
Supplementary Information 
 

SHANK3 and IGF1 restore synaptic deficits in neurons from 22q13 deletion 
syndrome patients 

Aleksandr Shcheglovitov, Olesya Shcheglovitova, Masayuki Yazawa, Thomas Portmann, Rui Shu, 
Vittorio Sebastiano, Anna Krawisz, Wendy Froehlich, Jonathan A. Bernstein, Joachim Hallmayer, 
Ricardo E. Dolmetsch 

 

Supplementary Figure 1 Verification of deletion in cells from PMDS patients 

Supplementary Figure 2 Characterization of iPS cells 

Supplementary Figure 3 Neural differentiation protocol 

Supplementary Figure 4 Expression of neuronal cell markers 

Supplementary Figure 5 Characterization of single cell gene expression profiles 

Supplementary Figure 6 Characterization of iPS cell-derived neurons expressing CaMKII-GFP 

Supplementary Figure 7 Map2 expression in cultures in iPS cell-derived neurons 

Supplementary Figure 8 Voltage deflections induced by GABA application  

Supplementary Figure 9 Currents induced by GABA application 

Supplementary Figure 10 Expression of SHANK3 proteins at different stages of differentiation 

Supplementary Figure 11 Characterization of SHANK3 expression in infected PMDS neurons  

Supplementary Figure 12 Characterization of inhibitory synaptic transmission after IGF1 treatment 

Supplementary Figure 13 Measurements of input resistance 

Supplementary Figure 14 Currents induced by NMDA and AMPA applications after IGF1 treatment 

Supplementary Figure 15 Characterization of SHANK3 expression after IGF1 treatment 

Supplementary Figure 16 Localization of SHANK3 and PSD95 proteins in human neurons 

Supplementary Table 1 Characterization of PMDS patients 

Supplementary Table 2 Summary of MLPA assay 

Supplementary Table 3 Summary of performed experiments 

Supplementary Table 4 Characterization of functional properties of iPSC-derived neurons 

Supplementary Table 5 List of primers used for qRT-PCR 

References  
 



49.630.2

PROBES

Patient 1: 871 Kb

Patient 2: 825 Kb

Chromosome 22: 49.691 Mb

p13
p11.2

q13.31
q13.2

q13.1
q12.3

q12.1

q11.22

q11.21

EI
F4

EN
IF

1
LA

RG
E

C
A

C
N

G
2 

Ex
1

C
A

C
N

G
2 

Ex
4

C
A

RD
10

C
D

C
42

EP
1

G
G

A
1

M
A

P3
K7

IP
1

EP
30

0 
Ra

nG
ap

1 
Ex

1
Ra

nG
ap

1 
Ex

16
C

YB
5R

3
A

RH
G

A
P8

 E
x2

A
RH

G
A

P8
 E

x1
2

G
TS

E1
 E

x2
G

TS
E1

 E
x7

A
LG

12
M

LC
1 

Ex
6

M
LC

1 
Ex

13
PL

X
N

B2
SB

F1
 E

x4
SB

F1
 E

x1
6

EC
G

F1
 E

x2
A

RS
A

M
A

PK
8I

P2
C

PT
1B

 E
x1

C
PT

1B
 E

x1
9

A
C

R 
Ex

1

SH
A

N
K3

 E
x3

A
C

R 
Ex

3

SH
A

N
K3

 E
x1

0
SH

A
N

K3
 E

x1
7

SH
A

N
K3

 E
x2

2
RA

BL
2B

 E
x9

A
RA

BL
2B

 E
x9

B

0.0

0.5

1.0

control (NH)

control (IM)

patient1

patient2

IM
Fib

1927Fib

1927-8

1927-1
0

1927-1
1

1927-1
2

2631Fib

2631-3

2631-5
0.0

0.5

1.0

1.5

Patient 1 Patient 2

control

Re
la

ti
ve

 S
H

AN
K3

 g
D

N
A

 le
ve

l

a

N
or

m
al

iz
ed

  M
LP

A
 d

at
a

b

Supplementary Figure 1

!"#$%$&'($)*+)%+,"-"($)*.+$*+&"--.+%#)/+0123+4'($"*(.5+'!"#$%&'(%)*"+',-&'./"01.2)"34(%'5'6-&'./"377-8"9#+03:"./"
(-&')/&"-/;"6./&1.%",<=3";)4./7&1-&)7" &>)">-(%.'/7$55'6')/68".5",)/)7" 51.4"(-&')/&7"?'&>"@@ABC";)%)&'./7!" &.(D"
E1-(>'6-%"1)(1)7)/&-&'./".5"F>1.4.7.4)"@@"-/;"&>)"1),'./"6.G)1);"28"&>)"#+03"(1.2)7!"2.&&.4D"H>)"4'/'4$4"
;)%)&);"1),'./"'7"7>.?/"'/"1);D"#+03"?-7"()15.14);"5.%%.?'/,"&>)"4-/$5-6&$1)1I7"(1.&.6.%"9J3+J3"#+03"K'&"0BLLM
NB"@@ABCO"#PFMQ.%%-/;!"347&)1;-4!"=)&>)1%-/;7:D"<-&-"?)1)"-6A$'1);"$7'/,"-"6-('%%-18"7)A$)/6)1"-/;"/.14-%M
'R);"28";'G';'/,"&>)"()-K"-1)-".5")-6>"(1.2)I7"-4(%'5'6-&'./"(1.;$6&"28"&>)"&.&-%"-1)-".5"&>)"1)5)1)/6)"(1.2)7"9/"S"C"
M"BT",<=3")*&1-6&7:D"<-&-"(1)7)/&);"-7"4)-/7"U"7D)D4D"01.2)"(.7'&'./7"-1)"2-7);"./"&>)"=FNVCWX>,BL",)/.4)"
-77)42%8"9>&&(YXX,)/.4)D$676D);$X:D"6!"P);$6);"%)G)%".5"!"#$%&",<=3";)&)6&);"'/"(-&')/&7I"5'21.2%-7&7"-/;"'0J"
6)%%7"$7'/,"A0FP"?'&>"JQ3=ZC)*@@"(1'4)17+9/.14-%'R);"&."BLJ:D



a b c

1

19 20 21 22 X Y

2 3 4 5

6 7 8 9 10 11 12

13 14 15 16 17 18

e

NANOG
Hoechst

Supplementary Figure 2

!"#$#%&'$()#&(*+,*-,(./,%'0012,# 34%!"
#$%&$'$()*)+,$"+-*.$'"/0"1234"+14"5$66"5/6/(7"+--8(/')*+($9":+);"<&*=>=?@ABC"D3
E*(/."D% 5!,F#<=1G#"9$)$5)+/("/0"$H%&$''+/("/0"$H/.$(/8'")&*('5&+%)+/("0*5)/&'"D4IJ>!"

#$%&$'$()*)+,$"+-*.$"/0"'%$5)&*6"K*&7/=

-!"#$%&$'$()*)+,$"+-*.$'"/0")$&*)/-*"'$5)+/('"0/&-$9"L=M":$$K'"*0)$&"

Ectoderm Mesoderm Endoderm

H
9

N
H

1-
1

IM
23

-9
19

27
-8

19
27

-1
0

19
27

-1
1

19
27

-1
2

26
31

-3
26

31
-5

SO
KM

-F
b Fb

IG<LA?

H
9

N
H

1-
1

IM
23

-9
19

27
-8

19
27

-1
0

19
27

-1
1

19
27

-1
2

26
31

-3
26

31
-5

SO
KM

-F
b Fb

0.0

0.5

1.0

1.5

4IJ>

H
9

N
H

1-
1

IM
23

-9
19

27
-8

19
27

-1
0

19
27

-1
1

19
27

-1
2

26
31

-3
26

31
-5

SO
KM

-F
b Fb

NOP?

H
9

N
H

1-
1

IM
23

-9
19

27
-8

19
27

-1
0

19
27

-1
1

19
27

-1
2

26
31

-3
26

31
-5

SO
KM

-F
b Fb

5=2QG

Re
la

ti
ve

 e
xp

re
ss

io
n

d

f

TRA-2-49/6E
Hoechst



Supplementary Figure 3

!"#$%&'()**"$"+,)%,)-+'.$-,-/-&0'!"#$%"&#'# ()*+,-'.,)-#)/# .0)#12"3,)$%45# 1$+4,%6"&#12).)()4%# 786'*+"2%#".# '49:#
;<<=>#?'%1'2&#".#'49:#;<@<A9#B6"#12).)()4#&"3"4)1"&#+5#86'*+"2%#".#'49:#0'%#(6)%"-#+'%"&#)-#,.%#"//"(.,3"-"%%#,-#
()-3"2.,-C#,DE#("44%#,-.)#4'2C"45#F)G?@HD'GIJ1)%,.,3"#."4"-("16'4,(#-"$2)-'4#12"($2%)2%9#K#(5(4)1'*,-"#.2"'.*"-.#%."1#
0'%#,-.2)&$("&#+'%"&#)-#.6"#12).)()4#+5#?'%1'2&#".#'49:#06"2"#'$.6)2%#$%"&#(5(4)1'*,-"#.)#"//,(,"-.45#()-3"2.#*)$%"#
LE#("44%#,-.)#()2.,('4#"G(,.'.)25#-"$2)-%9
,DE#("44%#0"2"#($4.$2"&#,-#,DEJ*"&,$*#%$114"*"-."&#0,.6#+F?F#7MNO#E5%."*%A#)-#.)1#)/#8F@#/""&"2#("44%#'-&#$%"&#
/)2#-"$2'4#&,//"2"-.,'.,)-#+".0""-#1'%%'C"%#;<#'-&#I<9#,DE#("44#()4)-,"%#0"2"#.6"-#2"J14'."&#)-.)#;#(*#&,%6"%#12"J
()'."&#0,.6#*'.2,C"4#7PO:#@Q;<#,-#,DE#*"&,'A#'-&#'44)0"&#.)#2"'(6#'112)G,*'."45#I<RS<T#()-/4$"-("#,-#%.'-&'2&#,DE#
*"&,$*9#U-#&'5#@#7O@A:#C2)0.6#/'(.)2%#0"2"#0,.6&2'0-#'-&#-"$2)"(.)&"2*'4#/'."#0'%#,-&$("&#+5#'#VJWJ&'5J4)-C#,-($J
+'.,)-#,-#,DEJ*"&,$*#()-.',-,-C#,-6,+,.)2%#)/#EXKO#%,C-'4,-C:#EPYZ@VY;#7B)(2,%A:#'-&#O)2%)*)216,-#7B)(2,%A:#,-#.6"#
12"%"-("#)/#(5(4)1'*,-"#78'4+,)(6"*A9#U-#&'5#VJW:#*"&,$*#0'%#(6'-C"&#.)#.6'.#()-.',-,-C#'#*,G.$2"#)/#,DE#'-&#-"$J
2)-'4# *"&,$*# 7OXLXHF@;:# ;T# P;W# 786"-# ".# '49:# ;<<SA:# @T# 1"-,(,44,-J%.2"1.)*5(,-A# '.# .6"# /)44)0,-C# 2'.,)%#
7,DEH-"$2)-'4A#/)2#"'(6#&'5Q#O@:#WVH;V>#O;:#V<HV<>#OZ:#;VHWV>#'-&#OYQ#<H@<<:#'-&#%$114"*"-."&#0,.6#+F?F#'-&#L?F#
7MNO#E5%."*%A:#'-&#(5(4)1'*,-"9#U-#&'5#@<J@;:#(4$%."2%#0,.6#2)%".."%#0"2"#*"(6'-,('445#,%)4'."&#'-&#.2'-%/"22"&#
)-.)#;#(*#&,%6"%#12"J()'."&#0,.6#*'.2,C"4#7@Q;<#,-#-"$2)-'4#*"&,$*A#'-&#($4.$2"&#,-#-"$2)-'4#*"&,$*#%$114"*"-."&#
0,.6#(KXD#7B)(2,%A:#PO[F#7MNO#E5%."*%A:#[BZ#7MNO#E5%."*%A:#'-&#?O[F#7MNO#E5%."*%A#/)2#.6"#-"G.#;@J;S#&'5%9#

0"2"#*'&"#+5#,-J/2'*"#%$+%.,.$.,)-#)/#?FD#)2#*\'."#/)2#86M;#,-#K&&C"-"#14'%*,&#;<=YY#7]6'-C#".#'49:#;<<WAA9#U-#
&'5# Z@RY<:# DXOE# '-&# ()-.2)4# ("44%# "G12"%%,-C# &,//"2"-.# /4$)2"%("-.# 12).",-%# 0"2"# ()J14'."&# .)C".6"2# '.# ;G@<V#
("44%H0"44# ,-#;YJ0"44#14'."%#)-# .6"#+"&#)/#-")-'.'4# 2'.#()2.,('4#'%.2)(5."%#C2)0-#)-#@V#**#C4'%%#()3"2#%4,1%# ,-#[P#
*"&,$*#7[P#*"&,$*:#@<SSSJ<;;:#?,+()>#;T#P;W>#@T#^JC4$.'*,-"A9

iPSCs expansion Feeder free Induction Differentiation/
Maturation

Co-culture

iPS medium NB/B27

Amplification

1)**"$"+,)%,)-+'2,".2

3)4)+5

6"()#4

7#..&"4"+, Mechanical isolation Papaine

2 - 3 weeks

7#82,$%," Infection with CaMKII_GFP /mKate

D1 D5-7 D10-12

DMEM/F12/B27

D31-40

Dispase

FGF 10 ng/ml FGF 10 ng/ml
Y 27 10 ng/ml

DM 4 uM; SB431542 10 uM
Cyclopamine 1 uM

FGF 10 ng/ml; EGF 10 ng/ml
Cyclopamine 1 uM

BDNF 10 ng/ml; NT3 10 ng/ml
GDNF 10 ng/ml; cAMP 100 uM

CF1 !broblasts Matrigel Matrigel Astrocytes



Supplementary Figure 4

!"#$%&&'()*(+*)%,$()-.*/%..*0-$1%$&2*!"#$%&'()&**+,-%.&/&.%,0%1+00&)&-2%3&..%+1&-2+24%!5)6&)**75*%5**&**&1%84%9":;
<="%+-%3>.2>)&*%?@AB%C%@ADE%,0%<F@G%?-%H%I%8+,.,J+35.%)&(.+352&*E%5-1%3,-2),.%?-%H%K%8+,.,J+35.%)&(.+352&*E%+<G%3&..;

1&)+/&1%-&>),-*L%@525%5)&%()&*&-2&1%5*%!&5-*%M%*L&L!L%:N&)&%7&)&%-,%*252+*2+35..4%*+J-+0+35-2%1+00&)&-3&*%8&27&&-%

<F@G%5-1%3,-2),.%J),>(%!&5-*%5*%1&2&)!+-&1%84%G2>1&-2O*%2;2&*2P%(%Q%BLBDL

MAP2

VGlut1

VGlut2
OTX2

ETV1
Tbr1

Ctip
2

Satb
2

Cux1

GAD67
Vgat

GSH2

Nkx2.1
Lhx6

Dlx1
Dlx5

EN1
0

1

2

3

PMDS (n = 8)
Control (n = 6)

N
or

m
al

iz
ed

 to
 1

8S
, %



Supplementary Figure 5
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Supplementary Figure 7

contro
l

PM
DS

0

20

40

60

80

100

Pe
rc

en
ta

ge
 o

f n
eu

ro
ns

*

Control PMDS
MAP2
huNu

a b

Supplementary Figure 8 !"#$%&'( )'*#'+$,"-.( ,-)/+')( 01( 2343( %55#,+%$,"-6( !"#$%&'(
)'*#'+$,"-.(/'0'(1'%.20')(,-(0'.3"-.'($"(*"+%#(%33#,+%$,"-.("*(455(

3,3

.'%#

1 s

2 
m

V

GABA

Control PMDS
-10

0

10

Vo
lta

ge
 d

ef
le

ct
io

n,
 m

V

Control PMDS

Supplementary Figure 9

7/88'-$.(,-)/+')(01(2343(%55#,+%$,"-6(
%9(

(09(

-150

-100

-50

0

50

100

C
ur

re
nt

, p
A

-100 -50 0 50 100
, mV

1 s

50
 p

A

Control PMDS

Vm

GABA

a b

Control
PMDS

:%5;('<58'..,"-(,-(+/#$/8'.(,-(,=>(+'##?
)'8,@')( -'/8"-.6( %

0



Supplementary Figure 10
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Supplementary Figure 11

Characterization  of  SHANK3  expression  in  infected  PMDS  neurons.  a,  Representative  images  of  PMDS  iPS  cell-­

derived  neurons  infected  with  GFP-­SHANK3  lentivirus  and  immunostained  with  antibodies  against  GFP,  SHANK3,  and  

b,  Quantification  of  the  number  (left)  and  intensity  (right)  of  SHANK3-­

positive  puncta  on  neigboring  uninfected  (n  =  28  cells)  and  GFP-­SHANK3  infected  (n  =  26  cells)  PMDS  iPS  cell-­derived  

neurons.  Data  presented  as  means  ±  s.e.m.;;  ***  p  <  0.001  by  Sudent’s  t-­test
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Supplementary Figure 12
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Human iPSC-derived neurons

Supplementary Figure 16
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Supplementary Table 5 
List of primers used for qRT-PCR 
 

Symbol Forward primer Reverse primer 
Accession 
number1 

18S GATGGGCGGCGGAAAATAG GCGTGGATTCTGCATAATGGT 11968182a1 

GAPDH CATGAGAAGTATGACAACAGCCT AGTCCTTCCACGATACCAAAGT 7669492a3 

OCT3/4 
exogenous 

CCCCAGGGCCCCATTTTGGTACC TTATCGTCGACCACTGTGCTGCTG  

SOX2 exog 
GGCACCCCTGGCATGGCTCTTGG
CTC 

TTATCGTCGACCACTGTGCTGCTG  

MYC exog CTGAAGAGGACTTGTTGCGGAAAC TTATCGTCGACCACTGTGCTGCTG  

KLF4 exog CCCACACAGGTGAGAAACCTTACC TTATCGTCGACCACTGTGCTGCTG  

OCT3/4 
GACAGGGGGAGGGGAGGAGCTAG
G 

CTTCCCTCCAACCAGTTGCCCCAA
AC 

 

SOX2 
GGGAAATGGGAGGGGTGCAAAAG
AGG 

TTGCGTGAGTGTGGATGGGATTG
GTG 

 

MYC 
GCGTCCTGGGAAGGGAGATCCGG
AGC 

TTGAGGGGCATCGTCGCGGGAG
GCTG 

 

KLF CCCACACAGGTGAGAAACCTTACC GTAGTGCTTTCTGGCTGGGCTC  

NANOG CAGTCTGGACACTGGCTGAA CTCGCTGATTAGGCTCCAAC  

LIN28 GAAATCCACAGCCCTACCCT CTCTGCCTGCTCCTCAAAAC  

REX1 CAGATCCTAAACAGCTCGCAGAAT GCGTACGCAAATTAAAGTCCAGA  

SHANK1 AGTTCCGATACAAGACCCGAG CCGAGCTGCACATACTCCA 11968152a2 

SHANK2 TGAAGGAGTCTCAACAGGGAC CCTGGTGACCGTAGGGAAG 19743794a3 

SHANK3ex2-3 AGGACGCGCTCAACTATGG CTCGCCGCTTGTATCGAAACT 122937240b1 

SHANK3ex8-9 GTCCTGCTCTTCCGTGGAG TGGGTCTTGATAACCTCTGCAA 122937240b3 

SHANK3ex22 GGAGAGCGGGGAACTCACT CTGTCCGAGGACTGCTTCAG 13359173a1 

SYNAPSIN1 TGAAGCCGGATTTTGTGCTGA GACCAAACTGCGGTAGTCTCC 9924097a2 

PCLO CAGACACTTTCAGGTCAGAGC AGGCATCATACTAGACTTGTGCT 6433936a2 

BSN CCACATCACCCTACTCCGTC TTGCAGACCTTGTTGTGACAC 4508019a1 

DSCAM TTTTACGGGAGCCCTATACAGT GCAACATTGCCTCTCATGGTTT 3169768a1 

PSD95-DLG4 TCACAACCTCTTATTCCCAGCA CATGGCTGTGGGGTAGTCG 1527215a1 

PSD93-DLG2 GGCCTGGGATTCAGTATTGCT CCCGCAAGATACAATCATTGACC 4557527a2 

GEPHYRYN TGCCATTGACCTTTTACGTGAT ACAGCAGGACTGGTGTAGAAT 10880983a1 

GRIN1 AGGAACCCCTCGGACAAGTT CCGCACTCTCGTAGTTGTG 11496971a1 



GRIN2A GGGCTGGGACATGCAGAAT CGTCTTTGGAACAGTAGAGCAA 4504125a3 

GRIN2B GTAGCCATGAATGAGACCGAC GGATCGGGGTGAGAGTCTGT 4504127a1 

GRIN3A GACGCCCTCCTATTTGCCG CCACGGTATGGCACACACT 18916849a1 

MAPT-Tau TACAAACCAGTTGACCTGAGCA ATGGATGTTGCCTAATGAGCC 8400715a3 

TUBB3 CGGTGGTGGAACCCTACAAC AGGTGGTGACTCCGCTCAT 5174737a1 

DCX CCTTGGCTAGCAGCAACAGT CCACTGCGGATGATGGTAA  

NCAM ACATCACCTGCTACTTCCTGA CTTGGACTCATCTTTCGAGAAGG 10834990a1 

NSE GGAGTTGGATGGGACTGAGAA CTGAGCAATGTGGCGATACAG 5803011a3 

TIS21-BTG2 CAGAGCACTACAAACACCACTG CTGAGTCCGATCTGGCTGG 5802988a1 

FOXG1 GCCACAATCTGTCCCTCAACA CGGGTCCAGCATCCAGTAG 32307177a3 

TLE1 AAGTTCACTATCCCGGAGTCC TCTGTCTTTTCACTTGCCAGTTT 21541824a1 

UNC5D AAGCCCTTCCCGAATCCATC AGTGCAATAGGGTTGCTCTTG 18254472a1 

MEF2c ATGCCATCAGTGAATCAAAGGAT CTGGTAAAGTAGGAGTTGCTACG 298698a1 

CUX1 GCTCTCATCGGCCAATCACT TCTATGGCCTGCTCCACGT  

PLXND1 CATGGAGATGGCCTGTGACTA GGAAGGGCGGAAACTGGTC 3327054a1 

ETV1 CTGGATGACCCGGCAAATTCT CCTCTTCAGGCTCAATCAGTTT 1045061a3 

SATB2 TCTCCCCCTCAGTTATGTGAC AGGCAAGTCTTCCAACTTTGAA 5689405a3 

SYT9 TGGCAGACGACTGAAGAAGAG GGATTTGGTCAATGTTCTCGGG 28376627a2 

S100A10 GGACCAGTGTAGAGATGGCAAA ATGGTGAGGCCCGCAATTA  

OMA1 TAGGCAGGGGCATAAGGAAAT CTCAAACCAAGGAATAGCTTCCA 21686999a3 

PCP4 GCTGGGCCAACCAATGGAA CACGTTCTGTCTCTGGTGCAT 5453858a1 

CRIM1 GCGTTTGCGAAGATGAGAACT TGGTGTTACATTCACATTTCCCA 10092639a1 

SOX5 CAGAGTGGCGAGTCCTTGTC TTTCTTCCGGCTCGTTTTTGA 23308715a3 

DKK3 TGGGGTCACTGCACCAAAAT GAAGGTCGGCTTGCACACATA 27735014a1 

NR4A3 CTGAGCATGTGCAACAATTCTAC ACAGCTCCAAAAAGGCTGATTC 1311505a2 

TLE4 ACAAGCAGGCAGAGATTGTCA TCCATGTGATAAATGCTGGGC 6330948a1 

LXN AACGGGACAAGAAACTGCAC CTAGCGGTTCCTTCATGGACT 21359933a3 

SEMA3E ATTGTTTGCTGGACTCTACAGT CTTTCAACAGACGCTCATCGT 6912650a3 

TBR1 GCCTTTCTCCTTCTATCATGCTC GTCAGTGGTCGAGATAATGGGA 5730081a1 

FOXP1 AGACAAAAAGTAACGGTTCAGCC CGCACTCTAGTAAGTGGTTGC 21750965a3 

FOXP2 TTTCTAAAGAACGCGAACGTCT GCAATATGCACTTACAGGTTTGG 21518701a2 

CTIP2-
BCL11B 

TGGGTGCCTGCTATGACAAG GGCTCGGACACTTTCCTGAG 12597635a1 



DLX5 AGCTCCTACCACCAGTACGG GTTTGCCATTCACCATTCTCAC 4885187a3 

PPP1R1B-
DARPP32 

AGTCTGCTGGGCAAAAGACAA AGGCTCACTTAGTGCTGGGT 21735492a2 

DRD1 AGGGACTTCTCTGTTCGTATCC GTCGGAACCTGATAACGGCAG 4503383a1 

DRD2 CAACGGGTCAGACGGGAAG CTCCAGGTAGACAACCCAGG 17986270a3 

TH GCCCTACCAAGACCAGACGTA CGTGAGGCATAGCTCCTGA 37127a2 

DDC ACTGGCTCGGGAAGATGCT CCGATGGATCACTTTGGTCC 4503281a1 

DBH CTGAAGCCCAATATCCCCGAA GTAGCACCAGTACGTGGTCTC 18426906a3 

CRYGS TGACTGTGATTGCGACTGTG GCAAAGTTGGGCCTTTCATAAAC 8922120a1 

TPM2 CTGAGACCCGAGCAGAGTTTG TGAATCTCGACGTTCTCCTCC 4507649a1 

PCP2 AGAGGCCAGCAGAAAAGTGACT GTGGCTCAGCAGATTGAAGAA  

GRP GTGGGGCACTTAATGGGGAAA CTATGAGACCCAGCAAATTCCTT 31542860a1 

DLX1 CCATGCCAGAAAGTCTCAACA GGCCCAAACTCCATAAACACC 31418473a3 

GAD67 GCCAGACAAGCAGTATGATGT CCAGTTCCAGGCATTTGTTGAT 4503873a2 

VGAT CCGAGTGGTGAACGTAGCG GTGGCGATAATGGACCAGGAC 17999520a3 

CALB2 TCAGAGATGTCCCGACTCCTG GCCGCTTCTATCCTTGTCGTAA 4502543a1 

PVALB GCTGAACGCTGAGGACATCAA TCACATCATCCGCACTCTTTTTC 4506335a1 

SOMATOST GCTGCTGTCTGAACCCAAC CGTTCTCGGGGTGCCATAG 4507243a1 

VGLUT1 CGACGACAGCCTTTTGTGGT GCCGTAGACGTAGAAAACAGAG 9945322a2 

VGLUT2 GGGAGACAATCGAGCTGACG CAGCGGATACCGAAGGAGATG 9966811a1 

VGLUT3 AAACCGGAAATTCAGACAGCA CCAAAGACCCTGTTAGCAGCA 21322234a2 

SLC1A2 AAGTGCGAATGCCAGACAGTC CAGGATGACACCAAACACCG 4759124a1 

NEUROD1 ATGACCAAATCGTACAGCGAG GTTCATGGCTTCGAGGTCGT 4505377a1 
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