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of Literature and Mapping of Breakpoints Using Microarray Data
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Figure S1. Genetic landscape at SHFM3 locus. (a) The order of genes at 10q21.1-qter from centromeric (cen) to telomeric (tel) direction; (b) Mapping of
breakpoints in cases with gain at SHFM3 locus: In the majority of the cases with the SHFM phenotypes, the duplicated segment is at 10q24.31-q24.32 from the
intergenic region centromeric to LBX1 to the intergenic region telomeric to FBXW4. Patient 41 without the SHFM phenotype has duplication from LINC01514 to
AX747408, and Patient 18 without classical SHFM phenotype has duplication from a portion of BTRC (exon 2—14, breakpoint at intron 1) to a portion FBXW4
(exon 9-2, breakpoint at intron 1); while Patient 12—15 with SHFM phenotypes have two duplicated segments, one from LINC01514 to a portion of BTRC (exon 1,
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breakpoint at intron 1), and the other from POLL to a portion FBXW4 (exon 9—2, breakpoint at intron 1). Therefore, the minimum overlapping duplicated region
among patients having the SHFM phenotypesis exon 1 of BTRC gene.
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Figure S2. Copy number variations overlapping BTRC in normal population: Only variant esv2750847 (Pinto2007) shows as duplication overlapping exon 1 of BTRC.



Microarrays 2016, 5, 2

Table S1. Genotype and phenotype correlation.

S30fS11

PatientID Limb Defect

Other Features

Methods Genes in the Aberration

Reference

Lefthand: normal 4th and 5th digits,
absent2nd and 3rd digits, and
camptodactyly of thumb
Right hand: normal 5th digit, a 4th finger
1 flexion deformity, absent2nd and 3rd
digits, and thumb camptodactyly
Lowerlimb: pes planus, laterally deviated
halluces, and absent2nd, 3rd, and 4th toes
bilaterally

Epicanthal folds, a bulbous nasal tip,
anteverted nares, posteriorly rotated
ears, a high arched palate,

micro gnathia, mild cubitus valgus,
and a mild pectus excavatum
deformity

6.0 SNP microarray: 514 Kb
duplication at 10q24.31-10q24.32
(chr10:102962134-103476346, hg 19)

From LBX1to FBXW4

Proband in this study

Upper limbs: absentradii, hy poplastic
curvedulnae, rudimentary carpal bones,
absence of other bones of the hands

Maxillary hy po plasia, micrognathia,
high arched palate, severe myopia,
low setears, recurrent otitis in

Array comparative genomic
hybridization: 532.77 kb triplication at

F1 C2755 (brother

2 Lower limbs: normal long bores, bilateral ;hﬂ‘?ho‘;d' bﬂalt.eralconduclvre  10q24(chrl0:102965299-103498069, e s the above 0£C224256)
synostosisofrudimentary calcaneus and cartng (088, 0 1gomegae parotia, hg18); confirmed by FISH and qPCR
talus, absenttarsal bones, one shortand moderate intellec tual@lsablhty,
dy splastic tubular bone ofboth feet undescendedlefttestis
Upper limbs: deformation and bowing of
distal radii, absent carpal bones, missing
1stright and 2nd right and 1stleft
metacarpals, one rudimentary
dy smorphic bone between 3rd and 4th . L. . Array comparative genomic
3 metacarpals, only one 5thfinger with xaﬁlﬁgm}g’ p;ftfsii'vt];izg; athia, hybridization: 532.77 kb duplication Same as the above F1 C224256 (sister
fhree phalanges bogr i ifte Hectial disabih,ty' at 10q24(chr10:102965299-103498069, 0fC224256)
Lower limbs: normal long bones, talus, hg18); confirmed by FISHand qPCR
calcaneus, naviculare and cuboideum,
rudimentary 1stmetatarsal, missing 2-4
metatarsals, 5th metatarsal with large
base and one two-phalangeal digit
Upper limbs: normal lo ng bone s/ two Maxillary hy poplasia, micrognathia, . .
metacarpals, one postaxial (5th) finger Array comparative genomic
. cleftpalate, nystagmus, severe e A
4 with two phalanges myopia, low setears, recurrent otitis, hybridization: 528.72 kb duplication Same as the above F2 C211000

Lower limbs: normal long bones, one
metatarsal, one postaxial digit with
one phalanx

bilateral conductive hearingloss,
renal hy poplasia

at 10q24(chr10:102969344-103498069,
hg18); confirmed by gPCR




Microarrays 2016, 5, 2 S40fS11
Table S1. Cont.
Patient ID Limb Defect Other Features Methods Genes in the Aberration  Reference
Array comparative genomic
hybridization: somatic mosaicfor
5 Normal None 597.29 kb duplication at i;c;(rr‘:vL;NCOL’iM to 1;25926793371 (ilrrclj:g;zng
10q24(chr10:102900770-103498069, an )
hg18); confirmed by FISHand qPCR
Upper limbs: classical SHFM Array comparative genomic
6 None hybridization: 597.29 kb duplication at Same as the above F3 C369373 (sister
Lower limbs: classical SHFM 10q24(chr10:102900770-103498069, of C369374)
hg18); confirmed by qPCR
Upper limbs: normallong bones,
four metacarpals, one postaxial . .
(5th) finger with three phalanges, M? llary gl}fpolpla SIat’
one phalanx crossing be tween 4th microgna 1.a., OV'VSQ ears, F3 C369374 (brother
7 recurrent otitis, bilateral Same astheabove Same asthe above
and 5th metacarpalsand one . ; of C369373)
. mixed conductive-
rudimentary bone between 3rd . .
sensorineuralhearing loss
and 4th metacarpals
Lower limbs: classical SHFM
Upper limbs: classical SHFM . . From a portion of TLXINB
Array comparative genomic (exon2to 1, breakpointat
8 renalhypoplasia hybridization: 65843 kb duplication at intron 2) to ’a orti(fn of F4 C365650
Lower limbs: classical SHEM ypop 10q24(chr10:102870153-103528589, P
hg18); confirmed by qPCR FGF8(exon6to2,
820V Y4 breakpointatintron 1)
Upper limbs: classical SHFM Long andnarrowface, mild . . .
facial asvmmetr Array comparative genomic From a portion of
9 micro n};thia hiy,h alate hybridization: 539 kb duplication at LINC01514 (exon6, Patient1 (older
Lower limbs: classical SHFM bilatergalcon ,eni%alp " 10q24.31-q24.32(chr10:102942925- breakpointatintron5) to  brother of Patient?2)
& . 103481863, hg18); confirmed by qPCR FBXWH4
cataracts, hypertension
Upper limbs: monodactyly of the
right hand, bidactyly of the left Mild . . 1 Patient?
10 hand .myopla, sensormeura Same asthe above Same asthe above atien (you1.1ger
. hearingloss brother of Patient 1)
Lower limbs: monodactyly of
both feet
qPCR showed that mother's DNA Mother of Patient 1 and
11 Normal None carries the duplicationin20% of blood Same astheabove Pa?ciei’fzo anenttan

lymphocytes
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Patient ID Limb Defect Other Features Methods Genes in the Aberration Reference
Leftupper limb: proximal placed thumb;
triphalangeal thumb; camptodactyly of 1st
and 2nd finger; 3/4 syndactyly
Right upper limb: proximal placed thumb; Array comparative genomic . .
camptodactyly of thumb; triphalangeal hybridization: duplication at Ce ntron;refrlc dug?\;g;;é! "
thumb; missing 2nd finger; 3/4 cutaneous 10q24.31-q24.32 containing two se%?e; f ;(;,II?C (exon1 oa
syndactyly discontinuous DNA fragments. The portiono - exond,
- . . . breakpointatintron1); I1:5 (fatherof ITI:9 and
12 Leftlower limb: camptodactyly of 1st toe; None centromeric duplicated segment is . .
! Telomeric duplicated I11:10)
absence of 2nd toe; transversely placed 257 kb (chr10:102911736-103169477,
. -, . . .. .  segment:from POLL toa
proximalphalange of 3rd toe; deficiency of hg 19); The telomeric duplication is ortion of FEXW4 (exon 9 to
middle, distal phalanges of 3rd toe; cleft foot 114 kb (chr10:103334900-103449414, p . .
. . . 2, breakpointatintron 1)
Right lower limb: centralcleftbetween 1/2 toe hg 19). Confirmed by qPCR.
syndactyly and 3/4 toe syndactyly; absence of
middle and distal phalanges of 3rd toe;
misplaced proximal phalanx of 2nd toe
Leftupper limb: Misplaced and hypoplastic
1stmetacarpal; missing thumb; absence of
2nd finger; missing middle and distal
phalanges of 3rd finger; osteal fusion be tween
4th finger and transversely placed proximal ) i
i Array comparative genomic
phalanges of 3rd finger hvbridization: duplicati .
Right upperlimb: Absence of 1stray and ybricization: dupication a
. 10q24.31-q24.32 containing two
thumb; hypoplasia of 2nd metacarpal; . .
missing 2nd finger; absence of middle, distal discontinuous DNA fragments. The
13 15518 ger e None centromeric duplicated segmentis Same astheabove III:9 (brother of I11:10)

phalanges of 3rd finger; nailaplasia of 4th
finger

Leftlower limb: Median cleft due to absence
of 2nd toe; missing distal phalanx of 3rd toe;
transversely placed proximal phalanx of 3rd
toe; 3/4 toe syndactyly; abnormal metatarsals;
clinodactyly of 4th toe

Right lower limb: Absence of 2nd and 3rd
toes; hypoplasia of 2nd metatarsus; cleft foot

259 kb (chr10:102911736-103170849,
hg 19); The telomeric duplication is
125 kb (chr10:103324414-103449414,
hg 19). Confirmed by qPCR.
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Table S1. Cont.

Patient ID Limb Defect Other Features =~ Methods Genes in the Aberration Reference
Leftupper imb: Missing 1stray and
thumb; absence of the middle, distal
phalanges of 2nd finger; 3/4 syndactyly Array comparative genomic
Right upper limb: Absence of 1stray hybridization: duplication at
and thumb; deficiency of middle, distal 10q24.31-q24.32 containing two
phalanxof2nd finger; 3/4syndactyly discontinuous DNA fragments. The
14 Leftlower limb: Central cleft due to None centromeric duplicated segmentis Same asthe above I11:10 (sister of I11:9)
absence of 2nd toe; hypoplasia of 2nd 257 kb (chr10:102911736-103169477,
metatarsus; missing distal phalanx of hg 19); The telomeric duplication is
3rd toe; 3/4 toe syndactyly; cleft foot 116 kb (chr10:103332499-103449414,
Right lower limb: Centralcle ft due to hg 19). Confirmed by qPCR.
absence of 2nd and 3rd toes;
hypoplasia of 2nd metatarsus
Leftupper limb: Duplicated distal
phalanxof 4th finger; missing 1st
metacarpal; proximal placed thumb
remnant; missing middle and distal Array comparative genomic
phalanges of 2nd, 3rd fingers; 3/4 hybridization: duplication at
cutaneous syndactyly 10q24.31-q24.32 containing two
Right upper limb: Absence of 1st discontinuous DNA fragments. The
15 metacarpaland thumb; missing None centromeric duplicated segmentis Same astheabove IV:3 (son of I11:9)
middle, distal phalanges of 2nd and 247 kb (chr10:102911736-103159334,
3rd finger; cutane ous 3/4 syndactyly hg 19); the telomeric duplicationis
Leftlower limb: 1/2 toe syndactyly; 114 kb (chr10:103334900-103449414,
extra proximal phalanx of 2nd toe; 3/4 hg 19). Confirmed by qPCR.
toe syndactyly; median cleft
Right lower limb: Cleft due to absence
of 2nd toe; 3/4 toe syndactly
Anomalies of all four limbs, consisting From a portion of
of a combination of central re duction Array comparative genomic TLXINB (partof exon3
16 defects, preaxial polydactyly, Invertednipples hybridization: 600 kb duplication at to 1, breakpointatexon Proband

triphalangeal thumb, and central
polydactyly, with the hands more
severely affected than the feet

10q24.31q24.32 (chr10:102840000-
103440000, hg 18)

3) to a portion of FBXW4
(exon9to 2, breakpoint
atintron 1)




Microarrays 2016, 5, 2

Table S1. Cont.

S70fS11

Patient ID Limb Defect Other Features Methods Genes in the Aberration Reference
Genome-wide copy number variants SNP
17 Split—hand/.split—foot None Eﬁézzrlli}:lgzzl(:ﬁrcllgﬁlz);;;gizf FromLBX1toa I:Tortio%nof bPch Proband
malformation 103348688, hg 19); Quantitative PCR: (exon1, breakpointatintron1)
duplication in exon 9 of FBXW4 gene
H lori intell 1 Array comparative genomic hybridization: Fr(l)zn; polﬁoﬁ of BTRC (e >1<0n 2 ID 256278
18 Short palm, smallfeet di}; SEESYO::?(’)E: :it;(:tua 241.59 kb duplication at10q24.31- ;i)rt{onrsng;HVl\;:(ten:(:gg tc)) ;O a DECIPHER
’ q24.32(chr10: 103205784-103447377, hg 19) . . ’
breakpointatintron1)
Aplasia/hypoplasia of the Array comparative genomic hybridization: Froma portion of LH\{COBE
19 thumb, and aplasia of the None 494.54 kb duplication at10q24.31- (exon3to 6, breakpointatintron  1D259243
. ’ 2) to a portion of FBXW4 (exon9 DECIPHER
fingers q24.32(chr10:102936862-103431400, hg 19) . .
to 5, breakpoint atintron 4)
. Array comparative genomic hybridization: From LBX1 to a portion of
20 izn}?::zla lity of the footand None 438.20 kb duplication at10q24.31- FBXW4 (exon9to 6, breakpoint at ;DEéilPol}IiR
q24.32(chr10:102969339-103407534, hg 19)  intron 5)
Array comparative genomic hybridiza tion: From zpogtign of LH\{COBE D 261574
21 Ectrodactyly (feetand hands) Bicuspid aortic valve 480 kb gainat 10q24.31- ée) ):gr; J;Ortilonr(i?l{fg;uvl\/t 4a:emxgr?r91 DECIPHER
q24.32(chr10:102948861-103428862, hg 19) P . .
to 5, breakpoint atintron 4)
Array comparative genomic hybridization: From LBX1 to a portion of D 283763
22 Ectrodactyly (feetand hands) None 485.15 kb duplication at 10q24.31- FBXW4 (exon9to partofexonl, DECIPHER

q24.32(chr10:102969369-103454514, hg 19)

breakpointatexon1)
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Patient ID Limb Defect Other Features Methods Genes in the Aberration Reference
ffb;zrgzlhngriil;dbiiijz];?toi?aag;}é Array comparative genomic 43 genesfrom a portion of
. . . K . . hybridization: 1687 kb DNMBP (exon4to 1,
Absenthand,lowerimb impairment, high palate, intellectual . . .
23 malformation disability, microgna thia, midface duplication at 10q23.33- breakpointatintron4) toa ID 249629 DECIPHER
retrusion, narrow palate, proportionate q24.31(chr10:101711724- portion of FBXW4 (exon9 to
§ &l 103398603, hg 19) 6, breakpoint atintron 5)
shortstature, and sparse hair
. . Array comparative genomic 82 genesfrom a portion of
Abnormality of the temperomandibular
Absenttoe, aplasiaof the jozﬁohigh pil(:ite iniecrolzgiaihia milj:llfla ce hybridization: 3112 kb DNMBP (exondto 1,
24 fingers ’ re tI‘lIIS ion T phr(;]jthia sio prop;)rtionate duplicatedregionat10q23.33- breakpointatintron4) to a ID 249450 DECIPHER
’ ’ q25.1 (chr10:101711724- portion of CNNM2 (exon1 to
shortstature, and secondary amenorrhea 104823513, hg 19) 4, breakpointatintron 4)
25 Ectrodactyly (hands) Cleftpalate, micrognathia, and myopia Same asthe above Same asthe above 1D 249514 DECIPHER
Hands: cleft, syndactyly Centromericduplicated
Southern, pulsed field gel segment: TLXINB; Telomeric
26 None electrophoresis, dosage duplicated segment: from Patient DF
Feet:unknown analysez i LB}}ZI toa por;gion of FBXW4
(exon9to 7)
Hands:syndactyly Southern, pulsed field gel
27 Feet: cleft, syndactyly, None electrophoresis, dosage LBX1 to FBXW4 (exon9to6) Patient AC
oligodactyly analyses
Hands: oligodactyly, Southern, pulsed field gel
)8 syndactyly None electrophoresis, dosage . From TLXINB to a portion of Patient LS
Feet: cleft, syndactyly, analyses; FISH, quantitative =~ FBXW4 (exon9to 7)
oligodactyly PCR
Hands: Normal Centromericduplicated
Southern, pulsed field gel segment: from LBX1to a
29 None electrophoresis, dosage portion of FBXW4 (exon9to  Patient VB

Feet: cleft, syndactyly

analyses

3); Telomeric duplicated
segment: FGF8
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Patient ID Limb Defect Other Features =~ Methods Genes in the Aberration Reference
Centromericduplicated segment: from
U1.1known, butcleft handé/fe et Southern, pulsed field gel TLXINB to TLX1; Telomeric duplicated .
30 oligodactyly, syndactyly in the None . . Patient DH
fected family members electrophoresis, dosage analyses segment: from BTRC to a portion of
a y FBXW4 (exon9to 7)
Hands: duplication of a digit, South Ised field el
31 triphalangeal thumb None outhern, pusectie’c se Same astheabove Patient TU
) electrophoresis, dosage analyses
Feet: cleft, syndactyly, oligodactyly
Hands: cleft, syndactyly, Centromericduplicated segment:
0 oligodactyly Medulloblastoma Southern, puls'e dfield gel TLXINB; Telomeric duphcat§ d Patient RH
Feet: cleft svndactvly. oliwodactvl electrophoresis, dosage analyses segment: from LBX1to a portion of
scletl syndaclyly, oigodactyly FBXW4 (exon9to 7)
Hands: cleft, syndactyly,
33 oligodactyly None Southernblot From LBX1 to FBXW4 Patient AY
Feet: cleft, syndactyly, oligodactyly
4 Hands: cleft, .ohgodactyly None Southern blot From LBX1 to a portion of FBXW4 PatientYI
Feet: cleft, oligodactyly (exon9to 6)
Hands: cleft, syndactyly, From BTRC to a portionof FBXW4 ~ RK040 T1-4 (father of
35 oligodactyly None FISH, quantitative PCR rom ©aportiono 4 (fathero
. (exon9to 7) RKO040 I11-4)
Feet: cleft, syndactyly, oligodactyly
Hands: cleft, syndactyly, .
. Lo From LBX1 to a portion of FBXW4 RKO040 I1I-4 (daughter
36 oligodactyly None FISH, quantitative PCR
. (exon9to 7) of RK040 I1-4)
Feet: cleft, syndactyly, oligodactyly
Hands: Normal L From LBX1 to a portion of FBXW4 ECO001 I1I-3 (brother of
37 Feet:bilateral split-foot None FISH, quantitative PCR (exon9to 7) ECO001 I1I-11)
Hands: Normal o ECO001 III-11 (sister of
38 Feet: bilateralsplit-foot None FISH, quantitative PCR Same asthe above EC001 111-3)
Hands: absent fingers 1-3 with
39 syndactyly of fingers4-5bilaterally None FISH, quantitative PCR Same astheabove K6421 Casel

Feet:bilateral split-foot
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Patient ID Limb Defect Other Features Methods Genes in the Aberration Reference
Hands: triphalangeal thumb on
left; bifid thumb on right with
syndactyly of index finger, o From BTRC to a portion
40 hypoplastic 3rd nail, and cleft None FISH, quantitative PCR of FBXWH4 (e xonI; to 7) K6459 Case2
separating 2nd-3rd fingers
Feet:bilateral split-foot
Attention problems, dyspraxia, Array comparative genomic
a1 None idiopathic congenitalscoliosis,and hybridization: 126 kb From LINC01514 to Proband
marked hypotrophy of microduplicationat10q24.31 AX747408
paravertebral muscles (chr10:102927883-103053612, hg19)
Behavioral/psychiatric abnormality,
SZ?;tszloze,j}f:E;lsle;? yes Array comparative genomic 243 genesfrom a portion
y P ) guage ... hybridization: 17188 kb gainat of IDE (partof exon15to
42 None development, intelle ctual disability, 10q23.1-q26.11(chr10:94214092- 1, breakpointatexon 15) 1D 2578 DECIPHER
mac.rocephaly, pectus excavatum, 111401818, hg 19) to RNUE.53P
plagiocephaly, short stature, and
ventricular septal defect
Array comparative genomic From a portion of DPCD
Radialray defect with absence of . . hybridization: 80.2 kb (exon2-6, breakpointat
. ; Smallapical ventricular septal . ) ) . .
43 right radius and thumb, shorter defect microdeletionat intron 1 to a portion of  Patient?7
right ulna, left thenar hypoplasia 10q24.32(chr10:103352980- FBXW4 (exon9to 4,
103433225, hg 19) breakpoint atintron 3)
Array comparative genomic
hybridization: Normal, but an A to  This substitutionis
44 Bilateralradial dysplasia None G transition on genomic position = locatedatintron 6 of Patient9
chr10:103380009 (GRCh 37, hg 19)  FBXW4

(.103380009A>G)
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Patient ID Limb Defect Other Features Methods Genes in the Aberration Reference
Abnormality of the kidney, cleft palate,
intellectual disability, microphthalmos, Array comparative genomic hybridization: From LINC01514 to a
Short phalanx of non-midline cleftlip, pulmonic stenosis, portionof FBXW4 (exon 1D4626
4 finger sensorineuralhearing impairment, short 546421b loss at 10q24.31- 9to 2, breakpointat DECIPHER
. A q24.32(chr10:102905119-103451543, hg 19) . ’
stature, soft skin, truncal obesity, and intron 1)
vesicoureteral re flux
Aortic dilatation, median cleft palate, Array comparative genomic hybridization: =~ From BTRC to a portion D 290836
46 None Pierre-Robin sequence, renalhypoplasia, 389.02 kb deletionat10q24.31- of FBXW4 (exon9to 6, DECIPHER
and secundum atrial septal defect q24.32(chr10:103000864-103389882, hg 19) breakpoint atintron 5)
47 Sp]'it—hand and Unknown 6.0 SNP mic'roarray: 560 kb duplication at Unknown Proband
split-feet 10q24; confirmed by qPCR.
48 Split-hand and Unknown Array comparative genomic hybridization: Unknown Proband

split-feet

662.3 kb duplication at 10q24.31-q24.32




	Supplementary Materials: Identification of Critical Region Responsible for Split Hand/Foot Malformation Type 3 (SHFM3) Phenotype through Systematic Review of Literature and Mapping of Breakpoints Using Microarray Data

