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Supplementary Figure 1
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SXSSOHPHQWDU\ FLJXUH 1 - UHODWHG WR FLJXUH 1D, E - AGGLWLRQDO H[DPSOHV DQG FRQWUROV RI               

H3.3 HQULFKPHQW DW DFWLYH UHJLRQV DQG LQWHUVWLWLDO KHWHURFKURPDWLQ. 

D Genome WrackV e[ample of Wime-ChIP daWa (H3.3-SNAP and H3.1-SNAP WimepoinWV 0h            

WhroXghoXW 12h) in moXVe embr\onic VWem cellV (ESC), WogeWher ZiWh H3.3-HA pXlVe daWa 1,2,              

H3K27ac and H3K9me3 3,4. H3.3-SNAP and H3K27ac enriched regionV VhoZ oYerlap ZiWh            

acWiYe and primed enhancerV. H3.3-SNAP and H3K9me3 coincide ZiWh IAP ERV (Vee alVo             

genome-Zide anal\ViV in SXpplemenWar\ FigXre 3). H3.1-SNAP and InpXW conWrolV VhoZ no            

parWicXlar enrichmenW. All WrackV Zere normali]ed Wo ReadV Per Genomic ConWenW (RPGC). E             

Genome WrackV e[ample VhoZing Wime-ChIP H3.3 daWa in boWh moXVe embr\onic VWem cellV             

(ESC) and neXral VWem cellV (NSC), WogeWher ZiWh H3K9me3 ChIP 3 and RNA Pol\meraVe II               

ChIP 5 aW HiVW1 hiVWone gene clXVWer. H3.3 enrichmenW and WXrnoYer aW IAP elemenWV iV obVerYed                

in ESC bXW noW NSC, ZhereaV H3.3 enrichmenW and WXrnoYer aW Whe hoXVekeeping geneV iV               

mainWained in NSC. F DenViW\ heaWmapV and aYerage profileV (RPGC) of Wime-ChIP H3.3-SNAP             

in embr\onic VWem cellV (ESC) and neXral VWem cellV (NSC) and H3.1-SNAP aW WimepoinW 0h in                

ESC oYer endogenoXV H3.3 peakV in ESC coinciding (H3.3+H3K9me3) or noW (H3.3-onl\) ZiWh             

H3K9me3 peakV 6. OYerlap ZiWh 15-SWaWe ChromHMM annoWaWion 7 VWaWeV, IAP ERV elemenWV             

(IAPE]-inW and flanking LTRV from mm9 RepeaWMaVker Wrack), and H3.3-SNAP peakV called in             

ESC and NSC iV VhoZn. AddiWionall\, ESC and NSC inpXW daWa iV alVo VhoZn. G H3.3 and                 

H3K9me3 profileV along a reprogramming Wime-coXrVe from moXVe embr\onic fibroblaVWV (MEF)           

8. Earl\ reprogramming inWermediaWe (48h afWer e[preVVion of reprogramming facWorV OcW4,           

Nanog, Klf4, M\c) and laWe reprogramming inWermediaWe VWable cell line (pre-iPSC) are            

compared Wo MEF and ESC. All WrackV are ploWWed on Whe Vame Vcale aV RPGC. H3K9me3 iV                 

firVW enriched aW IAP ERV aW Whe pre-iPSC inWermediaWe and fXrWher increaVeV in ESC. H3.3 iV                

e[clXViYel\ acqXired aW IAP ERVV in ESC, Zhile nearb\ hoXVekeeping gene Rps12 iV enriched              

conViVWenWl\ in all cell W\peV. 
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Supplementary Figure 2

a



 

SXSSOHPHQWDU\ FLJXUH 2 - UHODWHG WR FLJXUH 1G - AQQRWDWLRQ RI H3.3 SHDNV XVLQJ 15-SWDWH               

CKURPHMM PRGHO 

BarploW VhoZing relaWiYe oYerlap of H3.3-onl\ and H3.3+H3K9me3 peak VeWV 6 ZiWh 15 SWaWe              

ChromHMM annoWaWion, groXped b\ coincidence ZiWh H3K9me3 peakV. Each peak iV aVVigned            

Whe ChromHMM15 VWaWe WhaW oYerlapV ZiWh iW Whe moVW. AmoXnWV are VhoZn aV a percenWage of                

Whe WoWal peak VeW. H3.3-onl\ peakV oYerlap Whe moVW ZiWh VWrong enhancerV and WranVcripWion              

elongaWion VWaWeV, ZhereaV H3.3+H3K9me3 peakV oYerlap ZiWh heWerochromaWin VWaWeV 12-14,          

defined b\ abVence of H3K4me3, H3K4me1, H3K27ac, H3K36me3 and RNAP2 markV. 
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Supplementary Figure 3

Genome-wide analysis in ~545k 5kb bins (Log2 fold-enrichment over input)

RLTR44-int LTRIS2



 

SXSSOHPHQWDU\ FLJXUH 3 - UHODWHG WR FLJXUH 1H - GHQRPH-ZLGH FRUUHODWLRQ RI H3.3 DQG              

H3K9PH3 LV VKDSHG E\ D VXEVHW RI ER9 IDPLOLHV 

ScaWWer ploW VhoZing relaWionVhip beWZeen H3.3 and H3K9me3 Vignal aVVeVVed oYer 5kb binV             

genome-Zide. Genome ZaV parWiWioned in 5kb binV and coYerage enrichmenW ZaV calcXlaWed aV             

log2 fold change of each Vignal oYer Wheir correVponding inpXW. Color of each Wile repreVenWV               

poinW denViW\ of all Whe binV ZiWh Vimilar H3K9me3 and H3.3 YalXeV (on a Wile-reVolXWion of 0.1).                 

RepMaVker annoWaWion ZaV inWerVecWed ZiWh 5kb binV for major repeaW familieV. BinV WhaW oYerlap              

ZiWh Whe correVponding repeaW W\pe are VhoZn in black. In Whe rare caVe Zhere more Whan one                 

elemenW oYerlapped ZiWh Whe Vame bin, Whe repeaW W\pe WhaW oYerlapped Whe moVW ZaV              

adjXdicaWed.  
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Supplementary Figure 4
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SXSSOHPHQWDU\ FLJXUH 4 - UHODWHG WR FLJXUH 1H - ETQ EXW QRW IAP ER9 IDPLOLHV FRQWDLQ D                 

VPDOO QXPEHU RI DFWLYH HOHPHQWV LQ WKH DQQRWDWHG JHQRPH. D HeaWmap VhoZing RNA             

Pol\meraVe II and H3K9me3 Vignal 3,5 oYer XniqXe 5kb flanking regionV of ETn and MXVD               

repeaW elemenWV. Among Whe annoWaWed ETn elemenWV, a Vmall VXbVeW (marked ZiWh a blXe              

arroZ) VhoZ high RNA Pol\meraVe II Vignal aW Wheir 3¶ flanking region WogeWher ZiWh abVence of                

H3K9me3 , Zhich VXggeVWV WhaW WheVe indiYidXal elemenWV are WranVcribed aW high leYelV,             

ZhereaV Whe remaining elemenWV are in a repreVVed or inacWiYe VWaWe. E ScaWWerploW VhoZing              

enrichmenW of RNA Pol II CTD Serine 2 phoVphor\laWion YerVXV H3K9me3 3,5 oYer ETn elemenWV               

and 1kb flanking regionV, XVing onl\ XniqXel\ mappable readV. H3.3 enrichmenW iV oYerlaid aV              

colorVcale. a10 elemenWV appear acWiYel\ WranVcribed and lack H3K9me3, enrichmenW of hiVWone            

H3.3 in WheVe caVeV ma\ VWem from WranVcripWion aVVociaWed nXcleoVome WXrnoYer. F HeaWmap             

VhoZing RNA Pol\meraVe II and H3K9me3 Vignal oYer 5kb flanking regionV of annoWaWed IAP              

elemenWV. No acWiYel\ WranVcribed IAP ERVV are diVcernable b\ RNA Pol\meraVe II Vignal. G              

ScaWWerploW VhoZing enrichmenW of RNA Pol II CTD Serine 2 phoVphor\laWion YerVXV H3K9me3             

3,5 oYer IAP elemenWV and 1kb flanking regionV, XVing onl\ XniqXel\ mappable readV. H3.3              

enrichmenW iV oYerlaid aV colorVcale. H Violin ploW of RNA-Seq WranVcripW leYelV for geneV and               

VelecWed repeaW elemenWV. RNA-Seq read coXnWV Zere mapped Wo mm9 and read coXnWV Zere              

e[WracWed oYer RefSeq geneV and RepMaVker annoWaWion. Read coXnWV Zere normali]ed Wo Whe             

WoWal baVe pairV coYered b\ each gene or repeaW inVWance (RPK, readV per kilobaVe) and Vcaled                

Wo WranVcripWV per kilobaVe million (TPM) and ploWWed aV in log Vcale.  
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Supplementary Figure 5
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SXSSOHPHQWDU\ FLJXUH 5 - UHODWHG WR FLJXUH 2D-H - AQDO\VLV RI DGGLWLRQDO H3.3 SXOVLQJ              

GDWDVHWV. D Peak DenViW\ HeaWmapV and aYerage profileV of H3.3 pXlVe or chaVe daWa from               

Whree differenW VWXdieV in moXVe ESC 1,9,10 aW H3.3-onl\ and H3.3+H3K9me3 peak VeWV 6. E Mean                

read denViW\ heaWmap VhoZing enrichmenWV of H3.3-SNAP Wime-ChIP (log2 fold-change oYer           

inpXW) oYer 15 ChromHMM VWaWeV aV Zell aV H3K9me3 and H3.3+H3K9me3 enriched regionV 6.              

Same aV FigXre 2d bXW ZiWh addiWional replicaWeV 2. F AYerage coYerage of H3.3-SNAP              

Wime-ChIP XniqXel\ mappable readV oYer 2640 Vhared IAP ERVV. FragmenWV defined b\            

paired-end readV Zere piled Xp and normali]ed b\ 1[ Genome coYerage (FragmenWV Per             

Genomic ConWenW, FPGC)  
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Supplementary Figure 6
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SXSSOHPHQWDU\ FLJXUH 6 - UHODWHG WR FLJXUH 2G - AQDO\VLV RI UHSHWLWLYH HOHPHQW IDPLOLHV 

D Mean read denViW\ heaWmapV of Wime-ChIP H3.3-SNAP daWa aW a major repeWiWiYe elemenWV              

from RepeaWMaVker annoWaWion (filWered for elemenWV larger Whan 200bp). Each caWegor\           

enrichmenW iV calcXlaWed aV log2 fold change of mean coYerage oYer inpXW. IAPLTR1a VhoZV              

Whe higheVW enrichmenW aW Wime poinW 0h and WXrnoYer. MoVW IAP LTRV and inWernal VeqXenceV,               

aV Zell aV ETn and MXVD elemenWV VhoZ boWh enrichmenW and H3.3 WXrnoYer. 
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Extended Data Figure 7
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SXSSOHPHQWDU\ FLJXUH 7 - UHODWHG WR FLJXUH 3D, G - GHQRPH-ZLGH PDLQWHQDQFH RI             

DFFHVVLELOLW\ LQ WKH DEVHQFH RI H3.3KO FHOOV LQGHSHQGHQW RI DFWLYH RU LQDFWLYH FKURPDWLQ             

VWDWH, DQG VHOHFWLYH JDLQ LQ DFFHVVLELOLW\ DW H3K9PH3-H3.3 FR-HQULFKHG UHJLRQV. 

D Mean read denViW\ heaWmap of ATAC-Veq daWa of H3.3 ZildW\pe and knockoXW cellV 4. BoWh WT                 

and KO VhoZ Yer\ Vimilar genome-Zide read denViW\ leYelV acroVV all 15 ChromHMM SWaWeV.              

While H3K9me3-onl\ regionV remain inacceVVible, a VWriking a3-fold increaVe in ATAC-Seq           

Vignal iV foXnd aW H3.3 + H3K9me3 regionV in H3.3KO cellV. E Mean read denViW\ heaWmap of                 

ATAC-Veq daWa of H3.3 ZildW\pe and knockoXW b\ repeaW famil\. IncreaVe in acceVVibiliW\ iV              

obVerYed for WhoVe repeaW familieV WhaW are enriched in H3.3 in ZildW\pe cellV. F Tile-ploW VhoZing                

relaWionVhip beWZeen H3.3 and H3K9me3 Vignal aVVeVVed oYer 5kb binV genome-Zide. Each Wile             

color VhoZV log2 fold enrichmenW of aYerage ATAC-Veq Vignal for H3.3 KO oYer WT of all Whe                 

binV ZiWh Vimilar H3K9me3 and H3.3 YalXeV (on a Wile-reVolXWion of 0.1). A majoriW\ of ]ero                

YalXeV VhoZ ATAC-Veq Vignal iV Yer\ Vimilar genome-Zide, ZiWh H3.3 KO VhoZing higheVW             

enrichmenW oYer WT on regionV boWh H3.3- and H3K9me3-enriched. G ScaWWer ploW of 5kb binV,               

VhoZing HP1a occXpanc\ 11 YerVXV log2-fold change in ATAC-Seq Vignal Xpon H3.3 knockoXW.             

BinV oYerlapping ZiWh IAP ERVV are draZn in green. H ScaWWer ploW VhoZing XniqXel\ mappable               

ATAC-Seq readV (RPGC) in H3.3 KO YerVXV WT cell lineV, aW 2640 Vhared IAP ERVV and 1kb                 

flanking regionV. H3.3-SNAP 0h denViW\ b\ XniqXe readV iV oYerlaid aV color Vcale. 
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Supplementary Figure 8
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SXSSOHPHQWDU\ FLJXUH 8 - UHODWHG WR FLJXUH 3D - LRVV RI H3.3 GRHV QRW OHDG WR DQ LQFUHDVH                  

LQ KLVWRQH DFHW\ODWLRQV DW H3.3+H3K9PH3 UHJLRQV. 

D DenViW\ HeaWmapV and aYerage profileV of H3K18ac, H3K27ac, H3K64ac and H3K122ac            

markV for H3.3 WT and KO VampleV 4 aW H3.3-onl\ and H3.3+H3K9me3 peak VeWV. AV               

preYioXVl\ deVcribed, hiVWone aceW\laWion, preVenW aW a VXbVeW of H3.3 peakV, iV redXced in Whe               

abVence of H3.3 4, bXW baVal leYelV aW H3.3+H3K9m3 regionV are noW changed. 
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Supplementary Figure 9
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SXSSOHPHQWDU\ FLJXUH 9 - UHODWHG WR FLJXUH 3I - 8QLTXHO\ PDSSDEOH UHDGV VKRZ             

ZLGHVSUHDG LQFUHDVH LQ DNA DFFHVVLELOLW\ RYHU LQGLYLGXDO IAP ER9 HOHPHQWV. DenViW\           

heaWmap of XniqXel\ mappable paired-end readV ZiWhin and adjacenW Wo 2640 Vhared IAP ERVV              

for H3K9me3, H3.3 KO and WT ATAC-Veq, and Time-ChIP H3.3-SNAP aW WimepoinW 0h. Top              

roZ VhoZV aYerage profileV. UniqXel\ mapped readV aW flanking regionV alloZ Wo diVWingXiVh             

among indiYidXal inVWanceV of repeWiWiYe elemenWV, VhoZing WhaW Whe obVerYed effecW iV perYaViYe             

acroVV VXch repeaW elemenWV. LoZer roZ VhoZV Whe correVponding XnfilWered Vignal inclXding            

mXlWi-mappable readV for Whe Vame daWaVeWV aW Whe Vame IAP ERVV VeW. MXlWimappable readV              

Zere aVVigned randoml\ Wo one of Whe ambigXoXV maWcheV. On Whe righWmoVW colXmn, a 100bp               

mappabiliW\ Wrack WhaW flanking regionV and Vome inWernal VecWionV of IAP ERVV are XniqXel\              

mappable. 
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SXSSOHPHQWDU\ FLJXUH 10 - UHODWHG WR FLJ 4F, G - ATAC-SHT VLJQDO DW IAP ER9V DQG XQLTXH                 

JHQRPLF UHJLRQV. D AYerage coYerage of ATAC-Seq Vignal from XniqXel\ mappable fragmenWV            

oYer 2640 Vhared IAP ERVV inclXding daWa from MarWire eW. al. 4, and WhiV VWXd\. FragmenWV                

defined b\ paired-end readV Zere piled Xp and normali]ed Wo 1[ Genome coYerage (FragmenWV              

Per Genomic ConWenW, FPGC). ATAC-Seq coYerage in H3.3 KO iV compared ZiWh H3.3 WT, and               

H3.3 KO complemenWed ZiWh ZildW\pe H3.3, H3.2 or H3.3 LI>AA. E ConWrol for a) Zhere IAP ERV                

genomic inWerYalV Zere randoml\ VhXffled acroVV Whe mm9 genome, creaWing a conWrol groXp of              

Whe Vame nXmber and lengWh.  
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SXSSOHPHQWDU\ FLJXUH 11 - UHODWHG WR FLJ 5G - ATAC-SHT VLJQDO DW SPDUFDG1 ELQGLQJ VLWHV.               

ATAC-Seq and ChIP-Seq read denViW\ heaWmapV and aYerage profileV oYer 2670 Smarcad1            

peakV. ATAC-Seq coYerage in H3.3 KO cellV and H3.3 KO cellV complemenWed ZiWh ZildW\pe              

H3.3, H3.2 or H3.3LI>AA from WhiV VWXd\ iV VhoZn ne[W Wo ATAC-Seq from H3.3 WT and Whe                 

Vame H3.3 KO cellV from MarWire eW. al. 4. 
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SXSSOHPHQWDU\ FLJXUH 12 - UHODWHG WR FLJXUH 5H,I,J - RHSOLFDWH ATAC-SHT H[SHULPHQW ZLWK 

DGGLWLRQDO NQRFNGRZQ RI ATR; DQG DGGLWLRQDO FHOO OLQHV 

H  WeVWern bloW VhoZing Smarcad1 and AWr[ ViRNA WreaWmenW of H3.3 WT and H3.3 KO cell 

lineV, aV Zell aV H3.3KO cell line reVcXed ZiWh H3.3 (Vee FigXre 4a). E Bo[ploWV VhoZing H3.3 

and ATAC-Seq Vignal for Whe condiWionV aboYe aW 2640 Vhared IAP ERVV (Wop) or 2640 

randomi]ed conWrol regionV (boWWom). TXke\-VW\le cenWer (median), bo[ (firVW and Whird 

qXarWileV) and ZhiVkerV (Whe ma[imal 1.5[ IQR range).  TZo-Vided Paired T WeVW p YalXe and 

Cohen¶V effecW Vi]e d are giYen for each pairZiVe compariVon. DaWa VhoZn from n=1 biological 

replicaWe. SoXrce daWa are proYided aV a SoXrce DaWa file. F  ATAC-Seq aYerage coYerage 

(FPRC) oYer 2640 Vhared IAP ERVV for H3.3 KO cell line XnWreaWed or WreaWed ZiWh Smarcad1 

ViRNA. G ATAC-Seq aYerage coYerage (FPRC) oYer 2640 Vhared IAP ERVV for H3.3 WT and 

H3.3 KO +H3.3 reVcXe cell line XnWreaWed or WreaWed ZiWh Smarcad1 ViRNA. H  ATAC-Seq 

aYerage coYerage (FPRC) oYer 2640 Vhared IAP ERVV for H3.3 WT cell line XnWreaWed or 

WreaWed ZiWh Smarcad1 or ATRX ViRNA (Wop).  ATAC-Seq aYerage coYerage (FPRC) oYer 2640 

random conWrol regionV for H3.3 WT cell line XnWreaWed or WreaWed ZiWh Smarcad1 or ATRX 

ViRNA (boWWom).  
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SXSSOHPHQWDU\ FLJXUH 13 - UHODWHG WR FLJXUH 6E,G,H - SPDUFDG1 NQRFNGRZQ UHGXFHV 

KHWHURFKURPDWLF H3.3 HQULFKPHQW 

D DenViW\ heaWmapV and aYerage profileV of H3.3, H3K9me3 and Smarcad1-FLAG 12 ChIP-Seq             

Vignal oYer 2640 Vhared IAP ERVV and flanking regionV, in H3.3 WT cellV ZiWh or ZiWhoXW                

Smarcad1 knockdoZn. E ChIP-Seq denViW\ heaWmapV and aYerage profileV of H3.3 and            

H3K9me3 in H3.3 WT mESC ZiWh or ZiWhoXW 48h Smarcad1 knockdoZn oYer H3.3-onl\ (Vame              

aV FigXre 6d), H3K9me3-onl\ and H3.3+H3K9me3 peakV 6. F Mean ChIP-Seq read denViW\             

heaWmap VhoZing enrichmenWV of Smarcad1-FLAG 12, H3K9me3 and H3.3 oYer major ERV and             

LINE repeaW familieV aV annoWaWed b\ RepeaWMaVker. Onl\ inVWanceV larger Whan 200bp Zere             

inclXded in each anal\ViV and Whe log2-fold enrichmenW of each ChIP oYer iWV reVpecWiYe InpXW               

are giYen. FXrWher, Whe pairZiVe log2fold raWio beWZeen WT and Smarcad1 KD for H3.3 and               

H3K9me3 Zere ploWWed (middle). SoXrce daWa are proYided aV a SoXrce DaWa file.  
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SXSSOHPHQWDU\ FLJXUH 14 - UHODWHG WR FLJXUHV 5D DQG 6G - E[DPSOH RI G\QDPLF 

QRQ-UHSHWLWLYH LQWHUVWLWLDO KHWHURFKURPDWLQ DW E]r  ORFXV  

Genome WrackV of ATAC-Seq, H3K9me3, H3.3, Smarcad1 12 ChIP-Seq in indicaWed condiWionV. 

All WrackV Zere normali]ed Wo ReadV Per Genomic ConWenW (RPGC).  
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SXSSOHPHQWDU\ FLJXUH 15 - CRQVHQVXV IAP ER9 HOHPHQWV VKDUHG DFURVV GDWDVHWV IURP 

GLIIHUHQW PRXVH VWUDLQV. Venn diagram VhoZing oYerlap beWZeen Whe daWaVeWV XVed Wo collecW 

eYidence from Vhared IAP ERV elemenWV on a per-locXV baViV. Since eYidence ZaV baVed on 

paired-end readV anchored in Whe XniqXe flanking region (Vee MeWhodV), Ze coXld onl\ inclXde 

paired-end daWaVeWV in Whe cenVXV. For each indiYidXal VWXd\, a IAP ERV elemenW ZaV reWained if 

iW VhoZed eYidence on an\ of Whe daWaVeWV. From a WoWal VeW of 3046 fXll-lengWh IAP ERVV 

obWained from UCSC RepMaVker Wrack, a cXraWed conVenVXV final daWaVeW of 2640 loci ZaV 

obWained. 
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SXSSOHPHQWDU\ 7DEOH 1: OOLJRQXFOHRWLGHV 

OligonXcleoWideV ZeUe oUdeUed deValWed fUom IDT. SeqXenceV aUe giYen beloZ. 

NDPH SHTXHQFH 

Tn5ME-A (IllXmina 
FC-121-1030) 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG 

Tn5ME-B (IllXmina 
FC-121-1031) 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG 

Tn5MEUeY pCTGTCTCTTATACACATCT 

Y2_Ad1.1_TAGATCGC 
AATGATACGGCGACCACCGAGATCTACACTAGATCGCTCGTC
GGCAGCGTCAGATGTGTAT 

Y2_Ad1.2_CTCTCTAT 
AATGATACGGCGACCACCGAGATCTACACCTCTCTATTCGTC
GGCAGCGTCAGATGTGTAT 

Y2_Ad1.3_TATCCTCT 
AATGATACGGCGACCACCGAGATCTACACTATCCTCTTCGTC
GGCAGCGTCAGATGTGTAT 

Y2_Ad1.4_AGAGTAGA 
AATGATACGGCGACCACCGAGATCTACACAGAGTAGATCGTC
GGCAGCGTCAGATGTGTAT 

Y2_Ad1.5_GTAAGGAG 
AATGATACGGCGACCACCGAGATCTACACGTAAGGAGTCGTC
GGCAGCGTCAGATGTGTAT 

Y2_Ad1.6_ACTGCATA 
AATGATACGGCGACCACCGAGATCTACACACTGCATATCGTC
GGCAGCGTCAGATGTGTAT 

Y2_Ad1.7_AAGGAGTA 
AATGATACGGCGACCACCGAGATCTACACAAGGAGTATCGTC
GGCAGCGTCAGATGTGTAT 

Y2_Ad1.8_CTAAGCCT 
AATGATACGGCGACCACCGAGATCTACACCTAAGCCTTCGTC
GGCAGCGTCAGATGTGTAT 

Y2_Ad1.9_TGGAAATC 
AATGATACGGCGACCACCGAGATCTACACTGGAAATCTCGTC
GGCAGCGTCAGATGTGTAT 

Y2_Ad1.10_AACATGAT 
AATGATACGGCGACCACCGAGATCTACACAACATGATTCGTC
GGCAGCGTCAGATGTGTAT 

Y2_Ad1.11_TGATGAAA 
AATGATACGGCGACCACCGAGATCTACACTGATGAAATCGTC
GGCAGCGTCAGATGTGTAT 

Y2_Ad1.12_GTCGGACT 
AATGATACGGCGACCACCGAGATCTACACGTCGGACTTCGTC
GGCAGCGTCAGATGTGTAT 

Y2_Ad2.1_TAAGGCGA 
CAAGCAGAAGACGGCATACGAGATTCGCCTTAGTCTCGTGGG
CTCGGAGATGTG 

Y2_Ad2.2_CGTACTAG 
CAAGCAGAAGACGGCATACGAGATCTAGTACGGTCTCGTGGG
CTCGGAGATGTG 
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Y2_Ad2.3_AGGCAGAA 
CAAGCAGAAGACGGCATACGAGATTTCTGCCTGTCTCGTGGG
CTCGGAGATGTG 

Y2_Ad2.4_TCCTGAGC 
CAAGCAGAAGACGGCATACGAGATGCTCAGGAGTCTCGTGG
GCTCGGAGATGTG 

Y2_Ad2.5_GGACTCCT 
CAAGCAGAAGACGGCATACGAGATAGGAGTCCGTCTCGTGG
GCTCGGAGATGTG 

Y2_Ad2.6_TAGGCATG 
CAAGCAGAAGACGGCATACGAGATCATGCCTAGTCTCGTGGG
CTCGGAGATGTG 

Y2_Ad2.7_CTCTCTAC 
CAAGCAGAAGACGGCATACGAGATGTAGAGAGGTCTCGTGG
GCTCGGAGATGTG 

Y2_Ad2.8_CAGAGAGG 
CAAGCAGAAGACGGCATACGAGATCCTCTCTGGTCTCGTGGG
CTCGGAGATGTG 

Y2_Ad2.9_GCTACGCT 
CAAGCAGAAGACGGCATACGAGATAGCGTAGCGTCTCGTGG
GCTCGGAGATGTG 

Y2_Ad2.10_CGAGGCTG 
CAAGCAGAAGACGGCATACGAGATCAGCCTCGGTCTCGTGG
GCTCGGAGATGTG 

Y2_Ad2.11_AAGAGGCA 
CAAGCAGAAGACGGCATACGAGATTGCCTCTTGTCTCGTGGG
CTCGGAGATGTG 

Y2_Ad2.12_GTAGAGGA 
CAAGCAGAAGACGGCATACGAGATTCCTCTACGTCTCGTGGG
CTCGGAGATGTG 
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Figure 4a uncropped images
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