3637307- chril:4072499-

RRAL 4223759 4723759 4118682 rz6578358 kgpa491491
chri: 153507075 | chri:153007075- chr1:151773659

S10GA6 ~153808717 154008717 ~131775341 kppl5193014 rei0908627
chr13:238029684 | chr13:23402964- chri3:222300964

SALS -2A007841% 24507841 -22805841 kgpi68183496 rs2765089
chr1: 108756514 | chrl: 108256514 chr1:109558062

SARS ~1097808(4 110280804 -1008582308 kpp5910329 rs1803687
chr2:120197418 | chr2:119687418- chr2:1199138858

SCTR -120282028 120782028 -119858498 kgpl2364473 kgp22762988
chrS: 131445833 | chr$:130945933- chr3:130485754

SET -13145867% 131958675 -130498496 kppl1128276% kgp18608937
ehr2:24290453- | chr2:23780453- chr2:24143957-

5F3B14 24294314 24799314 24152818 Kgplas21870 rs12474894

Fig.

2-8
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5tartShNP EndSip

Tier 2 GeneRange+500kbih {GeneRange+ {GeneRange+5

Gene GeneRangefhgls) | g18) GeneRangethgl8) | 300kb) Okb}
chri7:7517381 | chri7:7017381- chel7:7458106-

SHBG 7536700 8036700 7477385 kgp7760759 156503086
chri6:48380274 | chrif:47890274~ chri6:46947777

37258 -42482308 48982305 -47039810 kgpd639784 kgp7644930
chri: 43391045 | chri:42891045- chr1:4316363%2-

SLC2A1 43424847 43324847 43187434 kgp2036523 rs2782652
chr5:1392904- chr5:282804- chr5: 1445908

SLCBAZ 1445543 1845543 1438338 Kgp22585075 kgpa6a03a9
chrd:90645249- | chr4:90145249- chrd: Q0865727

SNCA 90759447 S1259447 aja78470 kgp 11852673 kgpR135783
chr20:16710608 | chr20:18210608- che20:16658623

SNRPB2 ~16722417 17222417 ~16570037 kgpl9326624 kgpl9208323
chri. 67956136 | chrid:67456136- chri2:66107116

SOCsE -87997434 58497434 -65148414 kepl0928836 rs4243325
chri7:36508006 | chri7:38008006- che17:33761530

SQCS7 -36561846 37061846 -3380395458 r312936144 rs&794796
chr20:35373087 | chr20:35473087- chir2(:35406501

SRC -36033R821 36533821 -354567235 kpp 19355278 kgpd150551
chr20:47729875 | ¢hr20:47229875- chr2(:47163282

STAUL ~47805288 48305288 -47238695 r511805650 kgpl9233876
chri: 28099693~ | chri:27599693- chrl:27972280-

STK1Z 28150363 28650963 28023550 kgp22731625 kepl5287949
chr2:93564011- | chr9:93064011- chr9:926038380-

SY¥ 93660842 94160842 92698304 kgpi12354293 rs384862
chr5:76888994- | chr5 76486394~ chr5: 77022750~

TBCA 77072335 77572185 77107941 r$2928164 15100538285
chrig:3594503- | chri9:3094503- chri®:3545503-

TBXAZR 3606831 4106831 3557658 kgp21472781 kgpl760692
chr6: 160189529 | chrfi159699528- chr6:160118519

TCPL -160210735 160710735 -160130725 kpp16923201 kgpl0518182
chr6:35441373- | chr6:34941373- chr5:35548351-

TEADS 353648561 35964861 355728398 5847861 kgp333%
chri0:60145175 | chri:58645175- chri0:598151381

TFAM -60155897 60655897 -59825903 kppB406331 kgp6514369
chr20:36756863 | chr2(:36256863- che2(:36130277

TGM2 ~367937C0 37293700 -36227114 36067038 kgp8992037
chriB:289982356 | ¢hri5:29492356- chr15:27775648

TPl -300114706 30614706 -27501998 kpp19885751 r52604694
chrd:38773859- | ched:38273859- chrd:38450646-

TLR1O 38784611 39284611 384464984 kgpo612652 rsb6531705

Fig. 2-9
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StartSNP EndSNP

Tier 2 GenaRange+500kbih {GeneRange+ {GeneRange+50

Gene GenaRangefhgds) | g19) GeneRangefhgl8) | 500kh)} Okb)
chri2:536704213 | chrl2:56204213- chr12:534930480

TRAEMA -56710128 57210128 -54986395 kgpb718939 kgpe565307
chri2:6976583- | chrl2:6476583- chri2:68469656-

TPIL 6980110 7480110 6850253 kgp3883976 kgpl8849054
chr9:1359775384 | chr3:139276324- chr9:138885205

TRAFZ -139821067 140321067 -1389408283% rs3812570 kep9465784
chrii:64084164 | chrl1:63584164 chrii:63840740

TRMT112 | 64085033 64585033 -£3841609 kep1242205 rs2957154
chri2:48521565 | chrl2:49021565- chri2:47807832

TUBAL -49525304 20025304 -47811571 kgp4348752 kepl18737983
chri2:48578582 | chrl2:49078582 chri2:47854845

TUBAIA -48582861 K0082861 -47869128 kgp537312% kepl407179
chrl2:48521566 | chrl2:49021566- chrl2:47807832

TUBALR 49525304 S0025304 -47866833 kgp4948752 kgpl8737933
chrl2:458578793 | chri2:48078793- chri2:47865060

TUBAZ -48580616 50080616 -47866833 kgplBO83720 kgp75177
chr6:1981087- chr6:1981087- chr6:1935034-

TUBB 1986127 1386127 1940074 kgp17000846 | kgpl6908954
chrl7:40761357 | chri7:40261357- chri7:38015218

TUBGL 43767256 41267256 -38020777 rs12600570 kgp353438C
c¢hr9:113006091 | chr8: 112506091 chr9:112046130

THAN -113018920 113518920 -112058599 kgpl8601393 kgpth2846
chr9:102741463 | chw3: 102241463~ chr9:101781284

TENDCA -1032861330 143361330 -101801151 kgp22730558 rs10583168
chrifh131583463 | ¢hwl0:131434639- | ¢hri(n13182462

THMNLE §-131977932 132477932 §-131867922 kgp21587397 re2921807
chri8:657603- chr18:157603- chri8:647603-

TYMS 573499 1173459 563499 kepl6715820 kgp5560925
chr1:156008091 | chr1:155505091- chr1:154271715

UBGING | -156023516 156523516 -154790140 1512746582 kgp204451
chrd: 431258887~ | chrd: 40758897 chrd: 40953685

UCHLL 41270446 41770446 40865203 r510029833 kgp21157719
chr3:42530780- | chr3:42030790- chr3:42518120-

ViPR1 42579065 43G79065 42554064 r57948%4 kgpi0771387
chr2:9724105- chr2:9224105- chr2:9641556-

¥YWHAQ 9771106 10271106 9688557 kep7327726 ra1138729
chr2:38330030- | ¢chr2:97830030- chr2:97696462-

ZAPTO 98356323 88856323 97722755 kgpiB723114 kgpl4308801

Fig.
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StartSNP EndSNP

Tier3 GeneRange+500k {GeneRanget | {GeneRange+540

Gene GeneRangelhgis) | bihegl%} GeneRange{hglg} 500kb]) b}
cnrl7: 47287588 chri7:4678758%- chrl7:44642587-

ABI3 47300587 A78O0587 44655586 rs7211412 kgpi3987803
chri:228566992- chr1:229066952- chrl 227633615

ALTAL 229569843 2306069843 227636456 kpp706251 kgp9534307
chri: 236849769 | chri 2356349769 chel;234916392-

ACTNZ 236827558 237427558 234994181 kgpl2i39i82 | kgp9945691
chr3:123001142- chr3:122501142- chy3:124486088-

ADCYS 1233167352 123667392 124650082 kgpS 729470 kgpiB234254
chr8:131732546- chr2:131292546- chr$: 131861728

ADCYR 132052835 132552835 132122017 1511778831 kgpd563992
chr7:31892075- chr7:30532075- chr7:31058666-

ADCYAPIRYI | 31151093 31651093 31112838 kgp6410265 kgpS976045
cariQ:A11756107- | chri®:111256107- | chedf: 111748097

ADD3 131895323 112395323 111885313 kgp2922347 kgp21705322
chrd: 7760438 chrd: 7260439 chrd: 7821338

AFAPL 79416573 8441653 7592553 kgplD066670 | kgp25650328
chr3:148415657- chr3:147815657- chr3:1488%8347-

AGTRL 143460790 148960790 1495943480 kgpl7969929 | rs9827666
cnrl: 110527386 | chrl:110027386- chri:110228830-

AHCYLL 110566364 111066364 110367887 kepl5280262 | kepB467474
chrE: 151561133 chrb151061133- chr$:152603201-

AKAPL2 151679554 152179694 151716602 kgpl74184975 kgpi7180004
chriS:85923870- | chrif:85423870- | chrl5:83724874-

ARARLS 86292586 E5792586 24093590 rs 11073778 kgpi0845265
chrid:64932216- chri4:64422216- chri4:64001%69-

AKAPS 64941221 £5441221 64010574 rs245028 154496147
chr7:91570188- chr7:81070188- chy7:91408127-

AKAPY 91739987 Q2239887 81577925 kgp7S13665 kspB102448
chrl{n:5005453- chri(n4505453- chriG.A855453-

AURICS 5143878 56405878 5135878 151679414 kap8375007
chrid:A08235686- | chrid:104735686- | chrl4:104306731-

AKTL 105262080 105762080 104333125 kegp10895929 | kep7260830
chrd: 113739238 chrg4:113238233- chrd:113858687-

ANKZ 1143048596 114804896 114524345 kgp8454825 kgpinig47a3
chri9:4183350- chr19.3683350- chr19:4134350-

ANKRD24 4224811 4724811 4175811 kgp3226356 ys7255543

Fig. 3-1
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SLartSNp EndSNP

Tier 3 GeneRange 300k {GeneRanget {GeneRange+500

Gene GeneRangeihgid} | bihgis) GeneRangefhgis} | 500kh} kh}
chr5: 150480266~ | chr5:14G980266- | chr5:150460450-

ANXAS 150537443 151027443 150517560 kgp22603058 | 1311747938
chrif:75135388- | chrif:74635188- | chri0:74805194- kgpB026768,rs22

ANKAZ 75173841 75673841 74843847 kgp21588521 | 27568
chri1:129939715- | chr1i:129439715- | chil:129445010-

aPLPZ 130014708 130514706 129515910 kgnd2802171 | rs7116475
ChrX:66763873- | chrX:66263873- chrX:66680598-

AR 66950461 67450461 56860844 rs478505 kgp22776402
chri228270360- | chrli227770360- | chri: 226336983

ARF1 228286913 228786913 226353536 kep 7035482 kgnS5092378
chri2:49329991- | chr12:48829951- | chri2:47615258-

ARF3 49551252 49851252 47637519 kgpS963537 kgp19162961
chril:46698631- | chril:46158631- | chril:46655207-

ARHGAPI 46722120 47222120 46678596 rs11038804 kgol2872953
chr19:42309421- | chri2:41899421- | chri9:47079106-

ARHGEFL 42434296 42934296 47103444 kep21546138 | kgp97s3873
chrifn104433483- | chr1G:103933483- | chri0:104423377-

ARL3 104474190 104974190 104464180 (54919614 kgp2065500
chr3:5163928- chr3:4663529- chr3:5138929-

ARLSD 5222601 5722601 5197601 kgpS083934 kep17728482
chr11:2289727- chrl1:1788727- chr11:2246303-

ASCLZ 2292182 2792182 2248758 kepil845252 | kgpy129584
chri:212738675- | chri:212238675 | chri:210805319-

ATF3 212794119 212294119 210860739 r510863%36 kgpl2569686
chr12:7033625- | chr12:6533625- chri2:6903886-

ATNL 7053815 7553815 5924076 kgpiB714644 | kgpla123481
chr1:169075546- | chr1:168575946- | chri'167342570-

ATP1BI 189101960 169601960 167368584 rs10800363 kgn305361
chri2:89981825- | chri2:85481825- | chri2:88505256-

ATP2E1 90049844 50549844 88573575 kgpd237218 kgpi9117318
chr3:10365706- chr3:9865706- chr3:10342743-

ATP2B2 10745716 11249716 10724716 kgp?774534 rS7625756
chr6:16299342- chr6:157858342- chri: 16407321

ATENL 187561721 17261721 16269700 kgp2l73519 156921352
chrig:92524895. | chrid:92(124805- | chri4:91534648-

ATKN3 92572965 53072965 91642718 kgpi1966238 | rs2146498
chr3:63850232- | chr:63350232- chr3:63825272-

BTXNT 63929136 54489136 83964176 rs9311874 kgp7a7614
chri2:63540215- | chri2:63040215- | chriZ:61826482-

AVPRIA 63546550 64046590 51832857 rs952865 kgp3671976
chrd:33110638- chra:32610638- chr9:33100638-

BAGALT 33167356 33667356 33157356 kepi8539535 | kgni8370534

Fig.

3-2
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StartGNP EndSNp

Tier 3 GeneRange+300k {GeneRanget | {GeneRanget+S00

Gene GenaRange{hgi9l | bihgi9} GenaRange{hgis} | 500kb} ki
chrdid02341117- | ched: 101841117~ | chr4:302560140-

BANK1 1052895969 103495969 163214592 rs6851921 kgp20796561
chri:152965946- | chrX:152465946- | chrX:152618145.

BCAR31 152990201 153490201 152643081 rs6627302 kg2 2764947
Chr16:75262927- | chrlf:74762927- | chr16:73820428-

BCARL 75301951 75901951 73855452 kgp7158675 kgpl6367309
chri8 60780578 | chri®:60200578- | chrig:S2041553-

BCL2 0986657 61486657 59137637 1543543 51720898
chri:22610138- | chri022110138- | chrifh22645304-

SMIL 22620414 73120414 22660192 kgp3019331 512775513
chr2:203241049- | chr2:202741049- | chr2:202948294-

BMPR2Z 203432474 203532474 703140719 r52072504 kEp3183288
chr2:112930411- | chr3:152420411- | chr3:114413104-

BOC 113006308 113506305 114482995 kgpi2i64746 | kgp3299668
chr7:134331530- | chr7:133831530- | chr7:2339820%4-

BPGM 134364567 134864567 134015107 kepi3720725 | kpo8S542611
chri7:41196311- | chri7:40696311- | chri7:3844883%-

BRCAL 41322420 41822420 38530394 kepi014784 kgp1397178%
chr13:32680616- | chri3:32389616- | chri3:31787616-

BRCAZ 32973809 33473809 31871809 rs2146284 158596502
chri6:50352928- | chri6:49852029- | chri6:43910444-

BROY 50402845 50902845 48960330 kgn3B43480 kgoh(18549
chr@:37701397- | chr8:37201397- | chrB:37820560-

BRF2 37707431 3R207431 37926569 17818467 Kgn2 2772561
chril:661048G3- | chril:bh604803- | chrii:65861379-

BRMS1 66112582 56612582 65869153 kgp22746103 | kgpi280S083
chrXC 100604434 | chiX:100104434- | chrX:100491097-

BTK 100845770 101145770 100532426 kgp22735057 | kepl2747202
chri:24104887- chel:23604887- | chrl:23977474-

£lorf128 24114722 24614722 23587309 kgpZ83495 kgu2701674
chr1:152486979- | chri:151986978- | chri:150753602-

Clorfdz 152488481 152088481 1507551085 kgoi5694971 | rs4363385
chr17:5336098- | chri7:4836098 | chri7:5276822

C108P 5342471 5842471 5283195 kgpl4047547 | 117825455
chr20:61427904- | che20:60827804- | chr2Q:60898222-

£200ef20 61431945 61931945 60902390 kgpG2283882 kgpl9363625
chr2(135234136- | che20:34734136- | chr20:34536365-

£200ri24 35240960 35740960 34674374 rs6060220 51744760
chra:57829515- | chrdi57329515- | chrd:57524272-

Ciorfid 57843826 58343826 57538583 kgp22756132 | kgpi831456
chrd:100432160- | chy4:99932160- | chrd:100651222-

Chorfi? 100463450 100963460 100682483 kgp20878925 | kgp21204347

Fig.
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StartSNe EndSNP

Tier3 GensRange+200k {GenaRanger | {GeneRange+500

Gene GeneRangethgl®) | bihgls) GeneRangeathgi8) | 500kb) kh}
chr5:175665369- | chrs: 175165369 | chrs:17559800%-

C5orfzs 175772590 176272890 175705596 kgp7679859 15480782
chr:34398181- | chr:33898181- | chr¥:34388181-

€9orf2s 24458568 34958568 34448568 kgp22772722 | 157031962
chr22:24407764- | chr22:23807764- | chr22:22737764-

CABINI 24574556 25074596 27804596 kap5637302 kap579%536
chr12:121078421- | chr12:120578421- | chri2:119562804-

CABF1 121108327 121605127 119589510 kgpl®737851 | rs503720
chri2:2162415%- | chri2:1662415- chr12:2022676-

CACNALC 2807115 3307115 2677376 kgpS477564 kgpi2 76729
chr7:93053798- | chr7:02553798- chr7:92831734-

CALLR 93204042 93704042 93041978 kgp3815436 kgpl61249142
cr7:134464163- | che7:133964163- | chi7:134114710-

CaLDL 134655480 135155480 134306012 r516874469 kgp22829820
ch5:149599053- | chr5:149099053- | chr5:149575247-

CANIKZA 149669403 150169403 149649528 kgpd769228 kgp2 7536863
chri(:7557225%- | chrl0:75072258- | chrif:75242264-

CANIK2G 75634349 76134349 75304349 kgpSH17603 kgpa007437
chri7:2763616- | chrl7:3263616- | chriZ:3710365-

CANIKHI 2796337 4296337 2743086 kgpd927794 kgp13998561
chr12:121675494. | chr12:121175494- | chri2:120159877- | kap3636283,rs

CARKKZ 121736111 122236111 120220494 1800556 kgp3 169612
chr1:223883234- | chrl:223385284- | chri:221966741-

CAPN2 223963720 224863720 222030243 rsZ430408 kgpl5138476
chréd: 185548849 | chrd:185048249- | chrd:185785843-

CASPS 195570625 186070629 185807623 kgp8529165 rs2046535
chrd: 110609784~ | chrd:110109784- | chrd:110829233-

CASFS 110624629 111124629 110844078 kgp20840443 | kgp20817413
chridn115438934- | chrl0:1149385834- | chri(:115428024-

CASPT 115490664 115590664 115480654 kopl2503193 | rs12266538
Chr2:202098165- | chw2:201598165- | chi2:201806410-

CASPS 202152434 202652434 201860679 kpp6115041 rs12468196
chr3:1219025253- | che3:123402529- | chr3:123385219-

CASR 122005344 122505344 123488034 kpplR115887 | re13095775
chr7:115928005- | chr7:115429005- | chr7:115717141- kgpl55052%,r513

AvL 116201239 116701239 115988466 kepli3705413 | 222576
chri1:119076988- | chrl1:118576389- | chri1:118522198-

CBL 114178859 115678859 118684069 kgpd 184476 1510892470
chr17:46147413- | chrl7:45647413- | chri7:43502412-

€81 46178883 46678883 43533882 kgpd510682 kgp14007862
chri®: 56158953 | chr19:55658953- | chriS:60850765-

CTDCI0s 56164526 56664526 50856338 kep2077564 15901476

Fig. 3-4
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StartSNP EndSNP

Tier 3 GeneRange+500k {GeneRange+ | {GeneRange+500

Gene GeneRangelhgld) | blhgls) GeneRange{hgl8} | 300kb)} ith}
chril:62455872- chri 1:68955872- chrli:69165053-

CONDL £R4682472 69949242 63178423 kgp12357965 rs 1823085
chri%:30302300- chri19:29802900- chy19:34394740-

CONER 30315715 30815215 35047059 kgp21358604 kg2 1349680
chi3:32993065~ chr3:32493065- chr3:32968069-

CL{R4 32996403 33496403 32971407 reA8ER290 kgp3855982
chr3:456411632- chr3:45911632- chr3:46386536-

CCR3 A6417697 46917697 4563382701 kegp17737690 rs936173
chri2:7623411- chr12:71234113~ chr12:7514876-

CHig3 7eho414 2156414 547681 rs9668071 kgp3219786
chr11:60869929- chril:60364929- chrl i 60625505

€05 EOBDE323 51395323 £3651899 ys7927817 kgpl3056421
chri2:5309481- chriZ:5809481%- chr12:6179133-

fote] 6347437 GBATAZT 6217688 59663580 kepliz4940
chri(:62538235- chriQ:E2038235~ chri(n62208241-

CDC2 62553524 630534924 62223330 kap21922934 rs3125326
che1:51433607- | chri:50933607- | chrl:51206195-

COHN2C 5144033205 51240309 531212857 re1710621% kgpl5324655
chr7:537537- chr7:437537- ¢hr7:904063- kepa856315,rs

CENTAL 594306 14943066 9608372 3924019 kgp11321201
chr5:896G89528- chr5:89189528- chr5:89725284-

CETN3 837056032 30205603 89741359 yS277054 kpp22368752
che?117120016- chr7:316620016- chr7:116307252-

CFTR 117308718 117808718 117095954 kepl3265715 kgp13550397
chr10:50822349- | chri®:50322349- | chrl0:50487146-

CHAT 50901938 51401939 50543156 kep8189487 kgpBB9R4L3
chri7:77388122- chil7:7288322- chrl7:7728847-

CHOD3 7816075 8316075 7758800 rs7208523 kgpli?776706
chril:101948123- | chridi01448123 | chri(:101928113-

CHUK 101889344 102488344 131979334 kgpH141810 kgps150130
chr3:50643884- chr3:50143884- c¢hr3,50618929-

CisH 50649262 51149262 50624207 kgp5610131 rsG783700
chri9:366(5888- chr19:36105888- chrig:41297728-

CKAPL 3661584S 37116849 41338689 1872438516 re3108171
chr5:80529138- chr:80029138- chrS:80564894-

CHMT2 50R62217 21062217 80597973 kgpYR222845 kgp74163171
cheS:i75819455- | chr5:175319455- | chr5:175752061-

CLT8 175843540 176343540 175776146 reA8G7811 kgp1551194
chr8:27454433- chr§:26954433- chr2:27510367-

CLu 27472328 27972328 27528244 kgpBas026 rs4732823
chri6:31478774- | chr16:30978774- | chrl€:80036394-

cap 81745367 81245367 80302866 rs11150329 kgp16425289

Fig.
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StariSMe EndSNP

Fier3 GeneRange+500k {GeneRanger | {GeneRange+500

Geng GeneRangethgl9) | bihgls) GeneRange{hgig} 500k} kis}
chrX:150203217- chrX:150403217- chrX:150853872-

CNGAZ 150914038 151414036 150664692 rs12028%8% kep22766776
chrX;21392535- chrX: 20892535 chrX:23302900-

CNESR2 21672813 22172813 21580700 k22768242 kep2 2744086
chrl%:11849578- chr19:11148573- chri3:11510578-

NG 11661138 12161138 115221438 kgpll148982 rsB100428
chrdi 24200459 chr1:23700459- chri: 24073046~

ChR2 24235817 24739817 24112404 ys9887321 kgp7256331
¢chrd7:55015550- chr17:54515560- chri7:52370558-

COtL 55032411 55538411 52393410 r57219528 kepl3879956
chrll.e7205517- chrll:.68705517- chr11:66962093-

COROLB 67211292 &7711292 56867839 kgn8733070 kgpiZ2l1i0446
chrz:115388371- chr3:113888371- chr3:120871061-

[€e) ¥} 116386243 112896243 1208789332 152903301 rs7634%38
chrd: 166300096 chr4 1658000596~ chrd: 166519546

{PE 166419482 1669134382 1666328932 rsA4541465 kgp20841166
chr12:94071150- chrl2:93571150- chriz:82595281-

CRADD SA238616 24783616 32763662 kgpi8895270 rs 10859604
i 35415758 chr10:34915768- chri(:354558(6-

CREM 35501886 e001885 35541892 kgp21684668 rs654221
chr2:46844324- chr2:46344324- chrZ:46697811-

CRIPT 46852881 473528381 46705687 kgn11216746 kgp5110136
chr2(:463337- chr2:421337-

CSNK2AL 524482 chr20:1-1024482 472482 kgpig358001 kgp2852236
chrl6:58191811- chrle57691811- chrdb:56749312-

LSNK2AZ 58231782 58731782 567352832 kEp3s607475 kgp9239300
chr$: 2919235 chré: 2919235 chré: 31741635

SN2 2923423 2923423 31743206 kgp7558035 kgpiFOs208i
chr3:41236400- | chr3:40736400- | chr3:41211404-

CTNNBL 41280845 41780845 41255849 kgpl7791054 kppl7873276
chrl3:2958451- chr19:3458451- chrid:3909451-

DAPKS 3471038 4471038 3922038 kgp9382693 kgp6448823
chra: 176883613 chra:178383513- chr%:176816218-

DBNI 176300694 1774006594 1756833300 153733875 kgp6 700800
chrl(:74033676- chrln73533676- chrd8: 73703632

DOITS 74035797 74535797 73705803 kgp21593001 kgp10561085
chrl7:62484372- chr17:61994373- chri7:59926193-

DOXS 625032484 63002484 59432869 kgpld113893 rsé 239089
86723096~ chrg:8228086- chr8:6715508-

DEFB1 6735523 7235529 6722839 kgp20078124 rs12680482
Chr2i234263552- | chr2:233763152- | chr2:23392789:-

DGKD 234380743 234880745 234045482 512477794 rs28902188

Fig.
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StartSNp EndSNP

Tier 3 GeneRange+500k {GeneRanget+ | {GeneRange+500

Geng GeneRange{hgld) | bihgis) GeneRangefhgl8) | 500kb) b}
chr11:46354454- chr11:45854454- chr1l:46311314-

BGKZ 46402104 46902104 46358680 r52(390602 kgp22737291
chr9:93372113- chr8:928723113- chr3:82411933-

DiRAS2 33405108 92905108 92444328 757860989 kgpl0944799
chr3: 186769430 chr2:196269430- chr3:198253827-

DLGL 197026143 187526143 19R510540 kgp18074003 rsB41R72
chrX.69664704~ chrX:59164704- chiX:69581448-

BLG3 69725339 70225339 69542062 Rgp22756738 kgp22752290
chr17:7083209- chri7:659320%- chri7:703393%-

DLGS F12338% 7623362 FOEA78L Kgpl0995626 rs3744258
chr3: 130965662 chr8:130465662- chr3:130005483-

DNML 131017527 121517527 130057348 kgp1183767 rs48360625
chrl:171810620- chri:171310620- chrl: 170077260

DNNS 172381857 172881857 170648480 kgplh671556 rS2213746
chr10:17184981- chri(:16684981- chri(ni7224887-

DNMTZ 17243681 17743681 17283687 Kgplh66842 kgp21855354
chirB: 26371708~ chrR:25871708- chr8: 26427707

DPRYSL2 26515693 27015693 26571610 rs119%8023 rei12544814
chr5:174867674- chr5:174367674- chr5: 174800280

DRD1 174871163 175371163 74803769 kgpdd32341 kgp8293487
chr3: 174867675 chr®:174367675- chr5:174800281-

DROUP 174871163 175371163 174803768 kgpaA3z34l kgpB293487
chré: 56479153~ chre:55979153- chrs:h6430743-

DsSYT 56716714 57216714 26816472 kgpi880%63 rs12208200
chri:1270657- chri:770657- chrl: 1260520~

Dvil 1234492 1784492 1274355 kgpaQ76R08 kgpiS201879
77128660 chri7:6628660- chr17:7068384- kgp2456831,rs37

DLz 7137863 7637863 FO7BRE7 kgp 1788885 44255
chr3:183873283- chr3:183373283- chr3: 185355877

DVL3 183821314 184391314 185374008 kgpiis6744 kgpa(88221
Crr93:139756570- chr8:138256570- chre: 138876391

EDFI 135760738 140260738 138880559 rs382S103 kgpd 292076
chr9:91606324- | chr9:91106324- | chr9:90795144-

EDG3 91620069 92120069 SOL00E8S kgpi8368537 kgp113389
chrdS:i0232105- | chri®:9832108- chr19:101383108-

EDGS 10341948 10841548 10202348 kgp21505357 | kgpil277401
crri8i0623418- chrig:;10123418- chr19:1048441%-

EDE8 10GZE068 11128668 10435668 rs4 804478 kgpB(55654
¢hr8:144461866- chr&: 144161866~ chr8:144733040-

EEFID 144679845 145175845 144750728 kpp20077380 kgpd311396
chr19:3976053- | chri®3476053- | chr19:2827053-

EEF2 3985461 4485461 3936461 kgp21334437 | rs10406730

Fig. 3-7
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StartSkp EndsSnp

Tier 3 GeneRange+500k {GeneRanger | {GeneRange+H00

Gene GeneRangethgis) | bihglo} GeneRangelhgl8) | 500kb} kb}
chrX:6%048839- | chrX:5754883%- ChrX:B7965564-

EFNBL 68056029 6566027 67982754 1STR7567 kgp22774708
chri2 107142078 | chri3:106642078- | chri3:105940096-

EFNB2 107187388 107687388 105985338 153587048 kepl1472981
chr3:40353172- chr3:39851172- chr3:40326176-

EIF1B 40353915 40853915 40328919 kgpl7543799 | kgp724180
chri2:7023613- | chriZ:6523613- chriz:6893874-

ENOZ 7032859 7532859 £9G3120 kpp6R44683 kgpl&788179
chr1:29213602- chri:28713602- chri:28086214-

£PB4L 79446558 29946558 29319545 kgp15837735 | kgpRig4z1l
chr20:34679425- | chr20:34379425 | chr2(:34142838-

EPB41L1 34820721 35320721 34284135 51886695 kapl0646202
chr6:131160487- | chr6:130560487- | chr6:131202180-

£PBALL2 131384462 131884462 131426058 kgp3398782 kep16921 144
chri:23037330- ¢he1:22537330- chr1:32908917-

EPHB2 23241823 23741823 23114410 752473248 kgp22776625
chr6:152011630- | chrii151513630- | chib:iS2053323%-

ESR1 152424408 152524408 152466101 rsG478984 rs818451
chri4:64693750- | chridB4183750- | chrid:63763503-

ESR2 54805268 65305268 62875021 xgp3039416 kepl515773
chrl:216676587- | chri:216176567- | chwri:21474321G-

£SRRG 7317311087 2178110697 215377720 kgp2104453 kgpI05486%
chriS:44010870- | chri%:435310870- | chri®:48702710-

ETHEL 44031396 44531396 42723236 rs11668932 kgpS61363
¢hr22:28663997- | chr22:39363997- | chr22:27894016-

EWSR1 29696515 30156515 28026515 rsGO05862 rs4823054
chr1:160965000- | ¢hri:160465000- | chrii53231624-

FLIR 161008774 161508774 159275404 rSG7BARG kgpl0744728
chr11:7004626%- | chri1:69549268- | chrll:69726516-

FADD 70053508 70553508 68731134 kgpl2619639 | kepl2640433
chri(:90729552- | chri0:80229552- | chri:90740267-

FAS 0775542 91275542 90765522 kgp6I7DRI0 kgp1640747
chr1:316083153- chr1: 15583153« chrd:15955740-

FELIMZ 16113084 16613084 15985671 ra168514R0 kgp17648830
chr5:108083522- | chr5:107583522- | chrS:108111421-

FER 108523373 105023373 108551272 1511958626 15845734
chr11:125315640- | chril:124815640- | chril:124820857-

FEZ1 125366206 125866206 134871333 7510160551 kepl2966369
chi2:36773403- chr2:36279403- chrZ:26632904~

FEZ2 36825332 37325332 36678836 kgp10246359 | kgpd71235¢
chrl9:35842444- | chy19:25342444- | chri9:40534294-

FFARL 35843367 36343367 40535137 158106116 kgp21511651

Fig.
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StariSne EndShP

Tier 3 GeneRange+500k {GeneRange+ | {GeneRanpe+500

Gene GeneRangelhgi9) | bihgis) GeneRangelhgl8) | 500kb) kb}
chr19:35939202- chrl8:35439202- chrl9: 40631042~

FFARZ 35941865 36441865 40633705 r52112502 157247246
chr20:1348620- chr2(:349620- chr2(:1297621-

FHEP1A 1373816 1873818 1321745 kgpdh67229 kgpl(348674
chri3:506%9852- chril3:50199952- chr13:49597953-

FLIS1945 507025489 51202559 49600600 kgn9786864 Kgpl166218%7
chriZ:B5277553- chrl2:84777553- chr12:63563820-

FLIG1278 65371302 o5871302 £3657569 56581555 kgpl662303
chrX: 1535768499 chrX:153076899- | chrX:153230093-

FLNA 153603006 154103008 153256200 £57042293 1528412378
chr3:575894126- chra:57494126- chr3:57969166-

FLNB 581573582 58657282 58133017 157629743 1131130570
chy3:132834856- | chr: 132434856~ chr$:131974677-

FREQ 132593583 132499583 132032404 kgpi2208188 kgpl8380808
chy12:68864128- | chri2:69364128- chr12:68150395-

FRS2 63973562 70473562 68252829 kgpisngsing kgpl2534834
chr2: 49185295 chr2:48689295- chrZ:48043155-

FSHR 48381666 49881686 49235134 kgp297164 kgpll229604
chr3: 716850478 chr3: 71150478~ chr3: 70840163

FXN 71715094 72215094 F0R78T712 1265076 kgp213209
chr3:180630233- ch3:180130233- chr3:182113145-

FXRY 180700534 1812005393 182177647 kgp22773686 Kgp3235523
chrX:153753605- chrX: 153258605 chiX:153412799-

G6PD 153775787 154275787 153428581 r$223947% Kgp22745531
chr6:30887222- chr6:89387222- chi:83944630-

GABRR1 89927496 904274364 89083779 kgpa728710 Kgpl7056993
chr6: 83967238~ chi6: 89467238 chr6B0023957 -

GABRR2 93024567 90524967 30081686 kgp16994883 kgpo012178
chrl7: 74070891 chri7:73570891- chrl7: 71582486~

GALR2 74073573 74573573 71585168 rs10428061 1516957307
chr3:115342150- chr3:11484215{- chr3:116825141-

GAP43 115440334 115940334 116922842 rs30%11341 kgpl131683870
chrd:72607410- chrd:72107410- chrd:72826274-

GC 72671237 73171237 72888622 rs510013437 kgpl2025264
chr17:42982893- chrdl /42482993 chr17:406328518-

GFAR 42992520 43492920 40348354 158066197 rs12847718
chri 82840317 chri: 92440217 chri: 92712505

GFil 92952433 93452433 G2725021 kgns0379 kgpl15436210
chr89:1358538493 chr9: 135353893~ | chr3:134843714-

GFilg 135867084 136357084 134856503 kgpi2275%9 kgp228178033
chr2iB9546900- | chr2:69046900- | chr:69405810-

GEPT1 69614386 70114386 53467829 kep7360G674 kpp14824626

Fig.
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StartSNR EndSNP

Tier 3 GeneRange+500k {GeneRange+ {GeneRange+500

Gene GeneRangethgls) | bihgis} GeneRangelhg18) | 500kbj ki
chrl7:61994562- | chr17:51484552- | chrl7:50348294-

aM1 51896198 62496188 59345530 kgp6455446 kgp10i327s7
chrl7:27900485- chir17:27400486- | chr17:24024612-

GIT1 27916510 22416610 24540736 kgpl4082001 | rs8065059
chri2: 210387606~ | chri2:109867506- | chri2:108851951-

GIT2 110433194 110934134 108918483 kgpB064273 kgpBSE7i0
chr6:121756744- | chr6:121256744- | chr6:121798443-

3541 121770873 122270873 121812572 kgp3203283 kepl4d4786
chrX: 70435061~ ch:69935061- chrX:70351786-

5iBi 70445065 70945065 70361777 kgp22820838 | rs35542412
chrid:54841208- | chri4:%4441208- | chrid:54010958-

GMFB 54855744 S5455744 54025494 kgp5212952 kgp7377768
chr7:2767740- che7:2267740- chF7:2734266-

GNALZ 2883859 3383959 2850485 kgpa177535 kgpl3694655
chr20:57414704- | chr20:569147%4- | chr20:56848185-

GNAS 57486250 57986250 56519645 rsd71661 rs729997
chr22:23412668- | ch22:229126568- | chri2:21742668-

GNAZ 23467227 23967271 21797221 kgp15075658 | rs9880742
chré:176554087- | chr4:176054087- | chr4:176791081-

GPRIBA 176923648 177423648 177160642 rs684943% kgp88s2764
chri:109419602- | chrl:108919602- | chrl:109221125-

apsm2 108475957 109976857 108274567 kgpdS175401 | kgpl5178378
chr2:165349322- | ¢hr2:1564849322- | chrZ:165057568-

GRB14 165478360 165978350 165186606 kgp8982508 kgpl4i53450
chré:158141294- | chrd:157641294- | chr4: 158361185~

GRIAZ 158287226 158787226 158506678 kgp22818527 | rsBB36401
chrX:122318095- | cheX:121818085- | chrX:122145776-

GRIA3 122624766 123124766 122452447 17057244 rs12559968
chr11:105480799- | chri1:104980799 | chrl1i:104985000-

BRIAS 105852819 106352819 105358028 kgp12888867 | kpp2959570
chr9:140033608- | ¢hr9:139533608- | chrk136153425-

GRINI 140063214 140563214 139183028 kgp18425565 | kgpi8521447
chr16:9847264- chr16:9347264- chr16:9752922-

GRINZA 10276511 10776611 10184112 kgpl6441783 | rs9932893
chri2:1371440%- | chr12:13214409- | chri2:13605676-

GRIN2E 14133022 14633022 14024289 rs3741818 kgp7291296
chr13:114321596- | ¢hr13:113821596- | chr13:1133695%57-

GRKL 114438637 114938637 113373973 kgpl6671784 | rs11147317
chr4:2965342- chrd:2465342- chra:2835140-

GRES 3042474 3542474 3012272 15846252 (36821202
chri9:42734337- | chri9:42234337- | hr19:47426177-

G5K3A 42746736 43246735 47438576 kep21481263 | kgplOR70487

Fig. 3-10
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StartShNp EndSNP

Tier 3 GeneRange+580k {GeneRange+ | {GeneRange+500

Gene GeneRangelhgld) | bihgls) GeneRangelhgi8) | 500kb) kbs)
chr3: 113540801 | che3:119040801- | che3:1310282358-

GRK38 115813264 120313264 121295203 kppl7616981 kgpds70827
chri:110188a%7- | chri:109638697- | chri: 110000228

GSTIIA 110208123 1108708123 110008548 rs535635 kgpl5760598
chr:99212413- | chrd98712413- | chr9:98252234-

HABPS 99253618 99753618 98293439 kgplBh78220 kgpi8630342
chr5i153854531 | chr5:153354533- | chr5:153834724-

HANDL 153857324 184357824 183838017 kgp7530858 152431184
chré 174447651 chr4:173247651- chrd:174684226-

HANDZ 174451378 174951378 174687953 kgp20847640 | kgplQ778226
chr5:140053483- | chr5:139553483- | chr5:140033673-

HARS 140070871 140570971 140051155 s68744G1 512854953
ChiX 48560286 chrX: 48160286~ chrX:48545430-

HDACS 48683380 48183380 48568374 kgp2 2835768 | rs2015487
che3:183853930- | chr3:193353330~ | ch3:195336627-

HESE 193856401 184356481 195335090 kKgp11414670 | 157649258
cnr6:1150035- chr6:1150035- chr&:30018304-

HLA-A 1285564 129%564 30085130 rs9392258 rs9391520
chr6:2585738- chr6:2585738- chrf: 2486041

HLA-C 2671188 2671188 2572197 rs9392400 kgplSih253
chr6:4166320- chr6: 4166320 chr:2855192-

HELEA-DB30A2 4171833 4171833 3801275 kgpl7451336 kepl7218419
chri%:31032878- | chri%:30532878- | chri2:25930873-

HMGBL 31181510 316945180 30083510 rs1557088 kgpBROS4R3S
chr21:40714240- chr21:80214240- che21:38626110-

HMGNIL A(721047 41221047 39643140 kgpas24272 kgpB317624
chri:26758501- chri:26298901- chrl:26671488-

HMGRN2 26803133 27303133 26675720 rs1428936 kgp&260087
chra:162887516- chr5:162387516- che5:162820240-

HMMB 162918953 163418953 162851525 kppS548441 rs1363073
chr16:4524718- chr16:4024718- chr16:4464719-

HMOX2 4560348 5060348 4500343 kgpled414002 | kpp7li7794
chrS:173472723- | che5:172972723- | chr5:173405329-

HMP19 173536182 174036182 173468788 kgp22404239 | rs12186684
chriB:83517728- chri5:8301772%- chris:81314789-

HOMERZ 83621476 84121476 81412477 151267659 kgpd123064
chri8:22040552- chri8:21540%92- chri8: 20294580

HRH4 22054921 22559921 203132919 rs7235445 kgp7887799
chrid: 102547074 | chrif:i02047074- | chrid: 101616827-

HSP30AAL 102606086 103106086 101675839 kgp3260354 kgp19714004
chr:31783290- chrii 31283250~ chré: 31891315~

HERALA 31785718 32285718 31893648 kgpd 708627 1592960820

Fig.
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StartSNP EndShP

Tier 3 GeneRanger500k {GeneRange+ {GeneRange+300

Geng GeneRangelhgis}) | bihgis) GeneRangelhgi8) | 500kb) kb}
chr6:3083162- chrén3088162- chr&:3043109-

HSPAIR 3051685 3081686 3045633 kgp6503147 kgpS868121
chr5:1323876€1- chi5:131887661- chr5:1324155640-

HSPAY 132440709 132940709 1324568608 kgp22352512 kgp7658141
chr7:75831874- chr7:75431874- chr7:75765858-

HEPSY 75533614 75433614 Y5771546 kgpd195218 kgpl 0852432
chr5:53375143C- chr5:53251430- chr5;53787201-

HSPR3 53752214 R4252214 53787964 rs 16881855 rs381591¢6
chri2:119616594- | chri2ii15116534- | chri2:118100977-

HEPSY 119632551 120132551 118116934 kgpl 8981306 kgpl8g22622
chrd9: 55773590 chr13:5527355C- ¢hri9:60465518-

HSPBPT 58791751 56291751 a0483540 kgp3134010 kgp2 15335288
chr2:198364720- chr2:197864720- chr2:198073364-

HAPEL 188368187 198868187 198076416 kgp2824304 kgp12004769
chri3: 31710762~ chirl3:31210762- chri3: 30608762~

HSPH 31736502 22236502 20634502 kgplf548529 kepl6811501
chr11:20385285- chr11:18885233- chril:20341865-

HTATIP 20405328 20905329 20361805 r527070%4 kgp309631
chr2:231972249- chiZ:231472848- chr2:231681198-

HTR2B 231989824 232485824 231658068 rs6761068 rs497345%
chrX:113818550- chrX:113318550- chrX:113724806-

HIR2C 114144524 1146445624 114050880 157055827 kgp22320072
chri:18991779- | chrliiBAS177% | chrl:19864366-

HTRS 24006055 20506055 19878a42 kepl’e12ai5 kegpl0523409
chril:115044345- | ¢chri1:114544345- | chril:114549555-

H3SF4 115375241 115875241 114280451 rs1607250 r57928212
chr8:42128819- chi8:4162881%- chr8:42247985-

IKBKB 42180171 42690171 42305122 kgpd748756 kgp3154559
chrl:206643585- chr1: 205123585 chri:204710418-

HHBRKE 2065670223 207170223 2034736845 kpp15543770 kgpH359437
chr)i153770458- chiX{: 153270458 cheX:153423652-

WBKG 153793261 154293261 1534456455 75633 kgn22831959
chr16:27325250- | chrif:26825250- | chrif: 27232751

HAR 2737609¢ 27876059 27283500 kgpl1id44142 kgpla489203
chr3:3108007- chr3:2608007- chr3:3086420-

HLSRA 3152058 3652053 2127031 kgpl0211459 | kgp22835987
chr2:218027567- chr2:2185827567- chr2:218735812-

H8RA 2319031716 219531716 218739861 kppl4n2i358 rs16859170
chri9. 7112265 chiri8:6612265- chr19: 7063265

INSR 7294¢11 77384011 7245011 kgp5914741 kgpl 1453659
chr3:121488600- | chr3:12098880%- | chr3:122971299-

WCBL 121553926 122053926 123036618 rs11921531 rs5438722

Fig. 3-12
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StartSNP EndSNP

Tier 3 GeneRange+500k {GenzRange+ | {GeneRange+5060

Gene GeneRangelhgld) | bihgis) GeneRange{hgi8}] | SO0kb) b}
chri5m0931472- | chrl5:90431472- | chriS:86732476-

HQGAPL §1045475 91545475 $8346479 kgpl876885 kep20022694
chrX:153275956- | chrXi152775956- | chrX:152929150-

IRAKL 153285342 153785342 152938536 kgp22756383 | rs6643580
chr2:227596032- | chr2:227096032- | chr2:237304276-

$RS1 227663506 228163506 227371750 kepl12414080 | kep®3g1097
ChrX:307975726- | chiXi107475726- | chrX:107862367-

8$4 107979607 108479607 107866205 kgp22704644 | rs§985712
chr21:46305867- | chr2i:45805867- | chr2l:45130266-

$TGB2 46348753 45838753 45173181 kgpl3225366 | 11702782
Chri6I906440- | chrl:63406440- | chri:63679048-

TGRSR £3988544 64488944 53761423 rs1572109 kgp5171315
cnrd7: 73747515 | chrl7:73217518- | chrl7:71229110-

STEBS 73753354 74253895 71265494 kep2663142 kepdS75454
chr3:124481794- | chr3:123981794- | chr3:125964484-

1TGHS 124606144 125106144 126488834 kap5281659 kgpl7765518
chri5:41786055- | chr15:41286055- | chri5:39573413-

FTPKA 41795757 42295757 39583039 kgp22747722 | keplOSO7061
chrl:226819390- | chrl:226319390- | chri:224886013-

{TPKB 226526876 227426876 224991387 rs1219671 rs7519099
chr6:33589155- chrd:33089155- chré:33637138-

§TPR3 33664348 34164348 33772326 153117030 kgpadS15850
chr19:39881963- | chr1%:20381963- | chri9:44573863-

1XL 39851203 40391203 44583043 kepose4es kzp6117029
chri:65288805- | chrl:64798905- | chri:65071493-

JAKE 55432619 659326189 §52052G7 kgpRE76721 kgp3745352
chrZ 135818987 | chr1:35318987- | chr21:34740857-

KCNE1L 35884573 36384572 34806443 kpp13187557 | kepS041106
chr2:223916861- | chr2:223416861- | chr2:22362510%

KCNES 223920355 224420355 223628599 kep14948218 | kgpld631899
chr7: 150642043 | che7:150142043- | chr7:150272981-

KCNHZ 150675402 151175402 150305847 kppl13542655 | kgp7948285
chri7:68164813- | chri7:67664813- | chri7:65676408

KCNIZ ERI7EIKG 68676183 65687778 156501341 kgp2814913
chr5: 113698015 | chrS:113198015. | chrS:113725914-

KCNp2 113832197 114332197 113860006 kgp9619904 rs10056549
Chrid44270684- | chriS:43770684- | chri9:48962524-

KONNG 44285409 44785408 48977249 rs6509074 kgp21388839
chr20:62037541- | chr2G:61537541- | chr20:61507985-

KCNG2 62103993 62603992 51574437 1516982354 kgpl9265466
chr&:133133104- | chrBil32633104- | cheg:133210437-

KONQE 132493004 133233004 12356521856 kgpl0244042 | rs4074676

Fig. 3-13
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StartSNP EndSNE

Tier 3 GeneRange+500k {GeneRanges {GeneRange+500

Gene GeneRangethgll) | blhgisd} GeneRangelhglis8) | 500k} ik}
chr6: 73331570 chre: 72831570 chré:73388555-

KCNGS 73908573 74408573 73962301 Kep7790415 153446983
chr4:55944425- chr4:55444425- Chrd:55633405-

KDR 55931762 56441762 55686519 kgp1l624145 | 310022874
chri1 101785745 | chril:A01285745- | chril:101290955-

HIAAL3TT 101871793 102371753 101377003 kppi2804311 | rs9667864
chy7:138516126- | chr7:138016126- | chw7:138166566-

KIAAI54AY 139665064 129166064 138255110 511769851 kgpi0208774
chr$:132028322- | chr:131528322- | chr5:132056221-

KIF3A 132073265 132573265 132101164 53805685 154958109
chrd:55524094- chrd:55024094- chrd:55218851-

KT 55606881 56106881 55301638 kepAas7115 kgpU403472
chri:173684079- | chri:173184079- | chri:i71850702-

KLHL2O 173755840 174255840 172022463 rs13374515 kgn5594842
chr5:136553188- | chr5:136453188- | chr5:135981087-

KLHL3 137071779 137571779 137095678 rS2866736 rs10040983
chri9:515159%9- | chri®:51015999- | chri9s6207811-

KLKID 51523431 52023431 56215243 Kep9495392 Kegp21503250
chr12:25358179- | chriZ:24858175% | chri2:25249445-

KRAS 25403854 25903854 25295121 kgp19038229 | kgpid16534
chr17:38974368- | chri7:38474368- | chri7:36227894-

KATIO 38978863 39478863 36232373 kgp7164026 kgp6621387
chri2:53342654- | chri2:52842654- | chri2:51628921-

KRT1S 53346585 52846685 51632552 reA0R857 rs11834178
chr1:22716835- chri:37216839- chri:32499426-

LEK 32751766 33251766 32524353 1512037400 kgpb229337
chr32:37966252- | chr22:37466252< | che22:36256198-

LGALSZ 37976024 38476024 36305670 kgp14G99686 | rsB135665
chri:156052368- chri: 155852368 chri: 154318992

LIMNA 156108548 156608548 154375172 kgpllB75488 | 1512408758
chr5:126112314- | che5:125612314- | chr5:126140731-

LMVINBL 126172712 126672712 126200608 kepS014465 kgp22418220

1001001336 | chiS:144063447- | chr@:143563447- | chrRi144134822-

8% 144095807 144599807 144171182 51875483 kEpi0850793
CheB: 134758853~ | chri:134258853- | chr6:134800546-

LOU154092 | 134825158 135325158 134866851 kgp1l630775 | kewp2Z793805
chr18:5238098- chrif:4738098- chriBin222874-

LOCI39290 | 5246505 5746505 5228525 4gp5290787 kEpsau32s
chrR:12623570- chr8: 12123570 chr&:12667941-

LOC340357 | 12668910 13168910 12713281 kpp22754906 | kegp2030506%9
chy17:48544039- | Chri7:48444039- | chr17:45259038-

LOCA00604 | 48945732 49445732 46300731 kgpllfis481 | kepi(163248
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StarcsNp EndsSip

Tiers GeneRange+500k {GeneRange+ | {GeneRange+500

Gene GeneRange{hgl) | bihgls) GeneRange{hgi8) 500kb) kis}
chr7:91763906- chr?7:91263906- chr7:91601842-

L0C513126 | 91771854 92271854 91609730 kgpl3774218 | rs3731343
chr14:24780704- | chrl4:24280704- | chri4:23850544-

LTBAR 24787242 25237242 23855492 kgpl9673807 | rs3007336
chi3:46477495- chr3:45977495- chr3:46452499-

L3 46526724 47026724 46501728 kgpl7788490 | kgpli76h89
chi3:158384202- | chr3:157884202- | chr3:159866899-

LXN 158390482 158880482 159873176 rsE764092 kgp7955381
chr1:235824344- | chr1:235324344- | chri:233890968-

LYSY 236030220 236530220 234096843 r52295815 kgp9270301
chr&:43597278- chri43097278- chri 43705256

MADZLIBP | 43602688 44108688 43716564 51537638 kegp1522302
cheX:51546154- chrX:51046154- chrX:51562894-

MAGEDL 51645450 52145450 51662190 kzp22779908 | kpp22784919
chr15:43809805- | chri5:43309805- | chri5:41567097-

MAPLA 43323818 44373818 43611110 kepl2180163 | kepl0318377
chi20:23134691- | chy20:22534691- | chr2(:32588352-

MARLICIA | 33148148 33643149 32611810 KEp19388198 | kgp5639543
chr15:66679210- | chri5:66179210- | chri5:64466264-

MAPZK1 £6783882 G7283882 54570936 kgpi9795142 | kpp382480
chrl7:12923134- chri7:11424334. chri7:11864853-

MAPZES 12047051 12547051 11987776 516044842 FSBG15536
chr15:67835020- | chr15:67335020- | chri5:65622074-

MAPZKS £8099455 68595455 65886506 kzpi98a4650 | kgp20006731
chri19:40697650- | chrli®:40187650- | chrl9:45389490-

MAPINIO 40721482 41221482 45413314 keph290284 52561531
chrl17:61689774- | chrl7:61199774- | chrl17:59053506-

MARIKS 61773670 62273670 59127402 kZp14048701 | kgpB230870
chr6:91225352- chr6:90725352- che6:91282073-

MAPIKY 91206907 91796907 91353628 58451316 rs9451576
chi22:39745453- | cfr22:39245853- | chr22:38075899-

MAP3KTIPT | 39827887 40327887 38157833 kgpl0431646 | 1137981
chr6:149635062- | chr6:149139062- | chrb: 149680755~

MAPIKZIP2 | 149732747 150232747 149774440 kgp9485571 kgp9110056
chrl0:30722549- | chrl0:30222949- | chrl0:30762871-

MAP3KS 30750752 31250762 30790767 kep22034763 | kgp11496819
chr11:75297362- | chril:74797962- | chrii:74875610-

MARS 75379479 TSS78479 75057127 rs11236323 kgpaassst
chr6:35595453- chr6:35495453- chr6:36103550-

MAPK1S 36075013 36578013 36186513 154711420 kgpi0854130
chr16:30125425- | chrl620625425- | ohr16:30032926-

MAPK3 30134630 30634630 30042131 kgpild63254 | kep2i05557

Fig.
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StartSNP EndSNP

Tier 3 GeneRange+500k {GeneRanget | {GeneRange+300

Gene GeneRange{hgis) | bihgis) GeneRangel{hgis) | 500kb) i}
chr6:114178526- | ¢re6:113678526- | chr6/114285219-

WIARCKS 114184852 114684652 114281345 Kgpl7187830 kgpl113238
chri&. 74550788 chri®; 74190788 chr18:72819776-

MBP TARKAT T4 75344774 71973762 kep5208535 rs12960107
chr5: 112357795~ chrS: 113857795 chirb:112385694-

MCC 1312824527 113324527 112852426 kgp22530369 kg2 2589538
chri0:1312654%3- | chriB:130765453- | chri 131155455

MIGMT 131565783 132065783 131455358 kgp1i2643348 kgp1314587
chri2:56843285- | chwri2:558343285- | chrl2:55130150- Kgpila052399,r

MIP 56848435 57348435 55134686 511834873 kgpl 8750823
chr32:6857935- chri2:6357835- chri2:67283196-

MLF2 6875641 7376641 6746502 kgpiB8998724 £51001653
chr3:20344967- chr9:19844967- chr9:20334967-

MLLTS 20622514 21122514 20612514 kEpi8504776 ro1016129
chri4:61201458- | chri4:60701458- | chrl4:60271222-

HMNATL 61435398 £1335398 6505151 kegpB293246 373142051
chri6:82181766- chiiB81681766~ 180739267

MIPHOSPHE | R2203329 82703825 30701330 Kgpade0l7 Fs3852734
chri8:39421347- chri®:3ge21347- chri%:43113187-

MRPS12 33423652 399238593 241154499 kpp21348524 kgp21366507
chr21:35445822- chr21.34945822- chrZ1:343676%92-

MRPSS 35515334 36015334 34437704 kgpll(37760 F52834555
chrii: 10594637~ chi11:1006%4637- chir11:10553213-

MIRVIL 3715535 11215535 10672312 rs7946395 kgpl1739225
ehr:648R7510- chrX:64387510- chrX:64804235-

HSN 64361793 55461753 ©4878518 rs7887705 kgp22760405
chrd2:81110707- chri2: 30610747 chrl2:76634838-

MYFS 81113447 81513447 79637578 r5123136492 kgn5598463
chr12:81101407- chr12:80601407- chrl2:76625576~

MYFS 21103256 21603256 TR627382 rST9HA738 rs79720%4
chr3:123331142- chr3:122831142- chr3:124813832-

MYLK 123203143 124103148 1250858329 kgp9270532 r5510224
chr5:18662015- chrB:16162015- chi5: 16715015

MYQO10 16936385 17436385 15889385 kgp22358577 kgnl12241403
chrii: 76839309 chri1:76338309- chrl1:76516857-

MYO7A 75526286 77426286 76603934 v$21B6677 kgp304898
chri9:17186590- chriHi6686590- chr18:17047585%-

MYOSE 17324104 17824104 17185104 kgp21430919 kgpda164870
chr1:171604556- chr 1171104556 chrl:168871179-

MYOC 171621823 172121823 159888356 r51736563% k1482962
chrii7741109- | ¢hillii7241108- | chr11:17657685-

MYOD1 17743678 18243678 17700254 kgpiOROS253 | rs12285714
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StartSNP EadSNP

Tiee 3 GeneRange+5300k {GeneRangesr | {GeneRange+500

Gene seneRange{hgll) | bihpls} GeneRange{hpi8} | 500kb} kil
chrl:20305225%6~ | chri:202552255- chr1:201318879-

MYDG 203055377 203555377 201322000 rsA850858 rsZ2 798625
chr5:137022409- chri: 136522409 Cche5:137231472-

MYOT 137223540 137723540 137251440 Kgp22294838 | kgp5555751
chr2:1792884- chrZ:1282884- chr2:1771891-

MYTIL 2335045 2835045 2314052 kgp356515 kgp7720594
chr12:57106216- chr12:56606210- chri2:55392477-

NACA 57118316 R7619326 55405593 54759218 kgp11483848
chr: 102658769- chrg:102198769- chr8: 102767545

NCALD 103137135 103637135 103206311 kgpll277997 rs 16869564
chi7:74572383- chr7:74072383- che7: 74210380

NCFIC TAS87816 75087816 74225695 kgp7635479 kgpo54065
chr2:232319458- chrZ:1231819458- chy2: 232027702~

NLCL 232329205 232829205 232037448 rs13415867 Kep12447433
chr12:124808956- | ctwi2:124308956- | chri2:123397062-

NLOR2 125052010 125552010 123617963 11057368 kgp12274490
chr2:182540832- chr2:182040832- che2:182249438-

NEURDD 182545392 183045382 182253626 kgp7C38037 ys12612546
chr22:299595%44- chr22:28499544- chr22:28329%44-

PpE2 30094589 30594528 28474589 kgp1h024372 kgpl478391
chrl:204757781- chr1:2014257781- chri: 203064445

NFASC 204991350 205491950 203258572 rs12044614 kgp11817505
chrl8:77155771- chrl8: 76655771 chel3 75256759

NFATC1 77289323 77788323 75350311 1512150804 kgpliz26294
chw20:50007764- | chr2G:48507764- | che20:49441171-

NEATCZ 50179168 50679168 49612777 15761240 kgpl9325060
chri{104154228- | chrili103654228- | chri(:103144218-

MNFKB2 1064152281 104662281 104315227 kgpll777223 rs7BG7654
chri9:38390339- | ¢hwl19:38830339- | chri%i44082454-

NFKBIS 39299534 29899534 44091374 kgp21403480 kgpd374047
chrb:44225902- chr6:43725902- ¢he6:84333880-

NFKBIE 44233525 44733525 44341503 r58566236 kppll2231406
chrl4: 77731833~ chr14:77231833- chyi4: 76801586~

MNGE 7737655 TR237655 76807308 kgpde4as4as vsid622713
chr22:42069936- | chr22:.41569935- | chr22:40399382-

NMP2LL 42084913 42584913 40414859 kep22806542 Kgp282841
chr12:117645946- | chri2: 117145946 | chri2:116135361-

NOST 117799507 118299607 116283963 r511068156 kgp763518
cnrid:20937341- chrig:20437541- chyi4:20007381-

NP 20845248 21445248 20015088 kepR768601 kgp15427360
chirZ2:110880913- | chrzi110980913- | chr2:110238202-

NPHPL 110962639 111462639 110319928 10496434 kep3B4n148

Fig.
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StartSNP EndSNP

Tier 3 GeneRange+500k {GeneRange+ {GeneRange+500

Gene GeneRange{hgi9} | bihgis} GeneRangefhgi’] | S00kb) b}
chw2:27650656- chr2:27150656- chr: 27504160

NRBP1 27665124 28165124 27518528 kgp1460000G2 kEppl42581821
chril:124608828- | chril: 124109828 | chrii:124115038-

NREGN 124617102 1251371G2 124322312 kppa&3624 kpp5783287
chri®49403306- | chri®48903306- | chil9:54095380-

NUCBL 49425540 49926540 54118339 kgp2&2275 kepd015400
chrl: 228385860 chrl:227855860- chri:226462483-

ORSCN 2728566575 229066575 226633198 kgp22808391 Kgp706951
chr3:8791627- chr3:32916827- chr3:9765704-

DGEL 9808353 10308353 5783342 r317744745 151642074
chr8:54138275- chr8:5363R8275~ chr8:54300828-

DPRKL 54164194 546564194 54326747 k11808608 Kgp71i86378
chr6:154360442- chr6:153850442- chr8:154402135-

QPRML 154588001 155068001 154609693 kgp22790919 kgp7491549
chr3:252552735- chr2:152052735- chir3: 154035425~

P2RYL 152555843 153055843 154038533 rs4472028 kgpiR12100
chrlZ:56488102- | chri2:55998102- | chri2:5478436%-

PAZGS SE507E94 57007694 54733861 kppl8842835 | rs12308250
chri: 40026484~ chrl:39526434- chr1:36799074-

PABRPCA A3042521 40542521 33R15003 16692557 rs6681804
chr9:138453603- chr9:137953603- chr3:137593424-

PAEP 138458622 138058622 1375084432 kgpd360258 r513103302
chri7:2496922- chr17:1998922- chri7:2443672-

PAFAMIBL 2588309 2088509 2535659 kepl38515566 | kgpd861640
ChrS i02201526- | chr5:1017015825- | chr5:102225425-

FAM 102366808 1028k6808 102393316 rs10075318 Rgpa6sN4i2
chri6:676%4850- chri6:67124850« chri6:60252351- keplb268099,r

PARDSEA Q7696681 68196681 65254182 51108304 kgp16328412
chr2(:49348080- chr2(:48848030- chr2(n48781487-

PARDSE AB370278 48370278 438033685 kgpi2335956 | kppiS356310
chriB:77915116- | chrl8:77415316- | chir1&;76016105-

PARDSG 78005397 78505397 76106388 kppl5973881 1512980632
chri2:78985744- chi12:73485744- chr12:785049875-

PAWR 80084790 BO584790 78608521 52850386 kgpl9124808
chr2 147744035 chr21:472444035- chr21:46568463-

PCNT 47865632 48355682 46690110 kepl3165624 | ra10423083
chrZ21:412393446- chr21:40730345- chr21:40161216-

PCP4 41301322 41801322 40223192 kgp5198475 1528376024
chri:1R6412697- chr1:185912697- chr1:184679337-

£DC 186430239 186330239 184696852 kgpl5446019 kgplh20e197
CreXi129263338- | chrX128763338 | chrX:129091015-

POCHE 125299861 129798861 120127542 rs3131260 kgp22747324

Fig.
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StartSRP EndSNP

Yier3 GeneRange+500k {GeneRange+ | {GeneRange+500

Gene GeneRangethgl3) | bihglg) GeneRange{hgis} | 500kb} i}
chr9:125580375- | chr9:125080375- | chr2:124620443-

POCL 125595535 126090835 124630561 kppli0s50938 | rs7341862
chr2:183007182- | chr2:182507182- | chr2:182715427-

PDELA 183387507 183887507 183095488 kep205462 kep14271078
chrl: 144675438 | chr1:144176436- | chr1:143388228-

POEDIP 145075186 145576186 143787436 rs7548328 kzpi5506281
chr2:232597146- chr2:232057146- chr2:232305390-

POEGD 232645974 235145974 232354218 kgpdd8502 r311686328
chrl6:330605- chr16:270606-

PDIAZ 337208 chel6:1-837209 277210 kgpdB61413 rs3817833
chr5:176810394- | chS:176410384- | chr5:176843000-

POLIM? 176924602 177424602 176857208 kepl474318 | kgpo286031
chr16:2587969- chr16:2087959- chr16:2527970-

PRPKL 2653189 3153188 2583190 rs11876 rs2741932
chri:160175124- | chyl:159675124- | chrl:158441750-

PEALS 160185162 160685162 158451786 kepl5388960 | kepdSO0109
chr5:52083773- che5:515823773- chr5:52119530-

PELO 520198452 52598452 52334208 kgp7417119 kgp22419632
chr5:139624634- | chy5:139124634- | chr5:139604818-

PFONT 139682685 140182689 1396682873 kgp22765893 vs3733707
chr20:52824501- | chr20:52324501- | chr2(:52257908-

PEONG 52836492 533364492 52269895 kgp26710349 kgp18401284
chriZ:53689234- | chyi2:53182234- | chri2:531975501-

PFONS 53693234 54183234 51879501 kgp9320845 kgp18934893
chrl 207207760~ | chel:206707760~ | chr1:205293242-

PEYFBZ 207254368 207754268 205320951 rs6a66387 kgp1552439%
chrl7:4848346- chyl7:4348946- chr17:47896%1-

PFAL 4851825 5351825 AT92570 kgp4s9103 rs118695%093
cheX 77359865~ cheX: 76859665- chrX:77246321-

PGKL 77382324 77882324 77268980 kgp22784498 Kgp22747606
chrX: 71758663~ chyX: 71288663~ chrX: 71715388~ kgp2 2830838155

PHIAL 71924029 72434029 71850754 kgp22784635 | 982097
ChrX 185910415 cheX: 18430415 chrX:18R203356-

PHEKAZ 193002480 19502480 18612401 kgp2 2820040 kgp22735291
chr7:56148674- chy7:55648674- chr7: 56116168

PHUGL 56160689 56660689 56128183 rs4347%14 kgpl3251786
chr19:4067748- che19:3507748- chri%:3558748-

PiAS4 4038067 4538067 3989087 kgp21496330 | 15566334
chrig:39535198- | chri&:39035198- | chri377891%6-

PIKZC3 39661446 401614456 37515444 kapls093917 kaplb001617
chr7:105505722- | chr/: 106005722~ | chr7:106292958-

PIK3LG 106547592 107047592 106334828 kgpl3830163 | kepS8259
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StartSMPR EndShNp

Tier3 GeneRange+500k {GeneRange+ | {GeneRange+500

Gene GeneRange{hgi9) | blhgtis} GeneRangethgis] | S00kb) kis}
chri5: 40580087~ chri5:40080097- chrl5:38367389-

PLEBZ 40600174 41300174 38337465 rs584863 kgpl983sard
chr3:38048388- chr3: 37548985 chr3:380239%0-

PLCDT 38071154 38571154 38046137 rs155528 Kgp8999288
chr3: 171318194~ chr170813194- chr3:172801338-

PLRY 171528504 172028504 1730111488 kgpl7613704 kepl7918658
chr17:4710395%- chrl7:4230395- chrl7:4657377-

PLDZ 4726727 5226727 4673624 79915202 kepl024027
chri9:48340353- | chri®:48840353- chrl9:54032166-

PLEKHAG 49371884 49871884 54063670 kgp21466232 kgp7036888
chr19:23620280- chr16:23180200- chrlf:235897701-

PLK1 23701688 24201688 23609188 kgp6012631 kgp22747539
chri1:65029431- chrll:64529431- chrl1:64786007-

POLAZ 6565088 5565088 04821664 rs637332 rs12800057
chr&:4219558732- chr2:41695972- chr8:42315186-

FOLB 42229331 42729331 42348478 kap20057754 kgp20541648
chrig:57495550- chr16:569968550- chrlf:560%4051-

POLR2C 57505921 58005921 556063422 kepi2245826 r53888264
chy2(:18448032- | ¢hr20:17948032- | chr2(;18396032-

POLR3F 18465286 1886528& 18413288 KgpdB834782 kapd34265
chy22:46545498- | chr22:46046498- | chr22:44925162-

PPARA 46639653 47139653 45018317 kgpl216941 kgpl5063036
chyX:18709044- chrX:18208044- chid: 18618965~

PPEFL 18246034 19346034 18755855 kgp22764365 kop228026%5
chy4: 76781025+ chr4:76281025- chird: 77000043

PPEF2 76823681 77323681 77042705 kgp3982074 ¥apara368s
chy14:60712469- | chrid:60212455- | chrl4:59782222-

PPRILA 60765805 51265805 59835558 kgpl9716116 | kgp5849461
chy14:104200087- | chri4:103700087- | ¢hr14:103263840-

PPPIRIZB 104313327 104813927 103383680 kep19713355 ¥3p19494408
chr1%:38741876- | chr19:38241876- | ¢hr19:43433716-

PPPIRIGA 38747231 39247231 43439012 kgp7541875 kpp4afs918e
chrd:101944586- | chrd:101444586- | chrd:102163609-

FPP3ICA 102268628 102768628 102487376 kgpd575683 ¥Rp7268508
chy13:47083533- | chri0:46583533- | chrl(h46503538-

PFPYRL 4788320 47588324 46508326 kgp507184 rs11259820
chrX:48755194- chrX48255194- chii:48640138-

POBPI 43760422 49260422 43645364 (528333838 rs2015487
chr2:198364721- | chrZ:197864721- | ¢hr2:198072966-

PREE3 198418423 196918423 198126668 kgp9B84304 | kzp9480848
chri1:57154833- | chrili56654833- | chr19:763517-

PREG2 57191532 57691532 7725952 kepl304387% | kppl2981403

Fig.
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StartSNP Endshp

Tiar 3 GeneRange+500k {GeneRanget {GeneRange+500

Gene GeneRangelhgis) | bihgls) GeneRangefhpi8) | S00kb) [%:3)
chri8:18202506- | chridii3702506- | chri9:14063506-

PREKACA 14228559 14728555 14088559 kgpbL7 7295 kgphhedr7
chri6:23847300- | chris:23347300- | chri6:23754801-

PRECEI 24231932 24731932 24132433 rs7190829 152343354
¢hr3:53135222- chr3:52695222- chr3:53170262-

PFRICD 53226733 53726733 53201773 1311715756 kgp878810%
chri®:54385466- | chri®:53885466- | chri®:Se077278-

PRRCG 54410501 54910301 59102713 xgp1393848 kgp11043930
chr3:169840215- | chr3:169440219- | chr2:171427913-

PRKC 170023770 170523770 1715064564 kpp17942850 | r512485248
chri:1983508- chr1:14815G8- chri: 1971768

PRKCZ 2116834 2516834 2106694 kgpl575671 kepS07107
chrifi52750910- | chri(n52250910- | chri(:52420850-

PRKG 54058110 54558110 53725280 kgp22035660 | 157923443
chr1%:48372465- | chri®d8472465- | chri:53664277-

PSCD2 42585571 49485571 53677383 r516981057 rs5464
chri: 257058272+ | chrl:226558272- | chri:225124895- kgp1301981,rs30

PSENZ 227083804 227583804 235150427 133219110 14374
chri9:43757434- | chri9:43257434- | ¢cnriS:48449274-

PSS 43773682 442735682 AR465522 kpp21418993 | kgo7529858
chr?:42956461- chr? 42456461 ehr:42922986-

PSMIAZ 42971205 43471805 42938530 kep13636285 | kgpl523923
chr3 184017021 | chr3:183517021- | chr3:185499715-

PSMD2 184026840 184526840 185509534 kgpd 284536 511731955
chr13:20277008- | chriX: 19777008 | chri3:19146895-

PSPCL 20357159 2085715% 19255083 kgp24%471 kZp2992302
chri9:47123724- | chri9:46823724- | chri®:51815564-

PTGIR 47128354 47628354 51820194 Kgp21532737 | rsi84260
chy2:232573235- | chr2:232073235- | chr2:232281479-

PTMART 232578250 233078250 231286434 kppBR7ESGT kgo14454906
chr6:64231650- chrB:63733650- ChrE:54289609-

PTPAAL 54293489 64793438 64351448 rs4710239 Kep357802
chi2:142432006- | chr:141932006- | chrS:142501188-

FIP4A3 142441620 142941620 1425310802 rs1267828% kzp3296854
chr12:112856535- | chriX; 112356535+ | chri2:111340918-

PTPMIL 112847717 113447737 11143210C kgp22816522 | 151293743
chr7:77166772- chr?: 76666772~ chr? 77004770

PTPNI2 77259388 77769388 77107322 kppaBs0asg 153807707
chr12:7055738- chri2:6555730- chir 12:5826000-

PTPNG 7070473 7570479 6940740 kpp1R8831669 | kgoliR845056
chr20:2844824- chra:2344834- chr20:2792824-

PTPRA 3012315 3519315 2667315 kgp7253112 152853218

Fig.
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StartSNP EndSNpP

Tier 3 GeneRange+500k {GeneRanges | {GepeRanges50D

Gene GeneRange{hgl9} | bihgls) GeneRangelhgl8] | 500kb} b}
chri1:48002109- | chr11:47502109- | chrii:47958685-

PTPR} 48192394 48692394 48148970 kgpl1833163 | kgp12755942
chri9:5158505- | chri®:4658505- | chri9:5109505-

PIPRS 5340814 5840814 5281814 kgp6271833 kgpdadi07357
cht1:29563027- chr1:29063027- chr1:29435633-

PTPRU 29653325 30153325 29525503 rsi2068075 kgpS719744
chri5:55495163- | chrl5:54995263- | chrl%:53283091-

RABZZA 55582013 56082013 53369293 kgpl9829554 | rs115631355
chri:523736827- | chrl:i51873627- chri:52157422-

RAB3B 52456436 52956436 52228936 kgp22830492 | rs10493168
chir3:19988571-~ chr3:19488571- chr3:19863762-

RABSA 20026667 20526667 20001647 151348231 kgpR738867
chri5:63481727- | chri5:62981727- | chri5:61268780-

RABZB 63559973 £4059973 61347026 kgp20037308 | rs17773778
chr19:42460832- | ¢hri9:41960832- | <hri5:47152675-

RABACT 42463528 47963528 47155311 kgp22776019 | kep2iB6225
chr7:6414125- chr7:5914125- chr7:6380650-

RACE 5443598 £343598 6410123 kgpl3594313 | kep2338008
chri2:50382944- | chri?:49882844- | chri2:48669211-

RACGAPL 50418307 50619307 4BF0O5574 512317050 kgp2525417
chr3:12625099- chr3:12125099- ¢he3:12600099-

RAFL 12705700 13205700 12680700 kgpl7997932 | kgp3531880
chr2:12099763%- | chr2:120497639- | chr2:120726883-

RALB 121052286 121552286 120768756 rsi/661862 kgpS177758
chr350367216- chr3:49867215- chr3:50342220-

RASSFL 50378367 50878367 501353371 kgpR151957 kgp73418286
chr14:23360853- | chr14:22869853- | chr14:22435693-

REM23 23388206 23882386 27458236 153211239 kgpl2R6sh
chr3:50126340- chr3:43626340- chr3:49952595-

RBNIS 50156397 50656397 50112488 kgp22823256 | rs375544
chri7:9801026- chri7:5301025- chrl7:9741751-

RCVRN 9808634 10308584 9749409 rsB082538 kegp2141837
chr2:61108751- chr2:60608751- chr2:60862255-

REL 61150178 £1650173 610035692 kgpa245980 kgplaz94452
chrii:65421066- | chrlli64921066- | chril:65177647-

RELA 65430443 £5930443 65186951 kgp6667058 kgpdd 78491
chri9:45504706- | chri9:45004706- | chr19:501965%1-

RELB 45541456 45041456 50233297 kgp9280766 kgp9663255
chri2: 118454505 | chr12:117954505- | chr12:116938892-

RECS 11R470042 118970042 116954422 511068535 kgp19024344
chriQ:i21259338- | chri0:120756338 | chrifi121249328-

RB510 121302222 121802222 121292212 kgp216195652 | kgphils74s
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StartSnpP EndSNg

Tier 3 GeneRange+500k {GeneRanget+ | {GeneRange+S00

Gene Geneftangeihgid) | bihgls) GeneRange{hpi8) | 500kb} kb}
chrl:192605287- chr1:192105267- chri: 190871904

RG513 192629440 183129440 193836012 r511806786 kgp1216960
chy5:176784843- | cheS5:176284843- chr5:176717445%-

RGS14 176759599 177289594 176732205 rs1000144 kgp11311419
chy:AR2567757- | chrd:182067757- | chri:180834380-

RG516 182573548 183073548 1803840171 Kgpii787070 kppd 798391
chrl: 192127591 chr 1191627591~ chrl: 190384214

RGS18 192154945 192654945 190421568 rs1338034 keph 25246
Chy20062 704534~ chr20:62204534- chr20:62174378-

RGS1S £2711324 63211324 62151768 rs1630157 kgplQ264714
chrd: 163038395 chri:162538395~ | chri:161305019-

RGS4 163046592 163546552 161313218 Kgpise23indl kgplh384575
chrl:163112088- chr1:162612088- chri:161378720-

RGSS 163251581 163794581 161439496 kgpis331781 Kgp2554085
chrd:240922816- chr1: 240438815 chr1:2390305439-

RGS7 241520478 242020478 238587101 1316839652 kepl5345284
chr3:12524748%- chr3:1287474581- chr3:130730171-

RHO 129254187 129754187 130736877 kgpi2236862 kgp11280524
chrd: 40198526~ chrd:38698526~ chrd:39874921-

RHOH 40246281 40746281 32322676 r33912392 rsl7513557
cnrll: 2085829 chr11:198529-

RIC8BA 215110 chril:1~-71511C¢ 205110 kgpBSR15230 ys11246286
chr1Z:107168388- | chri2: 106668398 | chri2:105692528-

RICER 107283094 107783034 135807224 kgp7665070 kgp2084662
chri&:21032786- | chri€:205832786- chri8:19286784-

RIOK3 21063039 231563099 19317087 kgnda053645 kgplb177785
chig:3064121: chr6:2564121- chr:3003120-

RIPKI 3115421 3615421 3060420 r517208835% kgpi7120238
chrB:90769974- chr2:90269974- chr8:3083310%-

RIPKZ 90803292 81303292 DO8T2433 157813237 152214416
chr 1155867600~ chrl: 155367600 chri:1h4334222-

RITL 155881177 156381177 154147801 kgpl0974582 rs12(322607
chr18:40323191- chri&39823191- | chri8:38577189-

RITZ 405685657 41195657 38949655 rs6507465 fgp3440940
chri2:120872131- | c¢chrl12:120472131- | chrl2:1194556514-

RNF10 121015397 121515387 119499750 kgpioianyss kgpladi7202
chri:51701%44- chri:51201344- chri:hi1474532-

RNFi1 51736115 52239119 51511707 kgpd358813 kgp7772065
cheXi153627678- chrX: 153127678~ | chrX:153279911-

RPLAG 153632038 154132038 153283874 52071127 rsd4074307
chr8:130208952 | chr2:129709952- | chigi129249775-

RPLI2 130213711 130713711 129253505 kgpil622530 | rs38(2355
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StartShip EndSip

Tier 3 GeneRange+500k {GeneRange+ | {GeneRange+500

Gene GeneRangefhgls) | bihgls} GenegRangefhgl8] | 500kb) ib)
chf2:217363519- | chr2:21686251%- | chy2:217071764-

RPL3TA 217366188 217866108 217074433 kgp2247391 kgp7636371
chr16:86955581- | chri6:66455581- | chri6:655130%2-

RRAD 66959439 67450439 65516340 kgp16522328 | kgpl6305055
chr2:55199326- chr2:54689326- che2:B5052830-

KYNR 53277734 55777734 55121238 Kgp3 740465 rs3748945
chri1523362507- | chri:182862507- | chrl:1531629131-

510048 153363664 153863664 1516305173 rs6587700 b gpAGS6042
chyX: 23801274~ chrX:23301274- cheX:23711224-

SATL 23804327 24304327 23714248 kgp22758306 | kup22759648
chr12:51985019- | chr12:51485049- | chr12:502712885-

SCNBA 52202239 52702299 503488565 rs797970% kzp7295633
chr2:20400557- chr2:19900557- chr2:20264038-

5DC 20425194 20525184 202888675 kupi4253812 | kppB3BOT70
chr8:97505881- chr&: 97005881 - chrB.97575057-

D2 97624037 98124037 57693213 rs1421221 kzp1305908
chr2(:43953928- | chr20:43453928- | chr20:43387342-

sDCA 43977084 44477064 43410478 rsB116486 kgpl9276986
chrR:59465727- chr:58965727- chri:559628281-

spesR 59495419 59995419 59657973 rs954172 kgp20217944
chrZ:1290554- che20:790554- chr20:1238620-

SBECBP2 1373818 1873816 1257838 kgpRs52208 kgp10348674
che2:1925899031- | chr2:192199031- | chr2:192407280-

SRR 192712006 193212006 192420226 kgp6263901 kep14266864
che1:151336779- | chrl:150836779- | chrii149603403-

SELENBPL 151345164 151845164 149611788 r51 2406660 r5A684312
chf20:43835637- | chr2(n43335637- | chr2{n43269087-

SEMIGE 43833414 44338414 43271823 rsEG94023 1s6094202
chf20:43835637- | chr2(n43335637- | chr2{n43269087-

SEMIG2 43853099 44353053 43286513 rsEG94023 1$6017667
chri7:56597610- | chri7:56097610- | chr17:53952614-

SEPTA 56618179 57118179 53954410 kgp1250021 rs34058624
chri:150898814- | chri:150398814- | chrl:149165511-

SETDB1 150937220 153437220 149203937 1512759551 kgp1978717
chr3:20207084- chr3:18702084- che3: 20177089

SGOLL 20227724 2ITATT24 20202687 kgp9539943 kgp 18040639
chr2:201390864- | chr2:200890864- | chr2:201099186-

SGOLZ 201443813 201948518 LISE750 kgpoli74393 kgp14634946
chr12:111843751- | chri12:111343751- | chr12:110328134-

SH2B3 111889427 112383427 110373810 kgp7682395 kgpitn17s0s
chri:154934773- | chrb:1B4434773- | ohe1:153201397-

SHCH 154946959 155446858 153213464 kgpl1196367 | kgplS752431

Fig.
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StartShe Endsnp

Tier3 GeneRangs+5300k {GeneRange+ | {GeneRange+50¢

Gene GeneRange{hgld) | bihgl¥) GeneRangelhgl8) | S00kb)} &b}
chri9:39365194- | chri®:38869194- | chri9:44061039-

SIRTZ 39350502 39850502 44082201 kgp21526327 | kepS5i1717
chr9:4490426- chr9:3990426- chr9:4480443-

SLCIAL AR87460 5087465 4577465 kgp7074545 k2p9946842
chri44457171- chri:43357171- chr1:44234741-

SLEBAS 44497134 44957134 44269721 rs6687571 reR6724632
CHEL7i72744762- | chri?:72244762- | chrl7:70256378-

SLCOA3RY 72765499 73265493 70777085 kep14032523 | kap1abo6779
chris:67358194- | chri5:66858194- | chri5:65145248-

SMAD2 £7487533 £7987533 £5274587 kep1676807 kgpl9813377
chrS:I35468535- | chr$i1340968535- | chr5:135496434-

SMADS 135518422 1356018422 135546321 kpp5717445 kgpR569455
chr5:76220767- chr3:69720767- chr5: 70256523

SRANZ 70248842 70748842 703284594 1528551114 kEpZ2633148
chrif:68392229- | chrif:67892229- | chri6:566949730-

SMPDI £8482409 £8932408 67039905 kgp2 756941 kgpl6310484
Chri5:42787503- | chri5:422875G3- | ¢hrl5:40575126-

SKRAP2R 42825259 4333525% 40612548 151668586 kgp19741111
chr2(h10129476- | chr20:9699476- chr23:10147476-

SNAP2S 10288066 10788066 10236065 kgpa923784 kgp193706207
Chr6:RAZE2604- chrBiR3762604- | chrb:B4319331-

SNAPSL 84419127 84919327 84475831 kepl7413387 | kgpl6S5886S
chr20:31895762- | chr2(:31495762- | chr2(1:31459423-

SNTAL 37031558 37531698 31495356 kep9o4g4d kgp22753335
chri®: 25200069 | chri5:24700069- | chri%:22751162-

SNURE 25284235 35788325 22795318 kgp20028287 | kaph6a4000
chr6:21563571- chr6:21093971- chi6:21701950-

S0X4 21558849 2201988453 21706328 kgp3605791 rs9466264
Chr&: 101170262 | chr&:100670262- | chri:101239438-

SPAGE 101254132 101754132 101323306 kgph198147 kgp20550876
chrib:R9574804- | chri5:89074804- | chrif:88102305-

SPGT 89624174 90124174 88151675 kep36R8145 53809547
chrd:88886801- chra:R8396801- chr4:89115825-

$PPY 88304563 20404563 89123587 kgp20744622 | kgp20764098
chr2:54583453- chr2:54183453- chr2:54536957-

SPTEMI 54898583 55398583 54752087 kgp14832324 | kgpi2300457
¢hr5:179233387- | chr5:178733387- | chwS:17G170503-

SOSTAL 178265077 173765077 179197683 kep10101186 | kap?Bh3327
chr3:8022277-~ chr3:8522277- chr3:8987277-

SRGAP3 5791311 9794311 5266311 hgph324912 kgpi8088153
chrizi3367727%- | chri3:33177271- | chri2i32575306-

STARDI3 34250832 34750832 33148932 kep121796% kgp105015

Fig.
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StartShP EndSnp

Tier 3 GzeneRange+300k {GeneRange+ | (GeneRange+S00

Geane Genefange{hgis}) | blhgis} GenaRangaihgi8) | S00kb} kir}
chw5:172741725- | ohw5:172241725- | chy5:172674331-

STC2 172756506 173256505 172589112 kgn22378380 Kgni0706002
chr2:37064840- chr2:36564840- chr2:36528975-

STRN 27183815 37633615 37047119 kgpa533593 kgp9369923
chried7223767- | chri9:46722767- | chris:51914607-

STRNG 47250251 47750251 51941560 kgp21470253 54804031
chr36:31044415- che16:30544415- chr16:30951816-

STH4 31051485 31551485 30958386 kgp1B6259387 kgp7678241
chril:62574331- chril:62074331- chrii:62330944-

STHS 52599563 63099563 62356136 kgpl0937653 Kgp568930
chr 130374485 chi2: 129874485~ chr:128414388-

STXBPL 130454895 130854995 129484815 rs1768374 kgpd359986
chri:1092838284- chri: 108789284 chr1:1090%0807-

STHBP3 109352148 102852148 109153571 re583070 rs17035360
chra: 70706929~ chrg: 70206929~ chra: 70741518~

SULTIEL JOT25870 71225870 JO780459 kgn22798798 Kgnb241292
chir6:149721494- che:149221494- chr6:149763187-

SUMO4 149722182 150222182 149763875 rs1871921 kgpl7155476
chri2: 79257772 | chrl2:78757772- | chri2: 77781903

SYT1 79845788 80345788 78387834 kgp11848377 kgnindl13198
chri1:7273180- chrl 16773180 chri1:7228756-

SYT9 7420276 7996276 7445848 rs7928685 kgp8567849
chr2:159825145- chr2:159325145- chr2:159533391-

TANLCY 160083170 160889170 1597%7416 54664952 Rgp22743225
chr2: 161993445~ chr2:1614G63465- che2: 163701713~

TANK 162092683 162552683 1618053528 kgp723389¢ rs1006427
chrif:29835187- chri6:29485187- chrif:29892722-

TADKZ 30003382 30503582 29511082 5257868 kgp2310172
chr 7:80709933- chr17:80209439- chri7: 78303228~

TRCD 20901062 81401062 78434351 rs11653735 igpl08A7492
chri:2355%30727- chr1:235030727- chr1:233597350-

TBLE 23561228C 236112280 233678303 rs2673956% kgpiS284682
chri2:64845839- chr12:64345839- chr12:63132203-

T8K1 64355899 65395899 63182158 kgpi934034 Kgp19122002
5134240810~ chr5:133740810~ chr8:134268709-

TCFA 134298336 1347983386 134326235 kgp22161149 kgpd823163
chris 1609288~ chris: 1105288 chri9: 1560294~

TCF3 1652328 21523228 16032328 52302109 REp24E2TABR
chri8:52889561- chr18:52389561- chr18:51040559-

TLF4 53303188 53803188 51454183 kgpl0409423 rs1792746
ciir3:46616044- chr3:26116044- chri:26594216-

TDGFL 46623952 47123952 45538956 kgpS&3076 kgpiBC0O3873

Fig.

3-26




Patent Application Publication  Apr. 20,2017 Sheet 41 of 52 US 2017/0105985 A1l
S1artsNp EndSNP

Tier 3 GeneRanges50k {GenaRanger {GeneRange+500

Gene GeneRangelhgid) | bihgid} GeneRangalhgis} | 500kh} ki)
chrid: 20833825 | chrid:20333825- | chrid:19905765-

TEPL 20881579 21381579 19951420 151780944 512435821
chrS:1253286- chr5:753286- chr5:1306286-

TERT 1795162 1795162 1348162 kgp22831882 | rs4975846
Chr2170674411- che2:70174413- chr2: 70527924~

TGFA 70781147 71281147 70634613 kppl4279885 | kppd236793
chf21:32450735- | chr21:31990735- | chr21:31412606-

TIAML 32931290 33431290 31853161 151702403 rs1892577
chr3: 149086804 | chr3 149586804~ | chr3:150569494-

TWI45FL 149095568 1495855568 150578258 kep18120845 | kepl7746361
chr¥:12993225- chr¥:12493225- chrX:12903145-

TMSBEX 17995346 134935346 12905267 kgp22760889 | kgp22772599
chrl: 2487804~ chrl: 1987804~ chri:2479150-

TRFRSF1S 2495267 2595267 2486613 rs2803308 kgp11439882
chri12:6437922- chri2:5937922- chri2:6308183- kgpb731378,s

THNFRSEIA 64512383 6951283 5321522 4764518 kgp19158534
chrl:122276059- chri:11727058- chri:12149646-

TNFRSFIR 12269277 12765277 12191864 kgp15495881 | rs3010872
chrd:2743386- chr4:2243386- chrd:271%184-

Tiip2 2758103 3258103 2327859 kgp70B48263 | kgp5432833
chr11:1860232- chrii1360232- chri1:1817480-

THMIZ 1862910 2362910 1819484 kgp11231095 | rs800123
chri9:55663135- | chri®55163135- | chri9:60354947-

TRNIZ 55663100 552569100 803609172 rs13382124 kgp21397937
chrl:201328141- | chr1:20082314%- | chri:193594764-

THNTZ 201346805 201846805 199613428 rs12733378 rs10820269
chrli235272657- | chrl:234772657- | chri:233339282-

TOMMZG 235292256 235752256 233358754 kgp&358331 kgp15139309
chri7:38544772- | chr17:38044772- | chri7:35748321-

TORZA 38574202 39074202 35827695 kgp7375263 kgpl0420460
chr17 7571719- chri?: 7071715 chri7:7512444-

P53 7590863 800863 7531588 kgpl2029665 | kep11285494
chri6:67188088- | chrif:66688088- | chri5:65745589- kpplE510307,152

TRADD 57193512 67693812 65751313 kgpi6482196 | 8521023
chr% 123664670 | chr3:123184670- | chr9:122704492-

TRAFL 123641451 124191451 122731300 kgp6551598 rs306777
chrili36505318- | chri1:36005316- | chril:36467298-

TRAES 36531863 37031863 36488398 kppl2764289 | rs333778
chi7:142344427- | chr7:141844427- | chr7:142025416-

TRBV21-4 142344887 142844387 142025376 kgp?155197 Kepas7a2e7
chrdi 154074268 | chrd:153574269- | chrd:154203715-

TRIMZ 154260474 154760474 154479918 56849505 156843172
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Startsp EndSNp

Tier3 GeneRange+500k {GeneRanged | {GeneRange+500

Gens GeneRange{hgis) | bihgly) GeneRangefhgis] | 500kb} kb}
chr11:119981993- | chr1i:119481983- | chr11:119487203-

TRIM2S 120008853 120508863 119514073 kgpl2998914 | 57122702
chr5:14143828- chr5:13643828- chrs:14196828-

TRIO 14503458 15009458 14562458 151445678 kpp3041369
chr3:142443265- | chr3:;1410453265- | chr3:143925955-

TRPCL 142526728 143026729 144009419 r$9842771 rs7641063
chrd:122800182- | chrd:122300182- | chra:123015081-

TRPC3 1228727906 123372905 123092359 kgp21231448 | kppS7RI883
chr13:38210772- | chrl3:37710772- | chri3:37108794-

TRPCA 38443933 38643936 37341935 kgp22782521 | rs7338058
chr17:3468739- chri7:266373%- chr17:3415489-

TRPVL 3512705 4012705 3459454 kgns654950 r59890881
chr12:1310220891- | chr12:1097208%1- | chri2:108705276-

TRPVA 130271212 110771242 108755585 kgpil365980 | kgp19139784
chr7:142568653- | chr7:142068559%- | chr7:142279081-

TRPVE 142583450 143083450 142293589 kgpSB4 7465 kgp2837315
chr7:100084141- | chr7:99564141- chr7:99%02077-

152204 100076902 100576902 99914838 kgp5759638 kgpiD598319
¢hr14:81421868- | chrid:20021868 | chr1d:80491621-

TSHR 81612645 82112646 20682393 kgpl9546567 | rs10134565
chrX:99883794- chrX:99383794- chrX:99770450-

TSRANG 99891724 100391794 99778450 kgu22794008 | 7059563
chr$:43211221- chr6:42711221- chré:4331919%-

TTBKL 43255997 437555997 43363975 kgpl7369454 | kapl749876Q
chr5:158436179- | chr5:19893617%- | chrS:159368757-

TTCL 158492550 155982550 159425128 kgnS018308 kgp22485460
chrb&O714321- chr6:80214321- chyb:ROTZ1077-

TTK 80752244 81252244 80808958 kgpB49561 kgp12311980
chr2:17932G717- | chr2:178890717- | chr2:175098953-

TN 179677150 180172150 179380395 rsSYTYS 56433773
chr11:8040750- chr11:7540790- chrl1:8016755-

THB 8327654 85627654 8684228 kgpl2365126 | kgplD66384
che22:18593452- | chr22:18093452- | chr22:16940685-

TUBAS 18614493 19214498 16994498 rs10344 76 kgpas77961
chr8:48920994- chr8:48420994- chr§:49083547-

UBE2Y2 48974454 43474454 491370617 kgp32493751 kpp20374954
chr12:132379278- | chrl2:131879278- | chi12:130945231-

ULKZ 132447707 1329077G7 130473649 kgpT696078 kep11815104
chr16:8385950- chri6:8485550- chr16:2293451-

usp7 9357341 9557341 2964842 kgp79060 rs1035944
chri9:6772721- chrl$:6272721- chri9:6723721-

YAVL 685737 7357371 5808371 kgp21410647 | kgpl1471951

Fig. 3-28
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VCL 75879514 76373914 75548520 rs7099640 Kep2 1840278
chr%:133307565- chr5:132807565- chr5:133335505%-

YDACK 133340824 133840824 133368723 Kgp22321002 kgp9499928
Crt6 159186773 Chren 158686773 che6: 159106761

¥ilz 155229340 159735340 159156328 159366083 keplDe33571
chrll:17270257- chriQ:16770257- chri: 17310475

Vil 17279552 17773592 17319588 kgp1874218 kgp8572563
chri7:2665425%8- chr17:26184238- chri7:23718425-

YVTH 26697373 27397373 237215030 r$126Q2762 kgp22081¢€1
chr19:36545782- chri9:260457382- chel9:41237622-

WODRG2 36556012 37095012 41287852 kgpS818871 kgp 7464156
chir7:134868583- | chr7:13436858%- cne7:13452{3524-
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ChFSIIG7719064- | cheSi167210064- | chrbi167651568-

WWC3 167839308 168399308 167825342 rs10454965 57724207
chrX:37545132- chrX:37045122- chrX:37430051-

XK 37591383 33091383 37476322 kgp22781551 kgp22821350
chr2(:43514343- chr2(:43014343- Che242947757-

YWHAB 43537151 440337161 428703575 r58364072 vs2247619
chrl7:1247823- chr17.747833- chri7 1194592~

YWHAE 1303555 1803556 1250267 rs4968122 kgplS52188
chr7:75856107 chr7: 75458107 chy 775794051

YWHAG 75588342 76AR8342 TRR26252 kgp133575645 kgp7952605
chr:1019308032- chr8:101430803- che%:102000089-

YWHAZ 101965623 102455623 102034745 r5A075553 kgpdli3s7sl
chriB:32912177- chrig:32412377- chiiB:31166175-

ZNF24 32824426 33424426 31178424 kgpS227729 kgpl5931312
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NONSELECTIVE METABOTROPIC
GLUTAMATE RECEPTOR ACTIVATORS
FOR TREATMENT OF ATTENTION DEFICIT
DISORDER AND 22Q SYNDROME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to the following
four United States Provisional Patent Applications, each
filed on Sep. 8, 2015: 62/215,628; 62/215,633; 62/215,636;
and 62/215,673, each of which is incorporated herein by
reference in its entirety.

FIELD

[0002] This application relates to treating attention deficit
hyperactivity disorder (ADHD) and 22q syndrome with a
nonselective activator of metabotropic glutamate receptors,
for example, in subjects having a genetic alteration in at least
one metabotropic glutamate receptor (mGluR) network
gene.

BACKGROUND

[0003] Attention deficit hyperactivity disorder (ADHD) is
a neurodevelopmental disorder that may cause significant
impairment in childhood and later life. Symptoms of ADHD
include inattentiveness, hyperactivity, and impulsivity.
[0004] We previously conducted a large-scale, genome-
wide study comparing copy number variations (CNVs) in
about 3500 ADHD cases compared to about 13,000 controls,
and found that CNVs in genes coding for metabotropic
glutamate receptors (mGluR proteins or GRM genes) as well
as CNVs in genes coding for proteins that interact with
mGluRs occur significantly more frequently in ADHD cases
compared to controls. (See WO 2012/027491 and US 2013/
0203814; Elia et al., Nature Genetics, 44(1): 78-84 (2012).)
The frequency of each individual genetic alteration appears
to be quite rare. But collectively, about 11% or more of
ADHD cases compared to about 1% of controls have at least
one genetic alteration in a gene coding for an mGIuR
network protein. Thus, ADHD patients are about 10 times
more likely than control individuals to have a genetic
alteration affecting one or more mGIuR network genes.
Furthermore, a network analysis of the mGluR pathway in
the European American population of approximately 1000
cases and 4000 controls showed that copy number variations
(CNVs) in genes coding for proteins involved in mGluR
signaling pathways and their interacting proteins impact
about 20% of ADHD cases compared to controls.

[0005] There is no cure for ADHD, but the symptoms can
be managed by combinations of behavior therapy and medi-
cations. Currently approved therapeutics for ADHD include
several stimulant and non-stimulant drugs. Current medica-
tions are not ideal, especially stimulants, because they have
a number of possibly harmful side effects and have short
half-lives of activity. Moreover, stimulants are often mis-
used and abused by qualifying and non-qualifying patients
alike. Hence, additional ADHD medications are needed. In
addition, given the genetic heterogeneity of ADHD patients,
tailoring certain medication schemes to patients based on
their underlying genetic profile may also improve ADHD
treatment.

[0006] The inventors have conducted a clinical trial testing
a nonselective activator of mGluR proteins called NFC-1 or
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fasoracetam monohydrate in pediatric ADHD patients who
have at least one genetic alteration in a gene coding for an
mGluR network protein.

[0007] This trial also included ADHD patients who have
22q syndromes, which are characterized by either a deletion
(22q deletion syndrome) or duplication (22q duplication
syndrome) in the 22q11.2 region of chromosome 22. Those
syndromes may occur in at least about 1 out of every
2000-4000 children and may involve disruptions in as many
as 30-40 genes. Among the genes that may be affected is
RANBP1, an mGluR network gene. Children with a deletion
or duplication at 22q11.2 have a higher than average rate of
psychiatric disorders including ADHD, autism spectrum
(ASD), and anxiety disorder, and a significant percentage
may develop psychoses such as schizophrenia later in life.
Children with a deletion or duplication of that region may
also suffer from various intellectual disabilities.

[0008] Treatment of psychiatric symptoms in 22q syn-
drome patients may be complicated due to the physical
abnormalities of these patients, including cardiac anomalies.
For example, it may be necessary to avoid use of otherwise
widely-prescribed stimulant drugs due to their negative side
effects in the 22q syndrome population. Thus, improved
therapeutic treatments are particularly needed for patients
with ADHD, ASD, anxiety disorder or other conditions who
have an underlying 22q genetic syndrome.

SUMMARY

[0009] Provided herein are methods of treating attention
deficit hyperactivity disorder (ADHD) in a subject compris-
ing administering a therapeutically effective amount of a
nonselective metabotropic glutamate receptor (mGIluR) acti-
vator to a subject, thereby treating ADHD.

[0010] Also provided are methods of treating attention
deficit hyperactivity disorder (ADHD) in a subject compris-
ing administering a therapeutically effective amount of a
nonselective metabotropic glutamate receptor (mGIluR) acti-
vator to a subject having at least one genetic alteration in an
mGluR network gene, thereby treating ADHD.

[0011] Further provided herein are methods of treating
ADHD in a subject comprising administering a nonselective
mGluR activator to a subject with ADHD in an amount or
dosage regime shown to be effective to result in a clinical
general impression—improvement (CGI-I) score of 1 or 2
after at least four weeks of treatment and/or an improvement
of at least 25%, such as at least 30%, at least 35%, or at least
40%, in an ADHD rating scale score after at least four weeks
of treatment in a majority of subjects of at least one clinical
trial.

[0012] In some embodiments, the subject has genetic
alterations in at least one mGIluR network gene. In some
embodiments, the subject has genetic alterations in at least
two mGluR network genes.

[0013] In some embodiments, the subject is a pediatric or
adolescent subject, such as a subject between the ages of 5
and 17,8 and 17, 5and 12, 5 and 8, 8 and 12, 12 and 18, 13
and 18, or 12 and 17. In other embodiments, the subject is
an adult.

[0014] In some embodiments, the nonselective mGIluR
activator is fasoracetam, such as fasoracetam monohydrate
(NFC-1).

[0015] In some embodiments where the activator is faso-
racetam, the fasoracetam is administered at a dose of 50-400
mg, such as 100-400 mg, or 100-200 mg, or 200-400 mg, or
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100 mg, or 200 mg, or 300 mg, or 400 mg, and the dose is
administered once, twice, or three times daily. In some
embodiments, the fasoracetam is administered at a dose of
100 mg, 200 mg, 300 mg, or 400 mg twice daily, such as
100-200 mg twice daily.

[0016] In some embodiments, of the ADHD treatment
methods above, the activator is administered in combination
with a stimulant, such as methylphenidate, dexmethylpheni-
date, amphetamine, dextroamphetamine, or lisdexamphet-
amine; and/or in combination with a nonstimulant, such as
atomoxetine, clonidine, or guanfacine; and/or in combina-
tion with an antidepressant, such as fluoxetine, escitalopram,
bupropion, mirtazapine, amitriptyline, imipramine, venla-
faxine, sertraline, paroxetine, tricyclic antidepressants,
selective serotonin reuptake inhibitors, serotonin and nor-
epinephrine reuptake inhibitors, norepinephrine and dop-
amine reuptake inhibitors, or monoamine oxidase inhibitors;
and/or in combination with an anxiolytic, such as barbitu-
rates, pregabalin, or benzodiazepines, including chlordiaz-
epoxide, clorazepate, diazepam, flurazepam, halazepam,
prazepam, lorazepam, lormetazepam, oxazepam, temaze-
pam, clonazepam, flunitrazepam, nimetazepam, nitrazepam,
adinazolam, alprazolam, estazolam, triazolam, climazolam,
loprazolam, or midazolam; and/or in combination with an
anti-psychotic, such as aripiprazole or risperidone; and/or in
combination with a beta blocker, such as acebutolol,
atenolol, betaxolol, bisoprolol, esmolol, nebivolol, meto-
prolol, cartelol, penbutolol, pindolol, carvedilol, labetalol,
levobunolol, metipranolol, nadolol, propranolol, sotalol, or
timolol.

[0017] Insome embodiments, the activator is administered
in combination with non-pharmaceutical therapy, such as
brain stimulation, for example vagus nerve stimulation,
repetitive transcranial magnetic stimulation, magnetic sei-
zure therapy, and/or deep brain stimulation.

[0018] In some embodiments, the ADHD subject has at
least one co-morbid phenotype or condition such as oppo-
sitional defiant disorder (ODD), anxiety disorder, conduct
disorder, Tourette’s syndrome, autism, difficulty controlling
anger, disruptive behavior, obsessive compulsive disorder
(OCD), dermatillomania, a developmental disorder, or a
movement disorder. In some embodiments, the ADHD sub-
ject has 22q deletion or duplication syndrome. In some
embodiments, the subject does not have at least one or does
not have any of ODD, anxiety disorder, conduct disorder,
Tourette’s syndrome, autism, 22q deletion or duplication
syndrome, difficulty controlling anger, disruptive behavior,
obsessive compulsive disorder (OCD), dermatillomania, a
developmental disorder, or a movement disorder. In some
embodiments, the subject has ODD. In some such embodi-
ments, the method treats ODD in the subject, for example by
reducing symptoms of argumentativeness and defiance, vin-
dictiveness, and/or anger and irritability. In some embodi-
ments, the ADHD subject has a co-morbid phenotype such
as a mood disorder or sleep disorder such as insomnia. In
some cases, the method treats the mood or sleep disorder,
such as by reducing its symptoms. In some embodiments,
the subject has a co-morbid symptom such as difficultly
controlling anger and/or disruptive behavior. In some cases,
the method reduces one or both of those symptoms. In some
embodiments, the subject has co-morbid symptoms of anxi-
ety and in some cases, the method reduces anxiety symp-
toms. In some embodiments, the subject has OCD and in
some cases, the method reduces OCD symptoms. In some
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cases, the subject has co-morbid symptoms of dermatillo-
mania, such as excessive skin picking, and the method
reduces those symptoms. In some embodiments, the subject
has one or more co-morbid developmental disorders, and in
some cases, the method reduces the severity of symptoms
related to the developmental disorders.

[0019] In some embodiments, the methods may reduce
behavioral symptoms of ADHD such as inattentiveness,
hyperactivity, and/or impulsiveness. In some embodiments,
the methods also comprise assessing symptoms such as
inattentiveness, hyperactivity, and/or impulsiveness during
or after administration, for example, to determine if one or
more of those symptoms have been reduced in the subject.
In some methods, such assessment may be performed based
on an ADHD rating scale or based on a clinical global
impression (CGI) scale, e.g. a CGl-severity or CGI-im-
provement scale. For example, in some embodiments, the
methods further comprise obtaining a clinical global impres-
sion of severity or improvement for the subject during or
after administration. In some embodiments, the methods
may improve clinical global improvement scores and/or
ADHD rating scale scores in the subject. In some cases,
symptoms may be reduced after at least 1 week, at least 2
weeks, at least 3 weeks, or at least 4 weeks of treatment with
the activator.

[0020] In some embodiments of the above ADHD treat-
ment methods, the subject has at least one genetic alteration
in an mGluR network gene, such as a point mutation,
insertion, deletion, or copy number variation (CNV). In
some embodiments, the subject has a genetic alteration in
two or more mGluR network genes. In some embodiments,
the genetic alteration is detected by a process comprising a
genetic test comprising obtaining a sample from the subject,
optionally isolating nucleic acid from the sample, optionally
amplifying the nucleic acid, and analyzing the nucleic acid
for a genetic alteration in at least one mGIluR network gene.

[0021] In some embodiments, the treatment method fur-
ther comprises obtaining results of the genetic test prior to
initial administration of the activator. In some embodiments,
the genetic test comprises analyzing the nucleic acid for a
CNV or SNV in at least 5, 6, 7, 8, 9, 10, 15, 20, 30, 40, 50,
60, 70, or all Tier 1 mGIluR network genes (FIG. 1 herein).

[0022] In some embodiments, the genetic test comprises
analyzing the nucleic acid for a CNV or SNV in at least 5,
10, 20, 30, 50, 100, 150, 175, or all Tier 2 mGluR network
genes (FIG. 2). In some embodiments, the method com-
prises analyzing the nucleic acid for a CNV or SNV in at
least 5, 10, 20, 50, 100, 200 300, 400, 500, or all Tier 3
mGluR network genes (FIG. 3). In some embodiments, the
genetic test does not assess CNVs or SNVs in one or more
of GRM1, GRM2, GRM3, GRM4, GRM5, GRM6, GRM7
or GRMS. In some embodiments, the subject does not have
a CNV or SNV in one or more of GRM1, GRM2, GRM3,
GRM4, GRMS5, GRM6, GRM7 or GRMS.

[0023] Further provided herein is a method of treating
ADHD in a subject comprising administering fasoracetam to
the subject at a dose of 50-400 mg, such as 100-400 mg, or
100-200 mg, or 200-400 mg, or 100 mg, or 200 mg, or 300
mg, or 400 mg, wherein the dose is administered once,
twice, or three times daily, thereby treating ADHD. In some
such embodiments, the fasoracetam is administered at a dose
of 100 mg, 200 mg, 300 mg, or 400 mg twice daily, such as
100-200 mg twice daily.
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[0024] In some embodiments of the above ADHD treat-
ment methods, the subject has at least one genetic alteration
in an mGluR network gene, such as a point mutation,
insertion, deletion, single nucleotide variation (SNV) or
copy number variation (CNV). In some embodiments, the
subject has a genetic alteration in two or more mGluR
network genes. In some embodiments, the genetic alteration
is detected by a process comprising a genetic test comprising
obtaining a sample from the subject, optionally isolating
nucleic acid from the sample, optionally amplifying the
nucleic acid, and analyzing the nucleic acid for a genetic
alteration in at least one mGluR network gene.

[0025] In some embodiments, the treatment method fur-
ther comprises obtaining results of the genetic test prior to
initial administration of the activator. In some embodiments,
the genetic test comprises analyzing the nucleic acid for a
CNV or SNV in at least 5, 6, 7, 8, 9, 10, 15, 20, 30, 40, 50,
60, 70, or all Tier 1 mGluR network genes (FIG. 1 herein).
In some embodiments, the genetic test comprises analyzing
the nucleic acid for a CNV or SNV in at least 5, 10, 20, 30,
50, 100, 150, 175, or all Tier 2 mGluR network genes (FIG.
2).

[0026] In some embodiments, the method comprises ana-
lyzing the nucleic acid for a CNV or SNV in at least 5, 10,
20, 50, 100, 200 300, 400, 500, or all Tier 3 mGIuR network
genes (FIG. 3). In some embodiments, the genetic test does
not assess CNVs or SNVs in one or more of GRM1, GRM2,
GRM6, GRM7 or GRMS.

[0027] In some embodiments, the ADHD subject has a
genetic alteration, such as a CNV, in a Tier 1 or Tier 2
mGluR network gene but does not have a genetic alteration,
such as a CNV, in a Tier 3 mGluR network gene. In some
embodiments, the test utilizes a solid support, microarray, or
chip containing appropriate probes to detect the presence of
CNVs and/or SNVs in the genes.

[0028] In some embodiments, the subject is a pediatric or
adolescent subject, such as a subject between the ages of 5
and 17,8 and 17, 5and 12, 5 and 8, 8 and 12, 12 and 18, 13
and 18, or 12 and 17. In other embodiments, the subject is
an adult.

[0029] In some embodiments, the fasoracetam is admin-
istered in combination with a stimulant, such as methyl-
phenidate, dexmethylphenidate, amphetamine, dextroam-
phetamine, or lisdexamphetamine; and/or in combination
with a nonstimulant, such as atomoxetine, clonidine, or
guanfacine; and/or in combination with an antidepressant,
such as fluoxetine, escitalopram, bupropion, mirtazapine,
amitriptyline, imipramine, venlafaxine, sertraline, parox-
etine, tricyclic antidepressants, selective serotonin reuptake
inhibitors, serotonin and norepinephrine reuptake inhibitors,
norepinephrine and dopamine reuptake inhibitors, or mono-
amine oxidase inhibitors; and/or in combination with an
anxiolytic, such as barbiturates, pregabalin, or benzodiaz-
epines, including chlordiazepoxide, clorazepate, diazepam,
flurazepam, halazepam, prazepam, lorazepam, lormetaze-
pam, oxazepam, temazepam, clonazepam, flunitrazepam,
nimetazepam, nitrazepam, adinazolam, alprazolam, estazo-
lam, triazolam, climazolam, loprazolam, or midazolam; and/
or in combination with an anti-psychotic, such as aripipra-
zole or risperidone; and/or in combination with a beta
blocker, such as acebutolol, atenolol, betaxolol, bisoprolol,
esmolol, nebivolol, metoprolol, cartelol, penbutolol, pin-
dolol, carvedilol, labetalol, levobunolol, metipranolol,
nadolol, propranolol, sotalol, or timolol.
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[0030] In some embodiments, the fasoracetam is admin-
istered in combination with non-pharmaceutical therapy,
such as brain stimulation, for example vagus nerve stimu-
lation, repetitive transcranial magnetic stimulation, mag-
netic seizure therapy, and/or deep brain stimulation.
[0031] In some embodiments, the ADHD subject has at
least one co-morbid phenotype or condition such as oppo-
sitional defiant disorder (ODD), anxiety disorder, conduct
disorder, Tourette’s syndrome, autism, difficulty controlling
anger, disruptive behavior, 22q deletion or duplication syn-
drome, difficulty controlling anger, disruptive behavior,
obsessive compulsive disorder (OCD), dermatillomania, a
developmental disorder, or a movement disorder. In some
embodiments, the subject does not have at least one or does
not have any co-morbid phenotype such as ODD, anxiety
disorder, conduct disorder, Tourette’s syndrome, autism,
difficulty controlling anger, disruptive behavior, 22q dele-
tion or duplication syndrome, difficulty controlling anger,
disruptive behavior, obsessive compulsive disorder (OCD),
dermatillomania, a developmental disorder, or a movement
disorder.

[0032] In some embodiments, the subject has ODD. In
some such embodiments, the method treats ODD in the
subject, for example by reducing symptoms of argumenta-
tiveness and defiance, vindictiveness, and/or anger and
irritability. In some embodiments, the subject has ODD and
ADHD.

[0033] In some embodiments, the ADHD subject has a
co-morbid phenotype such as a mood disorder or sleep
disorder such as insomnia. In some cases, the method treats
the mood or sleep disorder, such as by reducing its symp-
toms. In some embodiments, the subject has co-morbid
symptoms of anxiety and in some cases, the method reduces
anxiety symptoms. In some embodiments, the subject has
OCD and in some cases, the method reduces OCD symp-
toms. In some cases, the subject has co-morbid symptoms of
dermatillomania, such as excessive skin picking, and the
method reduces those symptoms. In some embodiments, the
subject has one or more co-morbid developmental disorders,
and in some cases, the method reduces the severity of
symptoms related to the developmental disorders.

[0034] For example, in some embodiments, the methods
may reduce behavioral symptoms of ADHD such as inat-
tentiveness, hyperactivity, and/or impulsiveness. In some
embodiments, the methods also comprise assessing symp-
toms such as inattentiveness, hyperactivity, and/or impul-
siveness during or after administration, for example, to
determine if one or more of those symptoms have been
reduced in the subject. In some methods, such assessment
may be performed based on an ADHD rating scale or based
on a clinical global impression (CGI) scale, e.g. a CGI-
severity or CGl-improvement scale. For example, in some
embodiments, the methods further comprise obtaining a
clinical global impression of severity or improvement for the
subject during or after administration. In some cases, symp-
toms may be reduced after at least 1 week, at least 2 weeks,
at least 3 weeks, or at least 4 weeks of treatment with the
activator.

[0035] In some embodiments, the methods may improve
clinical global improvement scores and/or ADHD rating
scale scores in the subject. For example, in any of the above
ADHD treatment methods, the subject may have one or
more of the following changes in symptoms after at least
one, two, three, or four weeks of treatment with the activa-
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tor: (a) the subject has symptoms of anger control and the
anger control symptoms are reduced; (b) the subject has
symptoms of disruptive behavior and the disruptive behavior
symptoms are reduced; (c) the subject’s CGI-1 is reduced by
at least 1 or by at least 2; (d) the subject’s CGI-I score after
one, two, three, or four weeks of treatment is 1 or 2; (e) the
subject’s CGI-S score after one, two, three, or four weeks of
treatment is 1; (f) the subject’s ADHD Rating Scale score is
reduced by at least 25%, such as at least 30%, at least 35%,
or at least 40%; (g) the subject has symptoms of inatten-
tiveness and the inattentiveness symptoms are reduced; (h)
the subject has symptoms of hyperactivity and the hyperac-
tivity symptoms are reduced; (i) the subject has symptoms of
impulsiveness and the impulsiveness symptoms are reduced;
(j) the subject has symptoms of ODD such as anger and
irritability, argumentation and defiance, and/or vindictive-
ness and the ODD symptoms are reduced; (k) the subject has
symptoms of conduct disorder and the conduct disorder
symptoms are reduced; (1) the subject has symptoms of
anxiety and the anxiety symptoms are reduced; (m) the
subject has symptoms of Tourette’s syndrome, and the
Tourette’s syndrome symptoms are reduced; (n) the subject
has symptoms of autism, and the autism symptoms are
reduced; and (o) the subject has symptoms of movement
disorder and the movement disorder symptoms are reduced.
[0036] In some embodiments where the ADHD subject
has at least one genetic alteration in an mGluR network
gene, the genetic alteration is detected by a process com-
prising a genetic test comprising obtaining a sample from
the subject, optionally isolating nucleic acid from the
sample, optionally amplifying the nucleic acid, and analyz-
ing the nucleic acid for a genetic alteration in at least one
mGluR network gene.

[0037] In some embodiments, the treatment method fur-
ther comprises obtaining results of the genetic test prior to
initial administration of the activator. In some embodiments,
the genetic test comprises analyzing the nucleic acid for a
CNV or SNV in at least 5, 6, 7, 8, 9, 10, 15, 20, 30, 40, 50,
60, 70, or all Tier 1 mGluR network genes (FIG. 1 herein).
[0038] In some embodiments, the genetic test comprises
analyzing the nucleic acid for a CNV or SNV in at least 5,
10, 20, 30, 50, 100, 150, 175, or all Tier 2 mGluR network
genes (FIG. 2). In some embodiments, the method com-
prises analyzing the nucleic acid for a CNV or SNV in at
least 5, 10, 20, 50, 100, 200 300, 400, 500, or all Tier 3
mGluR network genes (FIG. 3).

[0039] In some embodiments, the genetic test does not
assess CNVs or SNVs in one or more of GRM1, GRM2,
GRM3, GRM4, GRMS, GRM6, GRM7 or GRMS. In some
embodiments, the subject does not have a CNV or SNV in
one or more of GRM1, GRM2, GRM3, GRM4, GRMS,
GRM6, GRM7 or GRMS. In some embodiments, the ADHD
subject has a genetic alteration, such as a CNV, in a Tier 1
or Tier 2 mGluR network gene but does not have a genetic
alteration, such as a CNV, in a Tier 3 mGluR network gene.
[0040] Also provided herein are methods of treating 22q
syndrome in a subject comprising administering an effective
amount of a nonselective metabotropic glutamate receptor
(mGluR) activator to a subject with 22q syndrome, thereby
treating 22q syndrome. In some embodiments, the subject
has a genetic alteration, such as a point mutation, insertion,
deletion, or copy number variation (CNV) in the gene
RANBP1. For example, the subject may have a deletion or
a duplication at 22q11.2, i.e. a 22q deletion or 22q dupli-
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cation syndrome. In some embodiments, provided methods
comprise treating 22q deletion syndrome in a subject com-
prising administering an effective amount of a nonselective
metabotropic glutamate receptor (mGIluR) activator to a
subject with 22q deletion syndrome, thereby treating 22q
deletion syndrome.

[0041] Insome embodiments, provided methods comprise
treating 22q duplication syndrome in a subject comprising
administering an effective amount of a nonselective metabo-
tropic glutamate receptor (mGIuR) activator to a subject
with 22q duplication syndrome, thereby treating 22q dele-
tion syndrome. In some embodiments, the subject has a
genetic alteration in RANBP1 and in at least one further
mGluR network gene, such as a Tier 1, Tier 2, or Tier 3 gene
as disclosed herein in FIGS. 1-3. In some embodiments, the
subject does not have a CNV or a single nucleotide variation
(SNV) in one or more of GRM1, GRM2, GRM3, GRM4,
GRMS, GRM6, GRM7 or GRMS.

[0042] In some embodiments, the 22q syndrome subject
has attention deficit hyperactivity disorder (ADHD), and
treating the subject may comprise treating the ADHD, such
as alleviating at least one ADHD symptom in the subject,
including include inattentiveness, hyperactivity, and impul-
sivity. In some embodiments, the subject is a pediatric or
adolescent subject, such as a subject between the ages of 5
and 17,8 and 17, 5and 12, 5 and 8, 8 and 12, 12 and 18, 13
and 18, or 12 and 17. In other embodiments, the subject is
an adult.

[0043] In some embodiments, the nonselective mGIluR
activator is fasoracetam, such as fasoracetam monohydrate
(NFC-1).

[0044] In some embodiments where the activator is faso-
racetam, the fasoracetam is administered at a dose of 50-400
mg, such as 100-400 mg, or 100-200 mg, or 200-400 mg, or
100 mg, or 200 mg, or 300 mg, or 400 mg, and is admin-
istered once, twice, or three times daily. In some embodi-
ments, the fasoracetam is administered at a dose of 100 mg,
200 mg, 300 mg, or 400 mg twice daily, such as 100-200 mg
twice daily.

[0045] Insome embodiments, the activator is administered
in combination with another pharmaceutical agent, such as
a stimulant, such as methylphenidate, dexmethylphenidate,
amphetamine, dextroamphetamine, or lisdexamphetamine;
and/or in combination with a nonstimulant, such as atom-
oxetine, clonidine, or guanfacine; and/or in combination
with an antidepressant, such as fluoxetine, escitalopram,
bupropion, mirtazapine, amitriptyline, imipramine, venla-
faxine, sertraline, paroxetine, tricyclic antidepressants,
selective serotonin reuptake inhibitors, serotonin and nor-
epinephrine reuptake inhibitors, norepinephrine and dop-
amine reuptake inhibitors, or monoamine oxidase inhibitors;
and/or in combination with an anxiolytic, such as barbitu-
rates, pregabalin, or benzodiazepines, including chlordiaz-
epoxide, clorazepate, diazepam, flurazepam, halazepam,
prazepam, lorazepam, lormetazepam, oxazepam, temaze-
pam, clonazepam, flunitrazepam, nimetazepam, nitrazepam,
adinazolam, alprazolam, estazolam, triazolam, climazolam,
loprazolam, or midazolam; and/or in combination with an
anti-psychotic, such as aripiprazole or risperidone; and/or in
combination with a beta blocker, such as acebutolol,
atenolol, betaxolol, bisoprolol, esmolol, nebivolol, meto-
prolol, cartelol, penbutolol, pindolol, carvedilol, labetalol,
levobunolol, metipranolol, nadolol, propranolol, sotalol, or
timolol.
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[0046] Insome embodiments, the activator is administered
in combination with non-pharmaceutical therapy, such as
brain stimulation, for example vagus nerve stimulation,
repetitive transcranial magnetic stimulation, magnetic sei-
zure therapy, and/or deep brain stimulation.

[0047] In some embodiments, the 22q deletion and/or
duplication syndrome subject may have at least one co-
morbid phenotype or condition such as oppositional defiant
disorder (ODD), anxiety disorder, conduct disorder,
Tourette’s syndrome, autism, difficulty controlling anger,
disruptive behavior, obsessive compulsive disorder (OCD),
dermatillomania, a developmental disorder, or a movement
disorder. In some embodiments, the subject does not have at
least one of oppositional defiant disorder (ODD), anxiety
disorder, conduct disorder, Tourette’s syndrome, autism,
difficulty controlling anger, disruptive behavior, obsessive
compulsive disorder (OCD), dermatillomania, a develop-
mental disorder, or a movement disorder, or in some
embodiments, does not have any of those co-morbid con-
ditions.

[0048] In some embodiments, wherein the 22q deletion
and/or duplication subject has ADHD, the subject does not
have at least one of ODD, conduct disorder, anxiety disor-
der, Tourette’s syndrome, autism, difficulty controlling
anger, disruptive behavior, obsessive compulsive disorder
(OCD), dermatillomania, a developmental disorder, or a
movement disorder. In some embodiments, the subject does
not have any of ODD, conduct disorder, anxiety disorder,
Tourette’s syndrome, autism, difficulty controlling anger,
disruptive behavior, obsessive compulsive disorder (OCD),
dermatillomania, a developmental disorder, or a movement
disorder. In some embodiments, the 22q deletion and/or
duplication subject also has a mood disorder or a sleep
disorder such as insomnia. In some such embodiments, the
method treats the mood disorder or sleep disorder by, for
example, reducing its symptoms. In some embodiments, the
subject has ODD. In some such embodiments, the method
treats ODD in the subject, for example by reducing symp-
toms of argumentativeness and defiance, vindictiveness,
and/or anger and irritability. In some embodiments, the
subject has co-morbid symptoms of anxiety and in some
cases, the method reduces anxiety symptoms. In some
embodiments, the subject has OCD and in some cases, the
method reduces OCD symptoms. In some cases, the subject
has co-morbid symptoms of dermatillomania, such as exces-
sive skin picking, and the method reduces those symptoms.
In some embodiments, the subject has one or more co-
morbid developmental disorders, and in some cases, the
method reduces the severity of symptoms related to the
developmental disorders.

[0049] The 22q syndrome may be diagnosed in the subject
by tests currently used to determine the presence of a 22q
deletion or duplication. In some embodiments, a subject is
diagnosed by a process comprising a genetic test to detect
the presence or absence of a deletion or duplication at
22q11.2 and/or for the presence or absence of a genetic
alteration in RANBP1 in a sample from the subject. In some
embodiments, the method of treatment comprises obtaining
results of a genetic test for 22q (such as for presence or
absence of a deletion or duplication at 22q11.2 and/or for the
presence or absence of a genetic alteration in RANBP1 in a
sample from the subject) prior to initial administration of the
activator. In some embodiments, the activator is adminis-
tered in an amount or dosage regime shown to be effective
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to result in a clinical general impression-improvement (CGI-
I) score of 1 or 2 after four weeks of treatment and/or an
improvement of at least 25%, such as at least 30%, at least
35%, or at least 40%, in an ADHD rating scale score after
four weeks of treatment in a majority of subjects of at least
one clinical trial. In any of the above embodiments, the 22q
syndrome may in some cases be deemed treated if neurobe-
havioral, neuropsychiatric and neurodevelopmental symp-
toms associated with 22q deletion and/or duplication syn-
drome are alleviated. Such symptoms include but are not
limited to, improvements in memory, attention, cognition,
anxiety, and stabilization or reversal of mood disorder,
autism spectrum disorder, psychosis and hyperactivity. In
any of the above embodiments, the 22q deletion and/or
duplication syndrome may in some cases be deemed treated
if at least one symptom of ADHD is improved in the subject.
For example, in some embodiments, the methods may
reduce behavioral symptoms such as inattentiveness, hyper-
activity, and/or impulsiveness. In some embodiments, the
methods also comprise assessing symptoms such as inatten-
tiveness, hyperactivity, and/or impulsiveness as well as
anger control and/or disruptive behaviors during or after
administration, for example, to determine if one or more of
those symptoms have been reduced in the subject. In some
methods, such assessment may be performed based on an
ADHD rating scale or based on a clinical global impression
(CGI) scale, e.g. a CGI-severity or CGI-improvement scale.
For example, in some embodiments, the methods further
comprise obtaining a clinical global impression of severity
or improvement for the subject during or after administra-
tion. In some embodiments, the methods may improve
clinical global improvement scores and/or ADHD rating
scale scores in the subject. For example, in any of the above
22q deletion and/or duplication syndrome treatment meth-
ods, the subject may have one or more of the following
changes in symptoms after at least one, two, three, or four
weeks of treatment with the activator: (a) the subject has
symptoms of anger control and the anger control symptoms
are reduced; (b) the subject has symptoms of disruptive
behavior and the disruptive behavior symptoms are reduced;
(c) the subject’s CGI-I is reduced by at least 1 or by at least
2; (d) the subject’s CGI-I score after one, two, three, or four
weeks of treatment is 1 or 2; (e) the subject’s CGI-S score
after one, two, three, or four weeks of treatment is 1; (f) the
subject’s ADHD Rating Scale score is reduced by at least
25%, such as at least 30%, at least 35%, or at least 40%; (g)
the subject has symptoms of inattentiveness and the inat-
tentiveness symptoms are reduced; (h) the subject has symp-
toms of hyperactivity and the hyperactivity symptoms are
reduced; (i) the subject has symptoms of impulsiveness and
the impulsiveness symptoms are reduced; (j) the subject has
symptoms of ODD such as anger and irritability, argumen-
tation and defiance, and/or vindictiveness and the ODD
symptoms are reduced; (k) the subject has symptoms of
conduct disorder and the conduct disorder symptoms are
reduced; (1) the subject has symptoms of anxiety and the
anxiety symptoms are reduced; (m) the subject has symp-
toms of Tourette’s syndrome, and the Tourette’s syndrome
symptoms are reduced; (n) the subject has symptoms of
autism, and the autism symptoms are reduced; and (o) the
subject has symptoms of movement disorder and the move-
ment disorder symptoms are reduced.

[0050] Additional objects and advantages will be set forth
in part in the description which follows, and in part will be
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obvious from the description, or may be learned by practice.
The objects and advantages will be realized and attained by
means of the elements and combinations particularly pointed
out in the appended claims.

[0051] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory only and are not restrictive of
the claims.

[0052] The accompanying drawings, which are incorpo-
rated in and constitute a part of this specification, illustrate
one (several) embodiment(s) and together with the descrip-
tion, serve to explain the principles described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] FIGS. 1-1 to 1-4 show the mGluR network genes
included in the Tier 1 gene set. These genes have 2 degrees
of protein-protein interaction with mGluR genes (GRM1-8)
based on the Cytoscape Human Interactome, which is soft-
ware for integrating biomolecular interaction networks with
high-throughput data (as described in Shannon P (2003)
Genome Research 13:2498-2504). The Tier 1 gene set
includes 76 genes. The exact location for each gene in Tier
1 is listed in both the Human Genome version 18 (hg18) and
Human Genome version 19 (hgl9). In addition, the exact
gene location plus 500 kilobase (i.e., the range from 500
kilobase before and 500 kilobase after the gene of interest)
is listed for hg19. The start single nucleotide polymorphism
(StartSNP) (i.e., the SNP located 500 kilobases before the
gene of interest) and the EndSNP (i.e., the SNP located 500
kilobases after the gene of interest) are also listed. Genes of
the mGluRs themselves are noted as “GRM.” The expanded
regions (i.e., 500 kg up and down stream) frequently harbor
regulatory elements and if impacted by a CNV, can have the
same impact on the gene expression and function as a CNV
residing in the gene sequence itself.

[0054] FIGS. 2-1 to 2-10 show the mGluR network genes
included in the Tier 2 gene set. These genes have 2 degrees
of protein-protein interaction with mGluR genes (GRM1-8)
based on the Cytoscape Human Interactome but exclude
genes from Tier 1. The Tier 2 gene set includes 197 genes.
The exact location for each gene in Tier 2 is listed in both
the Human Genome version 18 (hgl8) and Human Genome
version 19 (hgl9). In addition, the exact gene location plus
500 kilobase (i.e., the range from 500 kilobase before and
500 kilobase after the gene of interest) is listed for hg19. The
start single nucleotide polymorphism (StartSNP) (i.e., the
SNP located 500 kilobases before the gene of interest) and
the EndSNP (i.e., the SNP located 500 kilobases after the
gene of interest) in hgl9 are also listed.

[0055] FIGS. 3-1 to 3-29 show genes within the Tier 3
gene set. Genes with reciprocal gene querying with 2
degrees of protein-protein interaction with mGIluR genes
based on Cytoscape Human Interactome are included. Genes
contained within Tiers 1 and 2 are excluded from Tier 3. The
Tier 3 gene set includes 599 genes. The exact location for
each gene in Tier 3 is listed in both the Human Genome
version 18 (hg18) and Human Genome version 19 (hgl19). In
addition, the exact gene location plus 500 kilobase (i.e., the
range from 500 kilobase before and 500 kilobase after the
gene of interest) is listed for hgl9. The StartSNP (i.e., the
SNP located 500 kilobases before the gene of interest) and
the EndSNP (i.e., the SNP located 500 kilobases after the
gene of interest) in hgl9 are also listed.
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[0056] FIG. 4 shows the percentages of subjects the Phase
Ib clinical trial described in Example 1 considered to be
responders to NFC-1 based on having a clinical global
impression-improvement (CGI-I) score of 1 or 2 (much
improved or very much improved) at each week of the dose
escalation phase of the clinical trial from week 1 (placebo
baseline) to week 5, both based on the overall study popu-
lation and based on genetic Tier (1, 2, or 3).

[0057] FIGS. 5a and 55 show the percent of clinical trial
subjects showing improvement in Vanderbilt ADHD scores
each week compared to either pre-study baseline (FIG. 5a)
or placebo baseline (week 1) (FIG. 55) both by genetic Tier
and by the overall study population. An at least 25%
decrease in Vanderbilt ADHD score is considered responsive
and an improvement.

[0058] FIGS. 6a and 65 show the percent of clinical trial
subjects showing robust improvement in Vanderbilt ADHD
scores each week compared to either pre-study baseline
(FIG. 6a) or placebo baseline (week 1) (FIG. 6b) both by
genetic tier and by the overall study population. An at least
40% decrease in Vanderbilt ADHD score is considered a
robust improvement.

[0059] FIGS. 7a and 7 show the percent of clinical trial
subjects who completed the full dose escalation to 400 mg
twice daily NFC-1 at week 5 that showed improvement in
Vanderbilt ADHD scores each week compared to either
pre-study baseline (FIG. 7a) or placebo baseline (week 1)
(FIG. 7b) both by genetic tier and by the overall study
population. An at least 25% decrease in Vanderbilt ADHD
score is considered an improvement.

[0060] FIGS. 8a and 856 show the percent of clinical trial
subjects who completed the full dose escalation to 400 mg
twice daily NFC-1 at week 5 that showed robust improve-
ment in Vanderbilt ADHD scores each week compared to
either pre-study baseline (FIG. 8a) or placebo baseline
(week 1) (FIG. 85) both by genetic tier and by the overall
study population. An at least 40% decrease in Vanderbilt
ADHD score is considered a robust improvement.

[0061] FIGS. 94, 95, and 9¢ show results from actigraphy
tests in the subjects of the clinical trial by genetic tier group.
The observed reduction in moderate to vigorous physical
activity (MVPA) from week 1 (placebo) to week 5 for
genetic Tier-1 (FIG. 9a); genetic Tier-2 (FIG. 95); and
genetic Tier-3 (FIG. 9¢) was most prominent in 400 mg bid
dose group.

[0062] FIG. 10 shows that clinical trial subjects in the
Tier-1 genetic group had significant improvement in the
QUOTIENT® ADHD test’s measure of inattention between
week 1 (placebo) and week 5 (400 mg twice daily) as shown
by reduction in inattention in the Tier-1 group (P<0.05) from
a normalized inattention value of just over 100 to about 90
between weeks 4 (200 mg twice daily) and 5 (400 mg twice
daily) of the dose escalation.

DESCRIPTION OF THE EMBODIMENTS

1. Definitions

[0063] In addition to definitions included in this sub-
section, further definitions of terms are interspersed through-
out the text.

[0064] In this invention, “a” or “an” means “at least one”
or “one or more,” etc., unless clearly indicated otherwise by
context. The term “or” means “and/or” unless stated other-
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wise. In the case of a multiple-dependent claim, however,
use of the term “or” refers back to more than one preceding
claim in the alternative only.

[0065] An “mGIluR” or metabotropic glutamate receptor
refers to one of eight glutamate receptors expressed in neural
tissue named mGluR1l, mGluR2, mGluR3, mGluR4,
mGluRS, mGluR6, mGluR7, and mGluRS. Their genes are
abbreviated GRM1 to GRMS8. The mGluR proteins are
G-protein-coupled receptors. They are typically placed into
three sub-groups, Group I receptors including mGluR1 and
mGluRS are classed as slow excitatory receptors. Group 11
includes mGIluR2 and mGluR3. Group III includes mGluR4,
mGluR6, mGluR7, and mGluR8. Groups II and III are
classed as slow inhibitory receptors. The mGluRs are dis-
tinguished from the ionotropic GluRs or iGluRs, which are
ion channel-associated glutamate receptors and are classed
as fast excitatory receptors.

[0066] An “mGluR network gene,” for purposes of this
invention, comprises not only the mGluR genes GRM1,
GRM2, GRM3, GRM4, GRMS, GRM6, GRM7, and
GRMS, but also each of the other genes listed herein in
FIGS. 1-3 as well as the regions of DNA that regulate the
genes listed in FIGS. 1-3. In addition, “mGIuR network
proteins™ are the proteins encoded by the mGluR network
genes.

[0067] The mGluR network genes are grouped into three
subsets: Tier 1, Tier 2, and Tier 3. (See FIGS. 1-3.) Tier 1
mGluR network genes, shown in FIG. 1, comprise 76 genes,
including some GRM genes themselves as well as a number
of other genes. The Tier 2 mGluR network genes, shown in
FIG. 2, comprise 197 genes, and exclude the Tier 1 genes.

[0068] Tiers 1 and 2 together are included in the “primary
mGluR network.” The “primary network™ of mGluR genes
also includes the genes 4-Sep, LOC642393, and
LOC653098, for a total of 276 genes. There are presently
technical difficulties in assessing the 4-Sep, LOC642393,
and LOC653098 genes. Thus, they are not included in Tiers
1 and 2, although they are included in the primary network
of genes of the present invention. The genes of Tier 1 and
Tier 2 differ in that alterations in Tier 1 genes had been
documented in previous genotyping studies of subjects
suffering from mental disorders.

[0069] Tier 3 mGluR network genes, shown in FIG. 3,
comprise 599 genes that are in the distal part of the mGIuR
network based on the merged human interactome provided
by the Cytoscape Software (Shannon P et al. (2003) Genome
Research 13:2498-2504), and exclude the Tier 1 and Tier 2
genes. The Tier 3 genes are thus part of the “distal mGIluR
network.” In addition to the Tier 3 genes, the genes
LOC285147, LOC147004, and LOC93444 are included in
the “distal mGluR network,” although they were not
assessed in the present study and are not included in Tier 3
due to technical difficulties.

[0070] A “genetic alteration” as used herein means any
alteration in the DNA of a gene, or in the DNA regulating a
gene, that, for example, may result in a gene product that is
functionally changed as compared to a gene product pro-
duced from a non-altered DNA. A function change may be
differing expression levels (up-regulation or down-regula-
tion) or loss or change in one or more biological activities,
for example. A genetic alteration includes without limitation,
copy number variations (CNVs), single nucleotide varia-
tions (SNVs) (also called single nucleotide polymorphisms
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(SNPs) herein), frame shift mutations, or any other base pair
substitutions, insertions, and deletions.

[0071] A “copy number variation” or “CNV” is a dupli-
cation or deletion of a DNA segment encompassing a gene,
genes, segment of a gene, or DNA region regulating a gene,
as compared to a reference genome. In some embodiments,
a CNV is determined based on variation from a normal
diploid state. In some embodiments, a CNV represents a
copy number change involving a DNA fragment that is 1
kilobase (kb) or larger. CNVs described herein do not
include those variants that arise from the insertion/deletion
of transposable elements (e.g., 6-kb Kpnl repeats). The term
CNV therefore encompasses terms such as large-scale copy
number variants (LCVs; lafrate et al. 2004), copy number
polymorphisms (CNPs; Sebat et al. 2004), and intermediate-
sized variants (ISVs; Tuzun et al. 2005), but not retrotrans-
poson insertions.

[0072] A “CNV deletion” or “deletion CNV” or similar
terms refer to a CNV in which a gene or gene segment is
deleted. A “CNV duplication” or “duplication CNV” or
similar terms refer to a CNV in which a gene or gene
segment is present in at least two, and possibly more than
two, copies in comparison with the single copy found in a
normal reference genome.

[0073] A “sample” refers to a sample from a subject that
may be tested, for example, for presence of a CNV in one or
more mGluR network proteins, as described herein. The
sample may comprise cells, and it may comprise body fluids,
such as blood, serum, plasma, cerebral spinal fluid, urine,
saliva, tears, pleural fluid, and the like.

[0074] As used herein “22q syndrome” and “22q11.2
syndrome” are used interchangeably.

[0075] The terms “pediatric subject” or “pediatric patient”
are used interchangeably to refer to a human less than 18
years of age. An “adult patient” or “adult subject” refers to
a human 18 years of age or older. An “adolescent patient” or
“adolescent subject” is typically about 12 to 18, such as 12
to 17 or 13 to 18, years old.

II. Attention Deficit Hyperactivity Disorder
(ADHD)

[0076] The term “attention deficit hyperactivity disorder”
or ADHD refers to a heterogeneous disorder that may be
characterized at least in part by inattentiveness, hyperactiv-
ity, and impulsiveness. Symptoms of ADHD include diffi-
culty staying focused and paying attention, difficulty con-
trolling behavior, and hyperactivity. According to the
Diagnostic and Statistical Manual of Mental Disorders, Sth
Ed., (DSM-5), a physician may diagnose ADHD when a
subject shows a persistent pattern of inattentiveness or
hyperactivity-impulsiveness that interferes with the sub-
ject’s functioning or development. ADHD may occur in at
least 5% of the population and may be diagnosed in both
adult and pediatric subjects.

[0077] There are three classes of ADHD: predominantly
hyperactive-impulsive, predominantly inattentive, and com-
bined hyperactive-impulsive and inattentive. Predominantly
hyperactive-impulsive patients have more pronounced
hyperactivity-impulsivity than inattention. Predominantly
inattentive patients lack attention, but they have fewer
symptoms of hyperactivity-impulsivity; these patients may
be able to sit quietly in classroom setting but are not paying
attention to the task that they are supposed to be performing.
Combined hyperactive-impulsive and inattentive patients
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have significant symptoms of both inattention and hyperac-
tivity-impulsivity. Combined ADHD is the most common
type in children. Fach of the methods described herein
encompass treatment of all classes of ADHD.

[0078] ADHD is a heterogeneous condition and may result
from a combination of factors, such as genes, environmental
factors, and/or brain injuries. In addition, ADHD patients are
significantly more likely than normal individuals to have a
genetic alteration such as a CNV in at least one mGIluR
network gene. (See WO 2012/027491 and US 2013/
0203814; Elia et al., Nature Genetics, 44(1): 78-84 (2012).)
[0079] Currently approved therapeutics for ADHD include
stimulant drugs, such as methylphenidate and amphet-
amines, as well as non-stimulant drugs, such as atomoxetine.
Antidepressants may also be given in some cases, such as
serotonin selective uptake inhibitors, e.g. fluoxetine, sertra-
line, and citalopram, as well as clonidine and guanfacine.
These medications, however, may have a number of possible
side effects and some also have short half-lives of activity.
[0080] Some subjects with ADHD may have one or more
co-morbid disorders such as oppositional defiant disorder
(ODD), anxiety disorder, a mood disorder, a phobia, obses-
sive compulsive disorder (OCD), depression, conduct dis-
order, Tourette’s syndrome, autism, or a movement disorder.
In other cases, an ADHD subject does not have any of ODD,
anxiety disorder, a mood disorder, a phobia, obsessive
compulsive disorder (OCD), depression, conduct disorder,
Tourette’s syndrome, autism, or a movement disorder. Some
subjects with ADHD may also show mood disorders or sleep
disorders such as insomnia.

[0081] About 40% of pediatric ADHD patients, for
example, also have ODD, and some ADHD medications are
believed to improve ODD symptoms as part of treating
ADHD. According to the DSM-5, a subject may be diag-
nosed with ODD if the subject shows at least four symptoms
indicative of an angry and irritable mood, argumentative and
defiant behavior, or vindictiveness that occur with at least
one non-sibling individual, that cause significant problems
at work, school, or at home, and that persist for at least six
months. Symptoms indicative of an angry and irritable mood
include: often loses temper, is often touchy or easily
annoyed by others, is often angry and resentful. Symptoms
indicative of argumentative and defiant behavior include:
often argues with adults or people in authority, often actively
defies or refuses to comply with adults’ requests or rules,
often deliberately annoys people, and often blames others
for his/her own mistakes or misbehavior. Symptoms indica-
tive of vindictiveness include: is often spiteful or vindictive,
and has shown spiteful or vindictive behavior at least twice
within the past six months. The symptoms must occur on
their own and not as part of the course of another mental
health problem such as substance abuse, depression, or
bi-polar disorder. Individuals 5 years and older may be
diagnosed with ODD if the symptoms occur at least once per
week for at least six months. Accordingly, a subject with
“ODD” is defined herein as one who has been diagnosed as
having ODD based on the above DSM-5 criteria.

[0082] Subjects with ADHD may also show a variety of
additional behavioral phenotypes such as difficulty control-
ling anger and disruptive behaviors whether or not the
subjects have been diagnosed with a co-morbid disorder.
[0083] Other co-morbid disorders that an ADHD subject
may suffer from include obsessive compulsive disorder
(OCD), a developmental disorder, or dermatillomania.
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“Developmental disorders” herein include, for example,
those classified under the International Classification of
Diseases 9th Ed. (World Health Organization) under codes
299.80, 299.90, 315.2, 315.39, 3154, 315.5, 315.8, and
315.9, and may affect behaviors such as learning, coordina-
tion, and speech. “Dermatillomania” is also called skin
picking disorder or excoriation, and is a disorder involving
excessive picking at one’s own skin to the extent of causing
damage, and includes picking at normal skin as well as at
real or imagined skin defects such as moles, freckles, or
acne.

1I1. 22q Syndromes

[0084] The terms “22q syndrome” or “22ql1 syndrome”
or “22q11.2 syndrome” are used interchangeably herein to
refer to subjects whose genomes have a CNV in the q11.2
region of chromosome 22 that includes the RANBP1 mGluR
network gene locus. RANBP1 encodes a protein that inter-
acts with mGluR3. A subject with “22q deletion syndrome”
or “22qDS” or “22q11.2DS” has a deletion in that region of
the chromosome while a subject with “22q duplication
syndrome” or “22qDupS” or “22q11.2DupS” has a dupli-
cation in that region.

[0085] Deletion of a small piece of chromosome 22 at
q11.2 that includes the RANBP1 mGluR network gene locus
is called “22q deletion syndrome” or “22q11.2DS.” A 22q
deletion frequently involves loss of approximately 30 to 40
genes including RANBP1 and may be characterized by heart
defects, cleft palate, and distinctive facial features, as well as
a low intellectual level. About 37% of children with 22q11.
2DS are also diagnosed with ADHD. Children with 22q11.
2DS also have high rates of autism spectrum (ASD) and
anxiety disorder, and a significant percentage may develop
psychoses such as schizophrenia later in life. 22q11.2DS
occurs in about 1 out of every 2000-4000 people, although
this may be an under-estimate as mild cases may not always
be diagnosed. Before the genetic basis of 22q11.2DS was
understood, different groupings of symptoms of 22q11.2DS
were previously called DiGeorge syndrome, velocardiofa-
cial syndrome, and conotruncal anomaly face syndrome.
[0086] Duplication at position q11.2 on chromosome 22,
including the RANBP1 locus, is called “22q duplication
syndrome,” “22q11.2 duplication syndrome” or “22ql1.
2DupS,” and may be characterized by intellectual/learning
disability, delayed psychomotor development, growth retar-
dation, and muscular hypotonia. The piece of chromosome
22 that is duplicated in 22q.11.2DupS if often the same one
that is frequently deleted in 22q11.2DS, involving 30-40
genes. The incidence of 22q11.2DupS in patients referred
for genomic microarray analysis to investigate developmen-
tal delays or intellectual disability is about 1 in 300-700.
[0087] Available diagnostic tests for 22q11.2DS include
targeted variant analysis (which looks for variants in a panel
of targets), fluorescence in situ hybridization (FISH), and
sequence coding of the entire coding region. Available
diagnostic tests for 22q11.2DupS include chromosomal
microarray and FISH methodology

IV. The mGluR Network Genes

[0088] In some embodiments herein, ADHD patients may
be evaluated prior to treatment for a genetic alteration in one
or more of the Tier 1, 2, and/or 3 mGluR network genes,
such as single gene or a panel of such genes. In some
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embodiments, the genetic alteration is a copy number varia-
tion (CNV), resulting from a duplication or other multipli-
cation of one or both copies of the gene or a deletion of one
or both copies of the gene. A CNV deletion or duplication
can alter the expression of a resulting gene product con-
tained within the CNV because of the change in copy
number of this gene, and may therefore contribute to a
disease phenotype. However, a CNV deletion or duplication
may also have no effect on relative expression of gene
products in any tissue (see Henrichsen C N et al. (2009)
Human Molecular Genetics, 2009, Vol. 18(1):R1-R8). A
CNV deletion or duplication may also affect the expression
of genes located in the vicinity of the CNV, such that
expression of genes outside of the actual CNV may also be
affected. A CNV can also influence gene expression through
perturbation of transcript structure; for example, a duplica-
tion CNV may lead to an increase in copy number but may
actually lead to a decrease in gene product due to interfer-
ence with normal transcription.

[0089] In some embodiments, ADHD patients are treated
who have at least one genetic alteration, such as at least one
CNV in an mGluR network gene, such as in a Tierl, Tier2,
and/or Tier3 gene as shown in FIGS. 1-3. In some embodi-
ments, the patient has a genetic alteration, such as a CNV,
such as a deletion or duplication that includes the gene
RANBPI1, a gene that may be deleted or duplicated in 22q
syndromes.

[0090] In some embodiments, gene sets or panels of
mGluR network genes are used for analyzing samples from
patients with suspected ADHD or 22q deletion and/or dupli-
cation syndromes. In some embodiments, the presence of
genetic alterations such as CNV duplications or deletions
within these gene sets or panels is determined. In some
embodiments, genetic alterations such as CNVs in the Tier
1 genes shown in FIG. 1 are determined. In some embodi-
ments a panel of at least 1, 2, 3,4, 5, 6,7, 8, 9, 10, 20, 30,
40, 50, 60, 70, or all of the Tier 1 genes is evaluated for the
presence of genetic alterations such as CNVs. Within those
embodiments, in some embodiments the panel includes
specific genes such as RANBP1 or GRM1-8. Within any
such panel of genes, any individual, specific Tier 1 genes
may also be excluded from the panel. For instance, in some
embodiments, one or more of the GRM1-8 genes are not
included in the panel.

[0091] Insomeembodiments, the Tier 2 genes as shown in
FIG. 2 are analyzed for the presence of genetic alterations
such as CNVs, optionally in addition to evaluation of the
above Tier 1 evaluations or in addition to evaluations of
subsets of the Tier 1 genes as described above. In some
embodiments, at least 50 Tier 2 genes are evaluated, while
in some embodiments, at least 10, 20, 30, 50, 100, 150, or
all of the Tier 2 genes are evaluated. Individual, specific Tier
2 genes may be excluded from the gene set for evaluation in
some embodiments.

[0092] In some embodiments, the 599 Tier 3 genes shown
in FIG. 3 are evaluated for genetic alterations such as CNVs,
optionally in addition to evaluation of the above Tier 1
and/or Tier 2 evaluations or in addition to evaluations of
subsets of the Tier 1 and/or Tier 2 genes as described above.
Tier 3 genes are considered a wide range of potential
interactors with the mGluR network, and genes contained
within Tier 3 are not contained in Tier 1 and Tier 2. In some
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embodiments, at least 10, 20, 50, 100, 200, 300, 400, 500 or
all of the Tier 3 genes are included in a panel to evaluate
genetic alterations.

V. Evaluation of Genetic Alterations in mGluR
Network Genes

[0093] Any biological sample may be used to determine
the presence or absence of mGluR network gene alterations,
including, but not limited to, blood, urine, serum, gastric
lavage, CNS fluid, any type of cell (such as brain cells, white
blood cells, mononuclear cells) or body tissue. Any biologi-
cal source material whereby DNA can be extracted may be
used to determine the presence or absence of mGIuR net-
work gene alterations. Samples may be freshly collected, or
samples may have been previously collected for any use/
purpose and stored until the time of testing for genetic
alterations. DNA that was previously purified for a different
purpose may also be used.

[0094] Various methods for determining genetic altera-
tions are known, including the following:

A. Single Nucleotide Variation (SNV)/Single
Nucleotide Polymorphism (SNP) Genotyping

[0095] Determining whether a patient has a genetic altera-
tion, such as a CNV, in a mGIuR network gene may be done
by SNV/SNP Genotyping, using a SNV/SNP genotyping
array such as those commercially available from Illumina or
Affymetrix. A “single nucleotide variation (SNV),” also
interchangeably referred to as a “single nucleotide polymor-
phism (SNP)” herein, refers to a change in which a single
base in the DNA differs from the usual base at that position.
Millions of SNVs have been cataloged in the human
genome. Some SNV are normal variations in the genome,
while others are associated with disease. While specific
SNVs may be associated with disease states or susceptibility,
high-density SNV genotyping can also be undertaken,
whereby sequencing information on SNVs is used to deter-
mine the unique genetic makeup of an individual.

[0096] In SNV genotyping, SNVs can be determined by
hybridizing complementary DNA probes to the SNV site. A
wide range of platforms can be used with SNV genotyping
tools to accommodate varying sample throughputs, multi-
plexing capabilities, and chemistries. In high-density SNV
arrays, hundreds of thousands of probes are arrayed on a
small chip, such that many SNVs can be interrogated
simultaneously when target DNA is processed on the chip.
By determining the amount of hybridization of target DNA
in a sample to a probe (or redundant probes) on the array,
specific SNV alleles can be determined. Use of arrays for
SNV genotyping allows the large-scale interrogation of
SNVs.

[0097] When analyzing CNVs, after SNVs have been
analyzed, a computer program can be used to manipulate the
SNV data to arrive at CNV data. PennCNV or a similar
program, can then be used to detect signal patterns across the
genome and identify consecutive genetic markers with copy
number changes. (See Wang K, et al. (June 2008) Cold
Spring Harb Protoc). PennCNV allows for kilobase-resolu-
tion detection of CNVs. (See Wang K, et al. (November
2007) Genome Res. 17(11):1665-74).

[0098] In CNV analysis, the SNV genotyping data is
compared with the behavior of normal diploid DNA. The
software uses SNV genotyping data to determine the signal
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intensity data and SNV allelic ratio distribution and to then
use these data to determine when there is deviation from the
normal diploid condition of DNA that indicates a CNV. This
is done in part by using the log R Ratio (LRR), which is a
normalized measure of the total signal intensity for the two
alleles of the SNV (Wang 2008). If the software detects
regions of contiguous SNVs with intensity (LRR) trending
below 0, this indicates a CNV deletion. If the software
instead detects regions of contiguous SNVs with intensity
(LRR) trending above 0, this indicates a CNV duplication.
If no change in LRR is observed compared to the behavior
of diploid DNA, the sequence is in the normal diploid state
with no CNV present. The software also uses B allele
frequency (BAF), a normalized measure of the allelic inten-
sity ratio of two alleles that changes when alleles are lost or
gained as with a CNV deletion or duplication. For example,
a CNV deletion is indicated by both a decrease in LRR
values and a lack of heterozygotes in BAF wvalues. In
contrast, a CNV duplication is indicated by both an increase
in LRR values and a splitting of the heterozygous genotype
BAF clusters into two distinct clusters. The software auto-
mates the calculation of LRR and BAF to detect CNV
deletions and duplications for whole-genome SNV data. The
simultaneous analysis of intensity and genotype data accu-
rately defines the normal diploid state and determines
CNVs.

[0099] Array platforms such as those from Illumina,
Affymetrix, and Agilent may be used in SNV Genotyping.
Custom arrays may also be designed and used based on the
data described herein.

B. Comparative Genomic Hybridization

[0100] Comparative genomic hybridization (CGH) is
another method that may be used to evaluate genetic altera-
tions such as CNVs. CGH is a molecular cytogenetic method
for analyzing genetic alterations such as CNVs in compari-
son to a reference sample using competitive fluorescence in
situ hybridization (FISH). DNA is isolated from a patient
and a reference source and independently labeled with
fluorescent molecules (i.e., fluorophores) after denaturation
of the DNA. Hybridization of the fluorophores to the resul-
tant samples are compared along the length of each chro-
mosome to identify chromosomal differences between the
two sources. A mismatch of colors indicates a gain or loss of
material in the test sample in a specific region, while a match
of the colors indicates no difference in genetic alterations
such as copy number between the test and reference samples
at a particular region. In certain embodiments, the fluoro-
phores are not naturally occurring.

C. Whole Genome Sequencing, Whole Exome
Sequencing, and Targeted Sequencing

[0101] Whole genome sequencing, whole exome sequenc-
ing, or targeted sequencing may also be used to analyze
genetic alterations such as CNVs. Whole genome sequenc-
ing (also known as full genome sequencing, complete
genome sequencing, or entire genome sequencing) involves
sequencing of the full genome of a species, including genes
that do or do not code for proteins. Whole exome sequenc-
ing, in contrast, is sequencing of only the protein-coding
genes in the genome (approximately 1% of the genome).
Targeted sequencing involves sequencing of only selected
parts of the genome.
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[0102] A wide range of techniques would be known to
those skilled in the art to perform whole genome, whole
exome, or targeted sequencing with DNA purified from a
subject. Similar techniques could be used for different types
of sequencing. Techniques used for whole genome sequenc-
ing include nanopore technology, fluorophore technology,
DNA nanoball technology, and pyrosequencing (i.e.,
sequencing by synthesis). In particular, next-generation
sequencing (NGS) involves sequencing of millions of small
fragments of DNA in parallel followed by use of bioinfor-
matics analyses to piece together sequencing data from the
fragments.

[0103] As whole exome sequencing does not need to
sequence as large an amount of DNA as whole genome
sequencing, a wider range of techniques are may be used.
Methods for whole exome sequencing include polymerase
chain reaction methods, NGS methods, molecular inversion
probes, hybrid capture using microarrays, in-solution cap-
ture, and classical Sanger sequencing. Targeted sequencing
allows for providing sequence data for specific genes rather
than whole genomes and can use any of the techniques used
for other types of sequencing, including specialized microar-
rays containing materials for sequencing genes of interest.

D. Other Methods for Determining Genetic
Alterations

[0104] Proprietary methodologies, such as those from
BioNano or OpGen, using genome mapping technology can
also be used to evaluate genetic alterations such as CNVs.
[0105] Standard molecular biology methodologies such as
quantitative polymerase chain reaction (PCR), droplet PCR,
and TagMan probes (i.e., hydrolysis probes designed to
increase the specificity of quantitative PCR) can be used to
assess genetic alterations such as CNVs. Fluorescent in situ
hybridization (FISH) probes may also be used to evaluate
genetic alterations such as CNVs. The analysis of genetic
alterations such as CNVs present in patients is not limited by
the precise methods whereby the genetic alterations such as
CNVs are determined

V1. Treatment of ADHD and 22q Syndromes with
Nonselective mGluR Activators

[0106] In some embodiments, a subject with ADHD is
treated with a nonselective mGluR activator. In other
embodiments, a subject with 22q deletion and/or duplication
syndrome is treated with a nonselective mGluR activator. In
still other embodiments, a subject with ADHD and a 22q
deletion and/or duplication syndrome is treated with a
nonselective mGIuR activator. The terms “subject” and
“patient” are used interchangeably to refer to a human. The
terms “pediatric subject” or “pediatric patient” are used
interchangeably to refer to a human less than 18 years of age.
In some embodiments, the subject may be between 6 and 17
years old, such as between 12 and 17 years old or between
6 and 12 years old. The terms “adult subject” or “adult
patient” refer to a human of at least 18 years of age. An
“adolescent” subject, for example, may be between 12 and
18, such as 12-17, 13-17, or 13-18 years old.

[0107] The term “treatment,” as used herein, covers any
administration or application of a therapeutic for disease in
a subject, and includes inhibiting the disease, arresting its
development, relieving one or more symptoms of the dis-
ease, or preventing reoccurrence of one or more symptoms
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of'the disease. For example, treatment of 22q deletion and/or
duplication syndrome subjects may comprise alleviating
neurobehavioral, neuropsychiatric and neurodevelopmental
symptoms associated with 22q deletion and/or duplication
syndrome. Such symptoms include but are not limited to,
improvements in memory, attention, cognition, anxiety, and
stabilization or reversal of mood disorder, autism spectrum
disorder, psychosis and hyperactivity. Treating an ADHD or
22q deletion and/or duplication subject may comprise alle-
viating symptoms of inattentiveness, hyperactivity, and/or
impulsiveness associated with ADHD, as well as improving
associated phenotypes such as mood disorders and sleep
disorders, anger control, and disruptive behaviors.

[0108] The mGluR proteins are typically placed into three
sub-groups, group [ receptors including mGluR1 and
mGluRS are classed as slow excitatory receptors. Group 11
includes mGIluR2 and mGluR3. Group III includes mGluR4,
mGluR6, mGluR7, and mGluR8. Groups II and III are
classed as slow inhibitory receptors. The mGluRs are dis-
tinguished from the ionotropic GluRs or iGluRs, which are
ion channel-associated glutamate receptors and are classed
as fast excitatory receptors.

[0109] A “nonselective activator of mGIluRs” refers to a
molecule that activates mGluRs from more than one of the
group L, I1, and III categories. Thus, a nonselective activator
of mGluRs may provide for a general stimulation of the
mGluR networks. This is in contrast to specific mGIluR
activators that may only significantly activate a single
mGluR, such as mGluRS, for example. Nonselective mGluR
activators include, for example, nonselective mGIluR ago-
nists.

[0110] In some embodiments the nonselective mGluR
activator is “fasoracetam.” Fasoracetam is a nootropic (i.e.,
cognitive-enhancing) drug that can stimulate both group I
and group II/IIT mGluRs in in vitro studies. (See Hirouchi M,
et al. (2000) European Journal of Pharmacology 387:9-17.)
Fasoracetam may stimulate adenylate cyclase activity
through activation of group I mGluRs, while it may also
inhibit adenylate cyclase activity by stimulating group Il and
III mGluRs. (Oka M, et al (1997) Brain Research 754:121-
130.) Fasoracetam has been observed to be highly bioavail-
able (79%-97%) with a half-life of 5-6.5 hours in prior
human studies (see Malykh A G, et al. (2010) Drugs 70(3):
287-312). Fasoracetam is a member of the racetam family of
chemicals that share a five-carbon oxopyrrolidone ring.

[0111] The structure of fasoracetam is:

o

[0112] The term “fasoracetam™ as used herein encom-
passes pharmaceutically acceptable hydrates and any solid
state, amorphous, or crystalline forms of the fasoracetam
molecule. For example, the term fasoracetam herein
includes forms such as NFC-1: fasoracetam monohydrate. In
addition to NFC-1, fasoracetam is also known as C-NS-105,
NS105, NS-105, and LAM-105.

[0113] NFC-1 has been previously studied in Phase I-1II
clinical trials in dementia-related cognitive impairment but
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did not show sufficient efficacy in dementia in Phase III
trials. These trials demonstrated that NFC-1 was generally
safe and well tolerated for those indications. Phase III data
indicated that NFC-1 showed beneficial effects on psychi-
atric symptoms in cerebral infarct patients and adult demen-
tia patients with cerebrovascular diseases. Fasoracetam is a
member of the racetam family of compounds. Another
racetam compound, piracetam, has been tested in pediatric
ADHD subjects and found to actually increase ADHD
symptoms in those subjects compared to a placebo control.
(See Akhundian, J., Iranian J. Pediatrics 2001, 11(2): 32-36.)
[0114] In each of the method of treatment embodiments, a
metabotropic glutamate receptor positive allosteric modula-
tor, a metabotropic glutamate receptor negative allosteric
modulator, or a tachykinin-3/neurokinin-3 receptor (TACR-
3/NK3R) antagonist may be administered alone or in com-
bination with a nonselective activator of mGluRs, for
example, to subjects having an alteration in a mGluR
network gene. In some embodiments, the treatment agent
comprises ADX63365, ADX50938, ADX71149, AMNOS2,
a 1-(hetero)aryl-3-amino-pyrrolidine derivative, .Y341495,
ADX48621, GSK1144814, or SB223412.

VII. Methods of Administration and Dosage

[0115] In some embodiments, fasoracetam may be admin-
istered as fasoracetam monohydrate (NFC-1). In some
embodiments, fasoracetam may be administered by mouth
(i.e., per os). In some embodiments, fasoracetam may be
administered as capsules, tablets, caplets, oral solutions, and
oral suspensions. In some embodiments, fasoracetam cap-
sules or tablets or the like may contain 50 mg, 100 mg, 150
mg, 200 mg, 250 mg, 300 mg, 350 mg, 400 mg, 600 mg, or
800 mg of fasoracetam, or any range bounded by two of the
above numbers.

[0116] In some embodiments, fasoracetam at any of the 50
mg, 100 mg, 150 mg, 200 mg, 250 mg, 300 mg, 350 mg, or
400 mg dosages above may be administered once daily,
twice, or three times daily. In some embodiments, the total
daily dose of fasoracetam may be 50 mg, 100 mg, 150 mg,
200 mg, 250 mg, 300 mg, 350 mg, or 400 mg given
once-daily or 50 mg, 100 mg, 150 mg, 200 mg, 250 mg, 300
mg, 350 mg, or 400 mg given twice-daily. In some embodi-
ments, fasoracetam dosing may be adjusted using a series of
dose escalations. In some embodiments, pharmacokinetic
data on drug level or clinical response are used to determine
changes in dosing. In some embodiments, dose escalation of
fasoracetam is not used. In some embodiments, subjects are
treated at a dose of fasoracetam expected to be clinically
efficacious without a dose-escalation protocol.

VIII. Therapeutic Combinations

[0117] Insome embodiments, the nonselective activator of
mGluR network proteins, such as fasoracetam, is used in
combination with other agents for the treatment of ADHD
and 22q deletion and/or duplication syndromes. In some
embodiments, it is used in combination with current ADHD
medications such as stimulant and/or nonstimulant drugs.
“Stimulant” drugs used for treatment of ADHD are drugs
that increase the levels of dopamine or other neurotransmit-
ters in the brain. They are available in a variety of release
forms from short to extended-release. Stimulants tend to
improve attention span and focus and to regulate impulsive
behaviors. Currently used stimulants include methylpheni-
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dates (e.g. Concerta®; Ritalin®; Daytrana® patch; Meth-
ylin®; Metadate®), dexmethylphenidates (e.g., Focalin®),
and amphetamines such as Adderall XR® (amphetamine
mixed salts), Dexedrine® (dextroamphetamine), and
Vyvanse® (lisdexamphetamine dimesylate).

[0118] “Nonstimulant” (also referred to herein as “non-
stimulant™) drugs for ADHD are drugs that may affect
neurotransmitters but do not raise dopamine levels in the
brain. Nonstimulants encompass a variety of drug classes.
Currently used nonstimulant drugs include atomoxetine
(Strattera®), which may prolong the action of norepineph-
rine in the brain, as well as the blood-pressure medications
clonidine (Kapvay®) and guanfacine (Intuniv®), which
may also improve mental functioning in ADHD patients.
[0119] In some embodiments, the activator may be used in
combination with an anxiolytic (such as barbiturates, pre-
gabalin, or benzodiazepines, including chlordiazepoxide,
clorazepate, diazepam, flurazepam, halazepam, prazepam,
lorazepam, lormetazepam, oxazepam, temazepam, clonaze-
pam, flunitrazepam, nimetazepam, nitrazepam, adinazolam,
alprazolam, estazolam, triazolam, climazolam, loprazolam,
or midazolam). It may also be used in combination with
antidepressants such as serotonin selective uptake inhibitors,
e.g. fluoxetine, sertraline, and citalopram. Antidepressants
include, for example, fluoxetine, escitalopram, bupropion,
mirtazapine, amitriptyline, imipramine, venlafaxine, sertra-
line, paroxetine, or other compounds in the classes of
tricyclic antidepressants, selective serotonin reuptake inhibi-
tors, serotonin and norepinephrine reuptake inhibitors, nor-
epinephrine and dopamine reuptake inhibitors, monoamine
oxidase inhibitors, or other drugs approved for the use of
depression). In some embodiments, the other agent may be
a beta-blocker (such as acebutolol, atenolol, betaxolol, biso-
prolol, esmolol, nebivolol, metoprolol, cartelol, penbutolol,
pindolol, carvedilol, labetalol, levobunolol, metipranolol,
nadolol, propranolol, sotalol, timolol, or other selective or
nonselective blockers of beta-adrenergic receptors). In some
embodiments, the other agent may be an anti-psychotic drug
such as aripiprazole or risperidone.

[0120] Insome embodiments, fasoracetam may be used in
combination with a non-pharmacologic treatment, such as
psychotherapy or brain stimulation therapies. For example,
in some embodiments the patient is further treated with brain
stimulation, which may be vagus nerve stimulation, repeti-
tive transcranial magnetic stimulation, magnetic seizure
therapy, deep brain stimulation, or any other therapies
involving modulation of brain function by electricity, mag-
nets, or implants.

IX. Efficacy Measures for Determining
Responsiveness to Treatment

[0121] A number of different outcome measures or rating
scales are validated for determining the efficacy of a treat-
ment for ADHD, for example, in clinical trials. These can
include measures of attention, tasks, and global measures of
the severity or improvement of patients. Rating scales cur-
rently used in ADHD clinical trials in pediatric patients
include the ADHD Rating Scale IV, Vanderbilt scale, actig-
raphy, Quotient ADHD test scale, and the PERMP-Math test
scale. A Clinical global impressions severity/improvement
(CGI-S and CGI-I) score is also frequently used as a
secondary efficacy measurement as it may correspond well
to the judgments of global well-being that clinicians make in
their normal clinical practice of treating ADHD patients.
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[0122] The ADHD Rating Scale IV is based on 18 inat-
tentive and hyperactive/impulsive diagnostic criteria for
ADHD provided in the Fourth Edition of the Diagnostic and
Statistical Manual of Mental Disorders, 1994, (DSM-4) or
the Fifth Edition, 2016, (DSM-V), published by the Ameri-
can Psychiatric Association. [Are the DSM-IV and DSM-V
questions essentially the same]' Each of the 18 items is
scored on a 4-point scale of 0, 1, 2, or 3, with 0 indicating
no symptoms to 3 indicating severe symptoms. Accordingly,
the Scale results in possible scores ranging from 0 to 54 with
a higher score reflecting a more severe disease condition.
There are a few versions of the ADHD Rating Scale IV
depending upon who is recording the information, a parent/
teacher or a clinician, and depending upon whether the
patient is a pediatric or adult patient. But all versions are
designed to assess the same set of 18 items.

[0123] The Vanderbilt Rating Scale is a measure that can
be completed by parents or teachers (separate forms, see
Vanderbilt Rating Scale Parents and Vanderbilt Rating Scale
Teachers). The Vanderbilt scale rates the child’s behavior on
items such as attention, finishing tasks, hyperactivity, diffi-
culty waiting, and measures of conduct or oppositional
defiant disorders—as well as measures of overall school
performance and interactions with others. The first 18 items
on the Vanderbilt scale correspond to those of the ADHD
Rating Scale IV above while the Vanderbilt scale also
includes items 19-47 related to other mental disorders
including ODD (items 19-26), conduct disorder (items
27-40), anxiety (items 41, 42, and 47), and depression (items
43-46). Each of the behavioral assessment items on the
Vanderbilt Scale are rated 0, 1, 2, or 3, with O=never
occurring; 1=occasionally, 2=often, and 3=very often. Thus,
the ADHD Rating Scale 1V, ADHD Rating Scale V, and
items 1-18 of the Vanderbilt Rating Scale are equivalent
scales, while additional items on the Vanderbilt Scale assess
co-morbid phenotypes and disorders.

[0124] The first 18 items of the Vanderbilt Rating Scale
Parents are in the form of a questionnaire and include items
such as: (3) does not seem to listen when spoken to directly;
(4) does not follow through when given directions and fails
to finish activities (not due to refusal or failure to under-
stand); (9) is forgetful in daily activities; (10) fidgets with
hands or feet or squirms in seat; (16) blurts out answers
before questions have been completed; (17) has difficulty
waiting his or her turn. Each of the items are rated on a scale
of 0, 1, 2, or 3, with O=never; 1=occasionally, 2=often, and
3=very often. A total score of 0 to 54 is computed based on
the answers to the 18 questions.

[0125] As used herein an “ADHD rating scale score,”
“ADHD score” or “Vanderbilt ADHD score” are used inter-
changeably to refer to the computed score of the 18 items of
the ADHD Rating Scale IV or V or the first 18 items of the
Vanderbilt Rating Scale in any of their associated versions,
e.g., for parent, teacher, or clinician to complete, and for a
pediatric subject or adult subject. Clinical trials may assess
the impact of drug or placebo on the ADHD score or
Vanderbilt ADHD score (i.e. the score of 0 to 54 based on
the first 18 items in the ADHD or Vanderbilt rating scale). In
some cases, results of a clinical trial population may be
analyzed by comparing the average score or a percentage
change in score over time of administration of drug. Patients
may be considered “improved,” for example, if their Vander-
bilt ADHD score is reduced by at least 25% compared to a
placebo or pre-study baseline, and “robustly improved,” for
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example, if their score is reduced by at least 40% compared
to a pre-study or placebo baseline.

[0126] Some embodiments of methods of treatment herein
refer to administering to a subject an amount of a nonse-
lective mGluR network activator effective to reduce an
ADHD rating scale score or Vanderbilt ADHD score by at
least 25%, such as at least 30% or at least 35% or at least
40%, after a certain period of treatment, such as 1, 2, 3, 4 or
5 weeks, in a majority of clinical trial subjects. In such
embodiments, the amount for administration may, for
example, be selected based on clinical results showing that
the amount led to such a result in a majority of previously
assessed clinical patients. For example, if a subject to be
treated is a pediatric subject, the treatment amount may be
selected on the basis of achieving such results in a majority
of patients in a clinical trial of pediatric subjects.

[0127] The Clinical Global Impression Scale (CGI) is a
widely-used assessment instrument in psychiatry and is a
common secondary efficacy measure for ADHD clinical
trials. The CGI scale generally asks the clinician to provide
a global assessment of the patient’s function, symptoms, and
adverse events based on the clinician’s experience with
ADHD patients. The CGI scale has two component mea-
surements, CGI-S (clinical global impression-severity; a
measure of disease severity) and CGI-I (clinical global
impression-improvement; a measure of improvement in
symptoms). Both scales range from 1 to 7. The CGI-S scale
ranges from 1 (normal) to 3 (mildly ill), 4 (moderately ill),
5 (markedly ill), 6 (severely ill) and 7 (among the most
extremely impaired). The CGI-I scale ranges from 1 (very
much improved), 2 (much improved), 3 (minimally
improved), 4 (no change), 5 (minimally worse), 6 (much
worse), to 7 (very much worse). In general, subjects with a
CGI-I score of 1 or 2 compared to a base-line or placebo
level are considered responders to a treatment regimen. For
example, in some cases a responder to a drug regimen may
show a reduction in ADHD score or Vanderbilt ADHD score
of at least 25%, such as at least 30%, at least 35%, or at least
40%, as well as a CGI-I score of either 1 or 2 after a certain
period of treatment, such as 1, 2, 3, 4, or 5 weeks. In some
cases, a responder may show a change in CGI-I score after
1, 2,3, 4, or 5 weeks, for example, of 1 to 2 points. In some
cases, a responder may show a CGI-S score of 1 or 2 or 3
after 1, 2, 3, 4, or 5 weeks

[0128] In some embodiments of the methods herein, the
amount of nonselective mGluR activator administered to a
subject is chosen based on that amount’s ability to give a
CGI-I score of 1 or 2 in a majority of subjects in a clinical
trial, for example a clinical trial of similar subjects. Thus, for
example, if a pediatric clinical trial shows that a particular
amount of activator gives a CGI-I score of 1 or 2 in a
majority of patients in the trial after a particular period of
time, that amount may be chosen to give to another pediatric
subject as a treatment dose. Similarly, in some embodiments,
the amount of nonselective mGluR activator administered to
a subject is chosen based on an amount that gave a reduction
of at least 25%, such as at least 35%, at least 35%, or at least
40% in Vanderbilt ADHD score in a clinical trial of similar
subjects. In some embodiments, an amount is chosen for
administration based on the amount that achieved a CGI-S
score of 1-3, such as 1-2 in subjects after a period of
treatment. In some cases, an amount is chosen for admin-
istration that gave a combination of these effects in a
majority of clinical trial subjects.
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[0129] The Permanent Product Measure of Performance
(PERMP)-Math is an individualized mathematics test that
can be performed by a patient periodically when on and off
medication for ADHD. It is used, for example, to monitor
classroom performance in an experimental laboratory set-
ting.

[0130] In general, the PERMP test comprises 5 pages of
400 problems that subjects are directed to attempt over a
10-minute period. Subjects may be given a pre-test first to
determine their mathematical skill level. Subjects are
directed to answer as many questions as they can in the
10-minute period and the test is generally scored on a
0-800-point scale based on the number of questions
attempted and the number of questions answered correctly
within the time limit. Subjects receive a different version of
the test at each setting.

[0131] Quotient ADHD scores use a medical device to
measure hyperactivity, attention, and impulsivity in patients
with ADHD. The Quotient ADHD tool uses motion tracking
technology to track a patient’s micro-movements while they
complete a 15-20-minute computerized test. Following the
patient’s completion of the test, patterns of motions, the
accuracy of responses, and fluctuations in attention state can
be analyzed.

[0132] Actigraphy is non-invasive monitoring of human
rest/activity cycles, using an actigraph worn by the patient to
document body movements. Actigraphs can be worn during
school, for example, to measure activity levels. Actigraphy
analysis can measure changes in sleep and hyperactivity that
may be seen with treatment for ADHD.

[0133] Additional questionnaires may also be used by
clinicians to assess co-morbid symptoms such as anger
control and disruptive behaviors as well as to assess co-
morbid disease conditions.

X. Articles of Manufacture

[0134] In some embodiments, the invention comprises
articles of manufacture that may be used in the methods and
treatments described herein. In one embodiment, the manu-
facture is a solid support or microarray for use in detecting
genetic alterations in some, or all, of the mGluR network
genes listed in FIGS. 1-3 (i.e., Tiers 1-3). In some embodi-
ments, genes contained in multiple Tiers are assessed within
the same solid support or microarray. In some embodiments,
certain mGluR network genes are excluded. In some
embodiments, the GRM genes are excluded.

[0135] Thus, for example, in some embodiments in which
mGluR network genes are assayed to determine if there is a
genetic alteration in one or more of the genes, such as a
CNV, a solid support or microarray, such as on a chip, is used
that contains appropriate probes for determining the pres-
ence of genetic alterations in 10, 20, 30, 40, 50, 60, 70 or all
of the Tier 1 genes. In some embodiments, the solid support
or microarray may also include appropriate probes for
determining the presence of genetic alterations in at least 10,
20, 30, 50, 100, 150, or all of the Tier 2 genes. In some
embodiments, it may further include appropriate probes for
determining the presence of genetic alterations in at least 10,
20, 50, 100, 200, 300, 400, 500 or all of the Tier 3 genes. For
example, such a solid support, microarray, or chip may be
used to determine the presence of genetic alterations such as
CNVs or SNVs in the Tier 1, Tier 1+2, or Tier 14243 mGIluR
gene networks as part of a method of treating an ADHD or
22q deletion and/or duplication patient.
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[0136] In some embodiments, the manufacture is a set of
probes for mGluR network genes of interest from Tiers 1, 2,
and/or 3. In some embodiments the probes are labelled. In
certain embodiments, the labels are non-naturally occurring.
Similarly, sets of probes may be manufactured for deter-
mining the presence of genetic alterations in 10, 20, 30, 40,
50, 60, 70 or all of the Tier 1 genes. In some embodiments,
probes may be manufactured for determining the presence of
genetic alterations in at least 10, 20, 30, 50, 100, 150, or all
of the Tier 2 genes. In some embodiments, probes may
further include those for determining the presence of genetic
alterations in at least 10, 20, 50, 100, 200, 300, 400, 500 or
all of the Tier 3 genes. These various probe sets may be used
in methods of determining the presence of genetic altera-
tions, such as CNVs and SNVs in the Tier 1, Tier 1+2, or
Tier 1+2+3 mGluR gene networks as part of a method of
treating an ADHD or 22q deletion and/or duplication patient

EXAMPLES

Example 1: Treatment of ADHD Patients with
CNVs in mGluR Network Genes with NFC-1
(Fasoracetam Monohydrate)

[0137] An open-label Phase Ib clinical trial was initiated
to investigate the safety, pharmacokinetics and efficacy of
NFC-1 (fasoracetam monohydrate) in adolescent subjects
between the ages of 12 and 17 previously diagnosed with
ADHD who also had at least one genetic alteration in an
mGluR network gene.

[0138] The study included 30 subjects who were between
ages 12 and 17, of any ancestry or race, and of weight within
the 5th to 95th percentile for their age, and otherwise judged
to be in good medical health. The subjects suffered from
ADHD as defined by the Diagnostic and Statistical Manual
of Mental Disorders, Sth Ed (DSM-5) and a Vanderbilt
ADHD score of greater than or equal to 16 (as determined
by parent or teacher) at baseline either with or without
conventional ADHD therapy. Subjects were genotyped and
included in the trial if they possess at least one genetic
alteration in the form of at least one copy number variation
(deletion or duplication) in an mGluR network gene that
potentially disrupts the function of the gene. Seventeen of
the 30 subjects have a CNV in a Tier 1 mGluR network gene,
while 7 subjects have a CNV in a Tier 2 gene and 6 in a Tier
3 gene. Two of the 30 ADHD subjects of the trial also
suffered from 22q syndrome, one with 22q deletion syn-
drome and one with 22q duplication syndrome. Several trial
subjects showed evidence of co-morbid phenotypes such as
anxiety, mood disorders, sleep disturbance such as insomnia,
depression, ODD, or conduct disorder in addition to ADHD
at enrollment, based on the results of items 19-47 of the
Vanderbilt Scale.

[0139] Exclusion criteria comprised subjects suffering
from a clinically significant illness, either mental or physi-
cal, that, in the investigator’s opinion, might confound the
results of the study or that might prevent them from com-
pleting the study, subjects that are pregnant or nursing,
subjects that test positive for illicit drugs of that have a
history of drug abuse, subjects that consume alcoholic
beverages, or subjects for which the investigator is other-
wise concerned regarding their compliance or suitability.
[0140] NFC-1 capsules of either 50 mg or 200 mg com-
prising fasoracetam monohydrate as active ingredient and
placebo capsules comprising microcellulose were used for
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the study. The design of the trial was a phone screening (1
day), enrollment phase (1 to 2 days), a wash-out phase for
subjects currently on ADHD medications (1-14 days), phar-
macokinetic (PK) assessment (2 days), followed by a dose-
escalation phase (35 days) and a follow-up phone visit
approximately four weeks after the last dose, for a maximum
of 127 days. All ADHD medications were discontinued
during the wash-out phase prior to the study. The wash-out
period for stimulants was 2-3 days and that for atomoxetine
or noradrenergic agonists was 10-12 days. No new ADHD
medications were started during the study.

[0141] All subjects participated in the PK assessment. For
the PK portion of the trial, subjects received a one-time dose
of 50 to 800 mg NFC-1 and blood samples were taken just
prior to dosing and at 0.5. 1, 1.5, 2, 3, 4, 6, 8, 12, and 24
hours after dosing. The 30 subjects were placed into 5
groups of 6 subjects for PK and initial safety assessment,
each group receiving a different dose ranging of 50, 100,
200, 400, or 800 mg. The PK parameters Cmax, Tmax, and
AUCO0-24 h were calculated based on NFC-1 levels in
serum.

[0142] Dose-escalation phase of the trial followed the PK
and initial safety assessment and ran over a 5-week period.
During week 1, all subjects were administered placebo
capsules twice daily. After one week of placebo treatment,
patients were started on 50 mg bid NFC-1 for 1 week. If
safety and responsiveness data from prior dose level of
fasoracetam indicated it was appropriate, subjects were then
escalated to the next higher dose (100, 200, or 400 mg).
Subjects who showed tolerance to the 50 mg bid dose as well
as response to the drug were to be maintained at that level
for the remaining 3 weeks of the trial. Subjects who showed
tolerance but lack of response or partial response to the 50
mg bid dose were to be moved up to the next higher dose of
100 mg during the following week. Subjects who showed
tolerance at 100 mg but lack of response or partial response
were to be moved up to the 200 mg dose the following week
while those who showed both tolerance and response at 100
mg were to be kept at 100 mg bid for the remainder of the
trial. Similarly, subjects moved up to the 200 mg dose who
showed both tolerance and response were to be kept at 200
mg for the final week of the trial while those showing
tolerance but lack of response or partial response were
moved to a 400 mg dose for the final week. Of the 30 trial
subjects, 3 received a maximum dose of 100 mg, 9 received
a maximum dose of 200 mg, and the remaining 18 received
a maximum dose of 400 mg.

[0143] All efficacy assessments, except actigraphy, were
made at study enrollment (“enrollment baseline”) and again,
including actigraphy, once-per-week for the placebo week
(“week 17 or “placebo baseline”) and at each of the 4 weeks
of NFC-1 treatment. These efficacy measures include items
1-18 of the Vanderbilt scale assessing symptoms related to
inattentiveness and hyperactivity-impulsiveness as well as
additional questions 19-47 of the Vanderbilt scale assessing
other behavioral symptoms (conducted by parent), actigra-
phy for quantitative measurement of activity, Quotient®
ADHD test for objective measurement of micro-motion and
shifts in attention state, PERMP-Math test, and CGI-I and
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CGI-S for assessment of global functioning. Prior to receiv-
ing the PK assessment dose, subjects returned to the clinic
to be administered the PERMP-Math tests, subjected to
actigraphy (set to activate at the time of first placebo dose 2
days later), and to be given a general physical examination
including vital signs and weight, blood and urine sampling,
and a pregnancy test for female subjects. During the 5-week
placebo and dose-escalation phases of the study, subjects
visited the clinic again at the end of each week to be
administered the Quotient® and PERMP-Math tests, sub-
jected to actigraphy, Vanderbilt and BRIEF measurements
(conducted by parent), and to be given a general physical
examination including vital signs and weight, blood and
urine sampling, and a pregnancy test for female subjects.

[0144] For data analysis, subjects were considered as a
whole as well as by genetic tier (1, 2, or 3) or by genetic tier
group (1 and 2 vs. 3). The subject number, maximum dose
administered, age, genetic tier, and the placebo baseline (i.e.
week 1) and final (i.e. week 5) CGI-I, Vanderbilt, and
PERMP results for all of the 30 subjects are shown in Table
1 below. Subjects 110 and 127 suffer from both ADHD and
22q deletion and/or duplication syndromes. Thirteen sub-

15
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[0146] Based on Table 1, the mean starting and ending
CGI-I scores for the 30 subjects are 3.67 at week 1 (placebo
baseline) and 2.27 at week 5, for a mean improvement of
1.4. This indicates, in general, that the subjects were “much
improved” or “very much improved” on average (CGI-I of
1 or 2) by the end of the dose escalation phase of treatment.
The change in CGI-I scores from enrollment baseline to
week 5 for the 30 trial subjects are summarized in Tables
2(a)-(c) below. As shown below, the mean improvement in
CGI-I score for all subjects is 1.57, which corresponds to a
“much improved” to “very much improved” state. Subjects
in genetic Tiers 1 and 2 were more improved than those in
Tier 3, with P=0.0402.

[0147] Tables 2(a), (b), (¢): CGI-I at week 5 compared
to that at the pre-study enrollment baseline for all
subjects, by genetic tier, and by tier group

TABLE 2a

a) All Subjects

. . . . . Std N 25% 75%

jects had a diagnosis of ODD, and one of these subjects did . o . .

not complete the trial. Thus, twelve subjects, numbers 102, N Mean  Dev  Median missing percentile percentile

103, 108, 111, 112, 114, 117, 122, 125, 126, 128, and 130

suffer from both ADHD and ODD and completed the trial. 30 1.57 1.01 2 1 1 2

[0145] See, Table 1 on next page (remainder of page

intentionally left blank).

TABLE 1
Overall Study Placebo Baseline to Final Results
Genetic
Subject  Max Genetic  Tier Baseline  Baseline  Baseline Final Final Final Change in Change in Change in
Number Dose  Age Tier Group CGI=1 Vanderbilt PERMP CGI=1 Vanderbilt PERMP CGI=1 Vanderbilt PERMP

101 200 14 2 12 4 47 73 2 12 71 -2 -35 -2
102 200 12 1 12 5 41 104 3 39 80 -2 -2 -24
103 200 17 1 12 3 38 85 2 30 74 -1 -8 -11
104 200 14 2 12 5 37 121 2 23 103 -3 -14 -18
105 200 15 3 3 4 6 92 2 3 111 -2 -3 19
106 100 17 3 3 3 8 78 2 0 101 -1 -8 23
107 200 12 1 12 4 9 72 2 0 76 -2 -9 4
108 200 17 1 12 4 50 129 2 18 160 -2 -32 31
109 400 16 1 12 3 10 130 1 6 87 -2 -4 -43
110 400 13 1 12 4 22 45 2 17 71 -2 -5 26
111 400 13 1 12 3 30 97 2 34 88 -1 4 -9
112 400 14 2 12 3 49 70 2 36 93 -1 -13 23
113 100 12 1 12 3 32 125 3 22 125 0 -10 0
114 100 14 1 12 5 49 133 4 17 135 -1 -32 2
115 400 13 2 12 3 25 59 3 46 48 0 21 -11
117 400 16 1 12 0 28 56 2 12 68 2 -16 12
118 400 14 1 12 4 13 78 2 0 92 -2 -13 14
119 400 12 2 12 3 16 76 2 17 64 -1 1 -12
120 400 12 1 12 4 15 99 2 15 99 -2 0 0
121 200 17 1 12 5 36 125 2 31 55 -3 -5 =70
122 400 16 1 12 3 33 96 3 24 80 0 -9 -16
123 400 14 2 12 4 24 75 2 14 71 -2 -10 -4
124 400 14 3 3 4 33 71 2 12 34 -2 =21 -37
125 400 17 2 12 3 39 95 2 23 104 -1 -16 9
126 400 17 3 3 4 35 92 3 29 64 -1 -6 -28
127 400 12 1 12 6 44 78 2 33 64 -4 -11 -14
128 400 13 1 12 3 36 48 1 16 46 -2 =20 -2
129 400 17 3 3 4 60 3 75 -1 15
130 400 16 3 3 3 36 191 3 35 168 0 -1 =23
216 200 17 1 12 4 2 109 3 1 152 -1 -1 43
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TABLE 2b

b) By Genetic Tier

Genetic Std N 25% 75%
Tier N Mean Dev Median missing percentile percentile
1 16 1.81 091 2 1 1 2
2 7 157 113 1 0 1 3
3 6 086 090 1 0 0 2
TABLE 2¢

¢) By Tier Group
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including 56% in Tier 1 and 50% in Tier 2, while none of the
6 Tier 3 subjects were significant responders. By week 5 of
the dose escalation, 83% of the trial subjects were consid-
ered responders based on CGI-I score, including 81% and
86% in genetic Tiers 1 and 2 and 40% in genetic Tier 3. In
the table below, “N” represents the number of subjects for
which a CGI-I score was measured and “%” indicates the
percentage of subjects showing a CGI-I score of 1 or 2
compared to the genetic tier group or compared to the total
study population (in the “overall” row of the table).

TABLE 3

N 25% 75%
Median missing percentile percentile

Genetic Std
Tier N Mean Dev

lor2 23 174 096 2 1 1 2
3 7 086 090 1 0 0 2
[0148] CGI-S scores declined from an average of about 4

to an average of about 3 from enrollment to week 5. The
change in CGI-S score from enrollment baseline to week 5
is shown in Tables 2(d)-(f) below and the mean change was
approximately 1 over all subjects.
[0149] Table 2(d)-(f): Changes in CGI-S scores from
pre-study enrollment baseline to week 5 in all subjects,
by genetic tier, and by tier group.

TABLE 2d

d) All subjects

Std N 25 75%
N Mean Dev  Median missing percentile  percentile
30 0.93 0.74 1 1 0 2
TABLE 2e
e) By genetic tier
Genetic Std N 25% 75%
Tier N Mean Dev Median missing percentile percentile
1 16 1.125 0.87 1 1 1 2
2 7 1.0 0.58 1 0 1 1
3 6 0.5 0.55 0.5 0 0 1
TABLE 2f

CGI-I Scores: Proportions of Subjects
Responding at Each Study Visit

Week 1 Week 2 Week 3 Week 4 Week 5

Tier N % N % N % N % N %

1 16 0 17 24 15 53 16 56 16 81

2 7 0 7 43 7029 6 50 7 86

3 6 0 6 0 6 0 6 0 5 40

Overall 29 0 30 29 28 45 28 55 28 83
[0151] Mean Vanderbilt ADHD scores (with standard

error) at each week of the study are shown in Table 4 below.
These values are calculated using Repeated Measures
Analysis of Variance (RMANOVA). This analysis adjusts
for within-subject changes in the repeated efficacy measures
in order to more readily detect changes attributable to
experimental effects. Note that the standard error is identical
for each weekly value in Table 4 below because it was
estimated from the RMANOVA statistical model. As Table
4 shows, the mean Vanderbilt ADHD score decreased each
week from the placebo baseline (week 1) to week 5. The
change in within-patient means is also statistically signifi-
cant (p<0.001), which supports the conclusion that Vander-
bilt scores in this population decreased with the time-course
of participation in this study.

TABLE 4

Mean Vanderbilt ADHD Scores at each week of the study based on
Repeated Measures Analysis for the overall study population

f) By tier group

Genetic Std N 257 75%
Tier N Mean Dev Median missing percentile percentile
1or2 23 1.09 0.73 1 1 1 1
3 7 043 053 0 0 0 1
[0150] Table 3 provides an analysis of the percentages of

subjects in the total study population and genetic tiers
considered responders, i.e. having a CGI-I score of 1 or 2 in
each week of the dose escalation phase of the trial. These
data are also depicted graphically in FIG. 4. As shown in
both Table 3 and FIG. 4, at week 4, about 55% of the
subjects were considered responders based on CGI-I score,

Week 1 Week 2 Week 3 Week 4 Week 5
Mean (SEM) 29.1 (8.1) 264 (8.1) 24.0 (8.1) 23.3(8.1) 22.5(8.1)
[0152] Table 5 below presents the number and percent of

subjects showing improvement in Vanderbilt ADHD scores
each week compared to either pre-study baseline or placebo
baseline (week 1) both by genetic tier and by the overall
study population. These results are also shown graphically in
FIGS. 5a and 5b. An at least 25% decrease in Vanderbilt
ADHD score is considered responsive and improved, while
an at least 40% decrease in score is considered a robust
improvement.
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TABLE 5
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TABLE 7

Number and Percent of Subjects with
Improvement in Vanderbilt ADHD Score

Week 1 Week 2 Week 3 Week 4 Week 5

Tier N % N % N % N % N %
Relative to Pre-Study (Enrollment) Baseline

1 17 47 17 47 16 75 16 8 16 75

2 7 29 729 7 14 7 43 7 86

3 5 40 4 350 5 40 540 4 75

Overall 29 41 28 43 28 54 28 68 27 U8
Relative to Placebo (Week 1) Baseline

1 — — 17 29 16 50 16 36 16 56

2 — — 7 29 7 43 7 43 71 7

3 — — 4 0 5 20 5 0 4 0

Overal — — 28 25 28 43 28 43 27 52
[0153] As shown in Table 5 and FIG. 5, 78% of subjects

were responsive to treatment based on the Vanderbilt ADHD
score at week 5 compared to baseline while 52% were
responsive at week 5 compared to placebo baseline. A higher
percentage of subjects in genetic Tiers 1 and 2 were respon-
sive compared to subjects in Tier 3. The proportions of
patients who were robustly improved at week 5 compared to
study baseline and placebo baseline are shown graphically in
FIGS. 7a and 7b and are further shown in Table 6. As can
be seen from the figures and table, 52% of subjects were
robustly improved compared to baseline while 37% were
robustly improved compared to placebo baseline and all of
those were in the genetic Tiers 1 and 2.

TABLE 6

Number of Subjects Demonstrating
Robust Improvement at Each Week

Number and Percent of Subjects Completing the Dose Escalation
to 400 mg bid that Show Improvement in Vanderbilt ADHD Scores
Compared to Pre-Study Baseline and Week 1 Placebo Baseline

Week 1 Week 2 Week 3 Week 4 Week 5

Tier N % N % N % N % N %
Relative to Pre-Study (Enrollment) Baseline

1 17 29 3 35 16 50 16 56 16 63

2 7 14 7 14 7 0 7 14 729

3 5 40 4 350 5 40 5 40 4 50

Overall 29 28 28 32 28 36 28 43 27 52
Relative to Placebo (Week 1) Baseline

1 —  — 17 12 16 44 16 30 16 44

2 - — 7 0 7 0 7 14 1 43

3 — — 4 0 5 0 5 0 4 0

Overal — — 28 7 28 25 28 32 27 37
[0154] As shown in Table 1, 18 of the 30 subjects in the

study completed the dose escalation to 400 mg bid at week
5. The proportion of those 18 subjects who show improve-
ment (i.e. response) and robust improvement in Vanderbilt
ADHD scores at week 5 compared to the pre-study baseline
or to the week 1 placebo baseline is shown in Tables 7 and
8 and FIGS. 7 and 8, respectively.

Week 1 Week 2 Week 3 Week 4 Week 5
Tier N % N % N % N % N %
Relative to Pre-Study (Enrollment) Baseline
1 9 56 9 56 9 89 9 89 9 89
2 5 40 5 20 5 20 5 20 5 80
3 3 0 3 33 3 0 3 0 3 67
Overall 17 41 17 41 17 53 17 53 17 82
Relative to Placebo (Week 1) Baseline
1 — — 9 22 9 4 9 44 9 56
2 — — 5 0 5 20 5 20 5 60
3 — — 3 33 3 33 3 0 3 0
Overall — — 17 14 17 36 17 36 17 57
TABLE 8
Number and Percent of Subjects Completing the Dose
Escalation to 400 mg bid that Show Robust Improvement
in Vanderbilt ADHD Scores Compared to Pre-Study
Baseline and Week 1 Placebo Baseline
Week 1 Week 2 Week 3 Week 4 Week 5
Tier N % N % N % N % N %
Relative to Pre-Study (Enrollment) Baseline
1 9 22 9 44 9 4 9 56 9 67
2 5 20 5 20 5 0 5 20 5 20
3 3 0 3 33 3 0 3 0 3 33
Overall 17 18 17 35 17 24 17 35 17 47
Relative to Placebo (Week 1) Baseline
1 — — 9 11 9 4 9 33 9 33
2 — — 5 0 5 0 5 0 5 40
3 — — 3 33 3 0 3 0 3 0
Overall — — 17 7T 17 29 17 21 17 36
[0155] Based on the data in Table 1, the mean change in

PERMP score from pre-study baseline to week 5 was
negative 3.43. When analyzed based on genetic tier, there
were no significant differences from the overall mean
change. Those in Tiers 1 and 2 had a mean change in
PERMP of negative 3.0 (mean of negative 3.35 for Tier 1
and negative 2.14 for Tier 2) while those in Tier 3 had a
mean change of negative 5.17. While the PERMP scores
showed little change, this may be due at least in part to
uncontrolled environmental factors due to the way in which
the PERMP test was conducted. The test was conducted at
the time of clinic visits and thus, for each subject, was not
necessarily given at the same time post dose or same time of
day from one week to the next. The test was also conducted
during a clinic visit and not in a classroom setting. Thus,
clinic waiting room distractions, for example, could have
varied from one visit to the next and were not controlled.

[0156] Owverall, the parent-assessed Vanderbilt ADHD
scores show that about 75-80% of the subjects had at least
a 25% reduction in score at the end of the dose escalation
phase of the study (i.e., the end of week 5) compared to
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pre-study baseline. About 63% of subjects showed a robust
improvement, i.e., a change in Vanderbilt ADHD score of at
least 40%. In addition, about 80-85% of subjects showed a
CGI-I score of 1 or 2 at week 5, indicating that they were
much improved or very much improved by week 5 of the
study compared to pre-study baseline. PERMP results did
not show significant change over the course of the study.
[0157] The results from actigraphy demonstrated signifi-
cant reduction in bursts of medium/high intensity move-
ments at the highest dose of NFC-1 (400 mg bid) in
comparison with placebo (P<0.001). As shown in FIGS.
9a-9¢, the observed reduction in moderate to vigorous
physical activity (MVPA) from week 1 (placebo) to week 5
for genetic Tier-1 (FIG. 9a); genetic Tier-2 (FIG. 95); and
genetic Tier-3 (FIG. 9¢) was most prominent in 400 mg bid
dose group.

[0158] The results from the QUOTIENT® ADHD test
demonstrated a high level of noise. Nonetheless, as shown in
FIG. 10, clinical trial subjects in the Tier-1 genetic group had
significant improvement in the test’s measure of inattention
between week 1 (placebo) and week 5 (400 mg twice daily)
as can be seen by the reduction in inattention in the Tier-1
group (P<0.05) from a normalized inattention value of just
over 100 to about 90 between weeks 4 and 5 of the dose
escalation.

[0159] Subjects 110 and 127 of the study, both in genetic
Tier 1, have either a deletion or a duplication at 22q that
comprises the RANBP1 gene, an interactor of mGIluR3, and
thus have a 22q syndrome in addition to a diagnosis of
ADHD. Both subjects completed the entire dose escalation
to 400 mg bid by week 5 of the study. Subject 110 had a
measured 1Q of 91 prior to the study, showed a 1-point
improvement in CGI-S by week 5 compared to week 1
indicating a change from moderately to mildly ill, and a
CGI-I of 2 indicating much improvement. Subject 110 also
showed a change in Vanderbilt ADHD score of 5 points from
22 to 17 by week 5 compared to week 1.

[0160] Subject 127 had a measured 1Q of 65 prior to the
study, had a CGI-S of 6 at week 1 indicating a severe disease
and improved 2 points in CGI-S to 4, denoting moderate
disease by week 3 and maintained that improvement through
to week 5. Subject 127, like subject 110, also had a CGI-1 of
2, indicating that the subject was much improved in the
clinician’s opinion by end of the dose escalation. Subject
127 also showed a robust decrease in Vanderbilt ADHD
score at week 3 from 44 to 25, although no Vanderbilt
ADHD score was provided at week 4, and the score at week
5 was 33. The overall CGI, Vanderbilt ADHD and PERMP
results for subjects 110 and 127 are shown in the table below.
Both of these 22Q subjects had improvement in 22Q symp-
toms while taking NFC-1, including improvements in abnor-
mal social skills/interactions, lack of engagement, anxiety,
mood swings, depression, inattention, hyperactivity and
reduced performance at school (in life in general). Thus,
NFC-1 is useful in 22q syndrome patients.

TABLE 9

‘Weekly Data for 22 Syndrome Subjects 110 and 127

Test Enrollment Week 1 Week 2 Week 3 Week 4 Week 5

Subject 110

CGI-S 4
CGI-I

4 4 4 3

4
4 3 2 2 2
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TABLE 9-continued

Weekly Data for 22q Syndrome Subjects 110 and 127
Test Enrollment Week 1 Week 2 Week 3 Week 4 Week 5
Vanderbilt 33 22 20 17 16 17
PERMP 36.5 45 55 51 75 71

Subject 127

CGI-S 5 6 6 4 4 4
CGI-1 — 6 3 2 2 2
Vanderbilt 41 44 45 25 nd 33
PERMP 60.5 78 167 68 72 64
“nd” indicates no data submitted and “— indicates measurement not taken.

[0161] Thirteen out of the thirty subjects enrolled in the
trial demonstrated symptoms of ODD as well as ADHD.
Subjects were identified as ODD from the K-SADS-P V6
performed at screening and Vanderbilt scores for ODD at
screening and at week 1 (scores of 2 or 3 on at least 4 of the
8 Vanderbilt items that assess ODD, i.e., items 19 to 26). By
the end of the dose escalation phase of the trial at week 5,
four of the twelve subjects (nos. 108, 117, 125, and 128) no
longer met the screening criteria for ODD. Of the remaining
eight, four showed improvements of 2 or more points from
week 1 to week 5.

[0162] Subject 108, whose enrollment and week 1 placebo
baseline scores on items 19-26 (“Vanderbilt ODD scores”™)
were 23 and 19, respectively, out of a maximum score of 24,
by the end of week 5 had a score of 7 out of 24 with no
individual scores above 2. Subject 117 had a placebo base-
line Vanderbilt ODD score of 19 and a week 5 score of 8
with only one question with a score of 2. Subject 128 had
enrollment and placebo Vanderbilt ODD baseline scores of
23 and 24, respectively that fell to 8/24 by week 5 with no
individual score above 1. In addition, by the end of week 5,
the Vanderbilt ODD scores for all 13 of the subjects were
improved from week 1 to week 5. Fleven out of the 13
subjects showed improvement of at least 3 points while 6 out
of the 13 showed improvement of at least 8 points from
week 1 to week 5.

[0163] In addition, 3 out of the 13 subjects screening
positive for ODD at enrollment were on anti-psychotic
medications both at enrollment and throughout the study.
Subjects 111 and 126 were on Abilify® (aripiprazole) while
subject 122 was on Risperdal® (risperidone). The Vanderbilt
ODD scores for each of those 3 subjects nonetheless
improved between weeks 1 and 5.

[0164] One subject screening positive for ODD (no. 130)
also screened positive for conduct disorder (CD), based on
scores of 2 or 3 for 3 out of the 15 behaviors assessed by
items 27-40 of the Vanderbilt Scale at enrollment and again
at week 1. By week 5, that individual’s Vanderbilt ODD
score improved by 3 points from 24/24 at week 1 to 21/24
and Vanderbilt CD score improved by 4 points from 16/16
at week 1 to 12/16 at week 5.

[0165] Certain subjects in the study also displayed other
co-morbid phenotypes such as anxiety, depression, mood
disorders, and sleep disturbances such as insomnia, accord-
ing to the information recorded in the enrollment and week
1. Two subjects had maximum scores of 3 on 2 of the 3
Vanderbilt items 41, 42, and 47 that are related to anxiety at
enrollment. At week 5, these subjects scored 3 on all 3 items.
One of those subjects also scored 3 on 3 of the 4 Vanderbilt
items related to depression (items 43-46) at enrollment and
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scored 3 on all 4 items at week 1. By week 5, this subject
scored either 1 or 2 on all 4 items, indicating improvement
in depression symptoms.

[0166] Results of the BRIEF scale were also analyzed for
changes in anxiety/mood scores in all 30 subjects. The
BRIEF scale, performed by parents, includes a set of items
that relate to anxiety and mood, specifically the following:

[0167] 1. Over-reacts to small problems;
[0168] 6. Upset with new situations;
[0169] 7. Explosive-angry outbursts;

[0170] 12. Upset by changes in plans;

[0171] 13. Disturbed by change of teacher/class;

[0172] 20. Easily tearful;

[0173] 23. Resists change of routine, foods, plans;

[0174] 25. Outbursts for little reason;

[0175] 26. Mood changes frequently;

[0176] 30. Trouble getting used to new situations;

[0177] 45. Reacts more strongly to situations than other

children;
[0178] 50. Mood easily influenced by situation;
[0179] 62. Angry or tearful outbursts are intense but end
suddenly;

[0180] 64. Small events trigger big reactions; and

[0181] 70. Becomes upset too easily.
[0182] The answers to these questions are scored as
“never,” “sometimes,” or “often.” The BRIEF test was
administered at enrollment and again after each week of the
dose escalation treatment from placebo week to week 5. All
scores for all 30 subjects for each question above were added
up for enrollment and week 5, giving 1 point for each
“never” or “often” score. It was found that the total “never”
score for all questions for all subjects at enrollment was 125
and at week 5 was 191, showing a trend toward improve-
ment. Similarly, the total “often” score at enrollment was
154 while the total “often” score at week 5 was 77, again
showing a trend toward improvement in anxiety and mood
symptoms.

Example 2: Phase 2 Study of Treatment of ADHD
Patients with CNVs in mGluR Network Genes with
NFC-1 (Fasoracetam Monohydrate)

[0183] A randomized, double-blind, placebo-controlled,
parallel-group phase 2 study of ADHD subjects 12-17 years
old is conducted to compare the safety and efficacy of
NFC-1 with that of placebo. Approximately 90 male and
female subjects will receive randomized treatment with
NFC-1 or placebo to obtain 80 subjects that complete the
study as planned. Subjects have ADHD as defined by the
Diagnostic and Statistical Manual of Mental Disorders, 5th
edition (DSM-5) and Version 5 of the Attention Deficit
Hyperactivity Disorder Rating Scale (ADHD RS-5)>28 at
Baseline with or without conventional ADHD therapy.
About 45 subjects will be in each treatment group.

[0184] Subjects will be randomly assigned to receive
either NFC-1 or placebo on Day -1 and will start taking the
product at a dose of 100 mg twice daily on Day 1. Dosing
will be optimized to 100 mg, 200 mg, or 400 mg twice daily,
as appropriate, over the 4 weeks of treatment (dose optimi-
zation phase), based on clinical response and tolerability. If
the subject tolerates a dose well, the dose will be maintained
for an additional 2 weeks (dose maintenance phase) when
the primary assessments of efficacy and tolerability will be
performed. Efficacy will be assessed by the ADHD rating
scale score, CGI-I, CGI-S, the Adolescent Sleep Hygiene
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Scale (ASHS), and the Screen for Childhood Anxiety-
related Emotional Disorders (SCARED). The ASHS is a
self-report questionnaire assessing sleep practices theoreti-
cally important for optimal sleep in adolescents aged 12
years of age. It assesses physiological (e.g., evening caffeine
consumption), cognitive (e.g., thinking about things that
need to be done at bedtime), emotional (e.g., going to bed
feeling upset), sleep environment (e.g., falling asleep with
the lights on), sleep stability (e.g., different bedtime/wake
time pattern on weekdays and at weekends), substance use
(e.g., evening alcohol use), daytime sleep (e.g., napping),
and having a bedtime routine. The SCARED is a child
self-report instrument for ages 8-18 years used to screen for
childhood anxiety disorders including general anxiety dis-
order, separation anxiety disorder, panic disorder, and social
phobia. In addition, it assesses symptoms related to school
phobias. The SCARED consists of 41 items and 5 factors
that parallel the DSM-IV classification of anxiety disorders.
The scale has good internal consistency, test-retest reliabil-
ity, and discriminant validity, and it is sensitive to treatment
response. Safety and adverse events will also be assessed
during the study.

Example 3: A 12-Week, Double-Blind,
Placebo-Controlled, Randomized Withdrawal Study
of NFC-1 (Fasoracetam Monohydrate) in Subjects

with 22q11.2 Deletion Syndrome

[0185] A 12-week Phase I trial will be conducted to assess
safety and tolerability of twice-daily oral doses of NFC-1 in
subjects 12-17 years with 22q11.2 deletion syndrome
(22q11DS) with concomitant neuropsychiatric disease:
ADHD and/or autism spectrum disorder (ASD). Five weeks
of'open-label dose optimization will be followed by 7 weeks
of' double-blind, placebo-controlled, randomized withdrawal
assessment in subjects 12-17 years old. About 40 subjects
will be initiated, dose optimized, and maintained on NFC-1
over a period of 5 weeks.

[0186] Doses will be administered orally twice daily and
will be optimized to 50. 100, 200 or 400 mg twice daily as
appropriate over the initial 5 weeks. Response to treatment
is defined as achieving significant improvement in symp-
toms as indicated by a CGI-I score of <3 and a CGI-S score
of <4 after 5 weeks of dose optimization.

[0187] At the end of Week 5, subjects will be randomized
to NFC-1 or placebo if they have a CGI-I score of <3 and a
CGI-S score of <4 (responders) in order to conduct the
7-week withdrawal phase of the trial. Subjects in the with-
drawal phase will then be assessed for maintenance of
efficacy or treatment failure (defined as a 2 or more-point
increase in CGI-S compared to scores at the end of Week 5)
over the subsequent 7 weeks. Subjects experiencing a
relapse (defined as an increase of at least 2 points on the
CGI-S score at the end of Week 5) will discontinue treat-
ment.

[0188] Efficacy and the effect of NFC-1 on individual
symptoms will be assessed using CGI-I, CGI-S, ADHD
rating scale score, the Pediatric Anxiety Rating Scale
(PARS), Aberrant Behavior Checklist (ABC), and the Child-
hood Autism Rating Scale 2 (CARSTM-2). The ABC test is
a symptom checklist for assessing problem behaviors in
individuals with mental retardation. It involves clinical
assessment of the person’s degree of mental retardation,
medical status, and current medical condition and involves
assessment of 58 specific symptoms to be conducted by
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parents, educators, psychologists, nurses or physicians with
knowledge of the subject. Among the behaviors assessed are
irritability/agitation, lethargy/social withdrawal, stereotypic
behavior, hyperactivity/noncompliance, and inappropriate
speech. PARS is a clinician-rated scale of anxiety symptoms
in pediatric subjects consisting of a list of 50 anxiety related
symptoms. Each of the 50 items is scored on a scale of 0 to
5 with O indicating no symptoms and 5 indicating severe
symptoms. The CARSTM-2 rating scale is a question-based
scale that helps to assess symptoms of childhood autism.
The scale is given in points of 1 for normal, 2 for mildly
abnormal, 3 for moderately abnormal, and 4 for severely
abnormal. The questionnaire assesses 15 items such as
relating to people, imitation, emotional response, adaptation
to change, visual response, listening response, fear/nervous-
ness, verbal and non-verbal communication, and activity
level. Scores range from 15 to 60, depending on the score for
each item (1-4).

Example 4: Blind Screen of Biorepository Samples
for mGluR Network CNVs and Link to ADHD
Diagnosis

[0189] A total of 3445 biorepository samples from the
biorepository at the Center for Applied Genomics at Chil-
dren’s Hospital of Philadelphia having records of psychiatric
evaluation were studied to determine how many of the
samples have one or more CNVs in a Tier 1 or 2 mGluR
network gene. The genotype tester/analyzer was not aware
of the subject’s psychiatric diagnosis while performing the
CNV analysis. A goal of the study was to estimate the
predictive value of CNVs in mGluR network genes by
analyzing how many of the CNV positive samples had been
previously confirmed from the accompanying psychiatric
evaluation data to have ADHD. Of the 3445 samples, 155
were confirmed to have at least one CNV in a Tier 1 or Tier
2 mGluR network gene, or about 4.5%. Of the 155 having
a CNV in a Tier 1 or 2 mGluR network gene, 138 were
previously confirmed to have ADHD, whereas there were no
such records for the remaining 17 subjects. In addition,
about 60% of the 138 ADHD subjects also had co-morbid
anxiety symptoms.

[0190] Ofthe 17 subjects for whom there were no records,
14 families were successfully contacted and questioned as to
whether the subject had been diagnosed with ADHD. 13 of
the 14 families confirmed that the subject indeed had been
diagnosed with ADHD. Note that one of the 13 had Down
Syndrome, and was considered negative for ADHD for
purposes of this study. Thus, overall, of the 155 subjects with
at least on CNV in an mGluR network gene, 138+12 subjects
(150), or about 97%, also had been diagnosed with ADHD,
while there was no data for 3 of the remaining 5 subjects.
These data indicate that presence of a CNV in a Tier 1 or 2
mGluR network gene may be a powerful indicator of ADHD
in pediatric subjects.

Example 5: Study of Phenotypes Associated with
mGluR Network CNVs

[0191] A total of 1,000 ADHD patients aged 6-17 years
were enrolled in a trial to consider phenotypes that may be
associated with CNVs in Tier 1 or 2 mGluR network genes.
Study sites collected saliva for a DNA sample. Each DNA
sample was then subjected to DNA extraction, genetic
sequencing, and biobanking of DNA.
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[0192] Genetic sequencing results together with medical
history were used to evaluate genotype (based on genetic
sequencing) and phenotype (based on interviews conducted
by a clinician with the subject’s parent(s)/guardian(s)). Sub-
jects had ADHD as defined by the Diagnostic and Statistical
Manual of Mental Disorders, 5th Edition (DSM-V).

[0193] A single clinician, blinded to the genotype data,
provided a series of questions related to potential behavioral
or health phenotypes to the parent(s) or legal guardian(s) of
the subjects. For each individual phenotype, the parent/
guardian was asked: “Is this a current concern” and a Yes or
No answer was collected. The clinician determined the
frequency of Yes and No responses to generate phenotype
data.

[0194] The study found that prevalence of anger control as
a current concern was 58.9% in ADHD subjects with a Tier
1 or 2 mGluR network gene CNV but only 47.4% in ADHD
subjects without such an mGluR network gene CNV. This
difference was statistically significant (odds ratio of 1.59,
P=0.003). This odds ratio of greater than 1 implies a higher
prevalence of current anger control concerns in ADHD
subjects who had a Tier 1 or 2 mGluR network gene CNV
versus those without such a CNV.

[0195] The prevalence of disruptive behavior as a current
concern for parents was 57.1% in ADHD subjects with a
Tier 1 or 2 mGluR network gene CNV and 43.9% in ADHD
subjects without such an mGluR network gene CNV. This
difference was also statistically significant (odds ratio of
1.70, P<0.001), indicating a higher prevalence of current
disruptive behavior concerns in ADHD subjects who also
had an mGluR network gene mutation versus those without
a mutation.

Example 6: Copy Number Variation in mGIluR
Network Genes in ADHD Subjects with Co-Morbid
Disorders

[0196] Samples from 2707 known ADHD pediatric sub-
jects (mean age of about 10-10.5 years) were genotyped on
550/610 Illumina chips to determine if they have one or
more CNVs in Tier 1 or Tier 2 genes. The 2707 subjects
included 759 females and 1778 males of African American
or white ethnicity (1063 and 1483, respectively). 430 of the
2707 subjects (16.9%) had at least one CNV in an mGIluR
Tier 1 or Tier 2 gene.

[0197] The 2707 subjects’ records were also checked to
determine if they had co-morbid diagnoses according to the
World Health Organization International Classification of
Diseases 9th Edition (ICD-9). Of the 2707 subjects, 1902
(about 70%) had comorbidities while 805 did not. Of those
1902 subjects with comorbidities, about 30% had more than
one comorbidity, and about 20% had two or more, while
smaller percentages had larger numbers of comorbidities.
[0198] The most prevalent comorbidities, each occurring
in more than 100 of the subjects, are listed in Table 10. The
table lists the comorbidities by ICD-9 code and provides the
number of cases among the 2707 subjects (column titled
“N”) and name for each co-morbid condition or disorder.

TABLE 10

The most prevalent comorbiditie

ICD-9 Code N Name

N_299.00 342 Autistic disorder, current or active state
N_299.80 267 Other specified pervasive developmental disorders,
current or active state
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TABLE 10-continued

The most prevalent comorbidities

ICD-9 Code N Name

N_299.90 179 Unspecified pervasive developmental disorder,
current or active state

N_300.00 407 Anxiety state unspecified

N_311 244 Depressive disorder not elsewhere classified

N_3129 568 Unspecified disturbance of conduct

N_313.81 313 Oppositional defiant disorder (ODD)

N_314.9 120 Unspecified hyperkinetic syndrome of childhood

N_315.2 320 Other specific developmental learning difficulties

N_315.31 189 Expressive language disorder

N_315.32 157 Mixed receptive-expressive language disorder

N_315.39 327 Other developmental speech disorder

N_3154 116 Developmental coordination disorder

N_315.5 160 Mixed development disorder

N_315.8 398 Other specified delays in development

N_315.9 479 Unspecified delay in development

N_319 110 Unspecified intellectual disabilities

[0199] The comorbidies in Table 10 tend to cluster into a

few different groups: disorders related to anxiety, depres-
sion, or mood; prevalent developmental disorders; less
prevalent developmental disorders; and autism and related
disorders.

[0200] The genotype data and the comorbidity data were
then combined to determine how many of the subjects with
CNVs in Tier 1 or 2 mGIluR network genes also had
comorbidities. It was found that 316 of the subjects with
such a CNV also had at least one comorbidity (about 18%
of the CNV-positive subjects or about 12% of the total
subjects) while 114 of the subjects without a Tier 1 or 2
mGluR network gene CNV had at least one comorbidity
(about 15% of the CNV-negative subjects or about 4% of the
total subjects). This difference showed a P value of 0.118.
Thus, comorbidities tended to be more common in CNV-
positive than in CNV-negative subjects overall. When only
subjects identifying as white ethnicity are considered, there
was a highly significant correlation between mGluR CNVs
and ADHD comorbidities. Specifically, 218 of 1483 subjects
had at least one CNV in a Tier 1 or 2 mGluR network gene,
and, of those 218 subjects, 169 also had a comorbidity
whereas 49 did not. That difference showed a P value of
0.004.

[0201] The foregoing written specification is considered to
be sufficient to enable one skilled in the art to practice the
embodiments. The foregoing description and Examples
detail certain embodiments and describes the best mode
contemplated by the inventors. It will be appreciated, how-
ever, that no matter how detailed the foregoing may appear
in text, the embodiment may be practiced in many ways and
should be construed in accordance with the appended claims
and any equivalents thereof.

[0202] As used herein, the term about refers to a numeric
value, including, for example, whole numbers, fractions, and
percentages, whether or not explicitly indicated. The term
about generally refers to a range of numerical values (e.g.,
+/=-5-10% of the recited range) that one of ordinary skill in
the art would consider equivalent to the recited value (e.g.,
having the same function or result). When terms such as at
least and about precede a list of numerical values or ranges,
the terms modify all of the values or ranges provided in the
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list. In some instances, the term about may include numeri-
cal values that are rounded to the nearest significant figure.
1. (canceled)
2. (canceled)
3. (canceled)
4. (canceled)
5. (canceled)
6. (canceled)
7. (canceled)
8. (canceled)
9. (canceled)
. (canceled)
. (canceled)
. (canceled)
. (canceled)
. (canceled)
. (canceled)
. (canceled)
. (canceled)
. (canceled)
. (canceled)
. (canceled)
. (canceled)
. (canceled)
. (canceled)
. (canceled)

25. A method of treating attention deficit hyperactivity
disorder (ADHD) in a subject comprising administering
fasoracetam to a subject who has a copy number variation
(CNV) in at least one metabotropic glutamate receptor
(mGluR) gene at a dose of 100-400 mg twice daily, thereby
treating ADHD.

26. The method of claim 25, wherein the fasoracetam is
administered at a dose of 100-200 mg twice daily.

27. (canceled)

28. (canceled)

29. The method of claim 25, wherein the subject has
CNVs in at least two mGluR network genes.

30. The method of claim 25, wherein the subject is a
pediatric or adolescent subject.

31. (canceled)

32. (canceled)

33. (canceled)

34. (canceled)

35. (canceled)

36. (canceled)

37. (canceled)

38. (canceled)

39. (canceled)

40. The method of claim 25, wherein the subject has a
CNV in at least one Tier 1 mGluR network gene.

41. The method of claim 25, wherein the subject has a
CNV in at least one Tier 2 mGluR network gene.

42. (canceled)

43. The method of 25, wherein the subject does not have
a CNV in any of GRM1, GRM2, GRM3, GRM4, GRMS5,
GRM6, GRM7 or GRMS.

44. The method of claim 25, wherein the subject has at
least one CNV in a Tier 1 or Tier 2 mGluR network gene but
does not have a CNV in a Tier 3 mGluR network gene.

45. The method of claim 25, wherein treating ADHD in
the subject comprises reducing at least one of inattentive-
ness, hyperactivity, or impulsiveness.
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46. The method of claim 25, wherein the subject has one
or more of the following changes in symptoms after at least
four weeks of treatment with the fasoracetam:

a. the subject has symptoms of difficulty controlling anger

and the anger control symptoms are reduced;

b. the subject has symptoms of disruptive behavior and
the disruptive behavior symptoms are reduced;

c. the subject’s CGI-I is reduced by at least 1;

d. the subject’s CGI-I score after is 1 or 2;

e. the subject’s CGI-S score is 1;

f. the subject’s ADHD Rating Scale score is reduced by at
least 25%

g. the subject has symptoms of inattentiveness and the
inattentiveness symptoms are reduced;

h. the subject has symptoms of hyperactivity and the
hyperactivity symptoms are reduced;

i. the subject has symptoms of impulsiveness and the
impulsiveness symptoms are reduced;

j. the subject has symptoms of anger and irritability,
argumentation and defiance, and/or vindictiveness-and
the symptoms are reduced; and

k. the subject has symptoms of movement disorder and
the movement disorder symptoms are reduced.

47. A method of treating 22q deletion and/or duplication
syndrome in a subject comprising administering an effective
amount of fasoracetam a subject with 22q deletion and/or
duplication syndrome, thereby treating 22q deletion and/or
duplication syndrome.

48. The method of claim 47, wherein the subject has a
CNV in RANBPI.

49. The method of claim 47, wherein the subject has a
deletion or a duplication at 22q11.2.

50. The method of claim 47, wherein the subject has a
CNV in a Tier 1, Tier 2, or Tier 3 mGluR network gene.

51. The method of claim 47, wherein the subject has
attention deficit hyperactivity disorder (ADHD).

52. The method of claim 47, wherein the subject is a
pediatric or adolescent subject.

53. (canceled)

54. (canceled)

55. The method of claim 47, wherein the fasoracetam is
administered at a dose of 100-400 mg twice daily.

56. The method of claim 55, wherein the fasoracetam is
administered at a dose of 100-200 mg twice daily.

57. (canceled)

58. (canceled)
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. (canceled)
. (canceled)
. (canceled)
. (canceled)
. (canceled)
. (canceled)
. (canceled)

66. The method of claim 47, wherein the fasoracetam is
administered in an amount effective to result in a clinical
general impression-improvement (CGI-I) score of 1 or 2
and/or an improvement of at least 25% in an ADHD rating
scale score after four weeks of treatment in a majority of
subjects of at least one clinical trial.

67. The method of claim 47, wherein 22q deletion and/or
duplication syndrome is deemed treated if at least one of
impulsiveness, hyperactivity, or inattentiveness is improved
in the subject.

68. The method of claim 47, wherein the subject does not
have a CNV in any of GRMI1, GRM2, GRM3, GRM4,
GRMS, GRM6, GRM7 or GRMS.

69. (canceled)

70. (canceled)

. (canceled)
. (canceled)
. (canceled)
. (canceled)
. (canceled)
. (canceled)
. (canceled)
. (canceled)
. (canceled)
. The method of claim 25, wherein the fasoracetam is
administered in an amount effective to result in an improve-
ment of at least 40% in an ADHD rating scale score after
four weeks of treatment in a majority of subjects of at least
one clinical trial.

81. The method of claim 47, wherein the fasoracetam is
administered in an amount effective to result in an improve-
ment of at least 40% in an ADHD rating scale score after
four weeks of treatment in a majority of subjects of at least
one clinical trial.

82. The method of claim 25, wherein the fasoracetam is
administered at a dose of 200-400 mg twice daily.

83. The method of claim 47, wherein the fasoracetam is
administered at a dose of 200-400 mg twice daily.
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