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Supplementary Figure 1

a Sk-CRM1 (ATP2A1 gene)

SK-CRM1

hg19/1-28 c gc gagcccacaccct cagctt aggccctacccacgetcatga
oantro4/1-28 ¢ gc gagcccacaccct cagctt aggccctacccatgetcatga
gorgord/1-28 ¢ gc gageccacaccct cagett aggccctactcacgetcatga
oonabe2/1-28 ctcg gagcccacaccct cagcct aggccctacccacgetcatga
nomleud1-28 ctcactccatge gagcccacaccctcatgetcctcageet aggccctacccatgetcatga
themac¥/1-28 ¢ gcccaggcagcatggaccccacaccet cagect aggeccctacccacgeteatga
macfas5/1-28  ctca gcagcatggagcccacaccct cagcct aggccctacccacgetcatga
oapham1/1-28 ¢ gcccaggcagcatggageccacaccet cagcct aggccctacccacgetcatga
chlsab1/1-28 ctcactccctgcccaggeagcatggageccacaccet cagect aggeccctacccacgeteatga
calac¥/1-28 ctcactccctgcccgggecagcatggageccacaccct cattgt aggccctacccacactcatga
saibol1/1-28 ¢ gcccaggcagcatggageccacaccet cagcgt aggccctgcccacactcatga
otogard1-28 ctcactctccct ce - aggccctacccatgetcatga
tupchi1/1-16  ctc---tccctcctaggca tot - aggccctacccatgetcatga
spetiz1-18  cte B - 5 B ccacctct gc - gccctacccatgetcatga
iagac1/1-25  cte aaagtggagcagecactc- cage - aggccctatccatgetcatga
micoch1/1-28  cttgc tggagtggccgatcttetgtecctcage - aggccctacccacgetcatga
crigri 1/1-28 ctecac tggagtggctcatcttetgtecctcage - aggccctacccacactcatga
mesaurt/1-28 ctcac agtggctgatcttectgtecctcage - aggctgtacccacactcatga
mm10/1-28 gtcac tcccctgggaaagtggaacagccgatctteotgtecctcaget aggccctacccacgetcatga
m5/1-28 gtecac tcccctgggaaagtggaacagecga---tcecgtecctecaget - aggeccctacccacgeteatga
hetgla2/1-11  ctcgctgttge- - - - cet cage - tgctccaggaggccctgeccatactcatga

Consensus

CTCACTCCCCGCCCAGGCAGCATGGAGCCCACACCCTCATGCCCCTCAGCCTCAGCCCCCACCTCCAGGAGGCCCTACCCACGCTCATGA
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spetiz/1-18  © agatgga
iagjac 1/1-25 c t ga g =
micoch1/1-28  © ctgt ga agget
crigri 1/1-28 c ctgt 9a agget
mesaurt/1-28  © ctgt 9a agtet
mm 10/1-28 c gg-cctgtgt acgga cgaggat
m5/1-28 c gg-cctgtgt 9a ctaggat
hetgla2/1-11 © agc cet 9ga caaget =

Consensus

CCTTGCTATTCTGGGCCTTGTGTCCTGT+GGGAGATGGACAGGAGACAGCTGGGCTCCCAGGC CAGGCGGGGGGCTAGCCGAGGGA

200
hg19/1-28 cctgctggototectgottgeteta aaccttggcctcaggagact ac
oantro4/1-28 cctgetggototectgottgeteota aaccttggcctcaggagact ac
gorgord/1-28 cctgetggoctotectgettgotota aaccttggcctcaggagact ac
oonabe2/1-28 cctgctggotctectgottgeteta aaccttggcctcaggagact ac
nomleu 3/1-28 cctgetggototectgottgeteota aaccttggcctcaggagact ac 999
rhemac 3/1-28 cctgetggecteotectgettactcta aaccttggcctcaggagact ac
macfass/1-28 cctgetggototectgottacteta aaccttggcctcaggagact ac
oapham 1/1-28 cctgetggototectgottacteota aaccttggcctcaggagact ac
chisab1/1-28 cctgetggecteotectgettactcta aaccttggcctcaggagact ac
caljac3/1-28 cctgetggetotocty cctgg aaccttggcctcagg ac cgg
saibol 1/1-28 cctgetggeototectyg cctgg aaccttggcctcaggagact ac
otogar¥/1-28 tgctggetete cet caatccttggcctcaggaggat at ggg
tupchi 1/1-16 tgctggetgtectattttatetaatccctggg aaccttggcctcaggaga agog
spetri2/1-18 tgctgg tgtctcatccotggg aaaacttggcctca--ggagacaggatagaattggccatc----aaa
iagjac 1/1-25 cctgctgge gtct aaccttggccttagaagactagggattgaa
micoch 1/1-28 tgotggetott--gtttt gggc cttggccttg- aatagggattgaattgg-cc
crigri 1/1-28 tgctggetctt--gttttatcttatcocctgg aatcttggectgg---- - atagggattgaattgg
mesaurt/1-28 tgctggetctt--gttttatcttatccctgg aatcttggecteg--- - - atagggattgaat
mm10/1-28 tgotgget catccctgg g----actagggattgaattgg
m&/1-28 tgcaggetctt--at ot taaatcttggccttg----actagggattgaattgg
hetgla2/1-11 ctgttggea . LAl -~ ctcggectcaggage tcggecctgcagaggg

Consensus

AGCCTGCTGGCTCTCCTGCTTTCTCTAATCCCTGGGGCTCCCCAAACCTTGGCCTCAGGAGACTGGGGATAGGACCGGCCTTGAAAGGGG



Supplementary Figure 1 (cont.)

a

Sk-CRM1 (ATP2A1 gene) (cont.)
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Supplementary Figure 1 (cont.)

b

Sk-CRM2 (TNNI1? gene)

SK-CRM2
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CCCTCCAGGTGGGTTTCCTGGAATCTAGATTTCCCAGGTTCCAAAAGACACCCGAGTCTCATGCCTGGAACTCAGTGAGACTAATTCACC
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aatcttcatctccagccagaa gagccac t
aatcttcatctccagccagaa gagccac t
aatcttcatctccagecagaa gagccac t
ccataatcttcatctccagecagaa gagccac
ccctaatettcatctccagecagaa tggagecac
ccctaatcttcatctccagecagaa gagccac
ccctaatcttcatctccagecagaa gagccac
ccctaatcttcatctccagccagaa gagccac
tgccctaatcttcatctccagccagaa gagccac
gccctaatcttcatctccagccagat agactggtgccge
ccctaatcttcatctccagecagaa agactggtgec- - -
ccctgatettt-tcteccagecaga-geggacag gtgeccac
- tcteccatctecagecagagaccegg gggccac -
- tcacgt-cagecca - agaaggccaggaccaca - t
- atctc---cagccagaggecagecaactccaggaggecggggccge

TCTCCCCTGCCCTAATCTTCATCTCCAGCCAGAAGCCAACAGATCCCAGGGGACTGGAGCCACAGGGGCTGCACCTGTTTACTGGGTATT

200

tttaggatggttgatgaacaca acaatgcctgetatgt tatagtectgt
aca acaatgcctgetatgt tatagtectgt
tttaggacggttgatgaacaca acaatgcctgetatgt tatagtctgt
ttaggatggttgatgaacaca acaatgcctgetatgt tatagtctgt
ttaggatggttg cgaccctat acaatgcctgctatgt tatagtctgt
aca acaatgcctgctatgt tatagtgtgt
aca acaatgcctgctatgt tatagtgtgt
aca acaatgcctgetatgt tatagtgtgt
aca acaatgecctgetatgt tatagtgtgt
ttaggacggttgatgaacaca acaatgcctgetatgt tatagtectgt
ttaggatggttg caaccctat acaatgcctgetatgt tatagtetgt
ttaggacagtt- t acaatgcctgetatgt tatagtcgge
ttaggactgttgatgaacac acaatgcctgctatgt tatagtcggg
tttaggactgttgatgaacac acaatgcctgctatgttaatcct atagtcggt
ttaggactgttgatgaacac acaatgcctgctatgt tatagtcagt

TTTAGGAC+GTTGATGAACACATAATACCCACCCTATAGTCAGAGAAAGACAATGCCTGCTATGTTAATCCTGTGGCTATTATAGTCTGT



Supplementary Figure 1 (cont.)

C

SK-CRM3
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hg 19/1-36
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nomleu¥/1-36
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macfas5/1-36
oapham 1/1-36
chisab 1/1-36
caliac¥/1-36
saibol 1/1-36
otogard/1-36
tupchi 1/1-36
spetri 2/1-36
iagjac 1/1-36
micoch 1/1-36
crigri 1/1-36
mesaur1/1-36
mm10/1-36
m5/1-36
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Sk-CRM3 (TNNI1° gene)

atggagacaatccatga cttggctggtattagattt ttagggctetgettcotecaaaga
atggagacaatccatga cttggoctggtattagattt tgagggctctgcttcotecaaaga
atggagacaatccatg gcttggctggtattagattt tgagggctctgcttcteccaaaga
at ccatga cttggctggaattagattt tgagggctetgettctecaaaga
atggagacaatccatga cttggctggaattagattt tgagggctetgettcotecaaaga
atggagacaatccatga cttggotggaattagattt tgagggctctgcttcotecaaaga
atggagacaatccatga cttggctggaattagattt tgagggctetgettctecaaaga
atggagacaatccatga cttggctggaattagattt tgagggctetgettcotecaaaga
atggagacaatccatga cttggoctggaattagattt tgagggctctgcttcotecaaaga
gtgaagaccatccagga cttggctggaattagattt tgagggctctccttctccaaaga
gtggagaccatccatga cctggectggaattagactt tgagggete ga
atagagaaaatccataa cttggctaaaattagatt gagggccttgattctccaaaga
gtggag ctgggccgaaattagect tgcaggctctgeccctccaaaga
gaggagacggtecat tgaaattagattt tgagcaccccactcctetcaaga
gtagagaccatccatge cttgactgaaattagat taagggctetget

gtgggaa cttagctgaaattag agagctttgectcttctgaagg
gtggaaaccatctatge cttagctgaaattagatce .- aggactctgectettetgaaga
gtgggaaccatccatge cttagctggaattagatte - - agggctctgetettetgeaga
gtaggaaccatctatge cttagctgaaattaggtt caagagctctgetcttctgaaga
gtgggaaccattcatge cttagctgaaattaggtt aagagctctget

+TGGAGACAATCCATGAATTCCTGAGATGCTTGGCTGGAATTAGATTTTATAGGCAGCTGCTTATTCTGAGGGCTCTGCTTCTCCAAAGA

100
cactgagga gecaccte tca
cactgaggaa agccacctc tca
cactgagga gagccacecte tca
cactgagga gecaccte tca
cactgagga gccaccte tca
tgctgaggaa gccaccte ctgteccatcatca
tgctgaggaa gecaccte ctgtecatcatca
tgctgaggaa gccaccte ctgtecatcatca
tgctgaggaa gccaccte tca
cactgagga cgaagagacaccte
cgctgagga ccacet caagaatgecag
cactgag tgaagaaccacccccaggtc atca gccagtcteo
cccagaccaa g - ccac--ccaggtccgt c cagcctet
gctgaggaagt gaccc---ct_ fOPRE]---------- gcca
ctgagg PERET IR c 2 c aglcca tc PNt g g cc tctgggaa totes R
caccagggaagt gacaaagacccccacccacgtttgte- tg gcaa------
tact gacaaagatccccacccacatcegte tggeetcfUEERERTTEN. . . ...
cag o lee---- caaagatccccacceal o ----e--ee-  BEEEEREEEEEEL L.
cac aaga agatccccacceacgtotgto--------- [0l
ctg agtee agctgacaaagatcccctcccaagtetgte- tg gega------

CACTGAGGAAGTCCAAAGGAAACACCAGCTGGCGAAGAGCCACCTCCAGGCCCATCTGTCCATCATCAGCCTCCAGGAATGCCAGTGTCE
200 . . . . . 1
tgtctecctggga ttggecagtgatcatgectccctgtetocetca
tgtctecctggga ttggcagtgatcatgoctocctgtetocctca
tgtctecctggga ttggecagtgatcatgecteccetgtetecetca
tgtectecctgggatatgectt ttggeagtgatcatgectccetgtetoceteca
tgtctccctgggatgtgce ttggcagtgatcgtgoctocctgtetocetca
ctcectggga ttggecagtgatcatgecctecetotetecetca
cteccctggga ttggeagtgatcatgecteccctotetecetea
ctccctggga ttggecagtgatcatgectccctotetocetca
ctccctggga ttggcagtgaccatgcctccctcteteccctgag
ctecectggga ttggecagggatcatg cctea
cteccctggga ttggecagggatcatg cctcag
aagtctgtcttcctgagatgtgecte ctggccatggtcatgectcctcctotetttaag
gga ggat-cgc gggcatt cagccatcaggcctece

tgcctgggatgtgt - ggcatttggte - B a
tecccteaga Sldegecaccat el
ggatg - tcagccatgcctgt-cctccttctatcccttag

gga - ctagccatgtetgt-ccottect
ggaagttctt - ctagccatgtetgt-c ctta-
ga--a - ttagccatgactgt-c tttag
gattatgett - ttageccatggetgt-c ctgag

AGAGGGCACCAGGTCTGCGTCTGTCTCCCTGGGATGTGCCTTGTCCTTGGTGGGCATTTGGCAGTGATCATGCCTCCCTCTCTCCCTCAG



Supplementary Figure 1 (cont.)

c Sk-CRM3 (TNNI1° gene) (cont.)
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hg19/1-36 c gtttacacctcetgccaagetccgggg agee
oantm 4/1-36 c gtttacacctcetgccaagetccgggg agee
gorgord/1-36 c gtttacacctcetgccaagetccgggg agee
oonabe 2/1-36 c gtttacacctcotgccaagetccgggg agce
nomleu ¥/1-36 c gtttacacctcetgeeaaget---c--occoocaac
themac 3/1-36 ccaatttgcacctcatgccaag gcc
mactas5/1-36 ccaatttgcacctcatgccaag gcc
oapham 1/1-36 ccaatttgcacctcatgccaag gcec
chlsab/1-36 gagagcca ccaatttgcacctcatgccaag gcc
caljac3/1-36 ccagtttgcacctcoctgccaagetcotaggg agce
saibol#/1-36 gagagcca ttccacctcecgecaagetotgggg cgce
otogar¥1-36 gagagccetctgt cagtctatg ccaggg - gte
tupchi 1/1-36 cgc--atggtegacat----- gaacctacctgcgaaggeocage-------- cctgec-agotetgggge

spetri 2/1-36 - ctgetgaggccagectaggtotectge 999

iagact/1-36  -ag--- - - cotgt cagtetggg taccagage c-aac
micoch1/1-38 gagagcccactgt --ltget ctgggecctectgecaa --

crigri 1/1-36 -latcccactgt -- tgaagggaccagcctgggcctectgecaagegecagg-

mesaurt/1-36 - a agget cctectgecaagetecagg- aa
mm10/1-36 ga agtgt .- ctgggectectgecaagetceagg-

m5/1-36 g tgt --ltgetgggcccagcctgggectectgecaagetecagg--cagtcect-aac

Consensus

GAGAGCCAACTGTCCCCAGTGTGGGGCCCTACCTGCCAAGGCCAGTTTGCACCTCCTGCCAAGCTCCGGGGCCTGCCCCCAGCCTGCCTCA

400

hg19/1-36 tgccagacca aggcctcagocctgtgetotgacacccctcag
oantro 4/1-36 tgccagacca aggcctcagoctgtgetotgacaccccccag
gorgord/1-36 tgccagacca aggcctcagoctgtgetotgacaccccccag
oonabe 2/1-36 tgccagacca aggcctcagoctgtgetotgacacccaccag
nomleu¥1-36 ctgacaaatgccagacca aggcctcagoctgtgetotgacacccaccag
themac 3/1-36 tgccagacca aggcctcagoctgtgetotgacacccaccag
mactas5/1-36 tgccagacca aggcctcagoctgtgetotgacacccaccag
oapham 1/1-36 tgccagacca aggcctcagoctgtgetotgacacccaccag
chisab1/1-36 tgccagacca aggcctcagocctgtgeteotgacacccaccag
caljac3/1-36 tgecagaceg aggcctcagocctgtgeteteacacccaccag
saibol 1/1-36 tgecaggeeg aggcctcagecctgtgetecteacacccaccag
otogard/1-36 tgecagacca atgtcaggeag cccageag
tupchi/1-36  ctgacaaatgeeaggect----------o-ooooo- gecctgtgetctgacatcccccag
spetri 2/1-36 tgcc - tatgtcaggcatgaagccttagtctgtgetctaaca-ccatcag
iagact/1-38  ccgaca tgtcagacac gctctgacacccaccag
micoch 1/1-36 gacaaatacca ac c gacaccca--- -
crigri 1/1-36 tgeca catga gacacccaccag
mesaur1/1-36 tgcca a-atcaagcatgaggccctgace ccaccag
mm10/1-36 aatgcca acgagg-co gac tecccag
m5/1-36 tgcca atga gacacccaccag
Consensus

CTGACAAATGCCAGACCAAGGGGTCCCACGTCAGGCAAGAGGCCTCAGCCTGTGCTCTGACACCCACCAG



Supplementary Figure 1 (cont.)

d Sk-CRM4 (MYLPF gene)

SK-CRM4
hg19/1-2 ttctgagtcctctaaggtcectcacteccaa atgtcctgtca ctgatctecttotcctcaccttte
oantm4/1-2  ttctgagttctctaaggtccotcactcccaa atgtcctgtea ctgatcteccttotectcaccttoe
gomor¥1-2  ttctgagttctctaaggtccotcactcccaa atgtcctgtea ctgatctecttotcctcaccttoe
ttctgagttctctaaggtcectcacteccaa aagtcctgtca totccttctoctcacctteo
ttctgagttctctaaggtccttcacteccaa aagtcctgtca tetccttctoctcaccttee
rthemac¥1-2  ttctgag ctcactctcaactcagteccaagtectgtea totec---ctococtcacottte
macfass/1-2  ttctgag ctcactctcaactcagtcccaagtectgtea tote---ctococtcaccttte
oapham1/1-2 ttctgag ctcactctcaactcagtcccaagtcctgtea totc---ctocctcaccttte
chlsab1/1-2  ttctgag ctcactctcaactcagtcccaagtcctgtea tetc---ctocctcaccttte
caljac¥/1-2  ctctgag cctcacteccaa aagtcctgtca tgtctcatctc---cttctcaccttee
saibol1/1-2  ttctgagttctctaagetccoctcactgccaa tcctgtea tocte---cttotea
otogard¥1-2  ttctcaattctctgagg aactcagactcaaatcctgtaaactccc tot
tupchi®/1-2  tttcgagttctctgagg aact gatcctgtgaa totc---cttctcaaccteco
spetri 2/1-2 ttotgag--gc------- tecttactcctaac gaacctgtgaacac totec---ttttttteottet
iagac1/1-2  ctctgattag ctaaggctcctcacttocaactcagatgcagatcacagaatcato------ - tgtcccagoteo---ctt---gacttece
micoch#/1-2  tt . ae--- ccccca aactcaagcccagaccctgtaatgace------ - tgtccggtott---cttotecactteoe
crigri 1/1-2 ttttgagttg . ----- cactcccaac ggccctgtaatgalii------- ctcgac- - - -
mesaurt/1-2  ttttg Ct---en - cccca aactcaagcccaggccctgaaatgace - .- - tgtcaga---t---ctgcteggettee
mm10/1-2 ttt----ttgtet----- ttcccgettccagctetgaccceggacccggtgaggalid------ - ttoaacttet
m&/1-2 tttttagttgtot----- ttcctgetcccaactcagagccagacccotgtgaggalia----- - - tttagettet
hetgla2/1-2  ttctgagttctctgaga aact - 9a -- gatote---ctt-------- ot

Consensus

TTCTGAGTTCTCTAAGGTCCCTCACTCCCAACTCAGACCCAAGTCCTGTCAATTCCCATTCAGTGTCTGATCTCCTTCTTCTCACCTTCE

100

hg19/1-2 ccatctcccgtttgacccaag teectec ggagtcctectectotec gtaataagtgg
pantm4/1-2 ccatctcccatttgacccaag tecteo ggagtcctectcototec gtaataagtgg
gomor¥1-2 ccatctcccatttgacccaag tcetec ggagtcctectecototec gtaataagtgg
oonsbez1-2 ccatctctcatttgacccaag tcectec ggagtcctcctectotec gaaataagtgg
nomleu¥1-2 ccatctcccatttgacccaag tcctece ggagtcctectectotec gtaataagtgg
themac¥1-2 ccatctcccatttgacccaag tecteo ggagtoctectgototec gtaataagtgg
macfass/1-2 ccatctcccatttgacccaag tectec ggagtocctectgototec gtaataagtgg
oapham1/1-2 ccatctcccatttgacccaag tcectec ggagtcctcctgototec gtaataagtgg
chlsab1/1-2 ccatctcccatttgacccaag tcectec ggagtcctectectotec gtaataagtgg
caljac¥1-2  tcat ccaag teectee ggagtcctectectotec gtaataagtga
saibol/1-2  tcat ccaag tectec ggagtcctectcototec gtaataagtga
otogard/1-2  -cat ccaag gecteoe ggagtec gtaataagtgg
tupchi1/1-2  ctac ccaag tgeccc ggagtec gtaatcagtgg
spetiz1-2  taacctcccacttgacttaag ttgga---t tctactaataagtgg
iagac1/1-2  ccac tggat tacccac tatggaattg------------ agaactcactaataagtgg
micock1/1-2 ccac tcaag c taga t cactaatgagtga
crigri/1-2 - - - - - ttccatatgattcaag caatcce tgga cactaatgagtgg
mesaurt/1-2 ccac te caatcce tgga gccctctaatgagtgg
mm10/1-2 ccat ttcaag tccacaaatccc tgga agaatgcactaatgagtgg
ms/1-2 ctgt tcaag aaatccecl - gag gaatccactaatgagtgg
hetglaz/1-2  ccac tcaag acct-cc tttggagtc gaatccagtaatgagtgg

Consensus
CCATCTTCCATTTGACCCAAGCTTCCTGAGCACTCCTCCCATTCCCCTTTTTGGAGTCCTCCTCCTCTCCCAGAACCCAGTAATAAGTGG

200

hg19/1-2 gotcctcccotgge cctataaggcgag aggcaggg
oantm4/1-2  getcctccctgge cctataaggcgag aggcaggg

gomor¥1-2  getcctccctgge cctataaggcgag aggcaggg

oonabe2/1-2 ceot cctataaggcgag aggcaggg

nomleu¥1-2 gete cctataaggcgag aggcaggg

rhemac¥1-2 getcctccctggott cctataaggcgag aggcaggg

macfas&/1-2 getcctccctggott cctataaggcgag aggcaggg

oapham1/1-2 getcctccctgactt cctataaggcgag aggcaggg

chlsab1/1-2 getecctccctgge cctataaggcgag aggcaggg

caljgc¥1-2 accc--ccctgge cctataaggcgaggc gagg c
saibol1/1-2 accc--ccccggeoct cctataaggtgaggc 9 c
otogar¥1-2 getcctccctgge caaataaggaaagg 999 tacaggaggccaagg
tupchi®/1-2 getcoctccctagott cgtataaggcaaage )

spetiz/1-2  getcctcccetggeo catataaggtgtgte -

iagac1/1-2 g catataaggctaa atgcaggg tgcaggagg
micoch1/1-2 gectcctccatgacgt tataaggcaaa a--- .-

erigri 1/1-2 gctcctccatgacgtag ataaggcaaa aagcaggg -l gecaggagg
mesaurt/1-2 getcctccatga ctca tataaggcaaa aagcagggagggact-gtgcaggagg
mm10/1-2 gctcctgcatga c caaa aagccggg - gc-gaagg
ms/1-2 gotcctccatgacgt tataaggcaaa aagccggg -l gcagaagg
hetglaz/1-2  getcctccctgge atataaggtaagge gagggcca-gtgcaggagg

Consensus

GCTCCTC

CCTGGCCTGGACCCCCATGGTAACCCTATAAGGCGAGGCAGCTGCCATCTGAGGCAGGGAGGGGCTGGTGTGGGAGGCTAAGG



Supplementary Figure 1 (cont.)

e

Sk-CRM5 (MYH1 gene)

SK-CRM5
' ' ' ' ' ' ' ' '
hg19/1-21  gactaggaataaatcacatatcctcaatccctggacaacttgtttacttctagtgttagttttttcttaaaaaaaaaattgaaatcatte
oantm4/1-21 gactaggaataaatcacatatcctcaatccctggacaacttgtttacttctagtgttagtttttteott--aaaaaaaat gaaatcatte
gomgor¥1-21 gactaggaataaatcacatatcctcaatccctggacaacttgtttacttctagtgttagttttttctt-aaaaaaaaat gaaatcattc
oonabe2/1-21 gactaggaataaatcacatatcctcaatccctggacaacttgtttacttctagagttagttttttctt-aaaaaaaaat gaaatcattc
nomleud/1-21 gactaggaataagtcacatgtectcaatccctggataacttgtttacttotagtgetagtttttttcttaaaaaaaaat gaaatcatte
themac3/1-21 gg cacatatcctcaatccctggacaacttgtttactecctagtgttagtcttttcttaaaaaaaaatt gaaatcatte
macfass/1-21 gg cacatatcctcaatccctggacaacttgtttactcctagtgttagtcttttcttaaaaaaa---t gaaatcattc
oapham 1/1-21 g g cacatatcctcaatccctggacaacttgtttactectagtgttagttttttcttaaaaaaaaatt gaaatcatte
chlsab/1-21 gg cacatatcctcaatccctggacaacttgtttactectagtgttagttttttcttaaaaaaaaatt gaaatcatte
cajac¥1-19 ga cac--atcctcaaaccctggacaacttgtttactcctagtgtta-ctttttcott--agaaaaatt gaaatcattc
saibol 1/1-21 ga cacatatccgcaacccccggacaacttgtttactectagtgttatttttttott--agaaaaatt gaaatcattc
tupchi1/1-21  t ggaaaaaatgatacatcctcaacccagaggeaactcatttacgtctactgttagtttttttttaaagagagatg gaa
Consensus

GACTAGGAAGAAATCACATATCCTCAATCCCTGGACAACTTGTTTACT+CTAGTGTTAGTTTTTTCTTAAAAAAAAATT GAAATCATTC

100

v ' ' i ' ' i i '
hg19/1-21 actttggacatgcccageca tcccacagaage catactgt
oantro4/1-21 actttgtacatgeccagea tcccacagaage catactgt
gomgor¥1-21 tgaggctagaatactttggacatgeccagea tecccacagaage catactgt
oonabe 2/1-21 actttggacatgcccagta gcccacagaage catactgt
nomleu ¥/1-21 actttggacatgeccagea tcecacagaage catactgt
themac 3/1-21 actttggacatgcccagea tecccacagaage cacactgt
mactass/1-21 actttggacatgcccagea tcccacagaage cacactgt
oapham 1/1-21 actttggacatgcccageca tcccacagaage cacactgt
chlsab1/1-21 t atactttggacatgcccageca tecccacagaage cacactgt
caljac/1-19 actttgg gca tcccacagaagcattagettatgact gcacactgt
saibol 1/1-21 actttgg gca tcccacagaagcattagotcatgact gcacactgt
tupchi 1/1-21 ctagtatacttcagacag agagtccctggecagtttotacaggatcattaget gggcgaagcacactgt

Consensus

TGAGGCTGGAATACTTTGGACATGCCCAGCAGTTCCTGGCAGTTCCCACAGAAGCATTACCTCATGACTGGAGTGGGTAAAGCACACTGT
200
v

'
hg19/1-21 gggctatggataagactga

ca tttggcagcagactggtge atgttcagcaggagctgcaaagt
oantro4/1-21 9ggctatggataagactgaca tttggcagcagactggtge atgttcagcaggagctgcaaagt
gomor¥/1-21 9ggctatggataagactgacattaaccagaagcatgtttggcagcagactggtge atgttcagcaggagectgcaaagt
oonabe1-21 9ggccatggatgagactgaca tttggcagcagactggtac atgttcagcaggagetggaaagt
nomleu¥1-21 9ggctatggataagactgaca tttggcagcagactggtge atgttcagcaggagctgcgaagt
themac¥1-21 9ggctgtggataagactgaca tttggeagcagactggtge atattcagcaggagctgcaaagt
macfas51-21 9ggctgtggataagactgaca tttggcagcagactggtge atattcagcaggagctgcaaagt
paphamt/1-21999ctgtggataagactgaca tttggcagcagactggtge atattcagcaggagctgcaaagt
chlsab1/1-21 9ggctgtggataagactgaca tttggcagcagactggtge atattcagcaggagctgcaaagt
caljac¥1-19 gggctgcggataagactgaca tttggecagcagactggtge atgttcagcaggagetgcagagt
saibol#/1-21 9ggctgtggataagactgaca tttggcagcagactggtge atgttcagcaggagctgcagagt
tupchi1/1-21 -ggttatggattagactggca tttggcagcggactgg atgctcagcaggagctgcatagt

Consensus
GGGCT+TGGATAAGACTGACATTAACCACAAGCATGTTTGGCAGCAGACTGGTGCTTTACAAGCTCCATGTTCAGCAGGAGCTGCAAAGT



Supplementary Figure 1 (cont.)

e Sk-CRM5 (MYH1 gene) (cont.)

SK-CRM5
'
hg 19/1-21 gttcctccaaaccaatatt
pantro4/1-21 gttcecte aaaccaatatt
gorgor¥1-21 gttcecte aaaccaatatt
oonabe21-21 gttcctec aaaccaatatt
nomleu3/1-21 gttcctec aaaccaatatt
themac¥/1-21 gttccte aaaccaatatt
macfass/1-21 gttececte aaaccaatatt
oapham1/1-21gttcctec aaaccaatatt
chlsab1/1-21 gttcctec aaaccaatatt
caljac¥1-19 gttcctc aaaccatgatt
saibol1/1-21 gttcectec aaaccatcatt
tupchi1/1-21 gttcctec agaccatcatt
Consensus
GTTCCTC AAACCAATATT
'
hg 19/1-21 taccgaagtggate
oantrod/1-21 taccgaagtggate
gorgord/1-21 taccgaagtggate
oonabe 2/1-21 taccgaagtggate
nomleu 3/1-21 taccgaagtggate
rhemac3/1-21 taccgaagtggate
macfass/1-21 taccgaagtggate
oapham 1/1-21 taccgaagtggate
chlsab 1/1-21 taccgaagtggate
caljac3/1-19 caccgaagtggate
saibol 1/1-21 caccgaagtggate
tupchi1/1-21 taccaaagtggate
Consensus
TGTGGTACCGAAGTGGATC
'
hg19/1-21 cactgaaataattcagaca
panto4/1-21 cactgaaataattcagaca
gorgord/1-21 cactgaaataattcagaca
oonabe2/1-21 cattgaaataattcagaca
nomleud1-21 cattgaaataattcagaca
rhemac®1-21 cattgaaataattcagaca
macfash/1-21 cattgaaataattcagaca
oapham1/1-21 cattgaaataattcagaca
chlsab1/1-21 cattgaaataattcagaca
caljac¥1-19 cattgaaataattctgacy
saibol1/1-21 cattgaaataattctgaca
tupchi1/1-21 aaccgaaataattcagaca

Consensus

gcagaage
gcagaage
gcagaage
gcagaage
gecagacge
gcagaage
gcagaage
gcagaage
gcagaage
gecagaage
gcagaage
gcagaage

o 6oo0o60o0o000000a0
PR EEEREEREEEE]

CTCACATGTTTCAATATCAGCAGAAGCCAGTTTCCC

300

! 1 . !
tgtcattcttggattctatttaggaggtectgttac
t tecatt tggattctat ggagg c
t tcatt tggattctat ggagg c
t tcatt tggattctat ggagg c
t tecatt tggattctat ggagg c
t ccatt tggattctat ggagg c
t ccatt tggattctat ggagg c
t ccatt tggattctat ggagg c
t ccatt tggattctat ggagg c
t tecatt tggattttat ggagg c
t teatt tggattctat ggagg c
t tcatt tggattctgt ggagg c
T TCATT TGGATTCTAT GGAGG

: . 400 :
ctgatgaatttacccttgtaagtaaaaaaaatgatg
ctgatgaatttacccttgtaagtaaaaaaaatggtg
ctgatgaatttacccttgtaagtaaaaaaaatgatg
ctgatgaatttacccttgtaagtaaaaaagatgatg
ctgatgaatttacccttgtaagtaaaaaagatgetyg
ctgatgaatttacccttgtaaggaaaaaagatgttyg
ctgatgaatttacccttgtaaggaaaaaagatgttg
ctgatgaatttacccttgtaaggaaaaaagatgttg
ctgatgaatttacccttgtaagtaaaaaagatgttg
ctgatgaatttacccttgtaagtaaaaaagatgatg
ctgatgaatttacccttgtaagtaaaaaagatgatg
ctgatgaatttaccctagcaaataaaaaagatgacg

tatacccaaagcttgaagtacgtag
ta cccaaagettg gtacgtag
ta cccaaagettg gtacgtag
ta cccaaagecttg gtacgtag
ta cccaaagecttg g

ta cccaaaacttg gtacatag
ta cccaaaacttg gtacatag
ta cccaaaacttg gtacatag
ta cccaaaacttg gtacacag
ta tccaaaacttyg gcatgtag
ta gccaaagettg gcatgtag
tt cacaaaacttg gtgcatac

CTGATGAATTTACCCTTGTAAGTAAAAAAGATGATGTTA

tgett
tgett
tgett
tgett
tgott
tgett
tgett
tgett
tgott
tgott
tgett
tgeet

CATTGAAATAATTCAGACATGCTT

CCCAAA+CTTG

tggaga
tggaga
tggaga
taggga

a
taggga
taggga
taggga
taggga
taggga
taggga
aataga

tge
tge
tge
tge
tge
tge
tge
tge
tge
tge
tge
tga

GTACGTAGTAGGGATGC



Supplementary Figure 1 (cont.)

f Sk-CRM6 (TPM3 gene)

SK-CRM6
f i ' ' ' ' ' ' '

hg191-31 g tcctaatatggtettteocageotco atcattgttctcctggggga

oantro4/1-31 g tectaatatggtctttecagetce atcattgttctcctggggga

gorgord1-31 g tcctaatatggtetttecagetce atcattgttetcctggggga

oonabe2/1-31 g tcctaatatggtetttecagetce atcattgttctcctggggga

nomleu¥1-31 gtgctcogt tcctaatatggtctttocagotce at-attgttctcctggggga

themac3/1-31 g tcctaatatggtetttgecagetce atcattgttetcctggggga

macfass/1-31 g tcctaatatggtetttgecagetce atcattgttetcctggggga

oapham 1/1-31 g tcctaatatggtetttgcagetce atcattgttctcctggggga

chlsab/1-31 g tcctaatatggtctttgcagetco atcattgttctcctggggga

calac¥1-31 gtgcttat tcctaatatggtetttetagetece atcattgttetcctggggga

saibol1/1-31 gtgcttat tcctaatatggectttetagetce atcattgttetcctggggga

otogard/1-31 g tcctaatatggectttccagotccttotacteccatcattgttetettggggta

tupchi1/1-31  a tcctaatatggtgtttcgagetce atcattgttcttctagggga

Consensus

GTGCTCATAGCTCCACCTTTTGTTCCTAATATGGTCTTTCCAGCTCCCTCCACCCCATCATTGTTCTCCTGGGGGAACACAGGGTGAGAC
L : . . : . . .
hg19/1-31 ctttgatgaact aaaa tttt aggt
oantro4/1-31 [|ctttgatgaact aaa - tttt aggt
gorgor¥1-31 [Jctttgatgaact aaall- tttt aggt
oonabe2/1-31 [lctttgatgaact aaaa--at atttt aggt
nomleu¥1-31 [jctttgatgaact aall - tttt aggt
themac¥1-31 [Jctttgatgaact aaal |- tttt aggt
macfass/1-31 [|ctttgatgaact aaall- tttt aggt
oapham1/1-31|c tttgatgaact aaa |- tttt aggt
chlsab1/1-31 [Jctttgatgaact aaa |- tttt aggt
calac¥1-31 [Jctttgatggact aaa tttt aggt
saibol1/1-31 [|ctttgatggact gaall- tttt aggt
otogard/1-31 [lctttgatggact aall- - tttt aggt

tupchi®/1-31 [lc--tgatgggctgac aaaa tttt gggc 9

Consensus

GCTTTGATGAACTGACATCACCAGCAAAAAAAATATCTAGGAACAGCTGAGGCTGATTTTAGACAATGGAAAGTGGGGGAGGGAAGAGGT

200 . : . . . : ‘

hg191-31  tctccctgaccctgaaa tctgggecagctctatggatgttttaa aacattgaaa
oantro4/1-31 tctccctgaccctgaaa tctgggecagctctatggatgttttaa aacattgaaa
goryord1-31 tctccctgaccctgaaa tctgggecagetctatggatgttttaa aacattgaaa
oonabe21-31tctccctgaccctaaaa tctgggeagetctatggatgttttaa aacattgaaat
nomleud/1-31 tctccctgaccctgaaa tctgggeagctctatggatgttttaa aacattgaaat
themac¥1-31 tctccctgaccctaaaa tctgggecagctctatggatgttttaa aacattaaaat
macfass/1-31 tctccctgaccctaaaa tctgggeagetctatggatgttttaa aacattaaaat
oapham1/1-31tctccctgaccctaaaa tctgggeagectctatggatgttttaa aacattaaaat
chlsab1/1-31 tctccctgaccctaaaa tctgggeagctctatggatgttttaa aacattaaaat
cajac¥1-31 tctcoceo ctgggcagctctatggatgttttaa aacattgaaat
saibol1/1-31 tctccctgaccctgaaa tctgggecagcccgatggatgttttaa aacattgaaat
ofogard1-31 tctccctgacgetgaa ac ttatta aaagagcaggaaaaggggaga gaagt
tupchi 1/1-31 tece ctgggcagtgetatge agcagg attgaaat

Consensus

TCTCCCTGACCCTGAAACTTTCCACTCATTCTGGGCAGCTCTATGGATGTTTTAAAAGAGCAGGAAGAGGGGAGGGAAGAACATTGAAAT



Supplementary Figure 1 (cont.)

f Sk-CRM6 (TPM3 gene) (cont.)

SK-CRM6 300
i | | \ \ '

hg19/1-31 tctaggttggeag tg

oantro4/1-31 tctaggttggeag tg

gorgor3/1-31 tctaggttggcag tg

oonabe2/1-31 agagaaggg tctaggttggcag gggtcctg

nomleud1-31 agagaaggg tctaggttggcag gggtcctg

rthemac3/1-31 agagaaggg tctaggttggcag gggtcctg

macfas5/1-31 agagaaggg tctaggttggcag gggtcctg

oapham#/1-31 agagaaggg tctaggttggcag gggtcctg

chlsab1/1-31 agagaaggg tctaggttggeag gggteectg

calac¥1-31 agagaagga tctagecttggeag gggtecetg

saibol1/1-31 agagaagaa tctagcttggeag gggteetg

otogar¥/1-31 agagaaggg t gcagtttt cctggottg -
tupchi1/1-31 agagaag-g gcag gggtccta c

Consensus

AGAGAAGGGTACTTTGGCAATTCTAGGTTGGCAGTTTGCATCCAGAGGGTCCTGGTTGCCTTTCAGC

400
! \ ! . \ !
hg19/1-31 tgctggtcaaactccgttagttgagttttagettttg caaggage
oantro4/1-31 tgctggtcaaactccattagttgagttttagetttty caaggage
gorgord/1-31 tgetggtcaaactccattagttgagttttagettttg caaggage
oonabe2/1-31 tgetggtcaaactccattagttgagttttagettttg caagg
nomleu3/1-31 tgetgg tgagttttagettttg caagg
rhemac 3/1-31 tgctggtcaaactecattagetgagttttagettteg caagg
mactas5/1-31 tgctggtcaaactccattagetgagttttagettteg caagg
oapham 1/1-31 tgccggtcaaactccattagcagagttttagettteg caagg
chisab 1/1-31 tgctggtcaaactccattagttgagttttagettteg caagg
caljac3/1-31 tgctggtcaaactccattagttgagttttatctttty caagg
saibol 1/1-31 tgctggtcaagctccattagttgagttttagetttty caaag
otogard/1-31 gattagtct c g
tupchi/1-31 ctgcactagatgetgatca gttttatcttttg cccgg

Consensus
CTGTGTTGAATGCTGGTCAAACTCCATTAGTTGAGTTTTAGCTTTTGATTCCTGGTATTCAAGGAGE
. . . . 500 ,

hg19/1-31 ccttaacaattctece gatcaa ttetgggagtete
oantro4/1-31 ccttaacaattctece gatcaa ttctgggagtete
gorgord/1-31 ccttaacaattctcce gatcaa ttttgggagtecte
oonabe 2/1-31 ccttaacaaatctcccagatcccaagatcaa ttttgggagtecte
nomleu3/1-31 ccttcacaattctcce gatcaa ttttgggagtecte
rhemac 3/1-31 gacaattctcce gatcaa ttttgagagtcte
macfass/1-31 ttetece gatcaa ttttgagagtete
oapham 1/1-31 gacaattctece gatcaa ttttgagagtete
chisab 1/1-31 gacaattctece gatcaa ttttgagagtete
caljac3/1-31 ttetece gatcaa ttttgggagtete
LR TR SNl t g a tcc t tgacaaliticit DI ttttgggagtete
otogard/1-31 gacaattctcccagat aaattg gggagtcte
tupchi 1/1-31 ccttcac agatccctagatcaa ttttgggagteott

Consensus

TCACTCATGATCCTTGACAATTCTCCCAGATCCCCAGATCAAATTGCTGTGCTATTTTGGGAGTCTC

ctetee - tgga
TTCCCCTTTCACTCTCCCCCAGA

t

t

agggaag

agggaag

agggaagaagg
agggaagaagyg
agggaagaagg
agggaag
agggaag
agggaag

TTGGGCACAGGGAAGAGGGGAGG

~+m+m+000000OOSO
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Sk-CRM7 (ANKRD2 gene)

SK-CRM7

hg19/1-2
oantrod/1-2
gorgord/1-2
oonabe2/1-2
nomleu3/1-2
themac 3/1-2
mactass/1-2
oapham 1/1-2
chlsab1/1-2
otogard/1-2
tupchi 1/1-2

Consensus

hg19/1-2
oantro4/1-2
gorgord/1-2
oonabe2/1-2
nomleu3/1-2
themac3/1-2
macfass/1-2
oapham 1/1-2
chisab 1/1-2
otogard/1-2
tupchi 1/1-2

Consensus

hg19/1-2
oantro4/1-
gorgord/1-
oonabe2/1-2
nomleu3/1-2
themac 3/1-2
mactass/1-2

2
2

oapham 1/1-2
chlsab1/1-2
otogard/1-2
tupchi 1/1-2

Consensus

' ' ' f f ' ' ' '
atcgtgtgtca ttee ggaaccggttecctcatget catg
atcgtgtgtca ttee ggaaccggttcctcatget catg
atcgtgtgteca ttee ggaaccagttcctcatget catg
atcgtgtgtca ttee ggaaccggttcctcatget catg
attgtgtgteca ttee ggaaccggttecteatget gcatg
atcatgtgtca ggaa aggaaccagttcctcatget

atcatgtgtca ggaa aggaaccagttcctcatget

atcatgtgtca ggaa aggaaccagttcctcatget

atcatgtgtca ggaa aggaaccagttcctcatget

atca ggaaccggagaataaaaggaactggttecttgagetiio -
gtcacatgtoggagettt ---ccoooooaa o 30gaacCCggQCC - s

ATCATGTGTCAGAGGTTTGTGTCAGCTTCCCAGCAAGGGAACCGGAGAGGAAAAGGAACCGGTTCCTCATGCTTCCTAGGGGAATGC+TG

100
' f ' ' ' ' i ' i
catatctga cttatataaggctgtttagctaagggcage ca
catatctga cttatataaggctgtttagctaagggcgge ca
catatctga cttatataaggctgtttagctaagggcage ca
catatctga tgtttagctaagggcgge ca
catatctga ttatataaggctgtttagctaagggcage ca
atctga ttatataaggctatttagctaagagcage ca
atctga ttatataaggctatttagctaagagcage ca
atctga ttatataaggctatttagctaagagcage ca
gtctga ttatctaaggctatttagctaagggcage ca
~~~~~~~~~~~~~~~~~~~~ tcttagataaggttgtttggctaaaggcag - aget
- ggactgtcagataagctegtttggeca------- c ccc

CATATCTGAAGAGAGGGGAATCTTATATAAGGCTGTTTAGCTAAGGGCAGCCACCAGCCAGGTGAGCCTTACAGAAGCACAGGGCTGGGT

200
' v ' ' ' ' ' ' '
a attaacctgggtcacagtgactcagagctccageatg tgagcaagtacagat
a ggtcacagtgactcagagectccageetg tgaggaagtacagat
a ggtcacagtgactcagagctccageatg tgagcaagtacagat
a ggtcacagtgactcagagctccagcctg tgagcaagtacagat
ggtcacggtgactcagaactccageetg tgagcaagtacagat
a 3gtcacagtgactear---cooccccac e gtggaactgagcaagtacagat
a agtcacagtgactea--------ccoocooooooo gtggaactgagcaagtacagat
a 3gtcacagtgactear---ccoooooc e gtggaactgagcaagtacagat
a agtcacagtgactea------occcccc e gtggaactgagcaagtacagat
ctaacctggg--------- ceca------- agectyg taagtgagtatagat
acctgggtcat 9----gc tgagcaagcacagge

GTCTGCAGTTCCCTAGCAGGTTAACCTGGGTCACAGTGACTCAGAGCTCCAGCCTGCGAGTTCCAGGTGTGGAACTGAGCAAGTACAGAT



Supplementary Figure 1 (cont.)

g Sk-CRM7 (ANKRD2 gene) (cont.)

SK-CRM7
300
\ \ |

hg19/1-2 ctgct tatt
oanto#/1-2  ctget tt
gorgor¥/1-2  ctgct

oonabe21-2 ctget tt
nomleu¥1-2 ctgect St
themac¥1-2  ctgat tt
macfass/1-2  ctgat tt
oapham1/1-2 ctgat tt
chlsab1/1-2  ctgat tt

otogar¥1-2 ccget

tupchi/1-2  ctg ctttatttctcagtgage- tettg ccectgtt--gge
Consensus
CTGCTTTTGCTCCAGTTGGGAGTATTTTTCCTTCTCAGTGAGCAT ~ "~ "~~~ CCTGGCCAGGGAAGTCTGGCACTGTCTGGGCCTGAC
!
hg19/1-2 ccctg
oantrod/1-2 ccgtg
gorgord/1-2 ccctg
oonabe2/1-2 ccctg
nomleu3/1-2 ccctg
rhemac3/1-2 ccctg
macass/1-2 cccotg
oapham 1/1-2 ccctg
chisab 1/1-2 ccctg
otogard/1-2 ttac- -
tupchi 1/1-2
Consensus

AGGGAAACCCTG

Color code TF Identifier

C/EBP
E2A

SREBP

COUP direct repeat 1
LRP

MyoD

Tal-1 beta E47

PPAR

tgagagcatttttecttete----

' '
tgagcatgggcagectce
tgagcatgggcagecctce
tgagcatgggcagectce
tgagcatgagcagectce
tgagcatgggcagecctce
tgagcatgggcagectce
tgagcatgggcagectce
tgagcatgggcagcctce
tgagcatgggcagectce

' '
tetggcactgtetgggce
tetggcactgtetggge
tetggcactgtetggge
tctggcactgte

tetggcactgtetggge
tetagcactgtetggge
tetagcactgtetggge
tctagcactgtetggge
tetagcactgtetggge

agcatggetgge--cccagtcaaageagecct-geactgte--gg

Supplementary Figure 1. Schematic representation of the organization of the Sk-CRM
elements. The evolutionary conservation is highlighted (species shown on the left) and the
gene/promoter from which the Sk-CRM was derived is indicated. TFBS include putative
binding sites for E2A, CEBP, LRF, MyoD, SREBP, Tal1, PPAR, as indicated by the different

colors.
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Supplementary Figure 2. Biodistribution and transduction efficiency analysis. AAV
copy number was determined by gPCR per 100 ng of DNA in different organs of mice injected
with scAAV9-Sk-CRM4-Des-Luc (Sk-CRM4) (top panel) and scAAV9-Sk-CRM1-Des-Luc (Sk-

CRM1) (bottom panel). The data were represented as mean + s.e.m..



Supplementary Figure 3
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Control
No Sk-CRM

Sk-CRM1

Sk-CRM2

Sk-CRM3

Sk-CRM4

Sk-CRM6
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3.24x10* ph/s/cm?/sr 2.02x10°

Supplementary Figure 3. Tissue-specificity of Sk-CRM determined by ex vivo analysis
of luciferase expression in lung, liver, kidney, spleen and brain (a) Ex vivo
bioluminescence imaging from neonatal SCID mice injected intravenously with scAAV9-
luciferase vectors (scAAV9-Des-Luc, scAAV9-Sk-CRM1-Des-Luc, scAAV9-Sk-CRM2-Des-
Luc, scAAV9-Sk-CRM3-Des-Luc, scAAV9-Sk-CRM4-Des-Luc, scAAV9-Sk-CRM6-Des-Luc,
scAAV9-Sk-CRM7-Des-Luc; 5x10° vg/mouse) containing the different Sk-CRMs or the Des
promoter without the Sk-CRM. Images of the harvested tissues and organs were taken 7
weeks post vector injection. Bioluminescent images of all tissues and organs were
represented based on a color scale, showing intensities ranging from 3.23e+04 (blue)
ph/s/cmzlsr to 2.02e+05 (red) ph/s/cmzlsr.
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Supplementary Figure 4. Tissue-specificity of Sk-CRM fragments. Ex vivo
bioluminescence imaging of different tissues and organs (lung, liver, kidney, spleen and brain)
from SCID mice injected intravenously with scAAV9-luciferase vectors; 10'° vg/mouse)
containing Sk-CRM4 (i.e. scAAV9-SkCRM4-Des-Luc) or the different subfragments of Sk-
CRM4 (i.e. scAAV9-SKCRM4°-Des-Luc, scAAV9-SkCRM4°-Des-Luc, scAAV9-SkCRM4°-Des-
Luc, scAAV9-SkCRM4°-Des-Luc, scAAV9-SKCRM4°-Des-Luc) or the Des promoter as such
without Sk-CRM (i.e. scAAV9-Des-Luc). Images of all tissues and organs were taken 5 weeks
post vector injection. Bioluminescent images of all tissues and organs were represented
based on a color scale, showing intensities ranging from 5.92X10% (blue) ph/sicm®/sr —

5.08X10* (red) ph/s/cm?/sr.



Supplementary Figure 5

MD1A sequence

ATGCTGTGGTGGGAGGAAGTGGAGGACTGCTACGAGAGAGAGGACGTGCAGAAGAAAACCTTCACCAAGTGGG
TGAACGCCCAGTTCAGCAAGTTCGGCAAGCAGCACATCGAGAACCTGTTCAGCGACCTGCAGGATGGCAGGAG
ACTGCTGGATCTGCTGGAGGGACTGACCGGCCAGAAGCTGCCCAAGGAGAAGGGCAGCACCAGAGTGCACGC
CCTGAACAACGTGAACAAGGCCCTGAGAGTGCTGCAGAACAACAACGTGGACCTGGTGAATATCGGCAGCACC
GACATCGTGGACGGCAACCACAAGCTGACCCTGGGCCTGATCTGGAACATCATCCTGCACTGGCAGGTGAAGAA
CGTGATGAAGAACATCATGGCCGGCCTGCAGCAGACCAACAGCGAGAAGATCCTGCTGAGCTGGGTGAGGCAG
AGCACCAGAAACTACCCCCAGGTGAACGTGATCAACTTCACCACCTCCTGGAGCGACGGCCTGGCCCTGAACG
CCCTGATCCACAGCCACAGACCCGACCTGTTCGACTGGAACAGCGTGGTGTGTCAGCAGAGCGCCACCCAGAG
ACTGGAGCACGCCTTCAACATCGCCAGATACCAGCTGGGCATCGAGAAGCTGCTGGACCCCGAGGACGTGGAC
ACCACCTACCCCGACAAGAAAAGCATCCTGATGTATATTACCTCTCTGTTTCAGGTGCTGCCCCAGCAGGTGTCC
ATCGAGGCCATCCAGGAAGTGGAAATGCTGCCCAGGCCCCCCACCGTGTCCCTGGCCCAGGGCTATGAGAGAA
CCAGCAGCCCCAAGCCCAGATTCAAGAGCACCGTGTCCCTGGCCCAGGGCTATGAGAGAACCAGCAGCCCCAA
GCCCAGATTCAAGAGCTACGCCTACACCCAGGCCGCCTACGTGACCACCTCCGACCCCACCAGAAGCCCCTTCC
CCAGCCAGCACCTGGAGGCCCCCGAGGACAAGAGCTTCGGCAGCAGCCTGATGGAGAGCGAAGTGAACCTGG
ACAGATACCAGACCGCCCTGGAGGAAGTGCTGTCTTGGCTGCTGTCCGCCGAGGACACCCTGCAGGCCCAGGG
CGAGATCAGCAACGACGTGGAAGTGGTGAAGGACCAGTTCCACACCCACGAGGGCTACATGATGGATCTGACC
GCCCACCAGGGCAGAGTGGGCAATATCCTGCAGCTGGGCAGCAAGCTGATCGGCACCGGCAAGCTGAGCGAG
GACGAGGAGACCGAAGTGCAGGAGCAGATGAACCTGCTGAACAGCAGATGGGAGTGCCTGAGAGTGGCCAGCA
TGGAGAAGCAGAGCAACCTGCACCGCGTGCTGATGGACCTGCAGAACCAGAAGCTGAAGGAGCTGAACGACTG
GCTGACCAAGACCGAGGAGCGGACCAGAAAGATGGAGGAGGAGCCCCTGGGCCCCTGGGAGAGAGCCATCTC
CCCCAACAAAGTGCCCTACTACATCAACCACGAGACCCAGACCACCTGCTGGGACCACCCTAAGATGACCGAGC
TGTACCAGAGCCTGGCCGACCTGAACAATGTGCGGTTCAGCGCCTACAGAACCGCCATGAAGCTGCGGAGACT
GCAGAAGGCCCTGTGCCTGGACCTGCTGAGCCTGAGCGCCGCCTGCGACGCCCTGGACCAGCACAACCTGAAG
CAGAACGACCAGCCCATGGACATTCTGCAGATCATCAACTGCCTGACCACCATCTACGATCGGCTGGAGCAGGA
GCACAACAACCTGGTGAACGTGCCCCTGTGCGTGGACATGTGCCTGAATTGGCTGCTGAACGTGTACGACACCG
GCAGGACCGGCAGAATCAGAGTGCTGTCCTTCAAGACCGGCATCATCAGCCTGTGCAAGGCCCACCTGGAGGA
TAAGTACCGCTACCTGTTCAAGCAGGTGGCCAGCAGCACCGGCTTCTGCGATCAGAGGAGACTGGGCCTGCTG
CTGCACGATAGCATCCAGATCCCTAGGCAGCTGGGCGAAGTGGCCAGCTTTGGCGGCAGCAACATCGAGCCCT
CTGTGAGGAGCTGCTTCCAGTTCGCCAACAACAAGCCCGAGATCGAGGCCGCCCTGTTCCTGGATTGGATGAGG
CTGGAGCCCCAGAGCATGGTGTGGCTGCCTGTGCTGCACAGAGTGGCCGCCGCCGAGACCGCCAAGCACCAG
GCCAAGTGCAACATCTGCAAGGAGTGCCCCATCATCGGCTTCCGGTACAGGAGCCTGAAGCACTTCAACTACGA
CATCTGCCAGAGCTGCTTTTTCAGCGGCAGAGTGGCCAAGGGCCACAAGATGCACTACCCCATGGTGGAGTACT
GCACCCCCACCACCTCCGGCGAGGATGTGAGAGACTTCGCCAAAGTGCTGAAGAATAAGTTCCGGACCAAGCG
GTACTTTGCCAAGCACCCCAGGATGGGCTACCTGCCCGTGCAGACCGTGCTGGAGGGCGACAACATGGAGACC
GACACCATGTGATGATGA

Supplementary Figure 5. Sequence of truncated micro-dystrophin (MD14) containing

additional deletions of the spectrin-like repeats



Supplementary Figure 6
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Supplementary Figure 6. Western blot analysis in heart, diaphragm and skeletal
muscle. The MD1 proteins in heart, diaphragm and skeletal muscle (gastrocnemius) were
detected of treated and control SCID/mdx using dystrohin-specific (DYS3) antibody resulting
in MD1 (136 kDa) bands. The protein markers were shown to indicate the sizes of MD1 as

well as mouse Gapdh (38 kDa) proteins.



Supplementary Figure 7
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Supplementary Figure 7: Assessments of immune invasion as cellular apoptosis in
skeletal muscles after treatments. Mdx mice were injected with Sk-CRM4/Des chimeric
promoter or conventional promoters at a dose of 5x101! vg/mouse. (a) TUNEL assay of 5 um
thick transverse sections of the tibialis anterior muscle at 16-week post-injection of mdx mice.
The skeletal muscles from wild-type treated with DNase | were as a positive control. Blue:
DAPI staining, Green: Laminin staining, Red: DNA-nicked fragment. The scale bars indicate
100 um. (b) Immunohistochemistry of tibialis anterior muscle from mdx mice after AAV vector
injection, as indicated. The CD4 and CD8-positive cells were stained using CD4 and CD8-
specifc antibodies and visualized using DAB with hematoxylin counterstaining. Spleens from
wild-type mice were used as positive control for CD4 and CD8 detection. The scale bars
indicate 20 pum.



Supplementary Table 1

Name

Gene

Length
(bp)

TFBS

Sequence

Position in hg19 genome

Distance related to the
gene

Sk-CRM1

ATP2A1

495

E2A, CEBP, LRF,

MyoD

CTCACTCCCCGCCCAGGCAGCAAGGAGCCCACACCCTCATGCCCC
TCAGCTTCAGCCCCCACCTCCAGGAGGCCCTACCCACGCTCATGAC
CTTGCTATTCTGGGCCTTGTGTCCTGTAGGGAGATGGACAGGAGAC
AGCTGGGCTTCCAGGCCACCCAGGCGGGGGGCTAGCCGAGGGAA
GCCTGCTGGCTCTCCTGCTTGCTCTAATTTCTGGGGCTCCCCAAAC
CTTGGCCTCAGGAGACTGGGGATAGGACCGGCCTTGAAAGTGGGG
GAAGCTTTGGAGAGCCGGGTGCTGGGTTCTTAGTGAGATGGCCAGT
GAAGGCTGTGGTGCCCCGAGGTAAGCAGGGCCTGATCCCCTCCTA
ATCTTCCAGCAGCAACTGGTGCTCTGAGGCTCCCCCTCCCCCAGCC
CTGCCAGCCTTCAGGGACCTGCCTTCCAAAGATGGGCAGGGGAGG
GGGACGAGGACACCCACCCACTCCTCAGACCAGCATGTCTT

chr16:28,886,777-28,887,271

2,638 bp to ATP2A1
TSS

Sk-CRM2

TNNIT?

344

E2A, CEBP, LRF,
MyoD, SREBP

CCCTCCAGATGGGTTTCCTGGAATCTAGATTTCCCAGGTTCCAAAG
GACACCCGAGTCTCATGCCTGGAACTCAGTGAGACTAATTCACCTC
TCCTCTGCCCTAATCTTCATCTCCAGCCAGAAGCCAACAGATCCCAG
GGGACTGGAGCCACAGGGGCTGCACCTGTTTACCGGGTATTTTTAG
GATGGTTGATGAACACATAATACCCACCCTATAGTCAGAGAAAGACA
ATGCCTGCTATGTTAATCCTGTGGCTATTATAGTCTGTCATCTCATG
GGTTGGGGCAGGACACTGACCCTCTCAGAGGCCAGAGAGAGGCCT
CGCAAGCAGGAGGTTAGGGA

chr1:201,391,575-201,391,918

701 bp to TNNI1 TSS

Sk-CRM3

TNNIT®

430

E2A, CEBP, LRF,
MyoD, SREBP,

Tall

ATGGAGACAATCCATGAATTCCTGAGATGCTTGGCTGGTATTAGATT
TTATGGGCAGCTGCTTATTCTTAGGGCTCTGCTTCTCCAAAGACACT
GAGGAAGTCCAAAGGAACACCAGCTGGCGAAGAGCCACCTCCAGG
CCCATCTGTCCATCATCAGCCTCCAGGAATGCCAGTGTCCAGAGGG
CACCAGGTCTGCGTCTGTCTCCCTGGGATGTGCCTTGTCCTTGGTG
GGCATTTGGCAGTGATCATGCCTCCCTGTCTCCCTCAGAGATCCAA
CTGTCCCCATTGTGGGGCCCTACCTTCCAAGGCCGGTTTACACCTC
CTGCCAAGCTCCGGGGCCTGCCCCCAGCCTGCCTCACTGACAAAT
GCCAGACCAAGGGGTCCCACGTCAGGCAAGAGGCCTCAGCCTGTG
CTCTGACACCCCTCAG

chr1:201,388,987-201,389,416

1,438 bp to TNNI1 TSS




Name Gene Length TFBS Sequence Position in hg19 genome Distance related to the
(bp) gene
Sk-CRM4 | MYLPF 435 E2A, CEBP, LRF, TTCTGAGTCCTCTAAGGTCCCTCACTCCCAACTCAGCCCCATGTCCT | chr16:30,383,321-30,383,755 2,368 bp to MYLPFTSS
MyoD, SREBP GTCAATTCCCACTCAGTGTCTGATCTCCTTCTCCTCACCTTTCCCAT
CTCCCGTTTGACCCAGCTTCCTGAGCTCTCCTCCCATTCCCCTTTTT
GGAGTCCTCCTCCTCTCCCAGAACCCAGTAATAAGTGGGCTCCTCC
CTGGCCTGGACCCCCGTGGTAACCCTATAAGGCGAGGCAGCTGCT
GTCTGAGGCAGGGAGGGGCTGGTGTGGGAGGCTAAGGGCAGCTG
CTAAGTTTAGGGTGGCTCCTTCTCTCTTCTTAGAGACAACAGGTGGC
TGGGGCCTCAGTGCCCAGAAAAGAAAATGTCTTAGAGGTATCGGCA
TGGGCCTGGAGGAGGGGGGACAGGGCAGGGGGAGGCATCTTCCT
CAGGACATCGGGTCCTAGAGG
Sk- MYLPF 171 CEBP, E2A, LRF CTCTAAGGTCCCTCACTCCCAACTCAGCCCCATGTCCTGTCAATTCC | chr16:30,383,330-30,383,500 2,623 bp to MYLPFTSS
CRM4* CACTCAGTGTCTGATCTCCTTCTCCTCACCTTTCCCATCTCCCGTTT
GACCCAAGCTTCCTGAGCTCTCCTCCCATTCCCCTTTTTGGAGTCCT
CCTCCTCTCCCAGAACCCAGTAATAAGTGG
Sk- MYLPF 51 CEBP, E2A, LRF TGGCCTGGACCCCCGTGGTAACCCTATAAGGCGAGGCAGCTGCTG chr16:30,383,510-30,383,560 2,563 bp to MYLPFTSS
CRM4® TCTGAG
Sk- MYLPF 60 E2A, LRF, MyoD GCAGGGAGGGGCTGGTGTGGGAGGCTAAGGGCAGCTGCTAAGTTT | chr16:30,383,561-30,383,620 2,503 bp to MYLPFTSS
CRM4° AGGGTGGCTCCTTCT
Sk-d MYLPF 41 LRF, MyoD AGGAGGGGGGACAGGGCAGGGGGAGGCATCTTCCTCAGGAC chr16:30,383,700-30,383,740 2,383 bp to MYLPFTSS
CRM4
Sk- MYLPF 120 CEBP, E2A, LRF GCAGGGAGGGGCTGGTGTGGGAGGCTAAGGGCAGCTGCTAAGTTT | chr16:30,383,561-30,383,680 2,443 bp to MYLPFTSS
CRM4° AGGGTGGCTCCTTCTCTCTTCTTAGAGACAACAGGTGGCTGGGGCC

TCAGTGCCCAGAAAAGAAAATGTCTTAGA




Name

Gene

Length
(bp)

TFBS

Sequence

Position in hg19 genome

Distance related to the
gene

Sk-CRM5

MYH1

474

PPAR, CEBP,
LRF, SREBP

GACTAGGAATAAATCACATATCCTCAATCCCTGGACAACTTGTTTAC
TTCTAGTGTTAGTTTTTTCTTAAAAAAAAAATTGAAATCATTCTGAGG
CTGGAATACTTTGGACATGCCCAGCAGTTCCTGGCAGTTCCCACAG
AAGCATTACCTCATGACTGGAGTGGGTAAAGCATACTGTGGGCTAT
GGATAAGACTGACATTAACCACAAGCATGTTTGGCAGCAGACTGGT
GCTTTACAAGCTCCATGTTCAGCAGGAGCTGCAAAGTGTTCCTCCAA
ACCAATATTTGTCATTCTTGGATTCTATTTAGGAGGTCCTGTTACTCA
CATGTTTCAATATCAGCAGAAGCCAGTTTCCCTGTGGTACCGAAGTG
GATCCTGATGAATTTACCCTTGTAAGTAAAAAAAATGATGTTATACCC
AAAGCTTGAAGTACGTAGTGGGGATGCCACTGAAATAATTCAGACAT
GCTT

chr17:10,416,614-10,417,087

4,772 bp to MYH1 TSS

Sk-CRM6

TPM3

519

E2A, CEBP, LRF,
MyoD, SREBP

GTGCTCATAGCTCCACCTTTTGTTCCTAATATGGTCTTTCCAGCTCC
CTCCACCCCATCATTGTTCTCCTGGGGGAACACAGGGTGAGACGCT
TTGATGAACTGACATCACCAGCAAAAAAAATATCTAGCAACAGCTGA
GGCTGATTTTAGACAATGGAAAGTGGGGGAGGGAAGAGGTTCTCCC
TGACCCTGAAACTTTCCACTCATTCTGGGCAGCTCTATGGATGTTTT
AAAAGAAGAGGAAGAGGGGAGGGAAGAACATTGAAATAGAGAAGT
GTACTTTGGCAATTCTAGGTTGGCAGTTTGCATCCAGGGGGTCCTG
GTTGCCTTTCAGCTTCCCGTTTCACTCTCCCCCAGACTGTGTTGAAT
GCTGGTCAAACTCCGTTAGTTGAGTTTTAGCTTTTGATTCCTGGTAT
TCAAGGAGCTTGGGCACAGGGAAGAGGGGAGGTCACTCATGATCC
TTAACAATTCTCCCAGATCCCCAGATCAAATTGCTGTGCTATTCTGG
GAGTCTCCG

chr1:154,164,610-154,165,128

517 bp to TPM3 TSS

Sk-CRM7

ANKRD

372

E2A, CEBP, MyoD

ATCGTGTGTCAGAGGTTTGTGTCAGCTTCCCAGCAAGGGAACCAGA
AAGGAAAAGGAACCGGTTCCTCATGCTTCCTAGGGGAATGCATGCA
TATCTGAAGAGAAGGGAATCTTATATAAGGCTGTTTAGCTAAGGGCA
GCCACCAGCCAGGTGAGCCTTACAGAAGCACAGGGCTGGGTGTCT
GCAGTTCCCTAGCAGATTAACCTGGGTCACAGTGACTCAGAGCTCC
AGCATGCGAGTTCCAGGTGTGGAACTGAGCAAGTACAGATCTGCTT
TTGCTCCACTTGGGAGTATTTTTCCTTCTTAGTGAGCATGGGCAGCC
TCCTGGCCAGGGAAGTCTGGCACTGTCTGGGCCTGACAGGGAAAC
CCTG

chr10:99,331,378-99,331,749

507 bp to ANKRD2 TSS

TSS: Transcription start
site
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matrix 1D

MO00776

MO00804

MO00065

M00762

M00929

MO01168

MO00770

MO01100

MO00765

X y

-0.61495684

-0.26318989

-0.36876793

-0.31487351

-0.023844732

-0.42305829

-0.096630944

-0.063193563

-0.29507474

distance to origin

-0.43085342

-0.65422925

-0.17368896

-0.2956267

-0.88602736

-0.89893621

0.24264045

-1.265489

-0.1488961

slope

0.750870551152782

0.705184252343864

0.407624387178155

0.431903314472823

0.88634815615125

0.993511261328672

0.261174132169581

1.26706583709199

0.330513465355464

p-value trend

0.700623835649995

2.48576892524253

0.470998006795222

0.93887447057709

37.1582016522559

2.12485189688636

-2.5110015483239

20.0255997592666

0.504604697779281

trend p-value

0.001

0.011

0.013

0.017

0.017

0.021

0.029

0.033

0.045

35.0526321722801

30.6956771277907

55.4177527411296

58.904199891356

60.4776107602034

106.181731817816

15.2676070291572

174.518856572171

28.0601713051276

0.198

0.276

0.041

0.076

0.231

0.104

0.258

0.066

0.212

SREBP

E2A

Tal-1beta:E47

PPAR,

MyoD

SREBP

C/EBP

LRF

COuP



SUPPLEMENTARY METHODS

Identification of Sk-CRM using genome-wide computational analysis

In general, the initial step in gene expression is the transcription of the gene from DNA into
RNA by RNA polymerase at transcription start sites. However, transcription is often weak in
the absence of the regulatory DNA regions called cis-regulatory modules (CRMs). CRMs are
operationally defined as DNA sequences containing transcription factor binding sites (TFBS),
which are clustered into modular structures . Their sequences generally contain short DNA
motifs typically a few hundreds base pairs in length that act as binding sites for sequence-
specific transcription factors (TF). These proteins recruit co-activators (or co-repressors) such
that combined regulatory cues of all bound elements define the activity of CRMs and regulate
transcription in terms of efficacy and specificity 23 Despite of their crucial role in regulating
gene expression, in general CRMs remain poorly annotated in sequence genomes and the
vast majority of CRMs are yet to be characterized. Previously, several studies predicted and
identified the CRMs which as specific for tissue including muscle, liver, heart and brain 45 68
o using different approaches. However, none of these studies implicate CRMs in the context
of gene therapy. The current strategy requires genome-wide computational approaches to
identify robust transcriptional CRMs associated with high levels of muscle-specific gene
expression. Hence, the main advantage of this computational strategy is that it allows for the
identification of robust muscle-specific CRMs that contain a ‘molecular signature’

characteristic for achieving high in vivo expression in the muscle.

Highly expressed skeletal muscle-specific genes (Fig. 1a), were identified by using the TIGER
database (Tissue-specific Gene Expression and Regulation) that is based on human genomic
data "° (http://bioinfo.wilmer.jhu.edu/tiger/; doi:10.1186/1471-2105-9-271). For that purpose,
The 325 muscle-specific genes extracted from the TIGER database are sorted based on their
expression levels from high to low. There is a relative enrichment of binding sites for
transcription factors (TFs) associated with high tissue-specific gene expression in promoters

of genes at the top compared to those at the bottom of this list. Increasing the number of



genes/promoters increases the noise to signal ratio and is therefore not desirable. To test
this, a bio-computational analysis was conducted by varying the number of genes/promoters
extracted from the TiGER database, that fall within the category of high muscle-specific gene
expression. In particular, by using a list of the top-ranked 100 genes/promoters, only one TF
was identified associated with high muscle-specific gene expression (i.e. Tal-1beta:E47) with
a p-value < 0.05. In contrast, by restricting the analysis to the top-ranked 29 genes/promoters,
9 TFs were identified associated with high muscle-specific gene expression. Hence, there
was a trade-off between signals versus noise as a function of the number of genes/promoters
on which the bio-computational analysis was based. We therefore choose to proceed with the

analysis based on the top-ranked 29 genes/promoters.

A set of most highly expressed (i.e. ‘over-expressed’) genes in the skeletal muscle compared
to any of the other tissues was identified using this database. Pairwise comparison was done
by a two-tailed t-test. Conversely, a set of 'under-expressed' genes was identified,
corresponding to those genes that exhibited the lowest expression in these respective organs
compared to any of the other tissues. This analysis resulted in a set of 29 over-expressed

genes and another set of 29 under-expressed muscle-specific genes.

Next, the RefSeq IDs lists of these ‘over-expressed’ and ‘under-expressed’ skeletal muscle-
specific genes were used to extract the corresponding promoter sequences upstream the
reported transcription start sites (TSS) by up to 1 kb (NCBI36/hg18 genome assembly), using
the transcription start location data stored in the refGene table of the UCSC Genome Browser
(http://genome.ucsc.edu; doi:10.1101/gr.229102) database. Consequently, two sets of
skeletal muscle-specific promoter sequences corresponding to promoters of ‘over-expressed’
or ‘under-expressed’ genes were identified. In the next step, the promoter sequences were
filtered using ‘'uclust' (http://www.drive5.com/usearch/; doi:10.1093/bioinformatics/btq461)
resulting in a non-redundant set of representative promoter sequences. Evidence from
computational analysis and in vitro experiments support the rationale for choosing promoters

up to 1 kb upstream of the TSS. The basal promoter and nearby upstream regulatory



elements are typically found within a 1 kb region upstream of the TSS. Indeed, the preferred
locations for most of the known TFBS in the TRANSFAC® (TRANScription FACtor) database
(http://www.biobase-international.com/product/transcription -factor-binding-sites) happen to
be between -300 and +50 bp relative to the TSS'". Additionally, the fact that a vast majority
(>90%) of DNA fragments containing regions -550 to +50 relative to the TSS were
transcriptionally active (according to the TRANSFAC data sets) was also based on results

from luciferase-based transfection assays in four human cultured cell types ' *.

The TFBS were then mapped to these promoters using the TRANSFAC® database.
TRANSFAC® is a manually curated database of eukaryotic transcription factors, their
genomic binding sites and DNA binding profiles which is used to predict potential transcription
factor binding sites. Positional weight matrices that are derived based on the broad
compilation of binding sites, can be used with either the MatchTM of FIMO tool to search DNA
sequences for predicted transcription factor binding sites 13 Subsequently, the DDM/MDS
method, described in detail elsewhere ¥, was used on the TFBS datasets obtained from the
‘over-expressed’ versus ‘under-expressed’ skeletal muscle-specific genes. The computer
source code was deposited in a public repository http://www.dmbr.ugent.be/prx/bioit2-
public/TFdiff/TFdiff.tar.gz. (doi: 10.1186/gb-2007-8-5-r83) The identification of TFBS that are
over-represented as well as those that tend to cluster together (‘co-occurrence’) in promoters

of the highly expressed skeletal muscle-specific genes was possible by this method.

In this study, the conserved elements are identified from 100 vertebrate species. For this
purpose, the sequences of all conserved sequence elements in the NCBI36/hg18 genome
assembly were downloaded based on the information stored in the phastConsElements44way
table of the UCSC Genome Browser (http://genome.ucsc.edu) database. The multiple
alignments at the basis of this table were generated using ‘multiz’ ® Thus, the
phastConsElements44way table contains information about conserved elements identified by

16

phastCons °. PhastCons is a hidden Markov model-based method that estimates the

probability that each nucleotide belongs to a conserved element, based on the multiple



alignments. It considers not just each individual alignment column, but also its flanking
columns. PhastCons is sensitive to runs of conserved sites, and therefore effective for
identifying conserved elements '"°. The predicted conserved elements are assigned a log-
odds score, ranging from 0 to 1000, equals to their log probability under the conserved model
minus their log probability under the non-conserved model. According to UCSC Genome
Browser, the default phastCons parameters used were: expected-length=45, target-
coverage=0.3, rho=0.3 (https://genome.ucsc.edu/cgibin/hgTrackUi?hgsid=493737591_a0L8

G0632aHEN5NYvS5rUss7smgh&c=chr10&g=cons100way).

We looked for CRMs in the conserved sequences as identified by the phastCons algorithm. In
particular, to implement the conserved elements to CRM prediction, we searched the co-
occurrence of conserved elements and putative CRMs with the average means of negative
selection probability above 0.2 (from 0 to 1 scale) from 100% coverage of CRM DNA

sequences.

Next, putative cis-regulatory modules (CRMs) were searched, coinciding with the most
conserved sequence elements. In general (for a review see Hardison et al. 21), three major
approaches are used (alone or in combination) to predict CRMS: the first is to search genomic
DNA for clusters of transcription-factor binding-site motifs, A second approach for identifying
CRMs involves the identification of noncoding DNA sequences under evolutionary constraint
and a third approach directly assays for DNA sequences having epigenetic features

characteristic of regulatory regions.

The MatchTM program or FIMO application5 were used to scan the conserved sequence
elements for TFBS associated with high tissue- specific expression5. In a final filtering step,
candidate Sk-CRMs were mapped against the human hg19 genome using the blat tool at the
UCSC genome browser (https://genome.ucsc.edu). Next, the mapped regions were visualized
along the ENCODE Regulation supertrack containing information relevant to regulation of

transcription from the ENCODE project 2 The layered H3K4Me1 and layered H3K27Ac



marks are epigenetic signatures often found near regulatory elements, while the DNase |
Hypersensitivity tracks indicate where chromatin is hypersensitive to cutting by the DNase
enzyme and are associated with both regulatory regions and promoters. With respect to their
genomic locations they appear highly correlated and often coincide at active regulatory
elements but the overlaps are far from perfect and therefore we additionally filter for regions
where the overlaps are maximal with the candidate CRMs. The epigenetic marks of histone
modification used in CRM design are available in UCSC genome browser, which were taken
from only human skeletal muscle myoblast (HSMM) from ENCODE project. These assays are
relatively independent of each other, so overlap between candidate Sk-CRMs and these
quintessential epigenetic signatures increase the likelihood that a given Sk-CRM enhances
transcription. By using internally developed Perl scripts, we identified highly conserved CRMs

containing clusters of TFBS putatively associated with high tissue-specific expression.

AAV vector production and purification

AAV serotype 9 (AAV9) is well suited to achieve efficient transduction in heart and skeletal
muscle %, Consequently, all AAV vectors used in this study were produced using this
serotype. Briefly, calcium phosphate (Invitrogen Corp, Carlsbad, CA, USA) co-transfection of
AAV-293 cells (#240073; Stratagene/Agilent, USA) with the AAV plasmid of interest, a
chimeric packaging construct and an adenoviral helper plasmid, was used to produce AAV
vectors ?°. Cells were harvested 2 days after transfection and lysed by freeze/thaw cycles and
sonication, followed by benzonase (Novagen, Madison, WI, USA) and deoxycholic acid
(Sigma-Aldrich, St Louis, MO, USA) treatments and 3 consecutive rounds of cesium chloride
(Invitrogen Corp, Carlsbad, CA, USA) density gradient ultracentrifugation. Fractions
containing the AAV vector particles were collected and dialyzed in Dulbecco’s phosphate
buffered saline (PBS) (Gibco, BRL) containing 1 mM MgCl,. Quantitative (q) real-time PCR
with SYBR® Green and primers specifically designed for the Luc and MD1 genes were used
to determine vector titers. The forward and reverse Luc-specific primers used were 5'-
CCCACCGTCGTATTCGTGAG-3' and 5-TCAGGGCGATGGTTTTGTCCC-3’, respectively.

The forward and reverse MD1-specific primers were 5-GTGCCCTACTACATCAA-3’ and 5’-



AGGTTGTGCTGGTCCA-3’, respectively. To generate standard curves, known copy numbers
of the corresponding vector plasmids were used. All vectors attained normal titers exceeding
10" vg/ml, except for the vector containing Sk-CRMS5, which was therefore not retained for

the subsequent comprehensive in vivo characterizations.

Transduction efficiency and vector biodistribution

Transduction efficiency and biodistribution was evaluated by quantifying Luc transgene copy
numbers in the different organs and tissues %, Briefly, genomic DNA was extracted from 30
mg of each tissue according to DNeasy Blood & Tissue Kit protocol (Qiagen, Chatsworth, CA,
USA) and 100 ng of genomic DNA from each sample was subjected to qPCR, using the Luc-
specific forward primer 5-CCCACCGTCGTATTCGTGAG-3' and reverse primer 5'-
TCAGGGCGATGGTTTTGTCCC-3’ (amplicon 217 bp). The gPCR results were expressed as
mean AAV copy number/100 ng of genomic DNA. Known copy numbers (102- 107) of the

corresponding plasmid were serially diluted and used to generate the standard curve.

mRNA analysis

Total RNA was extracted from different tissues of mice injected with the various AAV vectors
using a silica-membrane based purification kit according to the manufacturer’s instructions
(Invitrogen Corp, Carlsbad, CA, USA). Subsequently, 100 ng of total RNA from each sample
was subjected to reverse transcription (RT) using a cDNA synthesis kit (Invitrogen Corp,
Carlsbad, CA, USA). Next, a cDNA amount corresponding to 100 ng of total RNA was
amplified by quantitative gPCR on an ABI 7700 (Applied Biosystems, Foster City, CA, USA).
To quantify Luc mRNA levels, Luc-specific forward (5-CCCACCGTCGTATTCGTGAG-3’) and
reverse (5-TCAGGGCGATGGTTTTGTCCC-3’) primers were used, generating a 217 bp
amplicon. For the phenotypic correction studies (see below), MD17 mRNA levels were
quantified using the same approach using forward 5-GTGCCCTACTACATCAA-3’ and
reverse 5-AGGTTGTGCTGGTCCA-3’ primers, generating a 206 bp amplicon. Similarly, to
determine FST-2A-Luc mRNA levels, forward 5-CCCACCGTCGTATTCGTGAG-3' and

reverse 5-TCAGGGCGATGGTTTTGTCCC-3' primers were used, yielding a 217 bp amplicon.



The Luc, MD1 and FST mRNA levels were normalized to mRNA levels of the endogenous
murine  glyceraldehyde-3-phosphate  dehydrogenase (mGapdh) gene, using 5'-
TGTGTCCGTCGTGGATCTGA-3’ and 5-GCCTGCTTCACCACCTTCTTGA-3’ as forward and
reverse primers, respectively (amplicon 82 bp). RNA samples were amplified with and without
reverse transcriptase to exclude DNA amplification. AC;was calculated by subtracting the C; of
the control gene from the C; of the gene of interest for each tissue (heart, gastrocnemius and
quadriceps). The AC; of the control tissue sample was subtracted from the AC; of the
corresponding experimental tissue sample and the results were graphically represented as

AAC;for each tissue of different treated groups (MD1, FST and MD1+FST).

Chromatin immunoprecipitation assay (ChIP assay)

Neonatal mice injected intravenously with ssAAV9-Sk-CRM4-Des-Luc (5><109 vg/per mouse)
were euthanized 4 weeks post vector-injection. Heart and gastrocnemius muscle tissues were
harvested and submersed in PBS with 1% formaldehyde, cut into small pieces and incubated
at room temperature for 15 minutes. Fixation was stopped by the addition of 0.125 M glycine.
The tissue pieces were then homogenized with a Tissue Tearer (BioSpec Products, Virginia
Ave, Bartlesville, USA) and spun down and washed twice in PBS. Chromatin was isolated by
the addition of lysis buffer, followed by disruption with a Dounce homogenizer. Lysates were
sonicated and the DNA sheared to an average length of 300-500 bp. Genomic DNA was
prepared by treating aliquots of chromatin with RNase, proteinase K and heat for de-
crosslinking, followed by ethanol precipitation. Pellets were resuspended and the resulting
DNA was quantified on a NanoDrop spectrophotometer. Extrapolation to the original
chromatin volume allowed quantitation of the total chromatin yield. An aliquot of chromatin (30
ug) was pre-cleared with protein agarose beads (Invitrogen, Waltham, MA, USA). Genomic
DNA regions of interest were isolated using 4 ug of SRF-specific antibody (sc-335; Santa
Cruz Biotechnology, Santa Cruz, CA, USA) or a CEBP-specific antibody (sc-150; Santa Cruz
Biotechnology, Santa Cruz, CA, USA). Complexes were washed, eluted from the beads with
SDS buffer, and subjected to RNase and proteinase K treatment. Crosslinks were reversed by

incubation overnight at 65 °C, and ChIP DNA was purified by phenol-chloroform extraction



and ethanol precipitation. Quantitative PCR (qPCR) reactions were carried out in triplicate on
specific genomic regions using SYBR Green Supermix (Bio-Rad). The resulting signals were
normalized for primer efficiency by carrying out quantitative PCR for each primer pair using
the genomic input DNA with Sk-CRM4-specific forward (5’-GTCCCTCACTCCCAACTCAG-3’)
and reverse (5- GAGGAGAAGGAGATCAGACACTG-3’) primers. Negative control primers
were purchased from Active Motif (#71012; Carlsbad, CA, USA) and are specific for non-

transcribed gene sequences on chromosome 17.

Histological analysis

Mice injected with the ssAAV9-Sk-CRM4-Des-MD1 and ssAAV9-Sk-CRM4-Des-FST vectors
(2x101°vg per mouse) were euthanized 18 weeks post vector injection and the gastrocnemius
muscles were harvested and fixed overnight in 4% paraformaldehyde at 4°C and then stored
in 70% ethanol. The fixed tissues were then embedded in paraffin. Five um transverse
sections were prepared for hematoxylin and eosin staining. The tissue sections were first
dewaxed and rehydrated by treatment with toluene, twice, for 5 min each time, followed by
absolute isopropanol, then 90% isopropanol and finally 70% isopropanol, each for 1 minute.
The tissue sections were then stained with hematoxylin (Sigma Aldrich, St. Louis, Missouri,
USA) for 10 min, washed under running water for 5 min and then stained with 1% erythrosine
(Sigma Aldrich, St. Louis, Missouri, USA) for 5 min followed by a brief wash under running
water. Dehydration of the tissue sections was done by treatment with 70% isopropanol, 90%
isopropanol and absolute isopropanol followed by toluene for a few seconds. Microscopic
analysis was done upon mounting the sections using Pertex (Histolab, Sweden) as the
mounting medium. Nine random fields under 20x magnification from the largest tissue
sections were chosen and the number of fibers with central nuclei was counted. The
percentage of central nucleation in muscle fibers per condition was calculated by using the
formula: 100 x (number of centrally nucleated fibers/total number of fibers per field). The fiber
cross-sectional area of each muscle fiber for the different groups, both treated (MD1, FST,
MD1+FST) and untreated (SCID/mdx and C57/BL6) was measured by using the Imaged

software. Eight fields were considered for each condition and the fiber cross sectional area of



the total number of fibers in each of these fields for the different groups were represented

graphically.

For immunofluorescence staining, the heart and the TA muscles were embedded in Optimal
Cutting Temperature compound (OCT; Thermo Scientific, Waltham, MA, USA) and snap
frozen in liquid nitrogen cooled isopentane and 6 um thick sections were cut using a
MicromHM550 cryostat (Thermo Scientific, Waltham, MA, USA). Frozen tissue sections were
thawed in PBS (with Ca®*, Mg®*) for 10 min followed by a brief wash with PBS for 5 min. The
tissue sections were then washed in PBS with 0.2% triton and 1% BSA and incubated with
blocking serum containing 20% donkey serum in PBS with 0.2% triton and 1% BSA. The
tissue sections were then incubated overnight at 4°C with the following primary antibodies:
rabbit anti-mouse laminin from (ab11575; Abcam, Cambridge, UK) and mouse monoclonal
anti-human dystrophin (NCL-DYS3; Novocatsra, Newcastle, UK). The samples were
subsequently washed three times with PBS and then incubated with the appropriate
fluorescein-isothyocyanate (FITC) or tetramethylrhodamine-isothiocyanate-conjugated
(TRITC) anti-mouse or anti-rabbit (1:500, Life Technologies, Carlsbad, CA, USA) and 4',6-
diamidino-2-phenylindole (DAPI; Hoechst nucleic acid stain, Life technologies, USA) (1:1000
dilution) for 1 hour at room temperature. After three final washes, the coverslips were
mounted on glass slides using the Fluorosave mounting medium (Dako, Denmark) and

analyzed under a fluorescent microscope (Nikon Eclipse 80i) at 20x magnification.
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