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AbVWUacW

BackgURXnd

VaULaQWV LQ TTN aUe fUeTXeQWO\ LdeQWLfLed LQ WKe JeQeWLc eYaOXaWLRQ Rf VNeOeWaO P\RSaWK\ RU
caUdLRP\RSaWK\. HRZeYeU, dXe WR WKe KLJK fUeTXeQc\ Rf TTN YaULaQWV LQ WKe JeQeUaO SRSXOaWLRQ,
LQcRPSOeWe SeQeWUaQce, aQd OLPLWed XQdeUVWaQdLQJ Rf WKe VSecWUXP Rf dLVeaVe, LQWeUSUeWaWLRQ Rf TTN
YaULaQWV LV RfWeQ dLffLcXOW fRU OabRUaWRULeV aQd cOLQLcLaQV. CXUUeQWO\, caUdLRP\RSaWK\ LV aVVRcLaWed ZLWK
KeWeUR]\JRXV A‐baQd TTN YaULaQWV, ZKeUeaV VNeOeWaO P\RSaWK\ LV OaUJeO\ aVVRcLaWed ZLWK KRPR]\JRXV
RU cRPSRXQd KeWeUR]\JRXV TTN YaULaQWV. ReceQW UeSRUWV VKRZ SaWKRJeQLc YaULaQWV LQ TTN Pa\ UeVXOW
LQ a bURadeU SKeQRW\SLc VSecWUXP WKaQ SUeYLRXVO\ UecRJQL]ed.

MeWhRdV

HeUe Ze UeSRUW WKe UeVXOWV Rf a PXOWLVLWe VWXd\ WKaW cKaUacWeUL]ed WKe SKeQRW\SeV Rf SURbaQdV ZLWK
YaULaQWV LQ TTN. We LQYeVWLJaWed TTN JeQRW\Se‐SKeQRW\Se cRUUeOaWLRQV LQ SURbaQdV ZLWK VNeOeWaO
P\RSaWK\ aQd/RU caUdLRP\RSaWK\. PURbaQdV ZLWK TTN WUXQcaWLQJ YaULaQWV (TTNWY) RU SaWKRJeQLc
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PLVVeQVe YaULaQWV ZeUe aVceUWaLQed fURP WZR acadePLc PedLcaO ceQWeUV. VaULaQWV ZeUe LdeQWLfLed YLa
cOLQLcaO JeQeWLc WeVWLQJ aQd UeYLeZed accRUdLQJ WR WKe APeULcaQ CROOeJe Rf MedLcaO GeQeWLcV cULWeULa.
COLQLcaO aQd faPLO\ KLVWRU\ daWa ZeUe dRcXPeQWed YLa UeWURVSecWLYe cKaUW UeYLeZ. FaPLO\ VWXdLeV ZeUe
SeUfRUPed fRU SURbaQdV ZLWK aW\SLcaO SKeQRW\SeV.

ReVXlWV

FRUW\‐QLQe SURbaQdV ZeUe LdeQWLfLed ZLWK TTNWY RU SaWKRJeQLc PLVVeQVe YaULaQWV. PURbaQdV ZeUe
cOaVVLfLed b\ cOLQLcaO SUeVeQWaWLRQ: caUdLac (Q = 30), VNeOeWaO PXVcOe (Q = 12), RU bRWK (caUdLRVNeOeWaO,
Q = 7). WLWKLQ WKe caUdLRVNeOeWaO JURXS, 5/7 SURbaQdV Kad KeWeUR]\JRXV TTNWY SUedLcWed WR affecW WKe
dLVWaO (3¶) eQd Rf WKe A‐baQd. AOO caUdLRVNeOeWaO SURbaQdV Kad RQVeW Rf SUR[LPaO‐SUedRPLQaQW PXVcOe
ZeaNQeVV befRUe dLaJQRVLV Rf caUdLRYaVcXOaU dLVeaVe, fLYe SedLJUeeV VXSSRUW dRPLQaQW WUaQVPLVVLRQ.

CRnclXViRn

AOWKRXJK KeWeUR]\JRXV TTNWY LQ WKe A‐baQd LV NQRZQ WR caXVe dLOaWed caUdLRP\RSaWK\, Ze SUeVeQW
eYLdeQce WKaW WKeVe YaULaQWV Pa\ LQ VRPe caVeV caXVe a QRYeO, dRPLQaQW VNeOeWaO P\RSaWK\ ZLWK a OLPb‐
JLUdOe SaWWeUQ Rf ZeaNQeVV. TKeVe fLQdLQJV ePSKaVL]e WKe LPSRUWaQce Rf PXOWLdLVcLSOLQaU\ caUe fRU
SaWLeQWV ZLWK A‐baQd TTNWY ZKR Pa\ be aW ULVN fRU PXOWLV\VWeP dLVeaVe.

Ke\Zords: dLOaWed caUdLRP\RSaWK\, JeQRW\Se‐SKeQRW\Se cRUUeOaWLRQ, VNeOeWaO P\RSaWK\, TTN, YaULaQW
LQWeUSUeWaWLRQ

AbVWUacW

ReceQW UeSRUWV VKRZ SaWKRJeQLc YaULaQWV LQ TTN Pa\ UeVXOW LQ a bURadeU SKeQRW\SLc VSecWUXP WKaQ
SUeYLRXVO\ UecRJQL]ed. We LQYeVWLJaWed TTN JeQRW\Se‐SKeQRW\Se cRUUeOaWLRQV LQ SURbaQdV ZLWK VNeOeWaO
P\RSaWK\ aQd/RU caUdLRP\RSaWK\. AOWKRXJK KeWeUR]\JRXV TTNWY LQ WKe A‐baQd aUe NQRZQ WR caXVe
dLOaWed caUdLRP\RSaWK\, Ze SUeVeQW eYLdeQce WKaW WKeVe YaULaQWV Pa\ LQ VRPe caVeV caXVe a QRYeO,
dRPLQaQW VNeOeWaO P\RSaWK\ ZLWK a OLPb‐JLUdOe SaWWeUQ Rf ZeaNQeVV.

1.௑INTRODUCTION

TKe adYeQW Rf PaVVLYeO\ SaUaOOeO VeTXeQcLQJ WecKQRORJLeV LQ QeXURPXVcXOaU aQd caUdLRYaVcXOaU cOLQLcV
KaV WUaQVfRUPed WKe dLaJQRVWLc eYaOXaWLRQ Rf VNeOeWaO P\RSaWK\ aQd caUdLRP\RSaWK\ cRQdLWLRQV.
GeQeWLc WeVWLQJ LV RfWeQ SeUfRUPed eaUO\ LQ WKe dLaJQRVWLc SaWKZa\ aQd W\SLcaOO\ cRQVLVWV Rf cRPSOeWe
VeTXeQcLQJ Rf WKe cRdLQJ UeJLRQV Rf PaQ\ JeQeV, LQcOXdLQJ WKRVe ZKRVe OaUJe VL]e SUeYLRXVO\ SUecOXded
URXWLQe WeVWLQJ, VXcK aV TTN (OMIM #188840). TTN, WKe JeQe fRU WKe PXVcOe SURWeLQ WLWLQ, LV WKe OaUJeVW
KXPaQ SURWeLQ aQd KaV VeYeUaO YLWaO fXQcWLRQV ZLWKLQ VaUcRPeUeV (GaXWeO, 2011; GUaQ]LeU & IUYLQJ,
1995; MXVa eW aO., 2006; TVNKRYUebRYa & TULQLcN, 2010). TZR WLWLQ fLOaPeQWV VSaQ WKe caUdLac
VaUcRPeUe; WKe WeUPLQaO eQdV aUe ePbedded LQWR WKe Z‐dLVN aQd WKe M‐baQd. TKe UePaLQdeU Rf WKe
SURWeLQ LV dLVWULbXWed beWZeeQ WKe A‐baQd aQd WKe fOe[LbOe I‐baQd.

TKe VKeeU VL]e Rf TTN KaV SUeVeQWed cKaOOeQJeV fRU bRWK VeTXeQcLQJ WecKQLTXeV aQd LQWeUSUeWaWLRQ Rf
UeVXOWV. CRPSOeWe VeTXeQcLQJ Rf TTN, RQce LPSUacWLcaO, cRVWO\, aQd UaUeO\ SeUfRUPed, LV QRZ URXWLQe LQ
WKe eYaOXaWLRQ Rf SaWLeQWV ZLWK VNeOeWaO P\RSaWK\ aQd/RU caUdLRP\RSaWK\. HRZeYeU, WKe KLJK fUeTXeQc\
Rf YaULaQWV LQ TTN (ANLQULQade, KRVNeQYXR, & AOaVWaOR, 2015), LQcRPSOeWe SeQeWUaQce (GRObXV eW aO.,
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2012; McNaOO\, 2012), aQd OLPLWed XQdeUVWaQdLQJ Rf WKe VSecWUXP Rf dLVeaVe, SaUWLcXOaUO\
QeXURPXVcXOaU dLVeaVe, KaV Oed WR XQceUWaLQWLeV LQ deWeUPLQLQJ WKe cOLQLcaO VLJQLfLcaQce Rf TTN YaULaQWV,
aQd PaQ\ LdeQWLfLed LQ cOLQLcaO SUacWLce aUe dLVPLVVed aV LQcLdeQWaO.

PaWKRJeQLc YaULaQWV LQ TTN aUe NQRZQ WR caXVe dLOaWed caUdLRP\RSaWK\ (DCM; HeUPaQ eW aO., 2012)
aQd VeYeUaO VNeOeWaO P\RSaWK\ SKeQRW\SeV. DRPLQaQW TTN WUXQcaWLQJ YaULaQWV (TTNWY) LQ WKe A‐baQd
aUe WKe OeadLQJ JeQeWLc caXVe Rf DCM, accRXQWLQJ fRU XS WR 20‐30% Rf caVeV (HeUPaQ eW aO., 2012).
PeQeWUaQce LV aJe‐UeOaWed aQd LQcRPSOeWe. DRPLQaQW TTN‐UeOaWed DCM LV QRW NQRZQ WR LQYROYe VNeOeWaO
PXVcOe ZeaNQeVV. TZR dRPLQaQW TTN‐UeOaWed VNeOeWaO P\RSaWKLeV KaYe beeQ deVcULbed; WLbLaO PXVcXOaU
d\VWURSK\ (TMD), a dRPLQaQW, dLVWaO P\RSaWK\ (caXVed b\ 11‐baVe SaLU LQVeUWLRQ/deOeWLRQ (HacNPaQ eW
aO., 2002) aV ZeOO aV fUaPeVKLfW RU QRQVeQVe YaULaQWV LQ e[RQV Me[5 aQd Me[6 (HacNPaQ eW aO., 2008))
aQd KeUedLWaU\ P\RSaWK\ ZLWK eaUO\ UeVSLUaWRU\ faLOXUe (HMERF), a dRPLQaQW dLVWaO‐RQVeW P\RSaWK\
caXVed b\ PLVVeQVe YaULaQWV LQ e[RQ 344 (PfeffeU eW aO., 2012). NeLWKeU LV NQRZQ WR caXVe
caUdLRP\RSaWK\. ReceVVLYe VNeOeWaO P\RSaWKLeV aVVRcLaWed ZLWK TTN LQcOXde OLPb‐JLUdOe PXVcXOaU
d\VWURSK\ W\Se 2 J (LGMD2 J RU LGMDR10; caXVed b\ WKe TMD‐UeOaWed M‐baQd deOeWLRQ LQ WKe
KRPR]\JRXV VWaWe; EYLOa, 2014; HacNPaQ eW aO., 2002), aQd ceQWURQXcOeaU P\RSaWK\ (caXVed b\
UeceVVLYe WUXQcaWLQJ RU LQ‐fUaPe deOeWLRQV/dXSOLcaWLRQV; Ce\KaQ‐BLUVR\ eW aO., 2013). ReceVVLYe TTNWY
KaYe aOVR beeQ UeSRUWed WR caXVe VeYeUaO VeYeUe cKLOdKRRd‐RQVeW SKeQRW\SeV LQYROYLQJ bRWK VNeOeWaO
PXVcOe aQd caUdLac dLVeaVe, LQcOXdLQJ eaUO\ RQVeW P\RSaWK\ ZLWK faWaO caUdLRP\RSaWK\ (CaUPLJQac eW
aO., 2007).

CRPPeUcLaO WeVWLQJ OabRUaWRULeV KaYe YaULabOe PeWKRdV aQd SUacWLceV ZLWK UeVSecW WR WKe deWecWLRQ,
LQWeUSUeWaWLRQ, aQd UeSRUWLQJ Rf JeQeWLc YaULaQWV (SKaK eW aO., 2018; YaQJ eW aO., 2013), SaUWLcXOaUO\ fRU
TTN (B|QQePaQQ, 2018). SRPe OabRUaWRULeV UeSRUW UaUe TTN PLVVeQVe YaULaQWV aV YaULaQWV Rf XQceUWaLQ
VLJQLfLcaQce (VUS), ZKLOe RWKeUV cRQVLdeU PLVVeQVe YaULaQWV beQLJQ aQd dR QRW UeSRUW WKeP. IQ addLWLRQ,
cRS\ QXPbeU YaULaQWV aUe LQcRQVLVWeQWO\ deWecWed aQd UeSRUWed b\ dLaJQRVWLc OabRUaWRULeV. CRQcXUUeQW
PXOWLdLVcLSOLQaU\ eYaOXaWLRQ Rf affecWed LQdLYLdXaOV LQ WKe VaPe faPLO\ Pa\ Oead WR dLVcRUdaQW WeVW
LQWeUSUeWaWLRQV, ZLWK a faPLOLaO YaULaQW LQWeUSUeWed aV OLNeO\ SaWKRJeQLc RQ a caUdLRP\RSaWK\ SaQeO, bXW
aV a VUS LQ WKe VaPe OabRUaWRU\'V QeXURPXVcXOaU SaQeO. FLQaOO\, WKe cOLQLcaO SUeVeQWaWLRQ Rf SaWLeQWV
ZLWK SaWKRJeQLc/OLNeO\ SaWKRJeQLc TTN YaULaQWV affecWLQJ WKe A‐baQd Rf WKe SURWeLQ Pa\ QRW PaWcK WKaW
deVcULbed LQ WKe OLWeUaWXUe. UQceUWaLQW\ UeJaUdLQJ WKe cOLQLcaO LPSOLcaWLRQV Rf WKRVe TTN YaULaQWV
SUeVeQWV cKaOOeQJeV WR cOLQLcLaQV XQdeUWaNLQJ JeQeWLc dLaJQRVLV aQd PaQaJePeQW Rf SaWLeQWV ZLWK
QeXURPXVcXOaU aQd caUdLac dLVeaVe.

IQ WKLV VWXd\, Ze LQYeVWLJaWed TTN YaULaQWV, dLVeaVe SUeVeQWaWLRQV, aQd WUaQVPLVVLRQ SaWWeUQV LQ
SURbaQdV aVceUWaLQed fURP QeXURPXVcXOaU aQd caUdLRYaVcXOaU JeQeWLcV cOLQLcV. FRU SURbaQdV ZLWK
aW\SLcaO SKeQRW\SeV, cR‐VeJUeJaWLRQ aQd SKeQRW\SLQJ Rf faPLO\ PePbeUV ZeUe SeUfRUPed WR
cKaUacWeUL]e WKe LQWUafaPLOLaO VSecWUXP Rf dLVeaVe aQd PRde Rf WUaQVPLVVLRQ.

2.௑METHODS

2.1. EWhical cRmSliance

TKLV ZRUN ZaV aSSURYed b\ WKe OffLce Rf ReVSRQVLbOe ReVeaUcK PUacWLceV aW bRWK TKe OKLR SWaWe
UQLYeUVLW\ We[QeU MedLcaO CeQWeU aQd SWaQfRUd MedLcaO CeQWeU.

IQdLYLdXaOV ZLWK TTN YaULaQWV ZeUe aVceUWaLQed fURP TKe OKLR SWaWe UQLYeUVLW\ We[QeU MedLcaO
CeQWeU NeXURPXVcXOaU aQd CaUdLRYaVcXOaU cOLQLcV (adXOW), WKe SWaQfRUd CeQWeU fRU IQKeULWed
CaUdLRYaVcXOaU DLVeaVe (SedLaWULc aQd adXOW) aQd WKe SWaQfRUd NeXURPXVcXOaU DLVRUdeUV PURJUaP
(SedLaWULc aQd adXOW) fURP 2014 WR 2018. GeQeWLc WeVWLQJ ZaV cRQdXcWed aV SaUW Rf URXWLQe cOLQLcaO caUe
aQd LQcOXded PXOWLJeQe SaQeOV RU e[RPe VeTXeQcLQJ. IQdLcaWLRQV fRU WeVWLQJ LQcOXded LGMD,
XQcKaUacWeUL]ed P\RSaWK\/PXVcXOaU d\VWURSK\, aQd caUdLRP\RSaWK\. TKRVe ZLWK a TTN YaULaQW
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cOaVVLfLed aV SaWKRJeQLc, OLNeO\ SaWKRJeQLc, RU VUS YLa CAP/CLIA‐ceUWLfLed cOLQLcaO WeVWLQJ ZeUe
LQcOXded LQ WKe LQLWLaO cRKRUW (FLJXUe S1). FaPLO\ PePbeUV Rf SURbaQdV LdeQWLfLed b\ caVcade WeVWLQJ
ZeUe e[cOXded. PURbaQdV ZeUe aOVR e[cOXded Lf a SaWKRJeQLc RU OLNeO\ SaWKRJeQLc YaULaQW LQ a JeQe
RWKeU WKaQ TTN ZaV beOLeYed WR beWWeU e[SOaLQ WKeLU caUdLRYaVcXOaU aQd/RU QeXURPXVcXOaU cRQdLWLRQ.
PURbaQdV ZeUe e[cOXded Lf WKe\ Kad VecRQdaU\ caUdLRP\RSaWK\ dXe WR e[LVWLQJ cRURQaU\ aUWeU\ dLVeaVe
RU, LQ WKe caVe Rf RQe SURbaQd, becaXVe WKe UeSRUWed caUdLRYaVcXOaU SUeVeQWaWLRQ ZaV aWWULbXWed WR
caUdLRWR[LcLW\ dXe WR PeWKaPSKeWaPLQe aQd aOcRKRO abXVe. PURbaQdV ZLWK KeWeUR]\JRXV PLVVeQVe VUS
ZeUe QRW LQcOXded. PUeYLRXV UeVeaUcK LQdLcaWeV WKaW TTN PLVVeQVe YaULaQWV aUe SUeVeQW LQ WKe JeQeUaO
SRSXOaWLRQ aW a fUeTXeQc\ PXcK KLJKeU WKaQ WKe fUeTXeQc\ Rf LdLRSaWKLc DCM aQd/RU VNeOeWaO PXVcOe
dLVeaVe (ANLQULQade eW aO., 2019; BeJa\ eW aO., 2015; NRUWRQ, 2013). AV VXcK, aVLde fURP WKe eVWabOLVKed
SaWKRJeQLc TTN PLVVeQVe YaULaQWV (e.J., LQ e[RQ 344 caXVLQJ HMERF), PaQ\ WeVWLQJ OabV dR QRW UeSRUW
WKeP.

TR eQVXUe cRQVLVWeQW PaSSLQJ aQd cOaVVLfLcaWLRQ Rf aOO aVceUWaLQed YaULaQWV, JeQRPLc cRRUdLQaWeV fRU
eacK YaULaQW ZeUe cRQfLUPed aQd PaSSed WR RQe UefeUeQce WUaQVcULSW (NM_001267550.2, HXPaQ
GeQRPe UefeUeQce VeTXeQce 37). VaULaQWV ZeUe cOaVVLfLed XVLQJ WKe fLYe‐WLeU V\VWeP (SaWKRJeQLc, OLNeO\
SaWKRJeQLc, XQceUWaLQ, OLNeO\ beQLJQ, beQLJQ) fRU JUadLQJ eYLdeQce fRU SaWKRJeQLcLW\ aV UecRPPeQded
b\ WKe APeULcaQ CROOeJe Rf MedLcaO GeQeWLcV (ACMG; N\NaPS eW aO., 2017; RLcKaUdV eW aO., 2015). TR
eQVXUe cRQVLVWeQW eYLdeQce‐baVed cOaVVLfLcaWLRQ, eacK YaULaQW ZaV cRQVLdeUed LQ WKe cRQWe[W Rf cXUUeQW
OLWeUaWXUe RQ TTN YaULaWLRQ, aQd LWV UROe LQ dLVeaVe ZaV UeYLeZed aQd LPSOePeQWed LQ a SRLQW‐baVed
VcRULQJ V\VWeP baVed RQ ACMG YaULaQW LQWeUSUeWaWLRQ JXLdeOLQeV (N\NaPS eW aO., 2017). IQ VRPe caVeV,
WKLV UeVXOWed LQ a dLffeUeQW cOaVVLfLcaWLRQ Rf WKe YaULaQW cRPSaUed WR WKaW SURYLded b\ WKe OabRUaWRU\.

ReWURVSecWLYe cKaUW UeYLeZ cRPSLOed WKe UeSRUWed QeXURPXVcXOaU aQd/RU caUdLRYaVcXOaU fLQdLQJV fRU aOO
SURbaQdV. IQdLYLdXaOV ZeUe cOaVVLfLed LQWR RQe Rf WKe WKUee cOLQLcaO caWeJRULeV baVed RQ cKaUW UeYLeZ; (a)
QeXURPXVcXOaU, ZLWK dRcXPeQWed VNeOeWaO PXVcOe ZeaNQeVV aQd QR NQRZQ caUdLac dLVeaVe; (b)
caUdLRYaVcXOaU, ZLWK caUdLac dLVeaVe aQd QR NQRZQ VNeOeWaO PXVcOe ZeaNQeVV; RU (c) caUdLRVNeOeWaO,
ZLWK bRWK VNeOeWaO PXVcOe ZeaNQeVV aQd caUdLRYaVcXOaU dLVeaVe. FaPLO\ PePbeUV Rf SURbaQdV ZLWK
caUdLRVNeOeWaO SKeQRW\SeV ZeUe RffeUed cOLQLcaO eYaOXaWLRQ aQd JeQeWLc WeVWLQJ.

FRU eacK SURbaQd LQ WKe VWXd\, a PLQLPXP JURXS Rf WKUee cOLQLcLaQV deWeUPLQed ZKeWKeU WKe
dRcXPeQWed SKeQRW\Se ZaV cRQVLVWeQW ZLWK WKe e[SecWed SKeQRW\Se baVed RQ WKe W\Se aQd ORcaWLRQ Rf
TTN YaULaQW(V) LdeQWLfLed, UefeUeQcLQJ cXUUeQW OLWeUaWXUe LQcOXdLQJ aQd WKe OQOLQe MeQdeOLaQ IQKeULWaQce
LQ MaQ daWabaVe (OQOLQe MeQdeOLaQ IQKeULWaQce LQ MaQ, OMIM�. McKXVLcN‐NaWKaQV IQVWLWXWe Rf
GeQeWLc MedLcLQe, JRKQV HRSNLQV UQLYeUVLW\ [BaOWLPRUe, MD], WRUOd WLde Web URL:
KWWSV://RPLP.RUJ/) PKeQRW\SLc SUeVeQWaWLRQ ZaV cOaVVLfLed aV W\SLcaO (cRQVLVWeQW ZLWK SXbOLVKed
OLWeUaWXUe), aW\SLcaO (VLPLOaU caVeV QRW SXbOLVKed), RU XQNQRZQ LQ WKe caVe Rf VUS (TabOe S1). TKe
deWeUPLQaWLRQ Rf SKeQRW\SLc cRQcRUdaQce ZaV QRW aWWePSWed fRU VUS becaXVe Rf WKe XQceUWaLQW\ Rf WKe
YaULaQW WR caXVe aQ\ VSecLfLc SKeQRW\Se.

DePRJUaSKLc aQd cOLQLcaO cKaUacWeULVWLcV ZeUe VXPPaUL]ed XVLQJ deVcULSWLYe VWaWLVWLcV. CRPSaULVRQV
beWZeeQ JeQRW\Se aQd SKeQRW\Se ZeUe aVVeVVed XVLQJ deVcULSWLYe VWaWLVWLcV aV ZeOO aV FLVKeU'V e[acW
WeVW. CRPSaULVRQ WeVWV ZeUe OLPLWed WR WKe KLJKeVW SaWKRJeQLc YaULaQW SeU SURbaQd. PaWKRJeQLc aQd
OLNeO\ SaWKRJeQLc YaULaQWV ZeUe cRPbLQed ZKeQ cRPSaUed WR VUS acURVV SKeQRW\SeV. SWaWLVWLcaO
aQaO\VLV ZaV SeUfRUPed XVLQJ SAS/STAT VWaWLVWLcaO VRfWZaUe (Y9.4 SAS fRU WLQdRZV, SAS IQVWLWXWe
IQc.).

3.௑RESULTS

3.1. CRhRUW aVceUWainmenW and demRgUaShicV
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FRUW\‐QLQe SURbaQdV PeW cULWeULa fRU LQcOXVLRQ LQ WKe VWXd\. TKe PaMRULW\ Rf WKe cRKRUW (34/49; 69.4%)
ZaV aVceUWaLQed fURP caUdLRYaVcXOaU cOLQLcV aQd WKe UePaLQLQJ (15/49; 30.6%) fURP QeXURPXVcXOaU
cOLQLcV. TKeUe ZeUe 29 PaOeV (59.2%) aQd 20 fePaOeV (40.8%). TZeOYe SURbaQdV (24.5%) Kad a
SedLaWULc RQVeW Rf V\PSWRPV, ZKLOe 37 SURbaQdV (75.5%) Kad adXOW RQVeW. TKe aYeUaJe aJe ZaV
43.5 \eaUV (UaQJe 2‐80 \eaUV) aW WKe WLPe Rf cKaUW UeYLeZ RU deaWK. TZR SURbaQdV (4.1%) ZeUe deceaVed
aW WKe WLPe Rf cKaUW UeYLeZ.

3.2. PhenRW\Sic claVVificaWiRn

Of WKe 49 SURbaQdV LQcOXded LQ WKe VWXd\, 30 (61.2%) ZeUe cOaVVLfLed aV KaYLQJ a caUdLRYaVcXOaU
SKeQRW\Se aQd 12 (24.5%) aV KaYLQJ a QeXURPXVcXOaU SKeQRW\Se. IQWeUeVWLQJO\, VeYeQ (14.3%)
SURbaQdV Kad aQ aW\SLcaO, caUdLRVNeOeWaO SKeQRW\Se.

AOO SURbaQdV LQ WKe caUdLRYaVcXOaU cRKRUW ZeUe LdeQWLfLed LQ caUdLRYaVcXOaU cOLQLcV; WKe PaMRULW\ ZeUe
PaOe (19/30, 63.3%) aQd Kad adXOW RQVeW Rf V\PSWRPV (26/30, 86.6%). SLPLOaUO\, aOO SURbaQdV LQ WKe
QeXURPXVcXOaU cRKRUW ZeUe LdeQWLfLed LQ QeXURPXVcXOaU cOLQLcV, 5/12 ZeUe PaOe (41.6%), aQd 5/12
(41.6%) Kad SedLaWULc RQVeW Rf V\PSWRPV. IQ WKe caUdLRVNeOeWaO cRKRUW, 4/7 (57.1%) ZeUe LdeQWLfLed LQ
caUdLRYaVcXOaU cOLQLcV, 5/7 (71.4%) ZeUe PaOe, aQd 4/7 (57.1%) Kad SedLaWULc RQVeW Rf V\PSWRPV (TabOe
1).
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Table 1

CaUdLRVNeOeWaO VXPPaU\ daWa.
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OSeQ LQ a VeSaUaWe ZLQdRZ

NRWH

AOO YDULDQWV FRUUHVSRQG WR WUDQVFULSW NMB001267550.2. PURWHLQ HIIHFW SURYLGHG ZKHQ DYDLODEOH. AVFHUWDLQPHQW
GHVFULEHG WKH FOLQLF (QHXURPXVFXODU RU FDUGLRYDVFXODU) WR ZKLFK WKH SUREDQG RULJLQDOO\ SUHVHQWHG.

AEEUHYLDWLRQV: AILE, DWULDO ILEULOODWLRQ; CAD, FRURQDU\ DUWHU\ GLVHDVH; DCM, GLODWHG FDUGLRP\RSDWK\; DLL, GLVWDO
ORZHU OLPE ZHDNQHVV; F, IHPDOH; LGMD, OLPE‐JLUGOH PXVFXODU G\VWURSK\; LP, OLNHO\ SDWKRJHQLF; M, PDOH; NICM,
QRQ‐LVFKHPLF FDUGLRP\RSDWK\; P, SDWKRJHQLF; PHG, SHGLDWULF RQVHW; PLL, SUR[LPDO ORZHU OLPE ZHDNQHVV; P8L,
SUR[LPDO XSSHU OLPE ZHDNQHVV, D8L, GLVWDO XSSHU OLPE ZHDNQHVV; RCM, UHVWULFWLYH FDUGLRP\RSDWK\.

Cardioskeletal Disease

ID
Age

Gender

Onset Genot\pe Band
(E[on)

Reporting
lab
classification

Author
classification

Neuromuscular
phenot\pe
(diagnosis)

Ca
ph

1
77

M

AGXOW F.79793 7>G
(S.LHX26598*)

A
(326)

P LP P8L, PLL (60\)
(LGMD)

DC
(LQ
HWL
SUH
(73

2
35

F

PHG F.92127GXS
(S.PUR307106HUIV*12)

A
(338)

LP LP
P8L, PLL (12\)

(LGMD)

PH
FDU
ORZ
(35

3
60

M

AGXOW F.47494C>7
(S.AUJ15832*)

A
(253)

LP P P8L, PXVFOH
FUDPSLQJ DQG
QXPEQHVV (43\)

DC
IDL
FR
V\
(45

4
29

F

PHG F.80950G>7
(S.GOX24416*)

A
(326)

LP LP PLL, DLL (2\),
IDWW\ DWURSK\ RI
SDUDVSLQDO
PXVFOHV

DC
(28
IDL

5
57

M

PHG F.96076B107488GHO A/M
(346‐
362)

LP LP P8L, PLL,
D8L, DLL, JDLW
DEQRUPDOLW\
(8\) (LGMD)

DC
(42
IDL
(57

6
57

M

AGXOW F.76717C>7
(S.AUJ25573*)

A
(326)

LP LP P8L, PLL,
IDVFLFXODWLRQV,
PXVFOH
FUDPSLQJ,
PXVFOH
WZLWFKLQJ,
VSRQWDQHRXV
DEQRUPDO
PXVFOH
FRQWUDFWLRQ

DC
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3.3. TTN YaUianWV

TTN YaULaQW daWa ZeUe cRPSLOed fRU aOO SURbaQdV, LQcOXdLQJ WKe YaULaQW cOaVVLfLcaWLRQ (SaWKRJeQLc, OLNeO\
SaWKRJeQLc, VUS), W\Se (PLVVeQVe, fUaPeVKLfW, QRQVeQVe, VSOLce VLWe), aQd ORcaWLRQ b\ WKe VaUcRPeULc
dRPaLQ (Z‐dLVc, I‐baQd, A‐baQd, M‐baQd; TabOe S1). FRXU SURbaQdV KaYe WZR TTN YaULaQWV (4/49);
WKUee QeXURPXVcXOaU SURbaQdV aQd RQe caUdLRVNeOeWaO SURbaQd. AOO RWKeU SURbaQdV (45/49) ZeUe
KeWeUR]\JRXV fRU TTNWY.

IQ WKe caUdLRYaVcXOaU cRKRUW, WKe PRVW fUeTXeQW YaULaQW W\Se ZaV QRQVeQVe (10/30, 33.3%), fROORZed b\
fUaPeVKLfW deOeWLRQV (9/30, 26.6%) aQd fUaPeVKLfW LQVeUWLRQ/dXSOLcaWLRQV (6/30, 23.3%). TKe PRVW
fUeTXeQW YaULaQW W\Se LdeQWLfLed LQ SURbaQdV ZLWK a QeXURPXVcXOaU SKeQRW\Se ZaV VSOLce VLWe (7/15,
46.6%), fROORZed b\ fUaPeVKLfW dXSOLcaWLRQV, QRQVeQVe, aQd PLVVeQVe (eacK 2/15, 13.3%). TZR
QeXURPXVcXOaU SURbaQdV KaYe NQRZQ SaWKRJeQLc PLVVeQVe YaULaQWV UeVXOWLQJ LQ HMERF aQd
dePRQVWUaWe a W\SLcaO HMERF SKeQRW\Se. FRU WKe VeYeQ SURbaQdV LQ WKe caUdLRVNeOeWaO cRKRUW (RQe Rf
ZKRP Kad WZR TTN YaULaQWV LdeQWLfLed), fRXU QRQVeQVe (57.1%), WZR fUaPeVKLfW dXSOLcaWLRQV (28.6%),
RQe fUaPeVKLfW deOeWLRQ (14.3%) aQd RQe VSOLce VLWe YaULaQW (14.3%) ZaV LdeQWLfLed.

TKe KLJKeVW SURSRUWLRQ Rf KeWeUR]\JRXV VUS ZeUe LdeQWLfLed LQ SURbaQdV LQ WKe QeXURPXVcXOaU cRKRUW
(3/9, 33.3%) fROORZed b\ WKe caUdLRYaVcXOaU cRKRUW (6/30, 20.0%). NR KeWeUR]\JRXV TTN YaULaQWV (0/6)
ZeUe cOaVVLfLed aV VUS LQ WKe caUdLRVNeOeWaO cRKRUW. PURbaQdV ZLWK WZR LdeQWLfLed TTN YaULaQWV ZeUe
e[cOXded fURP WKLV aQaO\VLV aV Ze aUe XQabOe WR deWeUPLQe WKe LQdLYLdXaO LPSacW Rf eacK YaULaQW. TKe
SURSRUWLRQ Rf SaWKRJeQLc/OLNeO\ SaWKRJeQLc aQd VUS dLd QRW dLffeU VLJQLfLcaQWO\ beWZeeQ WKe WKUee
cRKRUWV (FLVKeU'V S = 0.33).

IQ WKe caUdLRVNeOeWaO cRKRUW, 100% Rf KeWeUR]\JRXV YaULaQWV (6/6) affecWed WKe A‐baQd, LQ cRQWUaVW WR
73.3% (22/30) Rf KeWeUR]\JRXV YaULaQWV LQ WKe caUdLRYaVcXOaU cRKRUW, aQd 55.6% (5/9) Rf KeWeUR]\JRXV
YaULaQWV LQ WKe QeXURPXVcXOaU cRKRUW (FLVKeU'V S = 0.17). TKe PaMRULW\ Rf TTNWY LQ caUdLRVNeOeWaO
SURbaQdV ZeUe ORcaWed LQ WKe dLVWaO eQd Rf WKe A‐baQd (FLJXUe 1). TKe dLVWULbXWLRQ Rf YaULaQWV acURVV aOO
JURXSV LV VKRZQ LQ FLJXUe 2.

FigXUe 1

TTN YaUiaQW VaUcRPeUe lRcaWiRQ b\ cliQical caWegRU\. The lRcaWiRQ Rf all TTN YaUiaQWV fRU each Rf Whe WhUee
V\PSWRP caWegRUieV aUe VhRZQ. The WiWiQ geQe iV VhRZQ ZiWh VaUcRPeUic baQdV UeSUeVeQWed b\ YaU\iQg
cRlRUV. Each SRiQW RQ Whe geQe UeSUeVeQWV RQe TTN YaUiaQW ideQWified iQ RXU cRhRUW. VaUiaQWV abRYe Whe geQe
aUe fURP iQdiYidXalV aVceUWaiQed iQ caUdiRYaVcXlaU cliQicV, YaUiaQWV belRZ Whe geQe aUe fURP iQdiYidXalV
aVceUWaiQed iQ QeXURPXVcXlaU cliQicV. The iQQeUPRVW YaUiaQWV aUe fURP caUdiRVkeleWal SaWieQWV²Whe
RXWeUPRVW YaUiaQWV aUe fURP Whe caUdiac diVeaVe gURXS aQd Whe VkeleWal PXVcle diVeaVe gURXS. IQVeW VhRZV
Whe VSecific YaUiaQW lRcaWiRQ fRU caUdiRVkeleWal SURbaQdV. DXS/iQV, dXSlicaWiRQ/iQVeUWiRQ; fV, fUaPeVhifW; del,
deleWiRQ.
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FigXUe 2

DiVWUibXWiRQ Rf TTN YaUiaQWV WhURXghRXW Whe TTN geQe b\ cliQical caWegRU\. PURbaQdV ZiWh PXlWiSle TTN
YaUiaQWV ZeUe e[clXded fURP WhiV figXUe.

AXWKRU Ue‐eYaOXaWLRQ Rf aOO 53 TTN YaULaQWV UeVXOWed LQ VeYeQ UecOaVVLfLcaWLRQV fURP WKaW SURYLded b\ WKe
UeSRUWLQJ OabRUaWRU\ (7/53, 13.2%; TabOe S1). FRXU YaULaQWV ZeUe dRZQJUaded (WKUee SaWKRJeQLc WR
OLNeO\ SaWKRJeQLc; RQe SaWKRJeQLc WR VUS) aQd WKUee ZeUe XSJUaded (WZR OLNeO\ SaWKRJeQLc WR
SaWKRJeQLc; RQe VUS WR SaWKRJeQLc).

3.4. NeXURmXVcXlaU ShenRW\SeV

AW WKe WLPe Rf JeQeWLc WeVWLQJ, VeYeQ SURbaQdV Kad aQ e[LVWLQJ cOLQLcaO dLaJQRVLV Rf XQcKaUacWeUL]ed
P\RSaWK\/PXVcXOaU d\VWURSK\, fLYe Kad aQ e[LVWLQJ cOLQLcaO dLaJQRVLV Rf XQcKaUacWeUL]ed cRQJeQLWaO
P\RSaWK\/PXVcXOaU d\VWURSK\ aQd fRXU Kad aQ e[LVWLQJ cOLQLcaO dLaJQRVLV Rf LGMD (TabOe S1). TZR
XQUeOaWed SURbaQdV (RQe adXOW, RQe SedLaWULc) Kad beeQ cOLQLcaOO\ dLaJQRVed ZLWK VSLQaO PXVcXOaU
aWURSK\ (ZLWK QeJaWLYe SMN1 WeVWLQJ) SULRU WR XQdeUJRLQJ addLWLRQaO JeQeWLc WeVWLQJ LQcOXdLQJ TTN.

VaULRXV SaWWeUQV Rf VNeOeWaO PXVcOe ZeaNQeVV ZeUe LdeQWLfLed LQ WKe QeXURPXVcXOaU aQd caUdLRVNeOeWaO
cRKRUWV, ZLWK SUR[LPaO‐SUedRPLQaQW aQd ORZeU OLPb ZeaNQeVV PRVW cRPPRQO\ UeSRUWed (FLJXUe S2). IQ
WKe QeXURPXVcXOaU JURXS, WKe PRVW SUeYaOeQW SaWWeUQV Rf ZeaNQeVV ZeUe SUR[LPaO ORZeU OLPb ZeaNQeVV
(UeSRUWed LQ 91.7%), SUR[LPaO XSSeU OLPb ZeaNQeVV (83.3%), aQd dLVWaO ORZeU OLPb (83.3%). IQ WKe
caUdLRVNeOeWaO JURXS, WKe PRVW SUeYaOeQW SaWWeUQV Rf ZeaNQeVV ZeUe aOVR SUR[LPaO ORZeU OLPb ZeaNQeVV
(UeSRUWed LQ 85.7%) aQd SUR[LPaO XSSeU OLPb ZeaNQeVV (71.4%). FLYe Rf VeYeQ SURbaQdV LQ WKe
caUdLRVNeOeWaO JURXS (71.4%) Kad a KLVWRU\ Rf PXVcOe cUaPSLQJ.

EOeYaWed cUeaWLQe NLQaVe (CK; >200 U/L) ZaV LdeQWLfLed LQ 5/12 QeXURPXVcXOaU SURbaQdV (aYeUaJe CK
261.72 U/L [VWaQdaUd deYLaWLRQ 226], UaQJe 54‐826), aQd 3/7 caUdLRVNeOeWaO SURbaQdV (aYeUaJe CK
1078 U/L [SD 2289], UaQJe 79‐6684). EOecWURP\RJUaSK\ VWXdLeV ZeUe SeUfRUPed LQ eOeYeQ
QeXURPXVcXOaU SURbaQdV aQd WKUee caUdLRVNeOeWaO SURbaQdV; 10/11 QeXURPXVcXOaU SURbaQdV Kad
abQRUPaO EMG UeVXOWV (QLQe P\RSaWKLc, RQe QeXURJeQLc) aQd 2/3 caUdLRVNeOeWaO SURbaQdV Kad abQRUPaO
EMG UeVXOWV (bRWK P\RSaWKLc).

3.5. CaUdiRYaVcXlaU ShenRW\SeV

CaUdLRP\RSaWK\ ZaV SUeVeQW LQ 33/49 (67.3%) SURbaQdV, aQd Rf WKeVe 28 (84.8%) PeW DCM cULWeULa.
FRU WKe 28 SURbaQdV LQ RXU cRKRUW ZKR Kad DCM, 5 (17.8%) aOVR Kad a QeXURPXVcXOaU SKeQRW\Se,
OabeOed aV ³caUdLRVNeOeWaO´ (FLJXUe 3). TKe PaMRULW\ Rf SURbaQdV LQ bRWK WKe caUdLRYaVcXOaU aQd
caUdLRVNeOeWaO JURXSV Kad beeQ dLaJQRVed ZLWK KeaUW faLOXUe (22/31 [71.0%] aQd 5/7 [71.4%],
UeVSecWLYeO\).

FigXUe 3

PedigUeeV (a±g) Rf caUdiRVkeleWal SURbaQdV.
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3.�.1. 3HGLJUHH 1

TZeQW\‐RQe SURbaQdV (42.9% Rf WKe caUdLac JURXS) Kad a KLVWRU\ Rf aUUK\WKPLa. AWULaO fLbULOOaWLRQ (AF)
ZaV SUeVeQW LQ 4/49 SURbaQdV (8.2%), WKUee Rf ZKRP Kad eaUO\ RQVeW AF (dLaJQRVLV <66 \eaUV). OQe
SURbaQd (SURbaQd 43), dLaJQRVed ZLWK aQ eaUO\ RQVeW aUUK\WKPLa, ZaV WUeaWed ZLWK a SacePaNeU aW aJe
6. TKLV LQdLYLdXaO KaV a faPLO\ KLVWRU\ Rf eaUO\ RQVeW AF LQ KeU PRWKeU (TTNWY+) aQd KLVWRU\ Rf DCM
UeTXLULQJ KeaUW WUaQVSOaQW LQ KeU PaWeUQaO XQcOe (TTNWY+).

3.6. GenRW\Se‐ShenRW\Se cRncRUdance

APRQJ WKe caUdLRYaVcXOaU cRKRUW, 66.6% Rf SaWLeQWV Kad a SKeQRW\Se WKaW ZaV e[SecWed fRU WKeLU
JeQRW\Se baVed RQ SUeYLRXV OLWeUaWXUe (³W\SLcaO´), ZKLOe 10% Kad a SKeQRW\Se ZKLcK ZaV QRW VXSSRUWed
b\ WKe OLWeUaWXUe (³aW\SLcaO´) aQd 23.4% ZeUe XQNQRZQ (LQ WKe caVe Rf VUS). APRQJ WKe
QeXURPXVcXOaU cRKRUW, RQO\ 25% Kad W\SLcaO SKeQRW\SeV, 50% Kad aW\SLcaO SKeQRW\SeV, aQd 25% ZeUe
XQNQRZQ. APRQJ WKe caUdLRVNeOeWaO cRKRUW, QR SURbaQdV Kad SKeQRW\SeV cRQVLdeUed cRQVLVWeQW ZLWK
WKe LdeQWLfLed JeQRW\Se (100% aW\SLcaO; FLJXUe 4).

FigXUe 4

GeQRW\Se‐SheQRW\Se cRQcRUdaQce. ThiV hiVWRgUaP deSicWV Whe SURSRUWiRQ Rf iQdiYidXalV ZiWhiQ each
cliQical caWegRU\ ZhRVe SheQRW\Se ZaV cRQVideUed WR be cRQViVWeQW ZiWh Whe liWeUaWXUe‐UeSRUWed geQRW\Se.
FRU each SURbaQd iQ Whe VWXd\, a PiQiPXP gURXS Rf WhUee cliQiciaQV deWeUPiQed ZheWheU Whe dRcXPeQWed
SheQRW\Se ZaV cRQViVWeQW ZiWh Whe e[SecWed SheQRW\Se baVed RQ Whe W\Se aQd lRcaWiRQ Rf TTN YaUiaQW(V)
ideQWified, UefeUeQciQg cXUUeQW liWeUaWXUe. PURbaQdV ZeUe caWegRUi]ed aV haYiQg a W\Sical SheQRW\Se, aQ
aW\Sical SheQRW\Se, RU XQkQRZQ (iQ Whe caVe Rf VUS).

3.7. PURbandV ZiWh caUdiRVkeleWal ShenRW\SeV

AOO caUdLRVNeOeWaO SURbaQdV (Q = 7) Kad RQVeW Rf QeXURPXVcXOaU ZeaNQeVV befRUe dLaJQRVLV Rf
caUdLRP\RSaWK\. IQ JeQeUaO, WKeVe LQdLYLdXaOV Kad SedLaWULc RU \RXQJ adXOW‐RQVeW PXVcOe ZeaNQeVV
(aYeUaJe aJe Rf RQVeW aW 28 [2‐60]) fROORZed b\ adXOW RQVeW Rf caUdLRP\RSaWK\ (aYeUaJe aJe aW
caUdLRYaVcXOaU dLaJQRVLV 44 [14‐73]). VaULabOe SaWWeUQV Rf QeXURPXVcXOaU ZeaNQeVV ZeUe dRcXPeQWed,
WKRXJK PRVW Kad SUR[LPaO‐SUedRPLQaQW aQd/RU ORZeU‐OLPb ZeaNQeVV. IQ cKLOdKRRd aQd \RXQJ
adXOWKRRd, WKe ZeaNQeVV dLd QRW cRQVLVWeQWO\ Oead WR PedLcaO eYaOXaWLRQ, WKRXJK LW dLd LPSacW WKe abLOLW\
WR SeUfRUP daLO\ WaVNV VXcK aV J\P aQd SK\VLcaO acWLYLWLeV, KaLU bUXVKLQJ, caUU\LQJ LQfaQWV, aQd LQ RQe
caVe UeVXOWed LQ e[cOXVLRQ fURP PLOLWaU\ VeUYLce. TKe ROdeVW SeUVRQV UePaLQed aPbXOaWRU\, WKRXJK LQ
VRPe caVeV ZLWK aVVLVWLYe deYLceV. OQe SURbaQd dLed fURP KeaUW faLOXUe aW 59.

AOO caUdLRVNeOeWaO SURbaQdV Kad a faPLO\ KLVWRU\ Rf caUdLac dLVeaVe, VNeOeWaO PXVcOe dLVeaVe, RU bRWK
(FLJXUe 3). FLYe Rf VeYeQ SedLJUeeV dePRQVWUaWed aSSaUeQWO\ dRPLQaQW WUaQVPLVVLRQ. IQ eacK faPLO\
aYaLOabOe fRU caVcade WeVWLQJ, aW OeaVW RQe affecWed faPLO\ PePbeU ZaV aOVR LdeQWLfLed WR VKaUe WKe
SURbaQd'V TTNWY. FaPLO\ SWXdLeV aUe VXPPaUL]ed beORZ. AOO YaULaQWV cRUUeVSRQd WR WUaQVcULSW
NM_001267550.2 XQOeVV RWKeUZLVe VSecLfLed, SURWeLQ effecW SURYLded ZKeQ aYaLOabOe.

TKe SURbaQd (SURbaQd 1; II‐3, FLJXUe 3a) ZaV dLaJQRVed ZLWK LGMD aW 60 aQd
VXbVeTXeQWO\ DCM aW 73. GeQeWLc WeVWLQJ UeYeaOed a OLNeO\ SaWKRJeQLc A‐baQd TTNWY RQ QeXURPXVcXOaU
SaQeO WeVWLQJ (c.79793 T>G, S.LeX26598*). HLV VRQ (III‐4) deYeORSed ³WacK\caUdLa‐LQdXced
caUdLRP\RSaWK\´ aW 38, beJaQ e[SeULeQcLQJ XSSeU e[WUePLW\ ZeaNQeVV aW 39, aQd VKaUeV WKe TTNWY
LdeQWLfLed LQ KLV faWKeU. HLV JUaQddaXJKWeU WKURXJK WKLV VRQ (IV‐4) aOVR VKaUeV WKe VaPe YaULaQW aQd KaV
bRWK VNeOeWaO PXVcOe ZeaNQeVV aQd WacK\caUdLa. TKe SURbaQd aOVR KaV a JUeaW QLece (IV‐1) ZKR dLed aW
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3.�.2. 3HGLJUHH 2

3.�.3. 3HGLJUHH 3

3.�.4. 3HGLJUHH 4

3.�.5. 3HGLJUHH 5

3.�.6. 3HGLJUHH 6

3.�.�. 3HGLJUHH �

25 fURP XQcKaUacWeUL]ed PXVcXOaU d\VWURSK\ (QR LQfRUPaWLRQ RQ caUdLac VWaWXV), aV ZeOO aV a JUeaW
QeSKeZ RQce UePRYed (V‐3) ZLWK aQ XQcKaUacWeUL]ed fRUP Rf PXVcXOaU d\VWURSK\ aQd QR caUdLac
LQYROYePeQW. GeQeWLc WeVWLQJ Rf WKeVe LQdLYLdXaOV ZaV QRW SeUfRUPed.

TKe SURbaQd (SURbaQd 2; III‐1, FLJXUe 3b) e[SeULeQced SUR[LPaO‐SUedRPLQaQW
ZeaNQeVV LQ cKLOdKRRd aQd ZaV dLaJQRVed ZLWK LGMD LQ KeU 20 V. NeXURPXVcXOaU SaQeO WeVWLQJ
LdeQWLfLed a dXSOLcaWLRQ LQ WKe A‐baQd Rf TTN, (c.92127dXS, S.PUR30710SeUfV*12), cOaVVLfLed aV a VUS.
TKe SURbaQd'V PRWKeU (II‐2) Kad aQ ³eQOaUJed KeaUW,´ ZaV UefeUUed fRU caUdLRJeQeWLc eYaOXaWLRQ aQd
fRXQd WR KaYe DCM (aW 59) aQd UeSRUWed a KLVWRU\ Rf PXVcOe cUaPSLQJ aQd fUeTXeQW faOOV.
CaUdLRP\RSaWK\ SaQeO WeVWLQJ YLa WKe VaPe OabRUaWRU\ LdeQWLfLed WKe VaPe TTN YaULaQW aV WKe SURbaQd,
aOWKRXJK RQ WKLV WeVW WKe YaULaQW ZaV cOaVVLfLed aV OLNeO\ SaWKRJeQLc. TKe SURbaQd VXbVeTXeQWO\
deYeORSed SeULSaUWXP caUdLRP\RSaWK\ ZLWK ORZ‐QRUPaO eMecWLRQ fUacWLRQ (EF).

TKe SURbaQd (SURbaQd 3; III‐1, FLJXUe 3c) deYeORSed SUR[LPaO XSSeU‐OLPb ZeaNQeVV
aQd PXVcOe cUaPSLQJ aW 43 aQd ZaV dLaJQRVed ZLWK DCM, KeaUW faLOXUe, aQd cRQdXcWLRQ V\VWeP dLVeaVe
aW 45. CaUdLRP\RSaWK\ SaQeO WeVWLQJ UeYeaOed aQ A‐baQd TTNWY (c.47494C>T, S.AUJ15832*),
LQWeUSUeWed aV SaWKRJeQLc. HLV faWKeU (II‐1) ZaV VLPLOaUO\ affecWed b\ DCM aQd PXVcOe ZeaNQeVV bXW
KaV QRW Kad JeQeWLc WeVWLQJ. OQe daXJKWeU Rf WKe SURbaQd WeVWed SRVLWLYe fRU WKe VaPe YaULaQW bXW caUdLac
e[aPLQaWLRQ aW 30 \eaUV ROd dLd QRW VKRZ VLJQV Rf dLVeaVe. FaPLO\ KLVWRU\ aOVR LQcOXded a SaWeUQaO
JUaQdfaWKeU (I‐1) ZLWK PXVcOe ZeaNQeVV, WKRXJK WKLV LQdLYLdXaO ZaV QRW aYaLOabOe fRU JeQeWLc WeVWLQJ.

TKe SURbaQd (SURbaQd 4; III‐1, FLJXUe 3d) Kad SUR[LPaO aQd dLVWaO ORZeU‐OLPb
ZeaNQeVV VLQce cKLOdKRRd aV ZeOO aV faWW\ aWURSK\ Rf WKe SaUaVSLQaO PXVcOeV. SKe ZaV dLaJQRVed ZLWK
DCM aQd KeaUW faLOXUe aW 28. A A‐baQd TTNWY (c.80950G>T, S.GOX24416*), cOaVVLfLed aV OLNeO\
SaWKRJeQLc, ZaV LdeQWLfLed RQ caUdLRP\RSaWK\ SaQeO WeVWLQJ. TKe SURbaQd'V PRWKeU (II‐2) UeSRUWedO\
e[SeULeQced dLffLcXOW\ ZaONLQJ aQd fUeTXeQW faOOV WKURXJKRXW KeU OLfe aQd dLed aW 50 fURP KeaUW faLOXUe
befRUe JeQeWLc WeVWLQJ cRXOd RccXU.

TKe SURbaQd (SURbaQd 5; II‐2, FLJXUe 3e) UeSRUWed PXVcOe ZeaNQeVV VLQce cKLOdKRRd,
ZLWK dLffLcXOW\ UXQQLQJ aQd OLfWLQJ, aQd eYeQWXaOO\ deYeORSed a XQLTXe JaLW PaUNed b\ SURfRXQd e[WeUQaO
URWaWLRQ Rf bLOaWeUaO KLSV. He ZaV dLaJQRVed ZLWK DCM aQd VXbVeTXeQW KeaUW faLOXUe aW 42 \eaUV ROd. A
16.430 Nb KeWeUR]\JRXV deOeWLRQ VSaQQLQJ SaUW Rf WKe A‐ aQd M‐baQdV Rf TTN (c.96076_107488deO),
cOaVVLfLed aV OLNeO\ SaWKRJeQLc, ZaV LdeQWLfLed YLa QeXURPXVcXOaU SaQeO WeVWLQJ; WKe deOeWLRQ Kad QRW
beeQ LdeQWLfLed RQ a SUeYLRXV QeXURPXVcXOaU SaQeO ZKLcK aOVR LQcOXded TTN VeTXeQcLQJ. TKe deOeWLRQ
LV de nRYR; LW ZaV aOVR LdeQWLfLed LQ WZR V\PSWRPaWLc VRQV. OQe VRQ (III‐4) Kad cKLOdKRRd‐RQVeW Rf
PXVcOe ZeaNQeVV (SUR[LPaO>dLVWaO) aQd WKe RWKeU VRQ (III‐3) Kad adXOW‐RQVeW Rf PXVcOe ZeaNQeVV aQd a
bRUdeUOLQe‐ORZ EF. TKLV SedLJUee KaV beeQ SUeYLRXVO\ UeSRUWed LQ deWaLO (RRJJeQbXcN eW aO., 2019).

TKe SURbaQd (SURbaQd 6; II‐5, FLJXUe 3f) deYeORSed SUR[LPaO‐SUedRPLQaQW PXVcOe
ZeaNQeVV, faVcLcXOaWLRQV, aQd cUaPSLQJ aW 49, OeadLQJ WR a dLaJQRVLV Rf LGMD. He ZaV OaWeU dLaJQRVed
ZLWK DCM aW 55. A caUdLRP\RSaWK\ SaQeO LdeQWLfLed a TTN WUXQcaWLQJ A‐baQd YaULaQW (c.76717C>T;
S.AUJ25573*), LQWeUSUeWed aV OLNeO\ SaWKRJeQLc. TZR Rf WKe SURbaQd'V VLVWeUV ZeUe aOVR LdeQWLfLed WR
KaYe WKLV TTN YaULaQW, RQe Rf ZKRP ZaV dLaJQRVed ZLWK DCM aW 38 (II‐5), WKe RWKeU ZKR deYeORSed
PXVcOe ZeaNQeVV LQ OaWe PLddOe aJe (II‐6).

TKe SURbaQd (SURbaQd 7; III‐2, FLJXUe 3J) e[SeULeQced SUR[LPaO aQd dLVWaO XSSeU
OLPb ZeaNQeVV aW 12 aQd ZaV dLaJQRVed ZLWK UeVWULcWLYe caUdLRP\RSaWK\ (RCM) aW 14, UeTXLULQJ KeaUW
WUaQVSOaQW. TZR TTN YaULaQWV (c.47269+2 T>C aQd c.52307_52310dXSTTGA, S.GOX17437AVSfV*2),
LQWeUSUeWed aV OLNeO\ SaWKRJeQLc aQd SaWKRJeQLc, UeVSecWLYeO\, ZeUe LdeQWLfLed RQ caUdLRP\RSaWK\ SaQeO
WeVWLQJ. TKLV SURbaQd KaV a SaWeUQaO fLUVW cRXVLQ RQce UePRYed (IV‐1) ZKR aOVR Kad RCM UeTXLULQJ
KeaUW WUaQVSOaQW aW a \RXQJ aJe, WKRXJK WKLV LQdLYLdXaO ZaV XQaYaLOabOe fRU JeQeWLc WeVWLQJ.
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AOWKRXJK WKe SKeQRW\SeV SUeVeQWed abRYe KaYe QRW beeQ ZLdeO\ UeSRUWed WR UeVXOW fURP TTN YaULaQWV,
WKe W\Se Rf YaULaQW (L.e., TTNWY LQ WKe A‐baQd aV VeeQ LQ aOO SedLJUeeV) aQd/RU WKe VeJUeJaWLRQ Rf WKe
YaULaQW ZLWK a caUdLRVNeOeWaO SKeQRW\Se (SedLJUeeV 1, 2, aQd 5) aUe VXJJeVWLYe Rf SaWKRJeQLcLW\.

4.௑DISCUSSION

OXU LdeQWLfLcaWLRQ Rf VeYeUaO SURbaQdV ZLWK aW\SLcaO caUdLRVNeOeWaO SKeQRW\SeV aQd KeWeUR]\JRXV
SaWKRJeQLc/OLNeO\ SaWKRJeQLc YaULaQWV VXJJeVWV WKe VSecWUXP Rf TTN‐UeOaWed dLVeaVe Pa\ be bURadeU
WKaQ cXUUeQWO\ UecRJQL]ed. We SURYLde eYLdeQce Rf a QRYeO dRPLQaQW caUdLRVNeOeWaO SKeQRW\Se
aVVRcLaWed ZLWK KeWeUR]\JRXV TTNWY affecWLQJ WKe dLVWaO A‐baQd, cKaUacWeUL]ed b\ SUR[LPaO‐
SUedRPLQaQW PXVcOe ZeaNQeVV aQd DCM, LdeQWLfLed LQ fLYe SURbaQdV (10.2% Rf WKe cRKRUW). TTN‐
UeOaWed DCM LV LQKeULWed LQ aQ aXWRVRPaO dRPLQaQW faVKLRQ bXW LV QRW NQRZQ WR KaYe e[WUacaUdLac
PaQLfeVWaWLRQV. TTN‐UeOaWed QeXURPXVcXOaU dLVeaVeV (RWKeU WKaQ TMD aQd HMERF) aUe cRQVLdeUed WR
be UeceVVLYe. SeYeUaO UeceQW UeSRUWV ePSKaVL]e WKaW KeWeUR]\JRVLW\ fRU TTNWYV LV LQVXffLcLeQW WR
eVWabOLVK a dLaJQRVLV Rf a QeXURPXVcXOaU WLWLQRSaWK\ ZLWKRXW PRNA aQd SURWeLQ VWXdLeV (SaYaUeVe eW
aO., 2018). CaUdLRVNeOeWaO SKeQRW\SeV aVVRcLaWed ZLWK TTN KaYe beeQ UeSRUWed LQ VeYeUaO caVe VeULeV, aOO
deVcULbLQJ UeceVVLYe cRQJeQLWaO P\RSaWKLeV ZLWK YaULabOe caUdLRYaVcXOaU LQYROYePeQW (CaUPLJQac eW
aO., 2007; CKaXYeaX eW aO., 2014; OaWeV eW aO., 2018a, 2018b). OWKeU aXWKRUV KaYe aOOXded WR PXOWLV\VWeP
SKeQRW\SeV (PLOd caUdLRP\RSaWK\ aQd VNeOeWaO P\RSaWK\) LQ caUULeUV Rf A‐baQd TTN YaULaQWV (Ce\KaQ‐
BLUVR\ eW aO., 2013), aQd LdeQWLfLed UeOaWLYeV Rf SURbaQdV ZLWK SRVVLbOe PXOWLV\VWeP LQYROYePeQW (OaWeV
eW aO., 2018a, 2018b).

OXU daWa LOOXVWUaWe WKaW TTNWY Rf eVWabOLVKed RU SRWeQWLaO cOLQLcaO VLJQLfLcaQce LV LdeQWLfLed LQ URXWLQe
cOLQLcaO SUacWLce LQ bRWK caUdLRYaVcXOaU aQd QeXURPXVcXOaU VeWWLQJV. HRZeYeU, WKe cOLQLcaO LPSacW Rf
WKeVe YaULaQWV LQ WKe cRQWe[W Rf WKe SURbaQd'V VSecLfLc SUeVeQWaWLRQ LV fUeTXeQWO\ XQcOeaU, SaUWLcXOaUO\ LQ
QeXURPXVcXOaU cOLQLcV. TKe PaMRULW\ Rf SaWKRJeQLc TTN YaULaQWV aVceUWaLQed LQ caUdLRYaVcXOaU SURbaQdV
(66.6%) ZeUe aVVRcLaWed ZLWK WKe e[SecWed SKeQRW\Se Rf aXWRVRPaO dRPLQaQW DCM, ZKeUeaV RQO\ 25%
Rf SaWKRJeQLc TTN YaULaQWV LdeQWLfLed LQ QeXURPXVcXOaU SURbaQdV cRUUeVSRQded ZLWK WKe SKeQRW\Se
UeSRUWed LQ WKe OLWeUaWXUe. TKe RbVeUYed JeQRW\Se/SKeQRW\Se dLVcRUdaQce KLJKOLJKWV WKe cKaOOeQJeV LQ
LQWeUSUeWLQJ TTN YaULaQWV LQ WKe cOLQLc, SaUWLcXOaUO\ LQ WKe cRQWe[W Rf QeXURPXVcXOaU JeQeWLc eYaOXaWLRQV.
COLQLcaO e[SeUWLVe aQd RQJRLQJ cRQVLdeUaWLRQ Rf QeZ eYLdeQce UePaLQ eVVeQWLaO LQ WKe aSSURacK WR TTN
YaULaQWV.

TTN YaULaQWV aUe cXUUeQWO\ NQRZQ WR caXVe VeYeUaO QeXURPXVcXOaU dLVeaVeV, LQcOXdLQJ TMD (dLVWaO
P\RSaWK\), LGMD2 J (aQ eaUO\ RQVeW, SUR[LPaO P\RSaWK\; HacNPaQ eW aO., 2008), HMERF (PXVcOe
ZeaNQeVV SURJUeVVLQJ fURP dLVWaO ORZeU OLPbV WR JeQeUaOL]ed ZeaNQeVV; PfeffeU eW aO., 2012), aQd
ceQWURQXcOeaU P\RSaWK\ (UeceVVLYe cRQJeQLWaO P\RSaWK\; Ce\KaQ‐BLUVR\ eW aO., 2013) aPRQJ RWKeUV.
GLYeQ WKeLU JeQRW\SeV aQd SUeVeQWaWLRQV, WKe PaMRULW\ Rf SURbaQdV LQ RXU VWXd\ ZLWK VNeOeWaO P\RSaWK\
dLd QRW fLW ZLWKLQ aQ\ Rf WKeVe ZeOO‐eVWabOLVKed dLaJQRVWLc eQWLWLeV. OXU cOLQLcaO daWa VXJJeVW WKaW LQ
addLWLRQ WR DCM, KeWeUR]\JRXV TTNWY Pa\ aOVR caXVe dRPLQaQW VNeOeWaO P\RSaWK\ LQ VRPe
LQdLYLdXaOV. DRPLQaQW WUaQVPLVVLRQ Rf WKLV SKeQRW\Se Pa\ KaYe SUeYLRXVO\ eVcaSed QRWLce JLYeQ WKaW
TTNWY KaV LQcRPSOeWe RU aJe‐deSeQdeQW SeQeWUaQce, aV VeeQ LQ TTN‐UeOaWed DCM (MRUaOeV &
HeUVKbeUJeU, 2013), aQd \RXQJeU, aW‐ULVN UeOaWLYeV Pa\ be aV\PSWRPaWLc, LPSaLULQJ WKe abLOLW\ WR
cKaUacWeUL]e LQKeULWaQce SaWWeUQV. IPSRUWaQWO\, RXU cRKRUW LV JeQeUaOO\ ROdeU WKaQ WKRVe deVcULbed LQ
SUeYLRXV UeSRUWV Rf VNeOeWaO WLWLQRSaWKLeV (ZKLcK RYeUZKeOPLQJO\ deVcULbe cRQJeQLWaO P\RSaWKLeV). IQ
addLWLRQ, WKeVe daWa add WR WKe ePeUJLQJ TXeVWLRQ Rf ZKeWKeU TTN Pa\ be aVVRcLaWed ZLWK caUdLac
SKeQRW\SeV RWKeU WKaQ DCM, LQcOXdLQJ AF aQd RCM.

FLYe Rf VeYeQ caUdLRVNeOeWaO SedLJUeeV VXSSRUW WKe dRPLQaQW WUaQVPLVVLRQ Rf VNeOeWaO PXVcOe dLVeaVe,
caUdLRYaVcXOaU dLVeaVe aQd/RU caUdLRVNeOeWaO dLVeaVe (FLJXUe 3). IQ WKe PaMRULW\ Rf faPLOLeV ZKeUe
caVcade WeVWLQJ ZaV SeUfRUPed, WKe TTNWY ZaV LdeQWLfLed LQ aW OeaVW RQe affecWed faPLO\ PePbeU, aQd LQ
RQe caVe ZaV VKRZQ WR be de nRYR (FLJXUe 3e), VXSSRUWLQJ a dRPLQaQW PecKaQLVP. ACMG cULWeULa
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cRQVLdeU WKLV VWURQJ eYLdeQce fRU SaWKRJeQLcLW\ (RLcKaUdV eW aO., 2015). FXUWKeU, aOO caUdLRVNeOeWaO
SURbaQdV ZeUe LdeQWLfLed WR KaYe KeWeUR]\JRXV TTNWY affecWLQJ WKe A‐baQd, WKe VaPe W\Se Rf TTNWY
cRPPRQO\ RbVeUYed LQ aXWRVRPaO dRPLQaQW DCM. FRU WKLV UeaVRQ, WKe caUdLRVNeOeWaO SUeVeQWaWLRQ
cRXOd be VeeQ aV aQ e[SaQVLRQ Rf WKe W\SLcaO TTN‐UeOaWed DCM SKeQRW\Se, RU a dLVWLQcW eQWLW\ ZKLcK
aSSeaUV WR VKaUe VLPLOaU JeQeWLc eWLRORJ\. IQ faYRU Rf WKe VecRQd LQWeUSUeWaWLRQ, a faPLO\ KLVWRU\ Rf
VNeOeWaO PXVcOe ZeaNQeVV ZaV RbVeUYed LQ 5/7 caUdLRVNeOeWaO SURbaQdV, VXJJeVWLQJ WKaW WKe PXOWLV\VWeP
SUeVeQWaWLRQ cOXVWeUV LQ faPLOLeV.

IW LV QRW NQRZQ ZK\ TTNWY LQ WKe A‐baQd caQ caXVe LVROaWed DCM LQ PRVW faPLOLeV aQd Pa\ caXVe a
caUdLRVNeOeWaO SKeQRW\Se LQ RWKeUV. OQe SRVVLbOe e[SOaQaWLRQ LV WKaW PRVW TTNWY LQ RXU caUdLRVNeOeWaO
SURbaQdV faOOV LQ WKe dLVWaO eQd Rf WKe A‐baQd, ZKLcK LQcOXde cRQVWLWXWLYeO\ e[SUeVVed e[RQV cRPPRQ WR
bRWK VNeOeWaO PXVcOe LVRfRUPV (N2A) aQd caUdLRYaVcXOaU LVRfRUPV (N2B, N2BA, feWaO LVRfRUPV; PUadR
eW aO., 2005). IW LV UeaVRQabOe WR K\SRWKeVL]e WKaW YaULaQWV WKaW LPSacW aQ e[RQ e[SUeVVed LQ bRWK VNeOeWaO
aQd caUdLac PXVcOe cRXOd Oead WR PXOWLV\VWeP LQYROYePeQW. OWKeU e[SOaQaWLRQV aUe SRVVLbOe, LQcOXdLQJ
QRW \eW deVcULbed JeQeWLc aQd/RU eQYLURQPeQWaO PRdXOaWRUV Rf TTN e[SUeVVLRQ.

AOPRVW KaOf (46.6%) Rf WKe TTNWYV LQ WKe QeXURPXVcXOaU cRKRUW ZeUe cOaVVLfLed aV VUS, cRPSaUed ZLWK
20% LQ WKe caUdLRYaVcXOaU cRKRUW aQd QRQe LQ WKe caUdLRVNeOeWaO cRKRUW. MRVW YaULaQWV LQWeUSUeWed aV
SaWKRJeQLc RU OLNeO\ SaWKRJeQLc ZeUe cOXVWeUed LQ WKe A‐baQd Rf TTN, ZKeUeaV YaULaQWV LdeQWLfLed LQ WKe
QeXURPXVcXOaU JURXS ZeUe dLVWULbXWed PRUe ZLdeO\ acURVV WKe SURWeLQ. VaULaQWV RXWVLde WKe A‐baQd aUe
caWeJRULcaOO\ OeVV OLNeO\ WR be PeeW ACMG cULWeULa fRU SaWKRJeQLcLW\, JLYeQ WKe eVWabOLVKed cOLQLcaO
VLJQLfLcaQce Rf A‐baQd YaULaQWV VXSSRUWed b\ PXOWLSOe OLQeV Rf cOLQLcaO aQd fXQcWLRQaO eYLdeQce
(LeWLQWeU & GUaQ]LeU, 2013; OaWeV eW aO., 2018a, 2018b).

4.1. LimiWaWiRnV

TKe UeWURVSecWLYe, cOLQLc‐baVed QaWXUe Rf WKe VWXd\ dLd QRW aOORZ fRU WeVWLQJ Rf a PaWcKed cRQWURO
SRSXOaWLRQ. TTNWY aUe NQRZQ WR RccXU LQ WKe JeQeUaO SRSXOaWLRQ, WKRXJK WKe fUeTXeQc\ LV ORZeU WKaQ
LQLWLaOO\ UeSRUWed (ANLQULQade eW aO., 2015) aQd eYLdeQce VXSSRUWV UedXced SeQeWUaQce (NRUWRQ, 2013).
MRVW TTNWY SUeVeQW LQ WKe JeQeUaO SRSXOaWLRQ LPSacW e[RQV QRW e[SUeVVed LQ fXQcWLRQaO LVRfRUPV aQd
WKeUefRUe aUe QRW e[SecWed WR caXVe dLVeaVe (WaUe & CRRN, 2018).

MLVVeQVe YaULaQWV QRW SUedLcWed WR WUXQcaWe WKe SURWeLQ (RU QRW NQRZQ WR caXVe dLVeaVe, L.e., HMERF;
PfeffeU eW aO., 2012) ZeUe e[cOXded fURP aQaO\VLV LQ WKLV VWXd\. TTN PLVVeQVe cKaQJeV aUe OaUJeO\
cRQVLdeUed WR be WROeUaWed (HeUPaQ eW aO., 2012; RRbeUWV eW aO., 2015), KRZeYeU, fXUWKeU VWXd\ LV Qeeded
WR LQYeVWLJaWe WKeLU SRWeQWLaO LPSacW.

TKLV VWXd\ cKaUacWeUL]ed SKeQRW\SeV aQd JeQRW\SeV Rf SURbaQdV ZLWK TTN YaULaQWV aVceUWaLQed LQ bRWK
caUdLRYaVcXOaU aQd QeXURPXVcXOaU cOLQLcV. FXQcWLRQaO aQaO\VLV WR XQdeUVWaQd PecKaQLVPV Rf YaULabOe
e[SUeVVLYLW\ LQ TTNWYV LV a VXbMecW Rf fXWXUe VWXd\.

5.௑CONCLUSIONS

TKe ZLdeVSUead aSSOLcaWLRQ Rf SaQeO WeVWLQJ LQ caUdLRYaVcXOaU aQd QeXURPXVcXOaU cOLQLcV KaV Oed WR WKe
LdeQWLfLcaWLRQ Rf TTNWYV LQ bRWK SaWLeQW SRSXOaWLRQV. HRZeYeU, LQWeUSUeWLQJ WKe cOLQLcaO VLJQLfLcaQce Rf
WKeVe YaULaQWV LV cKaOOeQJLQJ, SaUWLcXOaUO\ fRU SaWLeQWV ZLWK VNeOeWaO P\RSaWK\. OXU daWa VXJJeVW WKe
VSecWUXP Rf TTN‐UeOaWed dLVeaVe Pa\ be bURadeU WKaQ cXUUeQWO\ UecRJQL]ed.

We SURYLde eYLdeQce WKaW dLVWaO A‐baQd TTNWY, W\SLcaOO\ aVVRcLaWed ZLWK aXWRVRPaO dRPLQaQW DCM,
Pa\ aOVR caXVe a SUeYLRXVO\ XQUecRJQL]ed aXWRVRPaO dRPLQaQW caUdLRVNeOeWaO SKeQRW\Se LQ VRPe
faPLOLeV. DRPLQaQW YaULaQWV LQ TTN Pa\ XQdeUOLe a SURSRUWLRQ Rf VNeOeWaO P\RSaWK\ dLVRUdeUV ZKLcK
cXUUeQWO\ UePaLQ JeQeWLcaOO\ XQcKaUacWeUL]ed aQd VKRXOd be cRQVLdeUed LQ WKe dLffeUeQWLaO dLaJQRVLV Rf
SaWLeQWV ZLWK VNeOeWaO PXVcOe ZeaNQeVV aQd caUdLRP\RSaWK\. FXUWKeU VWXd\ LV Qeeded WR cKaUacWeUL]e WKe
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VSecWUXP Rf TTN‐UeOaWed dLVeaVe, aV ZeOO aV WKe XQdeUO\LQJ JeQeWLc PecKaQLVPV. We aQWLcLSaWe WKaW WKe
cOLQLcaO aQd JeQeWLc cKaUacWeUL]aWLRQ Rf QRYeO WLWLQRSaWKLeV ZLOO facLOLWaWe YaULaQW LQWeUSUeWaWLRQ aQd Oead
WR LPSURYed dLaJQRVWLc \LeOdV.
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