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Supplementary Tables and figures  
 

 

Supplementary table 1: Antibodies used for immunohistochemistry  

Antibody Dilution Type/Clone Company 

TH 1:750 Polyclonal Millipore (AB152) 

MHCII 1:400 Monoclonal/M5/114.15.2 eBioscience (14-5321) 

MJF14 1:25000 Monoclonal/MJFR14-6-4-2 Abcam(ab209538) 

pSer129 1:3000 Monoclonal/D1R1R Cell signaling technology 
(23706) 

P62/SQSTM1 1:2000 Polyclonal Nordic Biosite (18420-1-AP) 

Iba-1 1:1000 Polyclonal Wako Fujifilm (019-19741) 

CD68 1:1000 Monoclonal/FA-11 Bio-Rad (MCA1957) 
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Supplementary table 2: Primers for biomarker assay (TaqMan gene expression assayed, 
Applied Biosystems). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mRNA target Ref: 

CXCL10 Mm00445235_m1 

CXCL1 Mm04207460_m1 

CXCL2 Mm00436450_m1 

CCL2 Mm00441242_m1 

TNFα Mm00443260_g1 

IFN-β Mm00439552_s1 

MX1 Mm00487796_m1 

IFN-γ Mm01168134_m1 

IL1-b Mm00434228_m1 

IL6 Mm00446190_m1 

IL-10 Mm01288386_m1 

gCSF Mm00438334_m1 

TREM2 Mm04209424_g1 

C1qa Mm00432142_m1 

C4b Mm00437893_g1 

TLR2 Mm00442346_m1 

TLR4 Mm00445273_m1 

TLR2 Mm00442346_m1 

Viperin/RSAD2 Mm00491265_m1 

PUMA Mm00519268_m1 

β-actin Mm00607939_s1 

GAPDH Mm99999915_g1 
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Supplementary figure 1: Challenging beam test. The challenging beam test was performed to 
evaluate motor behavior. At both 1-month (A) and 6-months post-injection (B), the number of 
errors/step and Steps/sec was calculated. n=7-10. For all graphs in the figure, a two-way ANOVA 
followed by Sidak’s multiple comparisons was applied (test statistics in supplementary table 3). 
All values are mean +SD. *<p=0.05, **p≤0.01, ***p≤0.001, ****p≤0.0001. 
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Supplementary figure 2: the Spontaneous activity test. At 6 months post-injection, the 
spontaneous activity in the cylinder test was performed to evaluate the motoric asymmetry. A 
and B) The number of rearings (A) and time spent grooming (B) were evaluated. C and D) The total 
paw use (steps) and the right and left forelimbs (C) and hindlimbs (D) were quantified. For A and 
B a two-way ANOVA followed by Sidak’s multiple comparisons was applied (test statistics in 
supplementary table 3). For C and D). Three-way ANOVA with matched values followed by an 
uncorrected Fisher’s LSD with Bonferroni correction applied. Corrected values are displayed on 
the graphs (*<p=0.05, **p≤0.01, ***p≤0.001, ****p≤0.0001). For all graphs, values are displayed 
as ± SD. n=6-10. 
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Supplementary figure 3: Stereological quantification of iba1 morphology reveals a long-
term activation of microglia.  A. A and C) Bar graphs illustrate the total number of either type A, 
B,  C  and D Iba1+ cells counted during the stereological quantification in the SN at 1 month p.i 
(B) and 6 months (C) post-injection . Three-way ANOVA with matched values followed by an 
uncorrected Fisher’s LSD with Bonferroni correction applied. Corrected values are displayed on 
the graphs (*<p=0.05, **p≤0.01, ***p≤0.001, ****p≤0.0001). Data is displayed as ±SD, n=4-10.  
Note that total type D cells counted during the stereological quantification had a CE>0.01, thus 
no statistical test has been applied to the graphs displaying Type D Iba1+ cells.  
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Supplementary Figure 4: Representative image of immune marker MHCII in the substantia nigra 
(SN) at 1 month and 6 months post-injection. No positive MHCII signaling was detected. 
Scalebar=100µm applies to all images.  
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Supplementary figure 5: Photos of MJF14 and p62staining in amygdala and S. nigra at 1-month 
post-injection. As the area covered by p62 immunostaining in amygdala in PFF-mice was very 
variable (see main fig. 5), selected images show those animals with obvious p62 immuno-stained 
area (above average). Scalebar=50µm for all low magnification images and Scalebar=25µm for 
all inserts. One representative scalebar is shown for each area and marker.  
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Supplementary figure 6: Injections of PFF lead to increase of pSer129-positive staining. A) 
Representative photos of pSer129 staining the frontal cortex and thalamus at 6 months post-
injections. Scalebar=50µm applies to all images. B, C ) Graphs show percentage of area covered 
by pser129 staining in PBS, MONO, and PFF-injected animals 6 months post-injected in the 
frontal cortex (B), and thalamus (C). Two-way ANOVA followed by Sidak’s multiple comparisons 
(see further statistics in supplementary table 3). *<p=0.05, **p≤0.01, ***p≤0.001, ****p≤0.0001. 
All data are presented as mean ±SD. n= 6-10.  
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Supplementary table 3: 2-WAY ANOVA and 3-way ANOVA results  

Figure 1-  top panel  

 

Figure 1 - middle panel  

 

Figure 1 – lower panel  

 

Figure 2C 
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Figure 2D 

 

Figure 2E 
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Figure 2F 

 

Figure 3B 
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!"#$"%FG(")%567",==I"*+"4".+%9:8 !"#A!%&D(F* ++ ,- .+ -%/,-MN%,-OP 4%5DFS*
>"#A>%CDEFG HH%/uB8G%sssP I- .H -%/I-MN%I-OP 4%RDFSG
sMCG;DpC=@M gibcN a cbIIj -%/aN%cIP%h%iNgCaN 4hiNIIcc
vGM@CB8G CbadelmgI C ClmgI -%/CN%cIP%h%dNCNaGmiai4tiNjjjj
TGFF%V@;8>@F@AB Ceacj a eCga -%/aN%cIP%h%CeINj 4niNiiiC

!"#$"%FG(")%567";<9<I"*+"4".+%9:8 !"#A!%&D(F* ++ ,- .+ -%/,-MN%,-OP 4%5DFS*
sMCG;DpC=@M jIbdI a agbIa -%/aN%cdP%h%iNjgNc 4hiNdagc
vGM@CB8G CbgjC C CbgjC -%/CN%cdP%h%iNiacdN 4hiNIdjg
TGFF%V@;8>@F@AB CNaia a eNcI -%/aN%cdP%h%CcaNi 4niNiiiC
TG:=OSDF ggce cd aebaj

!"#$"%FG(")0#123G",==I"*+"4".+%9:8 !"#A!%&D(F* ++ ,- .+ -%/,-MN%,-OP 4%5DFS*
sMCG;DpC=@M aabge a CCbiI -%/aN%cIP%h%iNagee 4hiNIicj
vGM@CB8G Ibcd C Ibcd -%/CN%cIP%h%iNgeaI 4hiNcCci
TGFF%V@;8>@F@AB gcgia a INad -%/aN%cIP%h%gecNc 4niNiiiC
TG:=OSDF gaCe cI adbid

!"#$"%FG(")0#123G";<9<I"*+"4".+%9:8 !"#A!%&D(F* ++ ,- .+ -%/,-MN%,-OP 4%5DFS*
sMCG;DpC=@M Cggbc a dibIc -%/aN%cdP%h%CNgIC 4hiNgIIe
vGM@CB8G Cbjed C Cbjed -%/CN%cdP%h%iNicCgd 4hiNIiea
TGFF%V@;8>@F@AB geaeC a Idei -%/aN%cdP%h%gcdNj 4niNiiiC
TG:=OSDF gidg cd aCbj

!%FG("")0#123G",-.I"*+"4".+%9:8 !"#A!%&D(F* ++ ,- .+ -%/,-MN%,-OP 4%5DFS*
sMCG;DpC=@M Cjiba a cabda -%/aN%egP%h%gNjjN 4hiNiaji
vGM@CB8G CbiNClmic C Clmic -%/CN%egP%h%eNicgGmiiI4hiNjjjI
.@;8>@F@AC adaaC a CCddd -%/aN%egP%h%ediNN 4niNiiiC
TG:=OSDF CCiC eg gCbCN

!%FG("")%567",-.I"*+"4".+%9:8 !"#A!%&D(F* ++ ,- .+ -%/,-MN%,-OP 4%5DFS*
sMCG;DpC=@M eii a CccbN -%/aN%egP%h%cNede 4hiNiiiI
vGM@CB8G gbcc C gbcc -%/CN%egP%h%iNCidd 4hiNNdNj
.@;8>@F@AB aejId a CCjje -%/aN%egP%h%dNCNi 4niNiiiC
TG:=OSDF Cagd eg gebdc

!"#$$%&'()*'+H%-.I(*0I%(*H)1)I2%!"#$$ !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%&'#(F" GG+I - GG+I ./0-+/12P/4/2+2IR1R642+T188
9$"F#:;$ <1+R8 - <1+R8 ./0-+/12P/4/2+21R<1642+T8GT
=%$&#>$"# -IG81 - -IG81 ./0-+/12P/4/-1+R8 642+22-T
?$@(AB&C 11IT- 12 --1I
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Figure 4B 

 

Figure 4C 

 

Figure 4E 

 

Figure 4F 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

!"#$%&'()*'+,%-*(.* !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%&'#(F" G+GIG - -+-.I /01-+0-2P040R+RG- 64T+TTT8
9%$&#:$"# ;+RRR - .+GRR /01-+0-2P040<8+88 6=T+TTT<
>$"F#?@$ <+G<< < <+G<< /01<+0-2P040;+-IT 64T+T<2G
A$B(Ca&E ;+. -2 T+--8

!"#$%CD()*D+,%-*(.* !"#A!%&DEFG ++%I-./G%MMMN OP 4+ P%IOPRS%OPTN 8%VDF:G
MR&G;D<&=>R ?S?@ABC a ?S?CB P%IaS%CbN%c%aSaAC 8c?Sddeb
-;GD&IGR& ASCAd a dSBdJ P%IaS%CbN%c%edSBB 8K?S???d
iGR>&./G ?S???dACd d dMN?C P%IdS%CbN%c%?S??bA@a8c?S@Abb
lGm=T:DF ?S@bJ Cb ?S?ad

!"#$%CD%()*+) !"#A!%&D(FG ++%I-./G%MMMN OP 4+ P%IOPRS%OPTN 8%VDF:G
%%%%MR&G;D<&=>R ?@A?BC a ?@Bb?c P%IaS%adN%e%?SccAI 8e?SAdA?
%%%%-;GD&JGR& ?@aKCb a ?@BAAd P%IaS%adN%e%?Sdd?d 8e?SIabK
%%%%iGR>&./G ?@a?KB B ?@a?KB P%IBS%adN%e%BSAbC 8e?SabAc
%%%%MGN=T:DF I@aba ad ?@BbBc

!"#$%CD%()*+) !"#A!%&D(FG ++%I-./G%MMMN OP 4+ P%IOPRS%OPTN 8%VDF:G
%%%%MR&G;D<&=>R ?@ABCA A ?@aAba P%IAS%cBN%d%aSeCI 8d?SAe?A
%%%%-;GD&JGR& a@KIC A ?@CCcb P%IAS%cBN%d%a?SaK 8d?S???c
%%%%iGR>&./G ?@?aAe a ?@?aAe P%IaS%cBN%d%?SaeAK 8d?SK?Kb
%%%%MGN=T:DF c@?ea cB ?@?CICb
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Figure 5A Prefrontal cortex  

 

!"#$% !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%C'#EF" G+I-./0I1 G G+I-./0I1 2P4GRPGG6PTP8RGI9 :TIRG1;1
<$"F#=>$ -+;I9/0I? G -+;I9/0I? 2P4GRPGG6PTPGR?G8 :TIR8I9;
@%$C#A$"# 1+?99/0I? G 1+?99/0I? 2P4GRPGG6PTPGR9G. :TIR8;;.
B$CEaECc 9+1G/0I1 GG 9+G-G/0I?

F#"$' !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%C'#EF" ;+G9/0I- G ;+G9/0I- 2P4GRPG86PTP8R?dI :TIRGGdd
<$"F#=>$ G+.?8/0GG G G+.?8/0GG 2P4GRPG86PTPIRII-98G:TIR-8.-
@%$C#A$"# d+1?G/0GI G d+1?G/0GI 2P4GRPG86PTPIR;d1. :TIR9I18
B$CEaECc G+1;G/0I? G8 G+;9G/0I-

F()$' !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%C'#EF" 1+1;;/0GG G 1+1;;/0GG 2P4GRPG.6PTPIRG;9I :TIR1I-9
<$"F#=>$ .+d/0GG G .+d/0GG 2P4GRPG.6PTPIRId1;I:TIR1--8
@%$C#A$"# G+.G?/0I- G G+.G?/0I- 2P4GRPG.6PTP8R;d1 :TIRG;I.
B$CEaECc d+-;;/0I- G. 9+.;G/0GI

F($* !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%C'#EF" ;+811/0GI G ;+811/0GI 2P4GRPGd6PTPGRGI1 :TIR.I?;
<$"F#=>$ G+d.8/0I- G G+d.8/0I- 2P4GRPGd6PTP;R889 :TIRI9d9
@%$C#A$"# 8+-/0GI G 8+-/0GI 2P4GRPGd6PTPIR19I9 :TIR.--G
B$CEaECc d+G?8/0I- Gd .+?d;/0GI

+,+()- !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%C'#EF" ?+I?9/0I? G ?+I?9/0I? 2P4GRPG96PTPGRG1; :TIR8-9?
<$"F#=>$ 8+.G/0I- G 8+.G/0I- 2P4GRPG96PTPIRI..9.:TIR?918
@%$C#A$"# 8+89;/0I1 G 8+89;/0I1 2P4GRPG96PTP.R818 :TIRI-Id
B$CEaECc G+I../0Id G9 d+?-/0I?

.I) !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%C'#EF" 8+8?1/0I- G 8+8?1/0I- 2P4GRPG96PTP8R9d; :TIRG.I8
<$"F#=>$ G+?;-/0I- G G+?;-/0I- 2P4GRPG96PTP8RI1. :TIRG1I;
@%$C#A$"# 8+?I?/0GG G 8+?I?/0GG 2P4GRPG96PTPIRI.G;-:TIR?dG9
B$CEaECc G+..?/0I? G9 ?+-G-/0GI

0123415 !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%C'#EF" 1+-;1/0GI G 1+-;1/0GI 2P4GRPG16PTPIRI99;8:TIR?Gd1
<$"F#=>$ G+19d/0GI G G+19d/0GI 2P4GRPG16PTPIRIG889:TIR-G.8
@%$C#A$"# G+-I9/0I? G G+-I9/0I? 2P4GRPG16PTPGR.8? :TIR8d9G
B$CEaECc 8+;.?/0I1 G1 G+;.;/0I?

++(6 !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%C'#EF" G+Id;/0I- G G+Id;/0I- 2P4GRPG;6PTP.R19? :TIRI1.I
<$"F#=>$ G+.8G/0I- G G+.8G/0I- 2P4GRPG;6PTP;Rdd1 :TIRI;?d
@%$C#A$"# d+?;1/0G8 G d+?;1/0G8 2P4GRPG;6PTPIRI8;G-:TIR?1?d
B$CEaECc .+-d./0I- G; 8+?.G/0GI

!(78 !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%C'#EF" .+IGd/0I- G .+IGd/0I- 2P4GRPG96PTPG8R;. :TIRII.G
<$"F#=>$ 8+.GG/0GG G 8+.GG/0GG 2P4GRPG96PTPIRI-981:TIR1dG?
@%$CA#$"# G+8-/0GI G G+8-/0GI 2P4GRPG96PTPIR9.8I :TIR;11I
B$CEaECc .+d.?/0I- G9 8+;89/0GI

!(76 !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%C'#EF" ?+d?;/0I- G ?+d?;/0I- 2P4GRPG96PTP-Rd.. :TIRII1.
BFeP2C'#F% .+81d/0I- G .+81d/0I- 2P4GRPG96PTP.Rd.; :TIRI1dI
IFcEA"P2C'#F% G+d.d/0I? G G+d.d/0I? 2P4GRPG96PTPG?RG9 :TIRIII1
B$CEaECc G+.98/0I? G9 -+IG;/0GI

+)9 !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%C'#EF" I+IIIII8dd G I+IIIII8dd 2P4GRPGd6PTPIRGd9I :TIRd-II
<$"F#=>$ I+IIIIGI9? G I+IIIIGI9? 2P4GRPGd6PTPIRd9dG :TIR;8-?
@%$C#A$"# I+IIIG-.9 G I+IIIG-.9 2P4GRPGd6PTPG8RII :TIRII.8
B$CEaECc I+III891- Gd I+IIIIGdG8

+8' !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%C'#EF" I+IIII8;.- G I+IIII8;.- 2P4GRPG16PTPGRdI9 :TIR888.
<$"F#=>$ 8+.1d/0I? G 8+.1d/0I? 2P4GRPG16PTPIRIIG9d;:TIR-d?-
@%$C#A$"# I+IIIIGG1d G I+IIIIGG1d 2P4GRPG16PTPIR11;8 :TIR.-G8
B$CEaECc I+III89?. G1 I+IIIIG9G-

:;.< !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%C'#EF" ;+-8/0I1 G I+IIIIII;-8 2P4GRPG16PTPIR-GdG :TIR.9G-
<$"F#=>$ d+;8./0I1 G d+;8./0I1 2P4GRPG16PTPGRG-d :TIR8?-;
@%$C#A$"# G+-9-/0Id G I+IIIIIG-9- 2P4GRPG16PTP.Rd;1 :TIRI1.8
B$CEaECc I+IIIII-G. G1 9+.1G/0I1

!7=.6 !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%C'#EF" 8+?-1/0I1 G 8+?-1/0I1 2P4GRPG96PTPGR.I. :TIR81Gd
<$"F#=>$ G+.G;/0I1 G G+.G;/0I1 2P4GRPG96PTPIR9-I1 :TIR;9;G
@%$C#A$"# G+GI-/0Id G I+IIIIIGGI- 2P4GRPG96PTP;R-?? :TIRI;G8
B$CEaECc .+..d/0Id G9 8+88;/0I1
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Figure 5B Striatum  

 

 

 

 

!"#$% !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN8%VDF:*
!"#$%C'#EF" G+IGI-.// / 0 12P/42/R62T204G89:;T04I9:0
<$"F#=>$ ?+GGR-./0 / 0 12P/42/R62T2?498@;T04/GI0
A%$C#B$"# /+G/:-./0 / 0 12P/42/R62T2/4G::;T04?I9/
C$aEEcCd /+I0:-.0: /R 0

F#"$' !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN8%VDF:*
!"#$%C'#EF" 9+:G-.0: / 0 12P/42/R62T2949GR;T040I/G
<$"F#=>$ /+IG?-./? / 0 12P/42/R62T20400/G8@;T04:80@
A%$C#B$"# 8+I@-./0 / 0 12P/42/R62T204R@?/;T049?/0
C$aEEcCd /+88@-.0@ /R 0

F()$' !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN8%VDF:*
!"#$%C'#EF" /+?@G-.0: / 0 12P/42/862T2G40G@;T040::9
<$"F#=>$ ?+I99-.0: / 0 12P/42/862T2R40?9;T040?I?
A%$C#B$"# I+I8G-.0: / 0 12P/42/862T2/G4?0;T0400?/
C$aEEcCd 8+/@-.0: /8 0

F($* !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN8%VDF:*
!"#$%C'#EF" 8+9/?-./0 / 0 12P/42/862T2G4G@0;T040@GI
<$"F#=>$ G+?9:-./0 / 0 12P/42/862T2/49@/;T04?90?
A%$C#B$"# ?+GGI-./0 / 0 12P/42/862T2/40R9;T04G/R8
C$aEEcCd G+8?@-.0: /8 0

+,+()- !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN8%VDF:*
!"#$%C'#EF" 9+/:-.0@ / 0 12P/42/862T20499:0;T04I//@
<$"F#=>$ @+:@R-.08 / 0 12P/42/862T2:4R?:;T0400RI
A%$C#B$"# G+?R?-.08 / 0 12P/42/862T2G49:I;T0408@:
C$aEEcCd 0+00000/I@8 /8 0

.I) !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN8%VDF:*
!"#$%C'#EF" ?+9I?-./0 / 0 12P/42/862T204G@I?;T04I9G/
<$"F#=>$ R+R0?-./0 / 0 12P/42/862T2/40G8;T04G??@
A%$C#B$"# G+@G-.0: / 0 12P/42/862T2R40/R;T040?IG
C$aEEcCd /+0@?-.0@ /8 0

0123415 !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN8%VDF:*
!"#$%C'#EF" :+0//-./? / 0 12P/42/862T2040008G@I;T04:8@R
<$"F#=>$ I+I:-.0@ / 0 12P/42/862T294I@/;T04098/
A%$C#B$"# ?+R@:-.// / 0 12P/42/862T20400??09;T04:RG/
C$aEEcCd ?+089-.08 /8 0

++(6 !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN8%VDF:*
!"#$%C'#EF" 8+RI?-.// / 0 12P/42/862T204/?//;T048G?/
<$"F#=>$ 9+@I/-.0: / 0 12P/42/862T284R@/;T040/G/
A%$C#B$"# /+9??-.0: / 0 12P/42/862T2?4?I/;T04/I/:
C$aEEcCd /+089-.0@ /8 0

!(78 !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN8%VDF:*
!"#$%C'#EF" /+88@-./0 / 0 12P/42/862T204@G/0;T04G898
<$"F#=>$ I+8I-./0 / 0 12P/42/862T2?4R@8;T04//:I
A%$CB#$"# G+G88-./0 / 0 12P/42/862T2/4I8@;T04??R/
C$aEEcCd G+RG@-.0: /8 0

!(76 !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN8%VDF:*
!"#$%C'#EF" ?+00G-.0@ / 0 12P/42/862T2G4RG@;T0408GI
CFe21C'#F% /+@G8-.0@ / 0 12P/42/862T2G4GG8;T040@IG
IFdcB"21C'#F% /+9:9-.08 / 0 12P/42/862T2?84/G;J04000/
C$aEEcCd :+GR/-.0@ /8 0

+)9 !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN8%VDF:*
!"#$%C'#EF" 0+0000//8: / 0 12P/42/862T204/G8G;T048/II
<$"F#=>$ 0+000GGG: / 0 12P/42/862T2G4@@:;T040RI/
A%$C#B$"# 0+00/0:I / 0 12P/42/862T2/?48I;T0400?9
C$aEEcCd 0+00/9R /8 0

+8' !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN8%VDF:*
!"#$%C'#EF" 0+000/8GR / 0 12P/42/862T2/409?;T04G?/R
<$"F#=>$ 0+000IR:I / 0 12P/42/862T2G49?0;T040@/:
A%$C#B$"# 0+00?G8: / 0 12P/42/862T2/94?:;T0400/I
C$aEEcCd 0+00?@G/ /8 0

:;.< !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN8%VDF:*
!"#$%C'#EF" I+??9-.08 / 0 12P/42/862T2/408:;T04G/G9
<$"F#=>$ 0+00000// / 0 12P/42/862T2?4?8G;T04/I00
A%$C#B$"# 0+00000?I8@ / 0 12P/42/862T2I4G?I;T040GG:
C$aEEcCd 0+00000@??: /8 0

!7=.6 !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN8%VDF:*
!"#$%C'#EF" 0+00000?@G8 / 0 12P/42/862T2/4??R;T04?@G8
<$"F#=>$ 0+0000//@? / 0 12P/42/862T2I4/0R;T040G8G
A%$C#B$"# 0+0000/@0? / 0 12P/42/862T2848@R;T040/?R
C$aEEcCd 0+0000G:GR /8 0
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Figure 5C Ventral midbrain  

 

 

 

 

 

!"#$% !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%C'#EF" G+I-I./-0 - G+I-I./-0 12P-42-R62T2-4-80 9T04:I;R
<$"F#=>$ -+G-:./-0 - -+G-:./-0 12P-42-R62T204GI-? 9T04R@0?
A%$C#B$"# :+IGI./-0 - :+IGI./-0 12P-42-R62T204?88G 9T04G;G?
C$aEEcCd R+0:@./0I -R G+G@I./-0

F#"$' !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%C'#EF" :+8G;./0I - :+8G;./0I 12P-42-G62T2R4GIR 9T040G8-
<$"F#=>$ G+@@@./-- - G+@@@./-- 12P-42-G62T2040;8I- 9T048I?R
A%$C#B$"# :+:@I./-: - :+:@I./-: 12P-42-G62T20400@@GR 9T04I@8I
C$aEEcCd ;+RIG./0I -G R+08:./-0

F()$' !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%C'#EF" -+RII./0I - -+RII./0I 12P-42-?62T2-48;@ 9T04:008
<$"F#=>$ -+RG:./0I - -+RG:./0I 12P-42-?62T2-4;I- 9T04:0II
A%$C#B$"# -+-?8./0I - -+-?8./0I 12P-42-?62T2-4G0I 9T04:;8R
C$aEEcCd -+;G-./0? -? I+0;:./-0

F($* !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%C'#EF" :+?8?./-0 - :+?8?./-0 12P-42-?62T2-4:8: 9T04:8@:
<$"F#=>$ -+0?I./0I - -+0?I./0I 12P-42-?62T2@4?-@ 9T040@-;
A%$C#B$"# @+-0R./-0 - @+-0R./-0 12P-42-?62T2-4?-@ 9T04-I@8
C$aEEcCd @+08G./0I -? :+:;G./-0

+,+()- !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%C'#EF" :+:@:./0? - :+:@:./0? 12P-42-862T2-40-? 9T04G:8:
<$"F#=>$ -+;@G./08 - -+;@G./08 12P-42-862T284@RI 9T040-@:
A%$C#B$"# -+I-G./0I - -+I-G./0I 12P-42-862T2040?;?8 9T0488-?
C$aEEcCd G+8@@./08 -8 :+:0:./0?

.I) !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%C'#EF" @+-0@./-0 - @+-0@./-0 12P-42-?62T204;R;@ 9T04@:?@
<$"F#=>$ 8+8G-./-R - 8+8G-./-R 12P-42-?62T2-4:G;$/00R9T04II8:
A%$C#B$"# :+0-G./0I - :+0-G./0I 12P-42-?62T2G4::0 9T040?IR
C$aEEcCd -+-:R./0? -? ;+:R:./-0

0123415 !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%C'#EF" :+-:G./0? - :+-:G./0? 12P-42-?62T2G40I; 9T040IRR
<$"F#=>$ 8+8R:./0? - 8+8R:./0? 12P-42-?62T2--4G- 9T0400GR
A%$C#B$"# :+R0@./0? - :+R0@./0? 12P-42-?62T2G4;R: 9T0408:-
C$aEEcCd -+:G@./08 -? ;+?R;./0I

++(6 !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%C'#EF" :+;GI./0I - :+;GI./0I 12P-42-?62T2-4-;8 9T04:I@G
<$"F#=>$ @+;0G./-0 - @+;0G./-0 12P-42-?62T204:0GR 9T04;R8G
A%$C#B$"# R+?G:./-- - R+?G:./-- 12P-42-?62T2040:R8I 9T04?8@:
C$aEEcCd @+08-./0? -? :+:;:./0I

!(78 !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%C'#EF" R+0I:./-0 - R+0I:./-0 12P-42-862T2-4:;@ 9T04:8;R
<$"F#=>$ 8+@0;./-0 - 8+@0;./-0 12P-42-862T2-4?GI 9T04-I:?
A%$CB#$"# @+0;:./-0 - @+0;:./-0 12P-42-862T2-400I 9T04G:IG
C$aEEcCd ;+?@;./0I -8 @+0:8./-0

!(76 !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%C'#EF" G+8I./-0 - G+8I./-0 12P-42-862T204:?@8 9T04;00R
CFe21C'#F% R+-GG./0I - R+-GG./0I 12P-42-862T2G4?R; 9T040;;-
IFdcB"21C'#F% @+-8@./-0 - @+-8@./-0 12P-42-862T204G-G; 9T04R?:?
C$aEEcCd :+:;G./0? -8 -+GG-./0I

+)9 !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%C'#EF" 0+0000RI?8 - 0+0000RI?8 12P-42-862T2R4880 9T040:?0
<$"F#=>$ 0+000:0: - 0+000:0: 12P-42-862T2-I4@8 9T04000@
A%$C#B$"# 0+00008:II - 0+00008:II 12P-42-862T2840G@ 9T040-;?
C$aEEcCd 0+000-8;@ -8 0+0000-0G?

+8' !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%C'#EF" 0+0000RI?@ - 0+0000RI?@ 12P-42-862T2:4-GI 9T04-;-I
<$"F#=>$ 0+000-:; - 0+000-:; 12P-42-862T2@4R0@ 9T040@??
A%$C#B$"# 0+00008:@I - 0+00008:@I 12P-42-862T2:4RI- 9T04-:RI
C$aEEcCd 0+000@8R; -8 0+0000:8I?

:;.< !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%C'#EF" 0+00000IGR? - 0+00000IGR? 12P-42-?62T2G4R?: 9T0408@;
<$"F#=>$ 0+00000R@-G - 0+00000R@-G 12P-42-?62T2:408: 9T04-;8:
A%$C#B$"# 0+00000@?I8 - 0+00000@?I8 12P-42-?62T2-4?8@ 9T04-?8?
C$aEEcCd 0+0000@80: -? 0+00000:;-:

!7=.6 !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%C'#EF" 0+00000-;@I - 0+00000-;@I 12P-42-862T2:4R:8 9T04-G0G
<$"F#=>$ 0+00000G;;R - 0+00000G;;R 12P-42-862T2R4;-; 9T040:II
A%$C#B$"# 0+00000:?8R - 0+00000:?8R 12P-42-862T2@4@0R 9T040R--
C$aEEcCd 0+0000--0I -8 ;+R:;./08
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Figure 6B 

1 month  

 

6 months  

 

Figure 6C 

1 month  

 

6 months  

Figure 6D 

1 month 

 

6 months  

 

Figure 6E 

1 month  

 

6 months  

!"#$%F'()*(F+,-./(0( !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%&'#(F" G+GII-. . G+GI/ 012.+1//P141G+R6T6 84G+//T9
:$"F#;<$ G+GI=-6 . G+GIR 012.+1//P141.+IGG 84G+I=.I
>%$&#?$"# G+6I/6 . G+6I/ 012.+1//P141.T+T6 84G+GGGI
@$A(BC&a G+T=T9 // G+GI6

!"#$%F'()*(F+,-./(0( !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%&'#EF" G+GGGGI-G. / G+GGGGI-G. 012/+1I/P141G+GGGI///R4G+6TT-
8$"F#9:$ T+--;<=G; / G+GGGGGT--; 012/+1I/P141>+I/?$=GG-R4G+66??
@%$&#A$"# /+?6? / /+?6? 012/+1I/P141//+>. R4G+GGI-
B$CEaE&c I+.6/ I/ G+//T;

!"#$%F'()*(F+, !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%&'#(F" G+GGGI-GI . G+GGGI-GI /01.+02.P040G+G-GR-64G+T-.8
9$"F#:;$ G+GGG-G<= . G+GGG-G<= /01.+02.P040G+G-TTG64G+T2=I
>%$&#?$"# G+G<2R= . G+G<2R= /01.+02.P0408+I=. 64G+G.R=
@$A(BC&a G+.=-8 2. G+GGTI.I

!"#$%F'()*(F+, !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%&'#EF" G+GGGI-I- - I./G0 12P-+244R262-+G4G T6G+4-8I
9$"F#:;$ G+GGGG<4=< - <./G< 12P-+244R262G+G>GGG T6G+8II-
?%$&#@$"# G+G-4= - G+G-0 12P-+244R262A4+G8 TBG+GGG-
C$aEEc&d G+G->80 44 I./G0

!"#$%&'(&$)*+,-&.& !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%&'#(F" G+GGGII- I G+GGGII- ./0I+/I12/P/G+GGI-4GRPG+1-6T
8$"F#9:$ G+GGG-G1; I G+GGG-G1; ./0I+/I12/P/G+GG6;G6RPG+14<;
=%$&#>$"# G+??I; I G+??I; ./0I+/I12/P/-+I-? RPG+G44;
@$A(BC&a I+T-I I1 G+G<I-?

!"#$%&'(&$)*+,-&.& !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%&'#(F" G+GGI-. . G+GGI /01.+0I2P040G+-GG. R4G+622I
T$"F#89$ G+GG:;;< . G+GG2 /01.+0I2P040G+<<;. R4G+-I;2
=%$&#>$"# G+III6 . G+II- /01.+0I2P040I2+<G R?G+GGG.
@$A(BC&a G+I.6; I2 G+GG2

!"#$%&'(&$)* !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%&'#(F" G+GGGGGIG- I G+GGGGGIG- ./0I+/1I2/P/G+GG4R6-TPG+8469
:$"F#;<$ G+GGGG=RI I G+GGGG=RI ./0I+/1I2/P/G+--1= TPG+R=G1
>%$&#?$"# G+GGR==9 I G+GGR==9 ./0I+/1I2/P/1R+6G T@G+GGGI
A$B(Ca&E G+GG4=4 1I G+GGG11R=
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Figure 6F

 

Fig 6G 

 

 

Figure 7B 

 

Figure 7C 

 

Figure 8B 

 

Figure 8C 

 

 

 

 

Supplementary Figure 1A 

!"#$%&'(&$)* !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%&'#EF" G+GGGGI-.- I /01G. 2P4I+PRR6PTPG+GR88. 9TG+:.R;
<$"F#=>$? 8+.I@01G@ I .01G@ 2P4I+PRR6PTPG+GG::.R9TG+;/.@
A%$&#B$"# G+GI/-- I G+GIR 2P4I+PRR6PTP/.+G8 9CG+GGGI
a$?EEc&d G+GI@:R RR .01G8

!"#$%&'()*$#*(+,-./*0* !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%&'#(F" G+I-.I / G+/.0 12P/+2-4R262G+40/0 T6G+I-G.
8%$&#9$"# :+40 / /+;- 12P/+2-4R262..+</ T6G+GGG.
=$"F#>?$ G+/0:. . G+/0: 12P.+2-4R262.+G0G T6G+-G;<
@$A(BC&a ;+:G/ -4 G+/:

!"#$%&'()*$#+(,- !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!!!!"#$%&'($FG# +I++--.- / +I++012/ P!4/R!-16!T!+R-82+ 9T+R:+:.
!!!!;&%'$<%#$ +I-.82 / +I02/8 P!4/R!-16!T!-2R:+ 9=+R+++0
!!!!>%#G$?@% +I++A-12 0 +I++A-12 P!40R!-16!T!0R0+. 9T+R/221
!!!!B%CFaE'c +I0:8A -1 +I++8.8:

!"#$%##&#'()*+#H-.()*/010*2/013 !"#A!%&D(FG ++%I-./G%MMMN OP 4+ P%IOPRS%OPTN !"#$%&'
MR&G8DV&:;R <=>S? > @AS<B P%I>S%>CN%a%<S=?< bacS>d<@
-8GD&eGR& <?@> > @dAS> P%I>S%>CN%a%<?SBc bIcSccc<
JGR;&./G B?ScC < B?ScC P%I<S%>CN%a%<SBcd bacS<@CA
KGi:TMDF <dC? >C ?BS?d

!"#$%#4#'()*+5#H-.()*/010*2/013 !"#A!%&D(FG ++%I-./G%MMMN OP 4+ P%IOPRS%OPTN b%NDFMG
MR&G8DV&:;R =@S<A > >CS=C P%I>S%?>N%a%cS?==d bacSAd@?
-8GD&eGR& @AB= > dC?C P%I>S%?>N%a%A<S>B bIcSccc<
JGR;&./G cSAA?C < cSAA?C P%I<S%?>N%a%cSc<c=B bacSB<C=
KGi:TMDF >Ad@ ?> A>S@C

!"#$%##&#'()*+#H-.()*/010*2/013 !"#A!%&D(FG ++%I-./G%MMMN OP 4+ P%IOPRS%OPTN !"#$%&'
MR&G8DV&:;R <=>S? > @AS<B P%I>S%>CN%a%<S=?< bacS>d<@
-8GD&eGR& <?@> > @dAS> P%I>S%>CN%a%<?SBc bIcSccc<
JGR;&./G B?ScC < B?ScC P%I<S%>CN%a%<SBcd bacS<@CA
KGi:TMDF <dC? >C ?BS?d

!"#$%#4#'()*+5#H-.()*/010*2/013 !"#A!%&D(FG ++%I-./G%MMMN OP 4+ P%IOPRS%OPTN b%NDFMG
MR&G8DV&:;R =@S<A > >CS=C P%I>S%?>N%a%cS?==d bacSAd@?
-8GD&eGR& @AB= > dC?C P%I>S%?>N%a%A<S>B bIcSccc<
JGR;&./G cSAA?C < cSAA?C P%I<S%?>N%a%cSc<c=B bacSB<C=
KGi:TMDF >Ad@ ?> A>S@C

!"#$%&'()*+*(H)*+#-#.&'(/# !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%&'#(F" G+I-. + /0-.1 2P4+-P+.RP6PT-.+I8 96T-::I8
;$"F#<=$ 81-T8 G 81-T8 2P4G-P+.RP6PT-I/:1 96T-0.1+
>%$&#?$"# G:G0 + IT/-/ 2P4+-P+.RP6P1-G8+ 96T-TTT1
@$A(BC&a +G/+ +. II-+

!"#$%&'()*+*(H)*+#0#.&'(/1 !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%&'#(F" G1-+8 + 1-/+0 2P4+-P:0RP6PT-T.:81 96T-1G1T
;$"F#<=$ GGG-8 G GGG-8 2P4G-P:0RP6PT-1I11 96T-0+I.
>%$&#?$"# G//+: + .0G+ 2P4+-P:0RP6PI0-TI 9ET-TTTG
@$A(BC&a :.1+ :0 GG0-.

!"#$%&'()*+*(H)*+#-#.&'(/# !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%&'#(F" G+I-. + /0-.1 2P4+-P+.RP6PT-.+I8 96T-::I8
;$"F#<=$ 81-T8 G 81-T8 2P4G-P+.RP6PT-I/:1 96T-0.1+
>%$&#?$"# G:G0 + IT/-/ 2P4+-P+.RP6P1-G8+ 96T-TTT1
@$A(BC&a +G/+ +. II-+

!"#$%&'()*+*(H)*+#0#.&'(/1 !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%&'#(F" G1-+8 + 1-/+0 2P4+-P:0RP6PT-T.:81 96T-1G1T
;$"F#<=$ GGG-8 G GGG-8 2P4G-P:0RP6PT-1I11 96T-0+I.
>%$&#?$"# G//+: + .0G+ 2P4+-P:0RP6PI0-TI 9ET-TTTG
@$A(BC&a :.1+ :0 GG0-.
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Supplementary figure 1B  

 

 

Supplementary figure 2A 

 

Supplementary figure 2B 

 

Supplementary figure 2C 

 

Supplementary figure 2D 

 

 

 

Supplementary figure 3A 

!"#$$%&'&()*%#+),-.#$)/00-0121.%31 !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%&'#(F" G+GGI-.. / G+GGG.01/ 2P4/+PRG6PTPG+G/1.R8TG+0-99
:$"F#;<$ G+G1=I0 I G+G1=I0 2P4I+PRG6PTPI+/GI 8TG+/--R
>%$&#?$"# G+1I=I / G+/GR9 2P4/+PRG6PTP9+-1/ 8TG+GG9/
@$A(BC&a /+I9. RG G+G=90-

!"#$$%&'&()*%#+),-.#$)1.%3124%5 !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%&'#(F" /+1-I / I+/=R 2P4/+PRI6PTPG+91== 8TG+9.=R
:$"F#;<$ /G+IR I /G+IR 2P4I+PRI6PTP.+.RR 8TG+GG1/
>%$&#?$"# R1+R0 / =/+=9 2P4/+PRI6PTPI1+// 8EG+GGGI
@$A(BC&a I=.+- RI /+/-1

!"#$$%&'&()*%#+),-.#$)/00-0121.%31 !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%&'#(F" G+I-./ . G+/01 2P4.+PR16PTPI+/.I 8TG+G-I-
9$"F#:;$ G+.111 / G+.10 2P4/+PR16PTPR+0IG 8TG+GIR<
=%$&#>$"# G+1.< . G+I/R 2P4.+PR16PTP-+-0/ 8TG+GG1<
?$@(AB&C .+-aI R1 G+G-1

!"#$$%&'&()*%#+),-.#$)1.%3124%5 !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%&'#(F" /G+a- . -+R00 2P4.+PR16PTP.+0/G 8TG+G00/
9$"F#:;$ R+R/I / R+R/I 2P4/+PR16PTP.+/<R 8TG+/R1I
=%$&#>$"# -<+a/ . .a+R- 2P4.+PR16PTP/R+-< 8EG+GGG/
?$@(AB&C a.+a- R1 .+G./

!"#$%&'()*"$)+%&,-") !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%&'#(F" G+I-. G /0I-0 12PG42R.62T2/4+.8 9T-4G-/:
;$"F#<=$ -I+800 / -I+80 12P/42R.62T2-4->>G8 9T-4:+::
?%$&#@$"# +.I8R G 0GI8: 12PG42R.62T2R4/88 9T-4-G/0
A$B(Ca&E 0.0I0 R. :I>.G

!"##$%&G()*%$+, !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%&'#(F" G+I-. / 0+/01 2P4/RPI6TP8P9R0I1/ :89R-9-;
<$"F#=>$ /0+.. ; /0+.. 2P4;RPI6TP8P/R6-6 :89R;;66
?%$&#@$"# I0+/1 / /;+G6 2P4/RPI6TP8P/R00I :89R;9.6
A$B(Ca&E I;-+0 I6 1+/-I

!"#$%F'()*+,$-.+/01+2F34. !"#A!%&D(F* ++ ,- .+ -%/,-MN%,-OP 4%5DFS* !"#"$%"&'"$(FG"&
+G"$%'",% -.L0- 1 20LP2 4&R1S&P.T&8&2LS09 :8LSLLL2
;",<%=#" >L-9 2 >L-9 4&R2S&P.T&8&-SL-. :8LSL002
?"@%A!BCa% 1L0b> 2 1L0b> 4&R2S&P.T&8&2Sc2> :8LS29-L
+G"$%'",%&d&;",<%=#" PP99 1 11-c 4&R1S&P.T&8&2S-Pc :8LS1.c>
+G"$%'",%&d&?"@%A!BCa% 9L0b2 1 ->Pb2 4&R1S&P.T&8&-S1>1 :8LSLP99
;",<%=#"&d&?"@%A!BCa% 29Lbc 2 29Lbc 4&R2S&P.T&8&2S>9L :8LS12.>
+G"$%'",%&d&;",<%=#"&d&?"@%A!BCa% 12PbP 1 2L9b1 4&R1S&P.T&8&LSc0P0 :8LS-021
eFfg"h% 9.-19 P. 2.>c
!"(BiF$j >LL0 P. 2L0bc

!"#$%"&'()*+H-.*/#$*0"12. !"#A!%&D(F* ++ ,- .+ -%/,-MN%,-OP 4%5DFS* !"#"$%"&'"$(FG"&
+G"$%'",% --.L- 0 12.PP 4&R0S&T28&9&2S200 :9;S;;-;
<",=%>#" T0.L 1 T0.L 4&R1S&T28&9&1S2PL :9;S0;0;
?"@%AGBCa% 1b;0 1 1b;0 4&R1S&T28&9&1PSTT :9;S;;;1
+G"$%'",%&c&<",=%>#" -201 0 1b11 4&R0S&T28&9&;SP;20 :9;ST.bb
+G"$%'",%&c&?"@%AGBCa% -2Ld2 0 1b0db 4&R0S&T28&9&1SP2. :9;S1b1.
<",=%>#"&c&?"@%AGBCa% Tbdb- 1 Tbdb- 4&R1S&T28&9&;STP0L :9;ST.L-
+G"$%'",%&c&<",=%>#"&c&?"@%AGBCa% L-1dP 0 02Ld. 4&R0S&T28&9&0SLP- :9;S;bP-
eFfg"h% 11P.-- T2 0L2T
!"(BiF$j TPLT T2 1;-d-
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Supplementary figure 3B 

 

 

 

Supplementary figure 6B 

!"#$%&%'($#$)*$+%,$)-.($/ !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#A%&#D% (FGH,-. / /(/HGMN OP4/RP/-SPTPGRN.( 8T,R,,H.
V#D:%;<# MG-H-- . MG-H-- OP4.RP/-SPTP,RF/-. 8T,RM-./
=#&>?<@#"# F,.G( . F,.G( OP4.RP/-SPTP,RM.F/ 8T,RG--(
!"#A%&#D%PAPV#D:%;<# /H(.N.. / .(-,F,N OP4/RP/-SPTPMRMHF 8T,R,(FM
!"#A%&#D%PAP=#&>?<@#"# /,HFMG / .,(H.F OP4/RP/-SPTP,R(.NG 8T,RNNMG
V#D:%;<#PAP=#&>?<@#"# --FM.- . --FM.- OP4.RP/-SPTPMR,H, 8T,R,H,.
!"#A%&#D%PAPV#D:%;<#PAP=#&>?<@#"# -../M / MGGN. OP4/RP/-SPTP,R.(./ 8T,RFNH,
AD>&AB ..NFGN,G /- (M/F,,
C#?>abAB NF,.FF- /- /G.H//

!"#$%0%'($#$)*$+%,$)-.($/ !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#A%&#D% /(-./(F / ./MGN/( OP4/RP/-SPTP.R-G, 8T,R.H/H
V#D:%;<# ./N(. . ./N(. OP4.RP/-SPTP,R,.-H. 8T,RFH(G
=#&>?<@#"# (NG..N . (NG..N OP4.RP/-SPTP.RN(F 8T,R/.,.
!"#A%&#D%PAPV#D:%;<# (G,(., / //G/,G OP4/RP/-SPTP,RM.H, 8T,R-/HN
!"#A%&#D%PAP=#&>?<@#"# (/.MN / /.,NF OP4/RP/-SPTP,R,-(N- 8T,RH/F/
V#D:%;<#PAP=#&>?<@#"# G/// . G/// OP4.RP/-SPTP,R,.FG. 8T,RFH/F
!"#A%&#D%PAPV#D:%;<#PAP=#&>?<@#"# H.FNM / (GHM. OP4/RP/-SPTP,R.N/F 8T,RFG,N
AD>&AB .H,N,.NG /- -,GHM/
C#?>abAB -N.F,F( /- /F/.G.

!"#$%1%'($#$)*$+%,$)-.($/ !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
FdeIFP%AJB# hh iO Mh OP4iODRPiOaS 8PNABb#
!"#A%&#D% /.,.,MM / .,G,G.N OP4/RP/-SPTPFR.G- 8T,R,,.-
V#D:%;<# .M.H. . .M.H. OP4.RP/-SPTP,R.,/( 8T,R-G.(
=#&>?<@#"# .--(.. . .--(.. OP4.RP/-SPTP/RG(G 8T,R.//M
!"#A%&#D%PAPV#D:%;<# MF,F. / .H,(, OP4/RP/-SPTP,R.(-H 8T,RFNMM
!"#A%&#D%PAP=#&>?<@#"# .(,H(G / -,(-M OP4/RP/-SPTP.R,.. 8T,RM--/
V#D:%;<#PAP=#&>?<@#"# .,.G( . .,.G( OP4.RP/-SPTP,R.(G- 8T,R-,G-
!"#A%&#D%PAPV#D:%;<#PAP=#&>?<@#"# N(GFN / M//HM OP4/RP/-SPTP,R(NMM 8T,RNM(.
AD>&AB M(--,-- /- ./F-F.
C#?>abAB .FF.HHN /- NH-,(

!"#$%&%'($#$)*$+%,$)-.($/ !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#A!B#C! D(FGH,-( H ./G/H(- 012HP1-/41R1D(P-/ S78P888D
9#C:!;<# DH-(- D DH-(- 012DP1-/41R18P8H,8, SR8P.(-G
=#B>?<@#"# /((H-.- D /((H-.- 012DP1-/41R1FHPD( S78P888D
!"#A!B#C!1A19#C:!;<# D-8HH-( H (8DDHF 012HP1-/41R1DP-8. SR8PH,,8
!"#A!B#C!1A1=#B>?<@#"# ,DH.DHD H H,/-8/8 012HP1-/41R1DHPD. S78P888D
9#C:!;<#1A1=#B>?<@#"# DD8(8G D DD8(8G 012DP1-/41R18P,H,G SR8P-(H8
!"#A!B#C!1A19#C:!;<#1A1=#B>?<@#"# GG.-/ H -GGHF 012HP1-/41R18PHF(D SR8P(.G.
AC>BAB HHG8GF,/ -/ -G.8HG
C#?>abAB G/.-8-D -/ HD8,HF

!"#$%0%'($#$)*$+%,$)-.($/ !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
C:c1dAe!:" H,--(F/ H DH(HF/. 012HP1-/41R1DP(F( SR8PD.(,
2fJ1h?1ij4 D/H.D,8 D D/H.D,8 012DP1-/41R1HPHHH SR8PD-HG
2fi1h?1Jj4 G,F/D.- D G,F/D.- 012DP1-/41R1FDP,( S78P888D
C:c1dAe!:"1A12fJ1h?1ij4 ,F.(.F, H H/GFGD( 012HP1-/41R1FP/(( SR8P8FF8
C:c1dAe!:"1A12fi1h?1Jj4 H,,../( H DH(G-FF 012HP1-/41R1-PHF/ SR8P8H8,
2fJ1h?1ij41A12fi1h?1Jj4 FF-.. D FF-.. 012DP1-/41R18PDD8G SR8P(-8(
C:c1dAe!:"1A12fJ1h?1ij41A12fi1h?1Jj4 HF8(/- H DD,F.H 012HP1-/41R18PF.H8 SR8P/.-/
Nblm#e! FF(8-//F -/ (FH(D8
C#?>abAB DF.G-F8/ -/ F8H8,8

!"#$%1%'($#$)*$+%,$)-.($/ !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#A!B#C! /,D.F//F H FH,GD.FD 012HP1-/41R1/DPF( S78P888D
9#C:!;<# HHDP, D HHDP, 012DP1-/41R18P888-D(H SR8PG.F.
=#B>?<@#"# D/-,GHG. D D/-,GHG. 012DP1-/41R1/,PF8 S78P888D
!"#A!B#C!1A19#C:!;<# .GH.H H --/-D 012HP1-/41R18P8.-8/ SR8PGDG,
!"#A!B#C!1A1=#B>?<@#"# .FD./H, H -D,GFDF 012HP1-/41R1D/P,8 S78P888D
9#C:!;<#1A1=#B>?<@#"# /F(F/ D /F(F/ 012DP1-/41R18PH,HG SR8P/D(,
!"#A!B#C!1A19#C:!;<#1A1=#B>?<@#"# F,G-8 H D(G(8 012HP1-/41R18P8(DHG SR8PGFDF
AC>BAB H--H(/,. -/ ,FD8F/
C#?>abAB DD,G,DG( -/ H,H8(8
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Supplementary figure 6C 

 

!"#$%&'()*$#*(+$,-.*/(0,$.#1 !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%&'#(F" G+GII-. - G+G// 012-+1.P41R16+6PG TRG+.68G
9%$&#:$"# 6+-;/ - G+<.; 012-+1.P41R16;+6I T=G+GGG6
>$"F#?@$ G+G/-II 6 G+G/. 0126+1.P41R16+68; TRG+-II;
A$B(Ca&E 6+//< .P G+G.;

!"#$%&'()*$#*(+,*-*./" !"#A!%&D(F* ++%I-./*%MMMN OP 4+ P%IOP5S%OPTN 8%VDF:*
!"#$%&'#(F" G+GGI--. I G+GG/ 012I+1P4R161G+IT/. 86G+T-P9
:%$&#;$"# G+I4PT I G+/.T 012I+1P4R161I4+4/ 8<G+GGG/
=$"F#>?$ G+GG/4-P / G+GGI 012/+1P4R161G+P449 86G+@PG4
A$B(Ca&E G+/4/@ P4 G+GG@


