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SUPPLEMENTAL MATERIALS

Supplemental Tables

Nsuur:j:e::rts Intltle)r:al Referring Centers Methods of diagnostic
#1 PIT-1 Pittsburgh Agilent 180K Human Genome CGH + SNP ISCA
#2 PIT-2 Pittsburgh Agilent 180K Human Genome CGH + SNP ISCA
#3 PIT-3 Pittsburgh Agilent 180K Human Genome CGH + SNP ISCA
#4 CHUN-1 | Nantes Agilent 60K ISCA v.2
#5 CHLM-1 | Le Mans Agilent 60K ISCA v.2
#6 LJU-1 Ljubljana Agilent 180K
#7 IHG-1 Essen Affy CytoScan HD
#8 CHUP-1 Poitiers Agilent 105K
#9 UK-1 Nottingham WGS (Genomics England 100,000 Genomes Project)
#10 UK-2 Nottingham WGS (Genomics England 100,000 Genomes Project)
#11 CHUN-2 | Nantes WES; Agilent SureSelect Human All Exome 50 Mb Kit
#12 GDX-3 Sickkids WES; Agilent SureSelect Clinical Research Exome Kit
#13 GDX-1 UCLA WES; Agilent SureSelect Clinical Research Exome Kit
#14 GDX-2 Duke WES; Agilent SureSelect Clinical Research Exome Kit
#15 PS-1 Pitié WES; Medexome Nimblegen 47 Mb Kit
#16 CHOP-1 | Philadelphia WES; Agilent SureSelectXT Clinical Exome version 1
#17 LEUV-1 Leuven WES; Medexome Nimblegen, custom EZ choice XL V4
#18 LEID-1 Leiden WES; Agilent SureSelect V5
#19 CHUG-1 | Grenoble WGS

Table S1. Referring Centers and Methods of Diagnostic for the 19 Affected Individuals.




Protein Reference sequence
SRY CAA37790.1
SOX1 NP_005977.2
SOX2 NP_003097.1
SOX3 NP_005625.2
SOX4 AAH72668.1
SOX5 AAH60773.1
SOX6 AAK26115.1
SOX7 CAC84226.1
SOX8 NP_055402.2
SOX9 CAA86598.1
SOX10 CAG38808.1
SOX11 BAA88122.1
SOX12 AAH67361.1
SOX13 AAD50120.1
SOX14 AAC95380.1
SOX15 AAH72003.1
SOX17 BAB83867.1
SOX18 BAA94874.1
SOX21 AAC95381.1
SOX30 BAA37146.1

Table S2. Accession Numbers for the Human SOX Sequences Aligned in Figure 4.

Vertebrate species

Scientific name

Reference sequence

Human

Mouse

Dog

Cow

Armadillo

Platypus

Chicken

Western clawed frog
Zebrafish

Homo sapiens

Mus musculus
Canis lupus familiaris

Bos taurus

Dasypus novemcinctus
Ornithorhynchus anatinus

Gallus gallus

Xenopus tropicalis

Danio rerio

NM_033326.3
AAC52263.1
XP_022263597.1
NP_001178347.1
XP_023438566.1
XP_028916408.1
NP_001305380.1
XP_017945061.1
NP_001116481.1

Table S3. Accession numbers of SOX6 ortholog sequences aligned in Figure S1.



Variant Forward primer

Reverse primer

WT CAAAAGATTGGAAGGAAAAAATGGA TTTCCTTCCAATCTTTTGAAAGTAG
p.Trp161Cys CAAAAGATTGCAAGGAAAAAATGGA TTTCCTTGCAATCTTTTGAAAGTAG

WT CGACCAATGAATGCGTTCATGGTTTG CGCATTCATTGGTCGCTTGATGTGG
p.Met605Thr ~ CGACCAACGAATGCGTTCATGGTTTG CGCATTCGTTGGTCGCTTGATGTGG

WT AGGATCTCGCTGGAAATCCATGTCCAACC ATGGATTTCCAGCGAGATCCTAAGATTTTGC

p.Trp639Arg  AGGATCTCGCCGGAAATCCATGTCCAACC ATGGATTTCCGGCGAGATCCTAAGATTTTGC

WT GCACCTCTGCCAGCCCCGAGCCCA GGCTGGCAGAGGTGCTAGAGCAGT
p.Ser746Leu GCACCTTGGCCAGCCCCGAGCCCA GGCTGGCCAAGGTGCTAGAGCAGT

Table S4. Primers Used to Generate Expression Plasmids for SOX6 Variants. Wild-type (WT) sequences
are shown as references. Codons affected by variants are in bold font and underlined.

Affected individual Body part Region of the body part exhibiting endochondroma(s)
PIT-1 right arm 5% proximal phalanx
distal 4" middle phalanx
distal metaphysis of the 3" metacarpal bone
trapezoid bone
leftarm proximal humerus
distal 4" metacarpal bone metaphysis
proximal end of 1°* metacarpal bone
left leg proximal end of 1°* metatarsal bone
spine right 12" vertebral body (transverse process)
PIT-2 right leg distal femur metaphysis
left leg proximal fibula
proximal phalanx of 4™ toe
CHOP-1 right arm proximal humerus*
leftarm proximal humerus
right leg distal femur**
left leg distal tibia
thorax right rib*

Table S5. List of Endochondromas Found in Affected Individuals. *Osteochondromas no longer
palpable, but still visible on X-rays two years later. **Osteochondromas no longer palpable and no longer

visible on X-rays two years later.



Subject Internal Genomic variant Telomeric Centromeric Size of the

number identifier (NM_033326.3) boundary boundary deletion
#1 PIT-1 delex.1to2 16,358,927 16,497,834 138,907 bp
#2 PIT-2 delex.1to2 16,358,927 16,497,834 138,907 bp
#3 PIT-3 delex.1to2 16,358,927 16,497,834 138,907 bp
#4 CHUN-1 delex.1to4 16,238,166 16,554,120 315,954 bp
#5 CHLM-1 delex.2to 3 16,309,520 16,419,313 109,793 bp
#6 Uu-1 del ex. 2to 13 16,023,626 16,446,051 422,425 bp
#7 IHG-1 del ex. 2to 12 16,049,440 16,399,572 350,132 bp
#8 CHUP-1 delex.5to7 16,128,647 16,239,865 111,218 bp

Table S6. Location, Boundaries and Size of the SNVs Affecting SOX6 in Eight Study Subjects (hg19).




Supplemental Figures

Human 1 LQGH KQATSPFACAADG-EDAMTQDLTSREKEEG-SDQHVASHLPLHPIMHNKPHSEELPTLVSTIQQDADWDSVLSSQQRMESENNKLCSLYS 104
Mouse 1 MSSKQATSPFACTADG-EEAMTQDLTSREKEEG-SDQHPASHLPLHPIMHNKPHSEELPTLVSTIQQDADWDSVLSSQQRMESENNKLCSLYS 91
Dog 1 MSSKQATSPFACAADG-EEAMTQDLTSREKEEG-SDQHVASHLPLHPIMHNKPHSEELPTLVNTIQQDADWDSVLSSQQRMESENNKLCSLYS 91
Cow 1 MKGHGELQGH ——— KQATSPFACTADG-EEAMTQDLTSREKEEG-SDQHVASHLPLHPIMHNKPHSEELPTLVNTIQQDADWDSVLSSQQRMESENNKLCSLYS 104
Armadillo 1 0
Platypus 1 MTLTQHLFSSLI----—-————-— ILRMSSKQTASPFACAADG-EEAMTQDLSSREKEEG-AEQQVTSHLPLHPIMHNKPHSEELPTLVTTIQQDADWDSVLSAQHRMESENNKLCSLYS 106
Chicken 1 MSSKQATSPFACAADG-EETMTQDLASRDKEEGNSDQHATSHLPLHNVMHNKPHSEELPTLVTTIQQDAEWDGVISAQHRMESESNKLCSLYS 92
Xenopus 1 MPSTSEVLTGVVGDHLNDEWKEDPFLRMSSKQAASPFTCKAEG-EEEMTGDLASREMNEC-KDQIMASHLPLHPLNHNKPHSEELQSLVTTLPADLDWDSMISSQHRMDSESNKLRSLYS 118
Zebrafish 1 MSSKQATSPFTSTPDGGEDGVNQERMPWEKEEN-SESLVAPQLPLHNLLENKPPLEELQPISSSVPPESDWDSLMSAQQRMESDSNKVCSLYS 92
p.Trp161Cys 1%t coiled-coil domain

105 FRNTSTSPHKPDEGSRDR-EIMTSVTFGTP! GSLADVVDTLKQKKLEEMTRTEQEDSSCMEKLLSKOWKEKMERLNTSELLGE IKGTPESLAEKERQLSTMITQLISLREQLLAAHD 223

92 FRNTSTSPHKPDEGSRER-EIMNSVTFGTPERRKGSLADVVDTLKQKKLEEMTRTEQEDSSCMEKLLSKOWKEKMERLNTSELLGE IKGTPESLAEKERQLSTMITQLISLREQLLAAHD 210

92 FRNTSTSPHKPDEGSRDR-EIMTSVTFGTP GSLADVVDTLKQKKLEEMTRTEQEDSSCMEKLLSKDWKEKMERLNTSELLGE IKGTPESLAEKERQLSTMI TQLISLREQLLAAHD 210

105 FRNTSTSPHKPDEGSRDR-EIMTSVTFGTPERRKGSLADVVDTLKQKKLEEMTRTEQEDSSCMEKLLSKOWKEKMERLNTSELLGEIKGTPESLAEKERQLSTMITQLISLREQLLAAHD 223

1 MEKLLSKDWKEKMERLNTSELLGEIKGTPESLAEKERQLSTMITQLISLREQLLAAHD S8

107 FRNTSTSPHKPDEGSRDRSELMT---IGTPERRKGSLADVVDTLKQKKLEEMTRTEQEDSSCMEKLLSKI EKMERLNTSELLGEIKGTPESLAEKERQLSTMITQLIGLREQLLAAHD 223
93 FRNTSTSPHKPDEGSRDRSELMTSVNFGTPERRKGSLADVVDTLKQKKLEEMTRTEQEDSSCMEKLLSKDWKEKMEKLNTSDLLGE IKGT PESLAEKERQLSTMITQLISLREQLLAAHD 212
119 FRTSSTSPHKPDEGARERSDLMSSVNFGTPERRKGSLADVVDSLKQKKLEEMTRSEQEDSTCVEKILSKI DKMDRLNTSELLGEIKGTPESLAEKERQLSTMITQLISLREQLLAAHD 238
93 FRNNSTSPHKPEEGARERGDLLSSSAFGTPERRKGSLADVVDTLKQKKLEEMTKTEQDESSCMEKLLSKDWKEKMERLNTGELLGE IKGT PESLAEKERQLSTMITQLISLREQLLAAHD 212
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224 EQKKLAASQIEKQRQOMDLARQQOQEQIARQQOQQOLLOQOHKINLLOQQIQ-VQGHMPPLMIPIFPHDQRTLAAAAAAQQGFLFPPGITYKPGDNYPVQFT PSTMAARAASGLSPLOLOKGH 342
211 EQKKLAASQIEKQROQOMDLARQQOQEQIARQOQOLLOQOHKINLLOQQIQ-VQGHMPPLMIPIFPHDQRTLAAAAAAQQGFLFPPGITYKPGDNYPVQFI PSTMAAAAASGLSPLOLOKGH 329
211 EQKKLAASQIEKQRQQOMDLARQQQEQIARQOQQLLOQOHKINLLOQQIQQOVQGHMPPLMIPIFPHDQRTLAAAAAAQQGFLFPPGITYKPGDNY PVQFISSTMAAAATSGLSPLOLOKGH 330
224 EQKKLAASQIEKQRQOMDLARQQOQEQIARQOQOLLOQOHKINLLOQQIQ-VQGHMPPLMIPIFPHDQRTLAAAAAAQQGFLFPPGITYKPGDNYPVQFI PSTMAAAAASGLSPLOLOKGH 342
59 EQKKLAASQIEKQRQOMDLARQQOEQIARQQOOLLOQOHKINLLOQQIQQVQGHMPPLMI PIFPHDORTLAAAAAAQQOGFLFPPGITYKPGDNYPVQFI PSTMAAAAASGLSPLQLO-—~ 175
224 EQKKLAASQIEKQRQOMDLARQQOQEQIARQOQOLLOQOHKINLLOQQIQ-VQGHMPPLMIPIFPHDQRTLAAAAAAQQGFLFPPGITYKPGDNYPVQFI PSTMAAAAASGLSPLOLO-—— 339
213 EQKKLAASQIEKQROQMDLARQOQEQIARQOQQOLLOQQHKINLLOQQIQ-VQGHMPPLMIPIFPHDQRTLAAAAAAQQGFLFPPGITYKPGDNY PVQFI PSTMAAAAASGLSPLOLO-—— 328
239 EQKKLAASQIEKQRQOMDLARQQOQEQIARQOQOLLOQOHKINILOQQIQ-VQGHMPPLMIPIFPHDQRTLAAAAAAQQGFLFPPGLSYKPGDNYPMQFT PSTMAAAAASGLSPLOLO-—— 354
213 EQKKLAASQMEKQROQMELARQQQEQIARQOQQLLOQOHKINLLOQQIQ-VQGHMPPLMIPIFPHDQRTLAAAAAAQQGFLFPPGMSYKPGDNY PVQF T PSTMAAAAASGLNPLOLO-—— 328
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343 VSHPQINORLKGLSDRFGRNLDTFEHGGGHSYNHKQIEQLYAAQLASMQVSPGAKMPSTPQPPNTAGTVSPTGIKNEKRGTSPVTQVKDEAAAQPLNLSSRPKTAEPVKS-PTSPTONLF 461
330 VSHPQINPRLKGISDRFGRNLDP: YNHRQIEQLYAAQLASMQVS PGAKMPSTPQPPNSAGAVS PTGIKNEKRGTSPVTQVKDETTAQPLNLSSRPKTAEPVKS -PTSPTQNLE 448
331 VSHPQINPRLKGLSDRFGRSLDTFEHGGGHSYNHKQIEQLYAAQLASMQVSPGAKMPSAPQPPNTAGAVSPTGIKNEKRGTSPVTQVKDEAAAQPLNLSSRPKTAEPVKS-PTSPTQSLE 449
343 VSHPQINPRLKGLSDRLGRSLDTFEHGGGHSYNHKQIEQLYAAQLASMQVSPGAKMPSTPQPPNAAGAVSPTGIKNEKRGTSPVTQVKDEAAAQPLNLSSRPKTVEPVKS-PTSPTQSLE 461

176 QLYAAQLASMQVSPGAKMPSTPQPPNTAGEVSPTGMKNEKRGT SPVTQVKDEAAAQPLNLSSRPKTAEPVRS-PTSPTQSLE 256
340 QLYARQLASMQVSPGAKMPSTPQPPNTAGALSPTGMKNEKRGTS PVTQVKDEA-AQPXNLSARPKTAEPVKISDVTETTDPL 420
329 QLYAAQLASMQVSPGAKMPSTPQPPNTAGALSPTGMKNEKRGTSPVTQVKDEA-AQPLNLSARPKTAEPVKS-PTSPTONLF 408
355 QLYARQLASMQVSPGAKIPTTPQPANAPGTLSPTGMKSEKRGTSPVAQIKDEA-AQPLNLSARPKTADPIKS-PTSPTQSFF 434
329 QLYARQLASMQVSPGAKMPPLPQPPNSAGQISPSGLKNEKRSSTPLAQVKEEG-TQPLNLSARPKTAEPIKS-PTSPTQSLF 408
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2" coiled-coil domain
462 PASKTSPVNLPNKSSIPSPIGGSLGRGSSL-- —-DILSSLNSPALFGDQDTVMKAIQEARKMR-—
449 PASKTSPVNLPNKSSIPSPIGGSLGRGSSL

450 PASKTSPVNLPNKSSIPSPIGGSLGRGSSL

~EQIQREQQQQQPHGVDGKLSSINNMGLNSCRNEK---——--~ 554
EQIQREQQQQ-PHGVDGKL NCRTEK 540
EQIQREQQQOQPHGVDGKLSSMNNMGLNNCRNEKTPGANPTE 550

462 SASKTSPVNLPNKSSIPSPIGGSLGRGSSL—- —-DILSSLNSPALFGDQDTVMKAIQEARKMR— EQIQREQQQQQPHGVDGKLSTLNNMGLNNCRNEK— 554
257 PASKTSPVNLPNKSSVPSPIAGSLGRGSSLGKWKGQHQEETYELDILSSLNAPALFGDQDTVMKAIQEARKMR-----EQIQREQQQQQPHGVDGKLPSLNNVGLNNCRNEK- 363
421 PASKTSPVTLSNKSSIPSPLGGTLGRGSSL-- —-DILSSLNSPALFGDQDTVMKAIQEARKMKRTDPARAASSSSRHRPPLSVDGKLTSMNNLGLNNCRNEK--————-— 518
409 PPSKSSPVTVTNKSGIPSPLGGSLGRGSSL-- —-DILSSLNSPALFGDQDTVMKAIQEARKMR----EQIQREQQQQQQPHGVDGKL:. NNCRNEK- 502
435 PVSKTSPVSLSNKSGIPSPI RGPSL DILSSLNSPALFGDQDTVMKAIQEARKMR-—---EQIQREQLLT-PHSIDGKLP-INNMGLNNCRSDKMLLDAVTG 528
409 PGSKSSPNSLSKSGDIPSPIGG-LGRGSSL-———==mm==mm=m DILSSLNSTALFGDQDAVMKATIQEARKMR---~--EQIQREQLOHHQQGMEVKLSALTSMGLNNCRTEK—=~~——-~ 500
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p-Met605Thr
555 —---mmmmmmmm e ERTRFENLGPQLTGKSNEDGKLGPGVIDLTRPEDAEGSKAMNGSAAKLQQYYCWPTGGATVAEARVYRDARGRASSEPHTKRP_ AFMVWAKDERRKILQA 655
541 ——————————————— ERTRFENLGPQLTGKSSEDGKLGPGVIDLTRPEDAEGSKAMNGSAAKLQQYYCWPTGGATVAEARVYRDARGRASSEPHIKRPMNAFMVWAKDERRKILOA 641

551 RRCAVPPGGLPGAGFLSLQERTRFENLGPQLTGKSSEDGKLGPGVIDLTRPEDAEGGKAMNGSAAKLQQYYCWPTGGATVAEARVYRDARSRASSEPHIKRPMNAFMVWAKDERRKILOA 670

555 AFMVWAKDERRKILQA 655
364 AFMVWAKDERRKILQA 464
519 AFMVWAKDERRKILQA 619
503 ERTRFENLGPQLTGKPNEDGKLGPGVIDLTRPEDAEGSKAMNGSAAKLQQYYCWPTGGATVAEARVYRDSRGRASSEPHIKRPMNAFMVWAKDERRKILOA 603
529 KICIRSAHTERTHFENLGPQLTGKPNEDGKLGPGVIDLTRPEDVEG ATVVEARVYRDTRGRSSSEPHIKRPMNAFMVWAKDERRKILOQA 618
501 ——————————————————— ERSHYDNLGHHLS-KLGEDGKIGHRVIDLTRPEDFE ASTTEARVYRE PHIKRPMNAFMVWAKDERRKILOQA 580
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HMG domain  p.Trp639Arg

656 FPDMHNSNISKILC MSNQEKQPYYEEQARLSKIHLEKYPNYKYKPRPKRTCIVDGKKLRIGEYKQLMRSRRQEMRQFFTVGQQOP--QIPITTGTGVVYPGAITMATTTPSPQMTS 773
642 FPDMHNSNISKILC MSNQEKQPYYEEQARLSKIHLEKYPNYKYKPRPKRTCIVDGKKLRIGEYKQLMRSRRQEMRQFFTVGQQP--QMPITTGTGVVYPGAITMATTTPSPOMTS 759
671 FPDMHNSNISKILC MSNOEKQPYYEEQARLSKIHLEKYPNYKYKPRPKRTCIVDGKKLRIGEYKQLMRSRRQEMRQFFTVGQQOP--QIPITTGTGVVYPGAITMATTTPSPQMAS 788
656 FPDMHNSNISKILC MSNQEKQPYYEEQARLSKIHLEKYPNYKYKPRPKRTCIVDGKKLRIGEYKQLMRSRRQEMRQFFTVGQQP--QIPITTGTGVVYPGAITMATTTPSPOMTS 773
465 FPDMHNSNISKILC MSNQEKQPYYEEQARLSKIHLEKYPNYKYKPRPKRTCIVDGKKLRIGEYKQLMRSRRQEMRQFFTVGQQP--QIPITTGTGVVYPGAITMATTTPSPQMTS 582
620 FPDMHNSNISKILC MSNQEKQPYYEEQARLSKIHLEKYPNYKYKPRPKRTCIVDGKKLRIGEYKQLMRSRRQEMRQFFTVGQQP--QIPITTGTGVVYPGAITMATTTPSPOMTS 737
604 FPDMHNSNISKILC MSNQEKQPYYEEQARLSKIHLEKY PNYKYKPRPKRTCIVDGKKLRIGEYKQLMRSRRQEMRQFFTVGQQP--QIPITTGTGVVYPGAITMATTTPSPQMTS 721
619 FPDMHNSNISKILG MSNQEKQPYYEEQARLSKIHLEKYPNYKYKPRPKRTCIVDGKKLRIGEYKQLMRSRRQEMRQFFTVGQQOP--QIPISTPTGVVYPGAISMATTTPSPQMTS 736
581 FPDMHNSNISKILC MTNQEKQPYYEEQARLSKIHLEKYPNYKYKPRPKRTCIIDGKKLRISEYKQMMRSRRQEMRQFFTVGQQOPQTQIPITTSAGVVYPGAITMATTTPSPHMTS 700
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p.Ser746Leu
774 DCSSTSASPEPSLPVIQSTYGMKTDGGSLAGNEMINGEDEMEMYDDYEDDPKSDYSSENEAPEAVSAN 841
760 DCSST|SASPEPSLPVIQSTYGMKMDGASLAGNDMINGEDEMEAYDDYEDDPKSDYSSENEAPEPVSAN 827
789 DCSST|SASPEPSLPGIQGAYGLKTDGGSLAANEMINGEDEMEMYDDYDDDPKSDYSSENEAPEAVSAN 856
774 DCSSTSASPEPSLPVIQSSYGMKTDGGSLAGNEMINGEDEMEMYDDYEDDPKSDYSSENEAPEAVSAN 841
583 DCSST|SASPEPSLPVIQSTYGMKTDSGSLAGNEMINGEDEMEMYDDYEDDPKSDYSSENEAPEAVSAN 650
738 DC: PEPSLPVIQSTYGMKTDSGSLAGNEMINGEDEMEMYDDYEDDPKSDYSSENEAPEAVSAN 805
722 DCSST|SASPEPSIPVIQSTYGMKTDSGSLAGNEMINGEDEIEMYEDYEDDPKSDYSSENEAHEAVSAN 789
737 DCSSTSASPEPSIPVIQSTYGMKLDSGSLGGNDLMNGEDEMEMYDDFEDDPKSDYSSDNEANEAVSAN 804
701 DCSSASASPEPTIPVIQSTFNMKMEPGTMVPSDAVNGEDEMDMYEDFEDEPKSDYSSENDTHEPVSAN 768
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Figure S1. ClustalW Alignment of SOX6 Vertebrate Orthologs. The known functional domains of SOX6
are colored and labeled. Fully conserved residues are marked with asterisks and semi-conserved residues
with dots underneath the sequences. Residues altered in study subjects are indicated in red.



Variant Amino acid structure Swiss-Model PEP-FOLD3
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Figure S2. Prediction of Structural Changes Imposed by Missense Variants. The first column identifies
the missense variants detected in four study subjects. The second column shows schematics of wild-type
and missense variant residues. The third column shows structural models proposed by Swiss-Model for
the SOX6 regions containing three missense variants. For p.Met605Thr and p.Trp639Arg, the models
correspond to the SOX5 HMG domain (with the a-helices H1, H2, and H3 in blue, and flanking sequences
in grey) wrapped around the DNA helix (backbone in brown and nucleotide pairs colored). Altered amino
acids are circled in black and their side chains represented. The last column shows structural models
predicted by PEP-FOLD3 for the wild-type and mutant SOX6 regions that encompass missense variants.
The wild-type and variant residues are indicated, as are the boundaries of the sequences used for
modeling.
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