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RESUMO

A sindrome de Jalili (SJ) é uma condicdo rara, hereditaria, caracterizada pela combinacdo de
distrofia das células fotorreceptoras da retina, os cones e bastonetes (DCB), e amelogénese
imperfeita (Al), resultado de mutacdes em Cyclin and CBS Domain Divalent Metal Cation
Transport Mediator 4 (CNNM4). O CNNM4 é responsavel pelo transporte de ions metalicos e uma
variedade de mutagdes nesse gene tem sido reportadas em diferentes paises. Este estudo teve como
objetivo avaliar as caracteristicas clinicas, imaginoldgicas, genéticas e o padrao de heranga em duas
novas familias acometidas pela SJ. Foram estudados todos os membros de duas familias
identificadas com caracteristicas da SJ, sendo a primeira familia residente no municipio de
Porteirinha - Minas Gerais, e a segunda em Americana - S&o Paulo, sem relacéo de parentesco entre
as mesmas. Os membros das duas familias foram submetidos a avaliacdes oftalmoldgica,
odontoldgica e genética. Na primeira familia, sendo o0s pais heterozigotos de casamento
consanguineo, a SJ foi causada pela mutacdo homozigota p.L324P (c.971T> C) transicdo missensee
a paciente afetada tinha DCB e Al. Na segunda familia ndo havia casamento consanguineo, sendo a
mde normal, enquanto que pai e filha foram afetados. Encontrou-se nesses individuos uma
combinacdo especifica de uma mutacdo heterozigética composta: a transi¢éo p.L324P (c.971T> C)
missense e uma nova mutacdo p.Y581* (c.1743C> G), sendo que a filha mostrou caracteristicas
fenotipicas para DCB e Al, mas seu pai apenas desenvolveu alteracdes oculares. Juntos, esses
achados sugeriram que a mutacéo p.L324P na homozigose induziu um fenétipo completo com DCB
e Al, mas em heterozigose, e em composi¢do com a nova mutacdo p.Y581 nonsense*no CNNM4,
promoveu expressividade clinica variavel, com a ndo manifestacdo do fenotipo dental. Esses
diferentes fendtipos podem ser explicados por delecBes que afetam o alelo homologo, a epistasia ou
as interacOes com fatores ambientais que levam a atividade residual da proteina. Estas duas familias

caracterizam os primeiros casos descritos da SJ no Brasil.

Palavras-chave: Sindrome de Jalil. Amelogénese imperfeita. Distrofia de cones e bastonetes.
CNNM4. Mutagéo.



ABSTRACT

The Jalili syndrome (JS) is a rare, hereditary disorder characterized by the combination of retinal
photoreceptor cell dystrophy, cones and rods (CRD), and imperfect amelogenesis (Al), resulting
from mutations in Cyclin and CBS Domain Divalent Metal Cation Transport Mediator 4 (CNNM4).
The CNNM4 gene is responsible for the transport of metal ions and a variety of mutations in this
gene have been reported in different countries. This study aimed to evaluate the clinical, imaging,
genetic and inheritance patterns in two new families affected by JS. All members of two families
identified with characteristics suggestive of SJ were studied, being the first family resident in the
city of Porteirinha - Minas Gerais, and the second resident in Americana - S&o Paulo, without
relation of kinship of between both families. The members of the two families were submitted to
ophthalmological, odontological and genetic evaluations. In the first family, being the heterozygous
parents of consanguineous marriage, the JS was caused by the mutation homozygous p.L324P
(c.971T> C) missense transition and the affected patient had CRD and Al. In the second family,
there was no consanguineous marriage, being the normal mother, father and daughter were
affected,a specific combination of a composite heterozygous mutation was found the p.L324P
(c.971T> C) missense transition and a new mutation p.Y581* (c.1743C>G), and the daughter
showed phenotypic characteristics for CRD and Al, but her father only developed ocular alterations.
Together, these findings suggested that the p.L324P mutation in homozygousness induced a
complete phenotype with CRD and Al, but in heterozygosis and in composition with the new
mutation p.Y581 nonsense* in CNNM4 promoted variable clinical expressiveness, with no
manifestation of dental phenotype. These different phenotypes can be explained by deletions
affecting the homologous allele, epistasis, or interactions with environmental factors that lead to the
residual activity of the protein. These two families characterize the first described cases of JS in

Brazil.

Keywords: Jalili Syndrome. Amelogenesis imperfecta. Cone-rod dystrophy. CNNM4. Mutation.
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1 INTRODUCAO

A sindrome de Jalili (MIM#217080) é uma condicdo hereditaria, rara, autossémica recessiva,
associada a mutacdes no gene CNNM4, localizado no cromossomo 2911 (Luder et al., 2013; Purwar
et al., 2015). E caracterizada por alteracdes oculares (distrofia de cones e bastonetes) e dental
(amelogénese imperfeita) (Jalili & Smith, 1988; Michaelides et al., 2004; Polok et al., 2009; Parry
et al., 2009). A primeira descricdo da doenca foi feita por Jalili & Smith, em 1988, apos
investigacdo em uma extensa familia de origem Arabe, situada na Faixa de Gaza, com casamentos
consanguineos, na qual 29 membros apresentavam a associacéao entre distrofia de cones e bastonetes
(DCB) e amelogénese imperfeita (Al). Uma analise da familia foi realizada, indicando o modo de
heranca como autossdmica recessiva (Jalili & Smith, 1988). Todos os membros afetados
apresentavam fotofobia, nistigmo pendular, acromatopsia, alteracdo macular e reducdo da visdo
central, associado a alteracdes no esmalte dental, descritas como um esmalte aspero e cor amarelo-
marrom. De acordo com as caracteristicas dentais observadas, o diagndstico das alteracdes dentais
foi de Al (Jalili & Smith, 1988).

Ao realizar o estudo genético da familia investigada na Faixa de Gaza, Downey et al. (2002)
identificaram pela primeira vez o loci no intervalo 2cM/5Mb do cromossomo 2gl1, entre o0s

marcadores D2S2209 e D2S373, para as manifestacdes recessivas de DCB e Al.

Alteragdes na estrutura dental e ocular tém sido descritas em varias desordens como na displasia
oculodentodigital, definida por anomalias craniofaciais, oculares, dentérias e neuroldgicas (Doshi et
al., 2017). Como também a sindrome trico-dento-6sso, doenca genética pertencente ao grupo das
displasias ectodérmicas, que caracteriza-se pela presenca de hipoplasia do esmalte dental,
taurodontismo, alteragdes osseas e cabelos crespos (Al-Batayneh, 2012). Berezovsky et al. (2012)
reportam a sindrome de Bardet-Biedl, um distdrbio complexo identificado por distrofia em retina,
polidactilia, obesidade, retardo mental. Bateman et al. (1980) descrevem uma variedade de
sindromes que apresentam alteracfes na retina associada a perda auditiva, entre elas a sindrome de

Usher, que apresenta clinicamente retinite pigmentosa associada a alteracéo auditiva.

Em uma segunda familia origindria de Kosovo com caracteristicas recessivas de DCB e Al,
Michaelides et al. (2004) ao realizarem o sequenciamento genético dessa familia, consideraram as

mutacdes no gene CNGA3 como responsaveis pelas alteraces observadas. Esse gene localizado no
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cromossomo 2¢11 esta associado a distrofia de cones e acromatopsia. No entanto, através da analise
genética realizada por Michaelides et al. (2004) confirmaram a néo expressdo do gene CNGA3 nos

orgdos dental e ocular.

Novas familias com a SJ, apresentando caracteristicas de DCB e Al foram investigadas por Polok et
al. (2009), originarias do Libano, Kosovo e uma terceira de origem desconhecida. Foram realizados
0s sequenciamentos genéticos dessas familias, confirmando mutagdes no gene CNNM4, no
cromossomo 2911 (Polok et al., 2009). Varios genes ligados a alteragdes oculares foram
sequenciados na regido ja identificada por Downey et al. (2002). Para uma melhor confirmacao da
manifestacdo do gene CNNM4, estudos de imuno-histoquimica em olhos de camundongos foram
realizados (Polok et al., 2009). Foram confirmadas manifestacfes do gene CNNM4 em cornea e
também em retina nas camadas de células ganglionares, nas camadas de plexiformes internas e
externas e nos segmentos de fotorreceptor interno e externo (Polok et al., 2009). A analise imuno-
histoquimica também foi realizada em dentes de ratos, sendo observada em ameloblasto (Polok et
al., 2009).

Uma investigacdo mais abrangente foi realizada por Parry et al. (2009) em sete familias
apresentando a SJ, originarias da Faixa de Gaza A, Faixa de Gaza B, Kosovo, Ird, Turquia,
Guatemala e Escdcia. As mutacdes em CNNM4apresentadas, mostraram ser este o gene responsavel
pelas alteracdes genotipicas e fenotipicas observadas, corroborando com os achados de Polok et al.
(2009). Diante das confirmagdes, o termo “sindrome de Jalili’* foi proposto por Parry et al. (2009),
para a nova condicdo investigada, resultado de mutacdes no gene CNNM4, que afeta os érgdos
dental e ocular. Novos casos foram apresentados em Kosovo, Canada, Arabia Saudita, Argélia,
China, USA, Turquia, Ird, India, Paquistdo, Marrocos e Poldnia e diferentes mutacGes no gene
CNNM4 foram identificadas.

As caracteristicas fenotipicas para SJ, resultado de mutacfes no gene CNNM4 (MIM#607805),
localizado no cromossomo 2911 (MIM#217080), sdo identificadas pela Al e DCB (Parry et al.,
2009). Al constitui um grupo heterogéneo de condicBes hereditarias que afetam a formacdo do
esmalte dental nas duas denticdes decidua e permanente (Aldred et al. 2003). Enquanto as DCB séo
alteracdes em retina, herdadas e progressivas, pertencentes ao grupo de retinopatias pigmentares,
indentificada por depdsitos de pigmento, localizados principalmente em regido macular (Hamel,
2007; Polok et al., 2009). As DCB sao identificadas por exames de oftalmoscopia e fundoscopia e

seu curso clinico leva a uma cegueira irreversivel (Hamel, 2007; Polok et al., 2009).
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O gene CNNM4 codificador da proteina Cyclin And CBS Domain Divalent Metal Cation Transport
Mediator 4, transportadora de metal, pertencente a uma familia de quatro proteinas, localizadas na
membrana basolateral de células de varios tecidos (Polok et al., 2009). A proteina codificada pelo
gene CNNM4 é responsavel pelo transporte de ions metélico, em especial o ion magnésio (Mg?>*)
(Polok et al., 2009; Yamazaki et al., 2013). O Mg?" é o segundo elemento intra-celular mais
abundante e importante para processos fisiologicos humano, sendo ele expresso em Vvarios tecidos,
como retina e esmalte (Parry et al., 2009). O gene CNNM4 atua como regulador da homeostase e
transporte do Mg?* em retina, participando da cascata de fototransdugdo, que é a conversio do
estimulo luminoso em estimulo elétrico (Polok et al., 2009). Mutacdes no CNNM4 resulta em
degeneracdo das células fotorreceptoras, observada ja nos primeiros anos de vida do individuo
(Polok et al., 2009). MutacGes no CNNM4 tém como consequéncia alteragfes na regulacdo de ions
de Mg?*, causando danos ao esmalte dental, interferindo em sua biomineralizacio (Luder et al.,
2013).

Nos diversos estudos genéticos realizados em familias com caracteristicas para SJ, as mutacfes em
CNNM4, foram em sua maioria do tipo homozigotas, relacionadas a casamento consanguineo mas,
em 5 familias com diagndstico para a SJ, originarias da Guatemala, da Escocia, China, USA e
Kosovo, foram identificadas mutacGes heterozigotas com auséncia de casamentos consanguineos

(www jalili.co.uk/cnnm4/cnnm4-mutations.xlsx’).

A SJ tem sido relatada associada a outras anomalias. Zobor et al. (2012) descrevema SJ com a
presenca neurofibromatose tipo 1 e Purwar et al. (2015) mostraram a SJ em um paciente com situs
inversus totalis (SIT) e ceratocone. Wawrocka et al. (2017) relatam a combinagdo da SJ e miopatia,

o0 crescimento dos musculos das pernas, ampliando o espectro mutacional para esta desordem.

1.1 Alteracdes dentarias na sindrome de Jalili: amelogénese imperfeita

A amelogénese € o processo de formacdo do esmalte dental (Seymenet al., 2015). Manifestacdes
genéticas afetando estagios do processo de formacdo da amelogénese, resulta em uma mineralizagdo
do esmalte deficiente, caracterizando a amelogénese imperfeita (Seymenet al., 2015). A Al
(OMIM#104530) é uma desordem genética, heterogénea, que afeta formacao do esmalte dos dentes
em sua qualidade e quantidade (Aldred et al., 2003; Crawford et al., 2007; Wright et al., 2011;
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Dure-Molla et al., 2014; Seymen et al., 2015). Al pode manifestar-se como trago autossémico
dominante, autossdmico recessivo e ligada ao cromossomo X, além de casos esporadicos, atingindo
0 esmalte de todos ou quase todos os dentes das denticdes decidua e permanente (Aldred et al.,
2003; El-Sayed et al., 2011; Jaouad et al., 2015; Volodarsky et al., 2015; Kim et al., 2016). Sua
incidéncia varia geograficamente 1:700 na Suécia e 1:14.000 nos EUA (Crawford et al., 2007; Kim
et al., 2008; Dure-Molla et al., 2014; Volodarsky et al., 2015). O tipo Al autossdmica dominante é
0 mais comum nos Estados Unidos e Europa, sendo o tipo autossOmico recessivo mais comum no
Oriente Médio (Hart et al., 2004; Kim et al., 2008). No Brasil, ndo existem estudos sobre a

prevaléncia de Al.

A Al pode ocorrer isolada ou associada a algumas anormalidades. Martelli Junior et al. (2012)
reportam na sindrome de Bartter, a associacdo entre Al e nefrocalcinose. Diversas sindromes
identificadas com outros sinais estdo associadas a Al como a fibromatose gengival descrita por
Martelli Janior et al. (2008) e O’Sullivan et al. (2011).

O esmalte dental é o tecido mais mineralizado do corpo humano, com 95% do seu volume ocupado
por cristais de hidroxiapatita, formados por células de origem epitelial, denominadas ameloblastos
(Crawford et al., 2007; Hu et al., 2007; Kim et al., 2017). S&o estruturas altamente organizadas e
sua interacdo com moléculas da matriz organica resultara na modulacdo da deposi¢do mineral € no
crescimento do 6rgdo de esmalte, controlados por varios genes (Crawford et al., 2007). Esses genes
tém funcdo de realizar transcricdo da matriz protéica e as proteinases, necessarias para o controle do
processo de formacdo e mineralizagcdo do esmalte (Hart et al., 2004; Crawford et al., 2007; Hu et
al., 2007; O"Sullivan et al., 2011; Wright et al., 2011; Muto et al., 2012; Jaouad et al., 2015).

A formacgdo da matriz de esmalte passa por trés estagios: secretdrio (depésito de matriz orgéanica
pelos ameloblastos), transicdo ocorre degradacdo proteica e maturacdo (degradacdo da matriz
organica e substituicdo por componentes minerais), e dependendo do estagio de formacdo do
esmalte afetado, o aspecto clinico mudara, podendo o esmalte apresentar de uma forma ou mista,
dos tipos hipoplasico, hipocalcificado ou hipomaturado (Hu et al., 2007; Seymen et al, 2015;
Volodarsky et al., 2015). Assim, os defeitos no esmalte apresentados na Al s&o caracterizados por
hipoplasia (defeito na formacdo, no estagio de secrecéo, resultando diminui¢do no volume da matriz
proteica, causando alteragdo na espessura e forma do esmalte), hipocalcificado (defeito qualitativo,
esmalte com espessura normal, mas facilmente perdido), hipomaturada (alteragfes na dureza e
coloragdo) (Hu et al., 2007; El-Sayed et al., 2011; Gadhia et al., 2012).
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O sistema de nomenclatura mais comumente utilizado para Al foi desenvolvido e mais tarde
revisado por Witkop (1988), que categorizou os tipos de Al pelo maior fendtipo, ou seja,
hipoplasico e hipomineralizado, que incorpora os subtipos hipocalcificada e hipomaturada (Witkop,
1989; Crawford et al., 2007). Apds subdividir cada tipo de Al com base nas caracteristicas
fenotipicas adicionais e modo de heranca, chegou-se a 14 subtipos diferentes reconhecidos de Al
(Crawford et al., 2007).

A forma hipoplésica da Al caracteriza-se por esmalte fino associado com defeitos na sintese da
matriz, com mineralizacdo aparentemente normal, podendo apresentar desgastes, ranhuras ou
amplos defeitos na superficie, o dente apresenta cor amarelo/marrom (Hu et al., 2007; Dure-Molla
et al., 2014). A forma Al hipocalcificada € caracterizada por um esmalte com espessura normal,
mas insuficiente mineralizacédo, resultando em um esmalte macio e aspero, que € facilmente perdido
logo apos a erupcdo do dente (Hu et al., 2007; Dure-Molla et al., 2014). Ja a Al hipomaturada
representa um defeito associado com a falha na remocdao de proteinas do esmalte para subsequente
substituicdo pelos cristais, 0 que resulta em um esmalte de espessura normal, macio e manchado, o
qual apresenta propensdo a soltar-se em lascas, ao invés de se desgastar (Crawford et al., 2007; Kim
et al., 2008, Muto et al., 2012; Dure-Molla et al., 2014).

Mutacdes em mais de 10 genes foram identificadas (Tabelal), envolvidas na patogénese da Al
(Seymen et al., 2015). Esses genes codificam as proteinas da matriz do esmalte como a amelogenin
(AMELX,Xp22.3) que representa de 80-90% do total de proteinas do esmalte (Hu et al., 2007). A
enamelin (ENAM, 4q21) maior estrutura proteica no desenvolvimento do esmalte, passa por uma
série de clivagens proteoliticas que ira gerar polipeptideos, que participardo da nucleacdo e extensdo
dos cristais de esmalte e também em sua regulacdo (Hart et al., 2004; Hu et al., 2007). Mutagdes em

AMELX e ENAM causam Al ligada ao cromossomo X e autossomica dominante (Hart et al., 2004).

O gene de ameloblastin (AMBN, 4g21) atua na adesdo de amelobastos na formag&o do esmalte (Hart
et al., 2004). Duas proteinases que regulam o processamento proteico da matriz de esmalte,
definindo a estrutura e composicdo do esmalte a enamelysin (MMP20, 11g22.3) expressado no
estagio secretdrio e kallikrein 4 (KLK4, 19913), descrita por Hart et al. (2004) confirmando sua
expressao em uma familia com Al autossdmica recessiva do tipo hipomaturada (Hart et al., 2004;
Hu et al., 2007).
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Outros genes importantes na formacao do esmalte e candidatos para Al tém sido estudados. Kim et
al. (2008) analisaram duas familias com Al autossémica dominante hipocalcificada, identificaram
mutacdo no gene FAM83H, localizado no cromossomo 8qg24.3. Muto et al. (2012) descrevem uma
nova mutacdo para Al autossémica recessiva, identificada no gene Sp6 através de analise genética
em ratos. El-Sayed et al. (2011) reportaram mutacdo no gene WDR72 para Al recessiva
hipomaturada ap6s anélise da estrutura de dentes deciduos, revelando reducéo da densidade mineral
do esmalte, resultado da mutacdo apresentada, que afetou o estagio de maturacdo da formagéo do
esmalte. Estudo realizado por O"Sullivanet al. (2011), em cinco membros de uma consanguinea
familia afetada com anomalias dental e hiperplasia gengival, foi identificada mutacdo no gene
FAM20A, como sendo a causa para Al e sua associagdo com hiperplasia gengival, também descrito
em trabalho realizado por Jaouad et al. (2015). Outros casos de mutagdes no gene FAM20A na
forma recessiva associando Al com nefrocalcinose foram descritos, denominado sindrome de

esmalte renal (Dure-Molla et al., 2014).

MutacBes no cromossomo 4 (C4orf26), no gene da familia (SLC24A4) integrin beta 6 (ITGB6) e
LAMB3 foram identificados como fatores etiologico para Al (Hart et al., 2004; Seymen et al., 2015;
Volodarsky et al., 2015).

Descricgdes realizadas por Jalili & Smith (1988), em que os dentes dos individuos investigados na
Faixa de Gaza com caracteristicas fenotipicas dental para SJ, apresentavam uma morfologia
anormal, com superficies rugosas e cor amarelo-marron, mostrando caracteristicas da Al
hipoplésica/hipomineralizada. Estudo em uma familia de Kosovo foi identificado mutacdes no gene
CNNM4, as quais interferiram na formacdo do esmalte dental, resultando em uma mineralizacao
anormal, com uma densidade reduzida em relacdo aos dentes de estrutura normal, estando essas

alteragOes associadas a concentragdo alterada de Mg?* (Luder et al., 2013).
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Tabela 1: Genes associados a amelogénese imperfeita.

Padréo de heranca Gene Cromossomo humano
Ligado ao X AMELX X X
AMBN 4
ENAM 4
Autossdomico dominante
DLX3 17
FAM83H 8
ENAM 4
MMP20 11
Autossdmico recessivo KLK4 19
WDR72 15
FAM20A 17

Muto et al., 2012

1.2 Alteragdes oculares na sindrome de Jalili: distrofia de cones e bastonetes

A DCB (MIM#120970) representa um amplo espectro de doencas progressivas nas células
fotorreceptoras da retina, caracterizada pela degeneracdo das células fotorreceptoras, os cones
seguida pelos bastonetes (Jalili, 2010). As manifestagdes clinicas encontradas para DCB como
fotofobia, perda da visdo central, acromatopsia, nistagmos, lesdo macular, sdo observadas ja nos

primeiros anos de vida (Hamel, 2007).

MutacBes nos genes ABCA4 (MIM#601691), AIPL1 (MIM#604392), CRX (MIM#602225),
GUCAl1A (MIM#600364), GUCY2D (MIM#600179), PITPNM3 (MIM#608921), RIMS1
(MIM#606629), SEMA4A (MIM#6072920), RPGR (MIM#312610), PROML1 (MIM#604365) e
UNC119 (MIM#604011) levam a alteragdes na retina, a DCB (Parry et al., 2009). O modo de
heranga para a DCB é variado, podendo apresentar-se na forma autossomico dominante,

autossomico recessivo ou ligado ao cromossomo X, de maneira isolada ou relacionadas a outras
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desordens como sindrome Bardet-Biedl e ataxia espinocerebelar tipo 7 (Hamel, 2007). O
diagnéstico para as distrofias de retina baseia-se na histéria clinica, oftalmoscopia e
eletrorretinografia, mostrando como uma alteracdo progressiva ndo existindo tratamento que possa

interromper a evolucédo da doenca (Hamel, 2007).

Jalili (2010) mostra que as células fotorreceptoras presentes na retina sdo gravemente afetadas,
devido a mutacdo no gene CNNM4, levando a progressiva DCB, na qual os cones fotorreceptores
sdo os mais comprometidos. As anormalidades oculares sd@o observadas ja nos primeiros anos de
vida em individuos afetados pela SJ, que apresentavam fotofobia, nistagmo, acromatopsia, atrofia
da area do epitélio pigmentar da retina, formando méculas (Jalili & Smith, 1988; Jalili, 2010). As
caracteristicas das lesbes maculares podem apresentar-se em diferentes aspectos, desde aparéncia de
olhos de bufalo com depdsitos pigmentares a alteracbes mais grave, escavacdo e estafiloma
(coloboma) (Jalili, 2010). O nervo Optico mostrou-se sem alteragdes no inicio da doenca, mas
durante seu curso, atrofia de sua estrutura foi observada. Além das alteragBes descritas, a cegueira
noturna nédo foi confirmada nos individuos com SJ (Jalili, 2010).

1.3 Alteragdes genéticas na sindrome de Jalili

A SJ é causada pelas mutacdes heterozigética’lhomozigotica no gene CNNM4 (MIM#607805)
mapeado no intervalo 2 cM/5.4 Mb, entre os marcadores D2S2209 e D2S373, no cromossomo 2qg11
por Downey et al, (2002) em individuos afetados com amelogénese imperfeita e distrofia de cones e

bastonetes.

O gene CNNM4 é o codificador da proteina transportadora de metal ACDP4 (Cyclin And ABS
Domain Divalent Metal Cation Transport Mediator4, sendo uma familia de quatro proteinas,
expresso em células de varios tecidos como esmalte e retina, localizadas na membrana plasmatica
(Polok et al., 2009; Yamazaki et al., 2013). O CNNM4 esta envolvido no transporte de ions
metalico, em especial 0 Mg?*atuando em seu transporte e homeostase (Yamazaki et al., 2013). Na
retina 0 Mg?* participa da cascata de fototransducio, que € a conversio do estimulo luminoso em
estimulo elétrico e em esmalte atua em sua biomineralizacdo (Polok et al., 2009). Mutacéo no gene

CNNM4 resultara em alteragdo na regulacio do Mg?*, reduzindo seus niveis intracelulares, como
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consequéncia haverd uma limitacdo na fungdo da retina caracterizando sua degeneragdo e uma

desorganizacao na biomineralizagéo do esmalte (Polok et al., 2009; Yamazaki et al., 2013).

Através de andlise de imuno-histoquimica em ratos confirmou-se sinais da expressdo do gene
CNNM4 em membrana basolateral do tecido formador do esmalte dos dentes, o ameloblasto,
interferindo em sua mineralizagdo (Yamazaki et al., 2013). O papel do Mg?* na mineralizacio do
esmalte dental ainda é desconhecida, mas sugere-se que o Mg?* precisa ser removido do tecido do

esmalte para promover sua mineralizacao (Yamazaki et al., 2013).

Luder et al. (2013) ao investigarem pacientes afetados pela SJ, descreveram mutacfes no gene
CNNM4, homozigota de um par de base ¢.1312dupC, resultando em uma mineraliza¢do deficiente
em esmalte e dentina, de acordo com andlise da densidade e composicdo de elementos

mineralizados, resultado de uma concentragdo anormal de Mg?* nos tecidos dentarios.

O Mg?* ¢ o segundo cation intracelular mais abundante no corpo humano apds o potassio, sendo sua
homeostase regulada entre a absorgéo intestinal e a excrecdo renal (Meyer et al., 2010; Garcia et al.,
2011; Yamazaki et al., 2013). O Mg?* esta presente em 0ssos, misculo esquelético, tecidos moles e
sangue, estando seus niveis séricos relacionados a doengas cronicas como hipertensdo, diabetes,
osteoporose (Meyer et al., 2010). Varias condicbes tém como caracteristica alteracfes na
homeostase do Mg?*, incluindo sindrome de hipomagnesemia, sindrome de Bartter (Meyer et al.,
2010).

Diferentes mutac6es tém sido identificadas no gene CNNM4 em varias familias de diferentes paises
(Tabela 2). As primeiras mutacbes no CNNM4, foram confirmadas por Parry et al. (2009) em sete
familias (Faixa de Gaza A, Faixa de Gaza B, Kosovo, Guatemala, EscoOcia, Turquia e Ird) e por

Polok et al. (2009) em trés familias originarias do (Libano, Kosovo e uma de origem desconhecida).

Tabela 2: Mutagdes identificadas no gene CNNM4.,

Origem Historico familiar de

. M a0l/M 402
consanguinidade utagdol/Mutagdo

(Referéncia)

€.599C>A,; Ser200Tyr/c.599C>A; Ser
Gaza A (Parry et al., 2009)
Sim 200Tyr
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Kosovo (Parry et al., 2009)

€.1312C dupC; Leu438ProfsX9/c.1312

Sim dupC; Leu438ProfsX9
€.1813 C>T; Arg605X/c.1813C>T,;
Gaza B (Parry et al., 2009) Sim Arg605X
€.2149C>T; GIn717X/c.62_145 del;
Guatemala (Parry et al., 2009) N30 del:L21HisfsX185
. €.586T>C; Ser196Pro/c.586T>C;
Turquia (Parry et al., 2009) Sim Ser196Pro
Ird (Parry et al., 2009) Sim €.1-?1403+? del/c.1-71403+? del
- €.971T>C; Leu324Pro/c.1690C>T;
Escocia (Parry et al., 2009) Nio GIn564X
Kosovo (Polok et al, 2009) Sim ¢.1312dupC; p.L438ProfX9
Libano (Polok et al., 2009) Sim €.707G>A; PR236Q/c.707G>A
Desconhecida (Polok et al., 2009) Sim €.971T>C/p.1324p
Canadéa (Doucette, et al., 2013) Sim €.1555C>T/p.R519*
Kosovo (Zobor et al., 2012) Sim €.1312 dupc; Leu438 Profs*9
Arabia Saudita (Abu-Safieh et al., 2013) Sim €.1484C>T/p.T495lle
Arabia Saudita (Lopez Tores et al., 2015) Sim €.1474G>T/p.C492
Kosovo (Luder et al., 2013) Sim €.1312dupC/p.L438Pfs*9x
Kosovo (Gerth-Kahlert et al., 2013) Sim €.1312dupC/p.L438Pfs*9
Argélia (Coppleters et al., 2014) Sim €.189del/Asp63Glufs*12
Argélia (Prasad et al., 2015) Sim €.1495G>A/p.[V499M]
China (Wang H et al., 2015) Né&o €.896_89T/p.A300CfsX22
EUA Portland — Oregon (Pennesi et al.,
2015) Nio €.1307delC/p.T436fs/c.C1690T/p.Q564X
Lo €.1312dupC/p.L438PfsX9/c.694_722del/
Kosovo (Kiessling et al., 2016) Nio 0 11e232ProfsX80
Turquia (Topgu et al., 2016) Sim €.1781A>G(p.N594S)
Ird (Rahimi-Aliabadi et al., 2016) Sim €.1091delG
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Tabela 2: Mutacges identificadas no gene CNNM4.

India (Purwar et al., 2015) Sim -
Paquistdo (Malik, et al., 2016) Sim -
Marrocos (Jaouad et al., 2017 Sim €.1682-1G>C;p.Glu561Glyfs*5
Poldnia (Wawrocka et al., 2017) Sim €.1076T>C/p.Leu359Pro

Os estudos realizados em familias com caracteristicas para SJ em diferentes paises totalizaram 87
casos examinados, em 32 familias, com 48 pacientes masculinos e 39 femininos acometidos
(Tabela3).

Tabela 3: Totalidade de casos sindrome de Jalili examinados, nimero de familias acometidas e
Sexo.

Origem Casos examinados Familias Masculino Feminino
Argélia 4 2 3 1
Avrébia Saudita 3 2 3 -
América do Norte 2 2 1 1
China 1 1 - 1
Escécia 1 1 1 -
Faixa de Gaza 33 3 18 15
Guatemala 5 1 5 -
India 4 4 2 2
Ird 5 2 3 2
Kosovo 11 6 6 5
Libano 3 1 2 1

Marrocos 6 2 - 6
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Tabela 3: Totalidade de casos sindrome de Jalili examinados, nUmero de familias acometidas e
Sexo.

Paquistdo 1 1 1 -
Polbnia 3 1 3 -
Turquia 4 2 - 4

N&o descrito 1 1 - 1
Total 87 32 48 39

1.4 Familias estudadas com caracteristicas fenotipicas-genotipicas da sindrome de Jalili

O primeiro relato sobre a sindrome de Jalili, em uma extensa familia da Faixa de Gaza, com 29
membros afetados, apresentando alteracGes oculares (distrofia de cones e bastonetes) e dental
(amelogénese imperfeita), foi realizado por Jalili & Smith (1988). Ap6s uma andlise da linhagem
dessa familia, foi confirmado o modo de heranca como autossémica recessiva, resultado de
casamentos consanguineos. As alterac6es oculares encontradas foram fotofobia, nistagmo pendular,
acromatopsia, atrofia do epitélio pigmentar da retina e distrofia macular. Al apresentada foi do tipo
hipomineralizada/hipocalcificada, e os dentes tinham cor amarelo/marrom.

Um sequenciamento genético dos membros afetados da Faixa de Gaza A foi realizado por Downey
et al. (2002) identificando o locus no cromossomo 2qll para Al e DCB, homozigota e de carater
recessivo. Os estudos de Michaelides et al. (2004) em uma nova familia afetada em Kosovo, onde
dois meninos também apresentavam altera¢fes oculares e dentais ja descritas na familia da Faixa de
Gaza A, além da Al, os primeiros molares permanentes apresentavam taurodontismo, e presenca de
carie nos dentes deciduos. O tipo de Al foi do tipo Hipoplasica/hipomineralizada. Neste trabalho o
gene CNGA3 tambem foi analisado, descartado como causador das alteracbes oculares e dentais
encontradas.

Polok et al. (2009) analisaram trés familias afetadas com DCB e Al originarias de Kosovo, Libano e
terceira de origem desconhecida. Varios genes ligados a alteragfes oculares foram sequenciados,
sendo observado mutacdes no gene CNNM4 em dois irmdos de Kosovo, uma duplicagédo

homozigotica de um par de bases ¢.1312 dupC. Na familia do Libano com duas irméas e um primo, 0
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sequenciamento mostrou uma mutacdo homozigdtica (c.707G>A) no gene CNNM4 nos trés
individuos afetados. Na familia de origem desconhecida, com um Unico individuo afetado, também
uma mutacdo homozigotica ¢.971T>C foi encontrada no gene CNNM4. Assim, através deste
trabalho, mutagdes em CNNM4 foram confirmadas como responsaveis pelas alteracbes DCB e Al
encontradas nestas familias. Trabalho realizado por Parry et al. (2009) em sete familias sendo da
Faixa de Gaza A, Kosovo, Faixa de Gaza B, Guatemala, Turquia, Ird e Escdcia investigadas com
DCB e Al, através do sequenciamento genético de todos os membros afetados, foi confirmado o
gene CNNM4 como responsavel pelas mutacdes apresentadas. Diante dos achados, Parry et al.

propuseram o termo " sindrome de Jalili  para a desordem investigada.

Os relatos apresentados por Zobor et al. (2012) e Purwar et al. (2015) mostram que a SJ pode
manifestar-se associada a outras anormalidades. Na paciente de Kosovo foi identificada uma
mutacdo no gene CNNM4 igual a encontrada em outra familia ja estudada de Kosovo. Os achados
no paciente da india, oculares e dentais, foram semelhantes aos observados em outras familias

estudadas. O estudo genético dessa familia ndo foi realizado.

A necessidade de melhores estudos dos fendtipos dentais foi observada por Luder et al. (2013),
porque todos os trabalhos publicados até aquele periodo sobre a SJ foram direcionados para area
oftalmoldgica. Entdo, realizou-se analise genética de uma familia de Kosovo, 2 meninos com
distrofia de cones e bastonetes e amelogénese imperfeita, que revelaram mutacdo no gene CNNM4
homozigota ¢.1312dupC; p.L438Pfs9X, pais heterozigotos. Seis dentes deciduos desses pacientes
foram analisados, através de microscopia eletrénica, com espectropia de raios X. Observaram que 0
esmalte dental apresentava deficiéncia em sua mineralizagdo, com decréscimo de célcio (Ca?*), mas
elevado nivel de Mg?*. Em dentina também apresentou mineralizacio deficiente e reducdo no nivel
de Mg?* e nivel normal de Ca?*. As alteracdes oculares foram: fotofobia, reducéo da visdo central,
nistagmo, estrabismo, distrofia macular. A alteracdo dental foi Al do tipo

hipoplasica/hipomineralizada, com dentes cor amarelo/marrom.

Jalili (2010) ao reportar trés membros afetados de uma segunda familia da Faixa de Gaza B, sendo 1
menino (10 anos de idade), e 2 meninas (5 e 6 anos de idade), apresentando DCB e Al. Os trés
irmdos ndo apresentavam outras condi¢cbes médicas associadas. As caracteristicas fenotipicas
encontradas na familia Faixa de Gaza B sdo diferentes das encontradas na primeira familia. Foi
encontrado Al do tipo hipomaturada/hipoplédsica na denticdo decidua e permanente, sendo

observado também mordida aberta anterior (MAA), premaxila pequena em todos o0s trés irméos, o
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que os difere dos membros da familia Faixa de Gaza A, e também presenca de célculo nos dentes no
irmdo mais velho. As alteragdes oculares presentes ja na primeira infancia foram: acuidade visual
diminuida, fotofobia, acromatopsia, nistagmo pendular fino, lesdo macular e todos 0s irméaos
negaram cegueira noturna. Os pacientes de 5 e 6 anos apresentaram acuidade visual diminuida, com
hipermetropia. Foi observado elevada consanguinidade e mutacGes presentes na primeira e segunda
geragdo: mutacdo c.1813C>T; Arg605X. Através de andlises realizadas, mutagdes diferentes no
gene CNNM4 confirmaram o ndo parentesco entre as duas familias da Faixa de Gaza (A e B). Foi
sugerido que essas alteracGes possam estar associadas ao excesso de fllor encontrado nas aguas

subterraneas da regido, devido a acdo mutagénica relacionada ao fluor.

Doucette et al. (2013), estudando acromatopsia no Canada diagnosticou também a SJ em uma
familia de quatro membros afetados apos sequenciamento dos genes CNGA3, CNGB3, CNAT2,
CNNMA4. Os achados oftalmologicos foram: acuidade visual diminuida, nistagmo e acromatopsia.
AlteracGes dentais encontradas: displasia severa do esmalte e dentes extraidos. Em algumas familias
foram encontradas mutagcdes nos genes CNGA3, CNGB3, CNAT2, o que justificou a presenca da
acromatopsia em alguns membros. No gene CNNM4 foram identificadas as seguintes mutagdes:

€.1555C>T: p.R519X constituindo assim o primeiro caso de SJ na America do Norte.

Gerth-Kahlert et al. (2013) realizaram analises genéticas em duas irmas (15 e 16 anos de idade) de
Kosovo. Em uma das irmas foi observado, através de exame de fundoscopia, atrofia macular severa
em aspecto de olho de boi e na outra uma distrofia retiniana menor. Também apresentava nistagmo
pendular. As duas pacientes apresentavam Al. Duas mutagdes foram identificadas c¢.1312dupC,
p.L438Pfs9.

Topgu et al. (2016) descreveram 3 irmds com 14, 12 e 8 anos de idade, originarias da Turquia,
apresentando Al e DCB. Apds analise genética dos pais de casamento consanguineo, foi confirmada
mutacdo no gene CNNM4, homozigoto ¢.21781A>G; p.N594S no exon 4. As alteragdes oculares
encontradas nas trés irmas foram: acuidade visual diminuida com hipermetropia. Ndo apresentavam
dificuldade visual a noite, fotofobia e nistagmo. Fendtipo dental observado nas 3 irmds: a del4 anos
apresentava denticdo permanente com diastemas generalizados e tamanho pulpar normal. Paciente
12 anos apresentava denticdo mista e diastemas generalizados, tamanho pulpar normal, lesdo apical,
higiene bucal deficiente, clculos, periodontite, restauracdes nos dentes 26/46, extracdo do dente 36,

tratamento endoddntico dos dentes 31/41, dentes 38/48 impactados na mandibula. Paciente 8 anos
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apresentava denticdo mista, dentes permanentes em erupcdo 11/ 21/ 16/ 26/ 31/ 36/ 41/ 46 e o tipo
de Al encontrado foi hipoplésica/hipomineralizadas, dentes cor amarelo/marrom.

Kiessling et al. (2016) analisaram 2 pacientes: uma mulher com 20 anos e um homem com 16 anos
de idade, ambos com DCB e Al, pais de casamento ndo consanguineo, que ndo apresentavam
alteracdes visuais e dentais, sendo naturais de Kosovo. Ambos pacientes apresentavam acuidade
visual diminuida desde quatro anos de idade, também os dentes deciduos e permanentes
apresentavam cor amarelada com defeito no esmalte, sinais de Al e cariados. As alteracdes oculares
encontradas aos seis anos foram DCB com presenca de degeneracdo macular, nistagmo e
dificuldade de enxergar no escuro. Aos dez anos o0s exames oftalmolégicos confirmaram também
acromatopsia, aos 17 anos constatada uma progressdo do quadro clinico. O sequenciamento
genético revelou a presenca de mutacdo heterozigota ¢.1312dupC e segunda mutacéo ¢.694 722del;

pll no exon 1 localizado no CBS dominio do gene CNNM4.

Malik et al. (2016) confirmaram em estudo de um homem, origem Paquistéo, 35 anos de idade, sem
alteracdes fisica e mental, apresentava alteracdo de acuidade visual diminuida e miopia. Ao exame
de fundo de olho, foi observado pigmentacdo em aspecto de espiculas dsseas e alteracdo macular.

Os dentes com anormalidades em sua formac&o, cor amarelada. Néo foi realizado estudo genético.

Rahimi-Aliabadi et al. (2016) relataram um trabalhno em uma extensa familia com alto grau de
consanguinidade, do Iran, com 24 membros afetados. O estudo genético foi realizado em apenas 4
membros, de acordo com o heredograma. Dois pacientes, um com 32 anos e outro com 39 anos,
ambos do sexo feminino, apresentavam retino-distrofia desde periodo neonatal, com grave
deficiéncia visual, fotofobia, nistagmo fino, progressiva deficiéncia visual, catarata, coloboma e
aglomerados de pigmentos e pontos esbranquicados na retina. No paciente de 25 anos do sexo
masculino foram encontrados alteragdes apresentadas desde primeira infancia, fenotipo menos
grave com suave atrofia macular nos dois olhos, pigmentacdo na regido periférica da retina,
nistagmo pendular latente, fotofobia, deficiéncia visual média e estrabismo. No paciente de 27 anos
do sexo masculino apresentou altera¢fes desde o nascimento, como nistagmo, fotofobia, deficiéncia
visual, coloboma macular, pigmento regido méacula e periférica da retina e exames dentais foram
diagnosticados com Al. Andlise do sequenciamento do DNA revelou mutacdo homozigota e
mutacdo heterozigota para os pais. A mutagdo foi dele¢do nucleotideo G (c.1091delG), no exon 1
do gene CNNM4.
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Jaouad et al. (2017) analisaram estudo genético de uma extensa familia consanguinea do Marrocos,
com trés irmdos afetados pela sindrome de Jalili., identificado uma nova mutagdo homozigoto
(c.1682-1G> C) no gene CNNM4.

Wawrocka et al. (2017) identificaram em 3 irm&os poloneses, com SJ associada ao crescimento
excessivo dos musculos das pernas, e uma nova mutagdo homozigota (c.1076T>C, p. Leu 359Pro)
para 0 gene CNNM4 foi observada. Os resultados encontrados ampliam o espectro mutacional
associado a SJ, sugerindo que a hiperplasia dos musculos da perna, pode ser uma manifestacdo
identificada da desordem, sendo este o primeiro relato desta manifestacao. Para os pacientes com SJ

foi recomendado exames de creatina quinase e EMG.

Outras familias com caracteristicas para SJ foram identificadas, com novas mutacdes no gene
CNNM4: Coppieters et al. (2014) ¢.189del; Asp63Glufs*12, Prasad et al (2015) c.1495G>A;
p.[V499M], Lopez Torres et al. (2015), c.[1474G>T]; p. C492, Wang et al. (2015), ¢.896_897insT;
p.A300CfsX22, Pennesi et al. (2015) c.1307delC, p.T436fs/c.C1690T, p.Q564X, Huang et al
.(2012) c.47G>A; p.Argl6His.

O presente estudo se justifica pelo fato de serem as primeiras familias brasileiras descritas com a SJ,
sendo este diagndstico importante para avaliar outros quadros clinicos semelhantes como hipdtese
diagnostica. Enfatiza-se a importancia do tratamento multiprofissional adequado aos individuos
afetados, bem como orientacdo genética as familias, contribuindo assim com uma melhora na
qualidade de vida desses pacientes. Além disso, a importancia da amelogénese imperfeita como
manifestacdo de condicOes sistémicas. Este trabalho faz parte da continuidade das investigacOes
cientificas de doencas genéticas com envolvimento orofacial, que tém sido desenvolvidas no

Programa de Pds-graduacdo em Ciéncias da Saude da Universidade Estadual de Montes Claros.



33

2 OBJETIVOS

2.1 Objetivo Geral

Avaliar as caracteristicas clinicas, imaginoldgicas e genéticas em duas familias acometidas
pela sindrome de Jalili.

2.2 Objetivos Especificos

Avaliar e descrever as caracteristicas clinicas e imaginoldgicas dentarias dos individuos
afetados com a sindrome de Jalili.

= Avaliar as caracteristicas oculares dos individuos afetados com sindrome de Jalili.

Realizar o sequenciamento genético nos membros das familias com a sindrome de Jalili e
descrever as expressdes génicas manifestadas.
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3 METODOLOGIA

3.1 Tipo de pesquisa

Trata-se de um estudo transversal, clinico e laboratorial.

3.2 Populagdes do estudo

Foram avaliados membros de duas familias, que apresentam caracteristicas da sindrome de Jalili,
sendo uma residente no municipio de Porteirinha — Minas Gerais e a segunda residente no

municipio de Americana — So Paulo.

3.3 Avaliacg0es clinica e radiografica

Foram avaliados e fotografados todos os membros afetados e ndo afetados pela SJ, identificados:
dados referentes exame intrabucal foram coletados através de uma ficha (Anexo B). As avaliacdes
clinicas foram realizadas por dentistas especialistas em odontopediatria, estomatologia e patologia.
Radiografias intra e extrabucais foram realizadas em clinica especializada. E exames oftalmolégicos
foram realizados por oftalmologistas e geneticistas, apresentando exames: Retinografia,

eletroretinografia (ERG), Tomografia de coeréncia dptica (TCO).

3.4 Avaliacdo genetica

Apbs coletados os dados clinicos, foi confeccionado um heredograma de cada familia, para melhor

entendimento da transmissdo da condigdo entre os membros das familias, através das geragdes
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afetadas. Foi realizado sequenciamento genético a partir do DNA dos individuos afetados e nédo
afetados de cada familia.

3.5 Amostras

Membros de uma familia residente no municipio de Porteirinha - MG, sendo o pai, a mae e um filho
normais e uma filha com caracteristicas fenotipicas da SJ. Também membros da familia residente
no municipio de Americana - SP, sendo made sem alteragdes, pai também apresentava sem

caracteristicas fenotipicas e uma filha com caracteristicas fenotipicas da SJ.

3.6 Coletas das Amostras de células bucais

As amostras de células bucais foram coletadas por meio de um bochecho, por 60 segundos com 5
mL de uma solugdo aquosa de sacarose a 3%. O contetdo resultante do bochecho foi transferido
para um tubo de 15 mL, o qual continha o volume de 3 mL de uma solucdo 66% alcodlica contendo
17 mM Tris-HCI pH 8, 5 mM NaCl e 7 mM EDTA.

3.7 Isolamento do DNA

A cada tubo foi adicionado agua destilada e deionizada autoclavada g.s.p. 15 mL (FANEM,
mod.415). Apos centrifugacdo e descarte do sobrenadante, o precipitado foi lavado e centrifugado
(Eppendorf, centrifuge 5430R) em solugdo aquosa, contendo 17 mM Tris-HCI pH 8, 50 mM NaCl e
7 mM EDTA. Novamente o sobrenadante foi descartado e o precipitado ressuspendido em 1 mL de
solucdo de lise contendo 10 mM Tris-HCI pH 8, 0,5% dodecil sulfato de sédio (SDS), 5 mM
EDTA, incubado a 50°C por 1 hora, apés este tempo foi adicionado 10 pl de proteinase K
(Invitrogen, USA) e encubado em movimento continuo semicircular. Apés 16 horas de incubagéo,
adicionamos 470 ul de uma solugao aquosa de 8M de acetato de aménio. A mistura foi centrifugada

por 10 min a 14.000 rpm a 4°C. O precipitado de DNA foi adquirido apds adi¢do de 540 pl
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isopropanol ao sobrenadante e centrifugado (14.000 rpm por 5 min a 4°C). Para o término da
purificacdo foi adicionado 1mL de etanol 70% gelado e centrifugado (14.000 rpm por 5 min a 4°C),
removemos 0 sobrenadante, seco e foi ressuspendido em tampdo Tris-EDTA (TE Buffer). A
determinacdo da concentracdo e pureza das amostras foram determinadas por espectrofotometria
utilizando a razdo 260/280 nm em que valores inferiores a 1,7 indicam contamina¢do com proteina

e valor superior a 2 indica contaminagdo com RNA.

3.8 Sequenciamento genético

Inicialmente, foram selecionados os primers para avaliacdo de todos os éxons do gene CNNM4
através da realizacdo de reacdo em cadeia de polimerase (PCR) e separacdo dos fragmentos

amplificados através da eletroforese em gel.

Todos os fragmentos amplificados foram purificados com Quick Gel Extraction Kit da Invitrogen
seguindo as recomendacdes do fabricante. Em seguida, foram quantificados e analisados a sua
integridade através do espectrofotometro Nanodrop 2000 (Nanodrop 2000c Thermo Scientific)

conforme o fabricante.

Para a reacdo de sequenciamento dos fragmentos gel purificados utilizou-se o Big Dye Cycle
Sequencing Kit. Na reagdo de sequenciamento, um primer se liga especificamente a sequéncia
complementar e os nucleotideos sdo incorporados de acordo com a fita molde. Nesta etapa ocorre a
incorporacdo da fluorescéncia aos nucleotideos da fita de DNA. As amostras receberam formamida
e foram encaminhadas para o termociclador (Applied Biosystems) para a rea¢do de desnaturacéo.
ApoOs esta etapa, as amostras foram encaminhadas para o sequenciador, modelo ABI Prism 3500
Genetic

Analyzer (Applied Biosystems, Foster City, CA, USA).

A anélise do sequenciamento foi realizada a través do programa Sequence Scanner Software 2.
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4 PRODUTOS

4.1 Produto 1: Report of two unrelated families with Jalili syndrome and a novel nonsense
heterozygous mutation in CNNM4 gene, formatado segundo as normas para publicacdo (ANEXO C)
do periodico European Journal of Medical Genetics.

Running title: Mutations in CNNM4 gene and Jalili syndrome.
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Abstract

Jalili syndrome (JS) is an autosomal recessive disease characterized by a combination of
cone-rode retinal dytrophy (CRD) and amelogenesis imperfect (Al). Mutations in cyclin
and CBS domain divalent metal cation transport mediator 4 (CNNM4) gene cause JS. Here
we described 2 families (3 members) affected by JS. In the first family, JS was caused by
the homozygous p.L324P (c.971T>C) missense mutation and the affected patient
developed both CRD and Al. In the second family, a specific combination of a compound
heterozygous mutation was found — the p.L324P (c.971T>C) missense transition and
thenovelp.Y581* (c.1743C>G) nonsense mutation. The proband showed CRD and Al, but
her father just developed eye alterations. Together, these findings suggest that the p.L324P
mutation in homozygosis induces a complete phenotype with both CRD and Al, but in
heterozygosis and in composition with the novel p.Y581*nonsense mutation in CNNM4
promotes variable clinical expressivity, particularly with lack of dental phenotypes. These
different phenotypes could be explained by deletions affecting the proband’s homologous
allele, epistasia or interactions with environmental factors leading to residual activity of

protein.

Keywords: Jalili syndrome; Cone-rod dystrophy; Amelogenesis imperfecta; CNNM4;

mutation.
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1. Introduction

Jalili syndrome (JS; MIM#217080) is a rare genetic disorder characterized by cone-
rode retinal dystrophy (CRD, MIM #120970) and amelogenesis imperfecta (Al, MIM
#204700). Both CRD and Al may occur isolately and in combination characterizing JS.
CRD is a heterogeneous group of eye disorders that causes degeneration of the
photoreceptors of cones and, subsequently, of rods. The clinical characteristics are
observed in the first years of life and usually are accompanied by photophobia, loss of
central vision, achromatopsia, pendular nystagmus and progressive macular dystrophy
(Hamel, 2007). The Al refers to a group of genetic alterations, which interferes in dental

enamel formation, affecting its structure and clinical appearance (Aldred et al., 2003).

JS was initially described in a Arab family living in the Gaza strip by Jalili & Smith
in 1988 and attually has been reported in 31 families worldwide (Jaouad et al., 2017;
Wawrocka et al., 2017). Mutations in the cyclin and CBS domain divalent metal cation
transport mediator 4gene (CNNM4; MIM #607805), localized in cromossome 2q11.2, are
related to JS. CNNM4 codifies a metal transporter protein belonging to a family of 4
proteins localized on the plasmatic membrane (Garcia et al., 2011). The protein encoded by
CNNM4 is especially involved on magnesium ion transportation and is expressed in several
tissues, including retina and dental enamel (Parry et al., 2009; Polok et al., 2009; Yamazaki
et al., 2013). In retina, CNNM4 protein participates on the phototransduction cascade,
converting luminous into electrical stimulus, whereas in the dental enamel, CNNM4 protein
is essential for formation of hydroxyapatite during the mineralization process (Parry et al.,
2009; Polok et al., 2009).To date, 22 mutations in CNNM4 have been reported in 108 cases
of JS in the world, mainly in Middle Eastean countries (Jaouad et al., 2017; Wawrocka et
al., 2017). Here, we report the 2 first families with JS in Brazil. Molecular analysis of the

first family identified a previously described homozygous mutation (p.L324P) in exon 1 of

40



CNNM4 gene. In the second family, affected patients demonstrated acompound

heterozygous mutation in CNNM4, the p.L324P and the novel nonsense mutationp.Y581*.

2. Clinical description

In this study, we examined two Brazilian families. Family A: a 8-year-old girl,
second child of a consanguineous marriage (third cousins), was referred to Stomatology
clinic, State University of Montes Claros, Minas Gerais, Brazil, to dental evaluation. At
age of 5 years, the proband presented visual impairment and in the ophthalmological
evaluation revealed absence of recordable scotopic responses and had a diagnosis of
Leber’s congenital amaurosis. The best-corrected visual acuity was 20/640 in the right eye
and 20/1600 in the left eye with Snellen chart. The refractive error was + 5,00 sphere in
both eyes. After 3 years, the patient was reavaluated with the complains of photophobia,
pendular nystagmus and achromatopsia (Fig. 1A). Fundus examination showed retinal
dystrophy with decreased macular reflex (Fig.1B) and macular pigmentation mobilization
(Fig. 1C) were observed.Optical coherence tomography showed a significant reduction in
the thickness of the neurosensory retina in the macula and absence of the outer layer of the
subfoveal photoreceptors (Fig. 1D), and the electroretinogram pointed out for a complete
absence of cone and rod responses (Fig. 1E). The patient complained also about her teeth,
and the ophthalmologist referred the patient for dental evaluation. Oral examination
revealed a mixed dentition, with generalized diastema and primary and permanent teeth
with yellowish discoloration, rough surfaces and conspicuous and irregular defects,
characterizing hypoplastic Al (Fig. 1F). No eye and dental abnormalities were observed in

other members of this family (Supplementary Fig. 1A).

Family B: the proband with 9-year-old, the only daughter of a non-consanguineous

marriage, was referred to Department of Medical Genetics, State University of Campinas,



Sdo Paulo, Brazil, at the request of a pediatric neurologist to genetic analysis, with previus
diagnosis of retinal dystrophy. In the examination, the proband reported nystagmus,
photophobia and reduced visual acuity (Fig. 2A) since the first years of life.
Ophthalmologic examination revealed macular and optic atrophy, decreased retinal
thickness and reduced cone responses, but normal rod responses (Fig. 2 B, C, D, E). Oral
examination showed generalized yellow to yellowish-brown teeth with rough surfaces and
some irregular defects (Fig. 2F). The parents were evaluated and her father (37-year-old)
showed strabismus and inability to see clearly with right eye since childhood (Fig. 1G). On
ocular examination, proband’s father had reduced visual acuity and refractive error of
+4.00 in the right eye. Color vision testing and pupillary reflexes were normal, but fundus
examination showed generalized depigmentation with bilateral pale disk (Fig. 2 H, I).
Optical coherence tomography (OCT) showed thickening of the inner nuclear layer with
hyporeflective cysts near the fovea (Fig. 2 J) and the ellipsoid zone appeared to be
preserved in both eyes (Fig. 2 K). Optic disc OCT showed diffuse reduction of the nerve
fiber layer in both eyes (Fig. 2 L, M). A multifocal electroretinogram was recorded with no
abnormalities. Although partially edentulous, the teeth were of normal aspect and
consistency (Fig. 2N). The health of the proband’s mother was unremarkable

(Supplementary Fig. 2A).

3. Methods

This study was approved by the Institutional Review Board (#1.293.651) and written
informed consent to participate in the study was obtained from all subjects and guardians
of children, in compliance with the World Medical Association Declaration of Helsinki,

Ethical Principles for Medical Research Involving Human Subjects.
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3.1 Genetic analysis of CNNM4 gene

Genomic DNA was isolated from the buccal mucosa cells as previously described
(Aidar and Line, 2007). Direct DNA sequencing of PCR products was performed using the
Big Dye Terminator v 3.1 Cycle Sequencing Kit and migrated on capillary 3500 Genetic
Analyzer (Applied Biosystems, Foster City, CA, USA). The CNNM4 gene was amplified
by PCR using primers designed to amplify all 6 exons and their flanking splice junctions

(Suplemmentary Table 1).

4. Results

4.1 Genetic analysis

Family A: mutational screening of the affected patient showed a homozygous T to
C transition at position 971 (c.971T>C), which lead to the change of a leucine (L) for a
proline (P) in the codon 324 (p.L324P). This mutation was observed in her parients, but
with a heterozygous pattern. Her brother did not show similar mutation (Supplementary

Fig. 1).

Family B: the affected members of this family demonstrated a compound mutation
in CNNM4: the p.L324P mutation in exon 1 andthe undescribed mutation represented by a
C for G substituition at nucleotide 1743 (c.1743C>G), leading to the change of a tyrosine
(Tyr, Y) for a stop codon (Stop, *) at position 581 (p.Y581*) (Supplementary Fig. 2). The
premature termination at amino acid 581, abolishing the carboxyl-terminal region of
CNNM4 protein.

5. Discussion

Since the first identification of CNNM4 mutation in JS patients (Jalili and Smith,

1988), 22 different mutations have been reported in patients with this syndrome. Most are
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missense mutations, products of single aminoacid substitution, located in the DUF21 and
CBS domains of CNNM4 protein (Jaouad et al., 2017; Wawrocka et al., 2017). Mutations
in this region presumably affected the divalent metal transporter function of CNNM4
protein.This study confirmed that the ¢.971T>C (p.L324P) transition in CNNM4, in
homozygosis, is a potentially pathogenic and deleterious mutation. The p.L324P mutation
was previously described in a Scottish family and an unreported origin family (Parry et al.,
2009; Polok et al., 2009). The patients with 2 copies of the p.L324P mutation displayed the
classical combination of CRD and Al. Furthermore, we found the p.L324P mutation
segregated in heterozygosis in phenotypically affected patients with JS. These patients
carry a compound heterozygous mutation, the other allele bore the undescribed new
heterozygous ¢.1743C>G transversion, leading to a p.Tyr581* (Y581*) mutation on exon 4
of the CNNM4 gene. At this genotype, the syndrome showed variable clinical expressivity,
suggesting that the mutant protein carrying the compound variants is partially active
inducing a variable and less severe phenotype than the mutations in homozygosity.
Structurally, CNNM4 (UniProtKB/Swiss-Prot code Q6P4Q7) is a multidomain
protein formed of a DUF21 domain (residues 184-358), that includes a leucine-zipper
pattern (residues 188-209) and 4 transmembrane helices (residues 182-204, 239-261, 265-
287 and 294-316), a cyclin-box motif domain (residues 548-578), a cyclic nucleotide
monophosphate (c(NMP)-binding domain (residues 575-695), similar to that usually present
in ion channels and cNMP-dependent kinases, and 2 consecutive cystathionine-synthase
(CBS) domains (residues 377-438 and 445-511) that presumably exert a regulatory role on
its biological activity (Garcia et al., 2011). Among JS mutations found in the literature, the
most commun are in DUF21 and CBS domains (Jaouad et al., 2017; Wawrocka et al.,
2017). In this study, the family A showed the homozygous mutation in the DUF21 domain

and the family B in the CBS domain. To data, no known of the physiological importance of
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DUF21 domain, even that point mutations were found in several JS cases. CBS domains
are considered to be energy-sensing modules that bind adenosine ligands with different
affinities (Scott et al., 2004), although their exact functions are still poorly understood. For
instance, CBS domains are involved in the gating of osmoregulatory proteins (Biemans-
Oldehinkel et al., 2006), in the transport and binding of Mg2+ (Ishitani et al., 2008), in the
modulation of intracellular trafficking of chloride channels (Carr et al., 2003), in nitrate
transport (De Angeli et al., 2009) and as internal inhibitors of pyrophosphatase activity
(Tuominen et al., 2010). Despite their low degree of sequence similarity, CBS motifs share
common structural properties, either isolated or as a domain of larger proteins.
Interestingly, mutations in other CBS domain-containing proteins have been associated
with several hereditary diseases beyond JS, as retinitis pigmentosa, homocystinuria,
familial hypertrophic cardiomyopathy with Wolff-Parkinson-White syndrome, myotonia
congenital, idiopathic generalized epilepsy, Dent’s disease, osteopetrosis and Bartter

syndrome (Ignoul and Eggermont, 2005).
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Figure Legends

Fig. 1. Images of the proband (Family A). (A) Slight facial asymmetry, upper third of the face
increased and eyes slightly closed due to photophobia. Right (B) and left (C) eye fundus
photography revealing duct-retinal atrophy and presence of macula pigmentation. (D) The
optical coherence tomography showed areduction of sensorineural retinal thickness in the
macula and absence of the outer layer of subwave photoreceptors. (E) The electroretinogram
dipcted absence of rod and cone responses. (F) Mixed dentition with hypoplastic

amelogenesis imperfecta and restoration in some teeth.




50

Fig. 2. Images of the proband and his father (Family B). (A) Slight facial asymmetry and
upper third of the face increased. Right (B) and left (C) eye fundus photography revealing
macular and optic atrophy. (D, E) Electroretinogram showing normal of rod response (D) and
absence of cone response (E). (F) Mixed dentition with hypoplastic amelogenesis imperfecta.
(G) Photograph of the proband’s father revealed strabismus. (H, I) Fundus photograph
showing generalized depigmentation with bilateral pale disk in both eyes. (J) Optical
coherence tomography showing thickening of the inner nuclear layer near with hyporeflective
cysts near the fovea and (K) the ellipsoid zone preserved. (L, M) Optical coherence
tomography of optic disc showing diffuse reduction of nerve fiber layer in both eyes. (N)

Photograph of mouth showing teeth with intact dental enamel.
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Supplementary Figure 1. Family A heredogram and identification of missense mutation in
CNNM4 gene.(A) Pedigree of the studied family. Filled symbols represent affected
individuals and open symbols represent unaffected individuals. (B, C, D) Representative
electropherogram of DNA sequencing from the proband and her family, showing the
proband’s brother with native sequence (B), the proband’s parents with heterozygous p.L324P

(C) and the proband with homozygous p.L324P mutation (D) in CNNM4.
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Supplementary Figure 2. Family B heredogram and sequence analysis of CNNM4 gene.(A)
Pedigree of the studied family. Black and grey filled symbols represent affected individuals
and open symbols represent unaffected individuals. (B) Representative electropherogram of
DNA sequencing from the proband and her father with a ¢.971T>C, CTG>CCG transversion,
which results in a p.Leu324Pro (L324P) mutation in the 1 exon and a ¢.1743C>G, TAC>TAG
transversion, with results in a p.Tyr581* (Y581*) mutation in 4 exon ofCNNM4. (C) The

proband’s mother showed native sequence.
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Supplementary table 1: Primers of CNNM4 exons.

CNNM4 Primer Product length °C*
F1: CCACCTTAAGCGACTGTACC
513 52
R1: TCAGGTTGCTGGAGATGTTG
F2: ATGGCATCATCTTCGTGTCC
390 57
R2: GCAGCACCGTAATTAGGAGAA
F3: CAAGGACTCACTGCTCTTCAT
Exon 1 282 59
R3: ATTGTGAGGGAGGTGTTGAC
F4: ACCTCCCTCACAATCCTTCTA
285 57
R4: CTCCGTCACCTTCAACATCTC
F5: CTTCAACACCATGTCGGAGATA
245 59
R5: GGGAACTACATCTGGCCTTAC
F1: CCCATCCTGGTGACTTATGAC
Exon 2 319 57
R1: CAGCTAGGGACACCAAGTTT
F1: TCCAGTCTCTTCCTAAGTCCTC
Exon 3 241 57
R1: GTGACCGTATTTCCACCAAGA
F1: ACAGCAGTGATCGAGCTTTAG
Exon 4 318 59
R1: AGCAGGTGGGAGAGAGG
F1: CCCACTGTCCCTTGTTCCT
Exon 5 270 57
R1: CATGCTCAGTTCTGGTGTCG
F1: CTCTCAACTCACAGCCTCAATC
Exon 6 380 59

R1:

GGACTAACAGGTTCCCTCTCT

*Annealing temperature
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5 CONCLUSOES

Através das avaliagdes clinicas, imaginologicas e de fotografias realizadas nas duas familias,
confirmou-se a presenca de amelogénese imperfeita do tipo hipoplasica nas duas filhas
(Familia A e B), sendo este tipo de amelogénese imperfeita j& manifestada em outras
familias reportadas. Revelou-se também auséncia de amelogénese imperfeita no pai da
familia B,variacdo fenotipica ainda ndo relatada em estudos anteriores, levando a suspeitar

de penetrancia incompleta no gene CNNM4.,

As avaliagBes oculares realizadas através de exames clinico e oftalmoldgico, vieram
corroborar nos membros afetados das duas familias (A e B), presenca de alteragdes oculares,
caracterizando distrofia de cones e bastonetese presenca de lesdo macular do tipo 2,

alteragOes ja descritas em outras familias estudadas.

Os achados obtidos nas avaliagcdes clinicas e genéticas vieram confirmar a presenca de
mutacdes no gene CNNM4 com variacdo fenotipica-genotipica, sugerindo que os eventos
epistaticos, os efeitos ambientais ou a atividade restante da proteina podem modular as
variacdes clinicas e a gravidade da sindrome de Jalili.

Diante das confirmacdes oculares, dental e genética, estas duas familias caracterizam os

primeiros casos descritos da sindrome de Jalili no Brasil.
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6 CONSIDERACOES FINAIS

A partir dessa pesquisa, enfatiza-se a importancia de trabalho multidisciplinar entre dentista

e oftalmologista para diagnostico adequado da sindrome de Jalili.

O tratamento odontolégico multidisciplinar (endodontia, prétese, dentistica, ortodontia)
permitira que 0s pacientes sintam menos as consequéncias da amelogénese imperfeita,
através de cuidados preventivos, reabilitacdo estética e funcional, proporcionando melhora
da mastigacdo, reducdo da hipersensibilidade dentinaria, refletindo positivamente na
autoestima do paciente. Enquanto o tratamento oftalmol6gico possibilitara o uso de métodos
para que 0S pacientes possam enxergar com a porcentagem de visdo que possui, além de

diminuir os efeitos da fotofobia apresentada.
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APENDICE

APENDICE A - Termo de Consentimento Livre e Esclarecido

Estudo: Correlagdo fen6tipo-geno6tipo na sindrome de Jalili.

Responsavel: Hercilio Martelli Janior

Antes de aceitar a realizacdo desta pesquisa, € importante a explicacdo e compreensdo sobre 0s
procedimentos propostos. Esta declaracdo descreve o objetivo, os procedimentos, beneficios, riscos,
desconfortos e precaucbes do estudo. Nenhuma garantia ou promessa pode ser feita sobre os

resultados do estudo.

1- Objetivo: Avaliar as caracteristicas clinicas, imaginologicas e genéticas em uma familia

acometida pela sindrome de Jalili.

2- Metodologia/procedimentos: O presente estudo serd em familiares portadores de alteracdes
clinicas médicas e odontologicas. Serdo realizadas avaliagdes médicas e odontoldgicas. Os
pacientes com alteracdes dentarias e ou médicas deverao ir a Montes Claros, para realizar exames
especificos da visdo e radiografias dentarias. Serdo realizadas fotografias das regiGes que
apresentarem alteracdo. Também sera coletado saliva dos pacientes para estudo genético.

3- Justificativa: Em decorréncia da raridade e falta de conhecimento médico sobre a sindrome de
Jalili e suas repercussdes organicas, destaca-se a importancia de se estudar esta anomalia em todos

0s seus aspectos, de modo a auxiliar no diagnostico, tratamento e aconselhamento genetico.

4- Beneficios: Diagnostico, aconselhamento genético e possivel tratamento dos pacientes

acometidos, além de descobrir novas informacdes sobre esta sindrome.

5- Desconfortos e riscos: Os pacientes com alteracGes dentarias e ou médicas deverdo ir a Montes
Claros, para realizar exames especificos da visdo e radiografias dentarias, mas todas as medidas de

biosseguranca serdo tomadas para amenizar os desconfortos e riscos possiveis.
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6- Danos:Nenhum dano esté previsto. Os participantes desta pesquisa ndo terdo nenhuma despesa

com exames e viagens decorrentes desta pesquisa.

7- Metodologia/procedimentos alternativos disponiveis:Nenhum

8- Confidencialidade das informagdes: Pretende-se divulgar os resultados desta pesquisa no meio
cientifico, mas ndo incluirdo informacBes e nem imagens que permitam a identificacdo dos

participantes.

9- Compensacao/indenizacdo: Nenhum

10 - Consentimento:

Li e entendi as informacdes precedentes. Tive oportunidade de fazer perguntas e todas as minhas
davidas foram respondidas a contento. Este formulario est4 sendo assinado voluntariamente por
mim, indicando meu consentimento para a realizacdo desta pesquisa, até que eu decida o contrario.
Receberei uma cépia assinada deste consentimento. Qualquer davida, poderei entrar em contato
com o responsavel por esta pesquisa, Hercilio Martelli Junior, através dos telefones (038) 8687-
2275 e (38) 3224-8372.

Nome do participante Data Assinatura do responsavel

Nome da testemunha Data Assinatura da testemunha

Nome do coordenador da pesquisa Data Assinatura do coordenador da pesquisa
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ANEXOS

ANEXO A - Parecer do Comité de Etica em Pesquisa - Projeto: Correlagdo fen6tipo-gen6tipo na

sindrome de Jalili

Este estudo foi conduzido de acordo com o0s preceitos determinados pela resolugéo 466/12 do
Conselho Nacional de Saude do Ministério da Saude, e pela resolucdo CFO 179/93 do Cddigo de
Etica Profissional Odontoldgico. Este projeto de pesquisa foi submetido e aprovado pelo Comité de
Etica em Pesquisa da Universidade Estadual de Montes Clarossob parecer n°1.293.651. Além disso,
todos os participantes ou responsaveis legais pelo mesmo assinardo um Termo de Consentimento de
Esclarecimento Livre (Apéndice A) concordando em participar da investigacdo cientifica e seréo
informados oralmente e em linguagem compreensivel dos objetivos e justificativa do estudo, bem
como do direito de desistirem da pesquisa a qualquer momento. Medidas protetoras contra radiagéo
serdo usadas durante os exames imaginoldgicos. Serdo também garantidos a privacidade,
confidencialidade e anonimato das informacdes coletadas. Somente a partir da obtencdo do

consentimento, foram realizadas as entrevistas e consultas.

Os menores de idade ficaram sob a responsabilidade de seus pais ou responsaveis, sendo a

participacdo autorizada pelos mesmos.
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ol E UNIVERSIDADE ESTADUAL DEMONTES CLAROS -UNIMONTES

6H

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Correlacdo fenétipo-gendtipo na sindrome de Jalili

Pesquisador: LUCIANO SOLIA NASSER

Area Tematica:Genética Humana:

(Trata-se de pesquisa envolvendo Genética Humana que ndo necessita de analise ética por parte da
CONEP)

Versdo:4

CAAE: 45864815.3.0000.5146

Instituicdo Proponente: Universidade Estadual de Montes Claros - UNIMONTES

Patrocinador Principal: Financiamento Préprio

DADOS DO PARECER
Numero do Parecer: 1.293.651

Apresentacao do Projeto:
A pesquisa trata-se de estudo quantitativo e descritivo com o objetivo de avaliar as caracteristicas

clinicas, imaginologicas e genéticas em uma familia acometida pela sindrome de Jalili. Seréo

estudados todos os membros de uma familia previamente identificada com caracteristicas sugestivas
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de sindrome de Jalili, residente no municipio de Porteirinha, localizada no norte de Minas Gerais, a
174 Km de Montes Claros. Os pacientes serdo submetidos a avaliagdes oftalmolégicas e
odontoldgicas, além de fotografias. Aqueles com alteracdes serdo encaminhados para avaliacfes
oftalmoldgicas, odontoldgicas e tomografias orofaciais. Também sera coletada saliva dos pacientes

para avaliacdo genética.

Objetivo da Pesquisa:

Avaliar e descrever as caracteristicas clinicas, imaginoldgicas, genéticas e o padrdo de heranca em

uma nova familia acometida pela sindrome de Jalili.

Avaliacdo dos Riscos e Beneficios:

Riscos: Os pacientes com alteracdes dentérias e ou médicas deverdo realizar exames especificos da
visdo e tomografias dentérias, mas todas as medidas de biosseguranca serdo tomadas para amenizar
os desconfortos e riscos possiveis. Para o exame oftalmoldgico, serdo pingadas 3 gotas de colirio
tropicamida em cada olho a fim de dilatar a pupila.

Beneficios: Quanto aos beneficios, informacGes de diagnostico, aconselhamento genético e
tratamento dos pacientes acometidos, com corre¢do dos erros de refracdo com Oculos feitos por
ofalmologista treinado em baixa visdo e reabilitacdo da estética dentaria com cirurgido-dentista
experiente em amelogénese imperfeita.

Maior conhecimento acerca da sindrome.

Comentarios e Consideracdes sobre a Pesquisa:

Pesquisa relevante acerca da sindrome de Jalili.

Considerac0es sobre 0os Termos de apresentacéo obrigatoria:

Adequados.
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Recomendacoes:

Apresentacdo de relatério final por meio da plataforma Brasil, em "enviar notificacao".

Conclusdes ou Pendéncias e Lista de Inadequagdes:

Aprovado.

Considerac0es Finais a critério do CEP:

O projeto respeita 0s preceitos éticos da pesquisa em seres humanos, sendo assim somos favoraveis

a aprovacdo do mesmo.

Endereco: Av. Dr. Rui Braga s/n-Camp Univers Prof® Darcy Rib
Bairro: Vila Mauricéia CEP: 39.401-089 UF: MGMunicipio: MONTES CLAROS
Telefone: (38)3229-8180 Fax: (38)3229-8103 E-mail: smelocosta@gmail.com



e ™ UNIVERSIDADE ESTADUAL DEMONTES CLAROS — UNIMONTES

Este parecer foi elaborado baseado nos documentos abaixo relacionados:
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2015 igitalizado.pdf 22:34:42

Tipo Documento Arquivo Postagem Autor Situacédo
Informagdes Bésicas |PB_INFORMACOES BASICAS DO P |21/09/2015 Aceito
do Projeto ROJETO_526455.pdf 13:22:59
Folha de Rosto Folha_de_rosto.pdf 21/09/2015 [LUCIANO SOLIA Aceito

13:22:21 NASSER

Outros Termo de assentimento S. Jalili- CEP-  |09/08/2015 Aceito

digitalizado Nésse-projeto S. Jalili sem 17:53:40

Rx 09-08-15.pdf

TCLE / Termos de Termo de consentimento livre e 09/08/2015 Aceito
Assentimento / esclarecido- projeto S. Jalili 2015 sem 17:51:45
Justificativa de Rx 09-08-15.pdf
Auséncia
Projeto Detalhado / Projeto sindrome de Jalili 2015- Célia 09/08/2015 Aceito
Brochura Maia- word 32 correcdo sem Rx.docx 17:50:39
Investigador

Fonte de recursos projeto S. Jalili-CEP 27/05/2015
Outros Aceito

Situacéo do Parecer:

Aprovado

Necessita Apreciacdo da CONEP:
Né&o

MONTES CLAROS, 23 de Outubro de 2015

Assinado por:
Ana Augusta Maciel de Souza

(Coordenador)
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Unimontes

PRONTUARIO ODONTOLOGICO - EXAME SEMIOLOGICO

1. Identificacdo

1.1. Identificacéo do Paciente

Observacédo Importante

Nome:

Sexo:M()F ()

Data de Nascimento:// | Idade:

Telefone: ()

Rua:

Bairro:Vila Guara

Cidade:

Procedéncia:( ) Zona Rural ()
Zona Urbana

Naturalidade:

Nacionalidade:

Pai: Mée:

Local de Trabalho: Ocupacao:

1.2. lIdentificacdo do Aluno

Nome:

Disciplina: Periodo: Data:/ /

Professor(es) responsavel(eis):

2. Anamnese

Queixa principal ou motivo da consulta (Q.P.):

Histéria da molésti

a atual: (H.M.A):




69

Experiéncias anteriores de tratamento odontoldgico (sim ou ndo, dltimo tratamento,
tipo, problemas com anestesia, aceitagéo):

Habitos: (fumo, bebida alcodlica, higiene bucal, alimentares, drogas ilicitas,
onicofagia, etc):
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Centro de Ciéncias Bioldgicas e da Saude

Departamento de Odontologia- ‘& 3229:8020 e 3229:8294

O&M -11.01

Estado emocional e psiquico: (stress, ansiedade, depressédo, psicose, etc):

Alergias:

Sofre de disturbios cardiovasculares:Sim () Na&o ( )

Alteracdo Presséo arterial?

Portador de protese arterial?

Portador de protese cardiaca?

- Qutros:

Alterac0es circulatorias:

Sofre de algum distarbio sangiiineo? Anemia ( ) Coagulopatia ( ) Outros:

Apresenta historico de febre reumatica? Sim () Nao ()

Sofre de algum disturbio respiratério? Sim () Nao ()

Bronquite: Asma:

- Outros:

Sofre de algum distdrbio gastrointestinal?

Gastrite: Ulcera:

Hepatite: Cirrose:

Sofre de algum distdrbio renal? Sim () Nao ()

- Qual?

Vocé é diabético? Sim () Né&o ()
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Teve ou tem doenca infecto-contagiosa? Sim () Né&o ( )

- Qual?

Qual € o seu tipo sangiiineo?

Historia Pregressa Pessoal (HP)

Vocé estd em tratamento médico, ou fez tratamento nos Gltimos 12 meses (época e
motivo)?

Uso atual de medicamentos ou nos ultimos 12 meses:

Historia Familiar

Pais (vivos ou ndo, causa mortis):

NUmero de irmaos:

Irmaos falecidos (nimero e causa):

Doengas comuns na familia: Diabetes Melitus ( ) Hipertensdo Arterial ( ) Céncer

()

- OQOutras:

Doencas contagiosas:Sim ( ) Nao ( ) Qual?

Historia Social(Moradia, Trabalho, Alimentacdo, Saneamento)
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Outras informagoes:

Assinatura do Paciente:

Polegar
3. Exame Fisico

EXAME OBJETIVO GERAL

P.A: Temp.: Pulso:
Respiracao: Facies: Cor da Pele:

EXAME OBJETIVO ESPECIAL

ATM:

Linfonodos:

Labios:

Mucosas:

Soalho Bucal:

Palato:

Orofaringe:

Glandulas e Ductos Salivares:

Lingua:

Gengiva:

Caélculo sub ou supra:

Higiene Bucal:

Habitos Nocivos:

Portador de Aparelho Protético ou Ortodontico:
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Oclusao:

AlteracOes Encontradas (Local e Descrigdo):dentes amarelados com muita sensibilidade,
auséncia de esmalte:

OBSERVACOES:

12 REVISAO SEMIOLOGICA:

Ao ser revista a histdria clinica do paciente e apds exame fisico e avaliacdo dos resultados
dos exames complementares foram observadas as seguintes alteracoes:
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ALTERACOES CLINICAS ENCONTRADAS

DENTE

ALTERACAO CLINICA

18

17

16

15-55

14 -54

13-53

12 -52

11-51

21-51

22 - 62

23 -63

24 - 64

25-65
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26

27

28

38

37

36

35-75

34 -74

33-73

32-72

31-71

41 -81

42 — 82

43 - 83

44 — 84

45 -85

46

47

48

Exames complementares pedidos:
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Exames radiol6gicos:

Outros exames:

Data:
109/ 2014

Aluno Examinador:

Aluno Auxiliar:

Professor(es):




ANEXO C- Normas para publicagdo do periédico European Journal of Medical Genetic.

| EUROPEAN JOURNAL OF MEDICAL GENETICS

.|

DESCRIPTION

The European Journal of Medical Genetics (EJMG) is a peer-reviewed journal that publishes articles
in English on various aspects of human and medical genetics and of the genetics of experimental
models.

Original clinical and experimental research articles, short clinical reports, review articles and letters
to the editor are welcome on topics such as :

* Dysmorphology and syndrome delineation

» Molecular genetics and molecular cytogenetics of inherited disorders

« Clinical applications of genomics and nextgen sequencing technologies
s Syndromal cancer genetics

* Behavioral genetics

» Community genetics

» Fetal pathology and prenatal diagnosis

* Genetic counseling

AUDIENCE

Researchers, Geneticists, Cytogeneticists.

IMPACT FACTOR

2016: 2.137 © Thomson Reuters Journal Citation Reports 2017

GUIDE FOR AUTHORS

We now differentiate between the requirements for new and revised submissions. You may choose to
submit your manuscript as a single Word or PDF file to be used in the refereeing process. Only when
your paper is at the revision stage, will you be requested to put your paper in to a 'correct format’
for acceptance and provide the items required for the publication of your article.

To find out more, please visit the Preparation section below.

INTRODUCTION
BEFORE YOU BEGIN

Submission of an article implies that the work described has not been published previously
(except in the form of an abstract or as part of a published lecture or academic thesis or as an
electronic preprint, see https://www.elsevier.com/sharingpolicy), that it is not under consideration
for publication elsewhere, that its publication is approved by all authors and tacitly or explicitly by the
responsible authorities where the work was carried out, and that, if accepted, it will not be published
elsewhere including electronically in the same form, in English or in any other language, including
electronically without the written consent of the copyright-holder.

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.
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Written consents must be retained by the author and copies of the consents or evidence that such
consents have been obtained must be provided to Elsevier on request. For more information, please
review the Elsevier Palicy on the Use of Images or Personal Information of Patients or other Individuals.
Unless you have written permission from the patient (or, where applicable, the next of kin), the
personal details of any patient included in any part of the article and in any supplementary materials
(including all illustrations and videos) must be removed before submission.

If your submission contains ANY identifiable patient images or other protected health information,
a written statement signed by the corresponding author and/or the first author MUST be provided,
indicating that you have collected permission from the patient (or a patient's parent or guardian) for
the material to be published unmasked. A template form can be downloaded HERE The statement
must be supplied as supplementary material and uploaded with the submission. The original consent
form must be stored in author's files. It should be made available to Elsevier in case of complaints.
In the absence of documented permission, the patient's identity must be protected by blocking out
facial features appropriate to the submission. For further information see http://www.elsevier.com/
patientphotographs

NB: Do not upload copies of the consents themselves to the web site, as those documents are not
anonymous.

Studies on patients or volunteers require ethics committee approval and informed consent, which
should be documented in the paper. Appropriate consents, permissions and releases must be obtained
where an author wishes to include case details or other personal information or images of patients
and any other individuals in an Elsevier publication. Written consents must be retained by the author
and copies of the consents or evidence that such consents have been obtained must be provided to
Elsevier on request. For more information, please review the Elsevier Policy on the Use of Images or
Personal Information of Patients or other Individuals. Unless you have written permission from the
patient (or, where applicable, the next of kin), the personal details of any patient included in any
part of the article and in any supplementary materials (including all illustrations and videos) must
be removed before submission.

European Journal of Medical Genetics follows the ICMJE recommendations regarding conflict of interest
disclosures. All authors are required to report the following information with each submission: (1) All
third-party financial support for the work in the submitted manuscript. (2) All financial relationships
with any entities that could be viewed as relevant to the general area of the submitted manuscript.
(3) All sources of revenue with relevance to the submitted work who made payments to you, or
to your institution on your behalf, in the 36 months prior to submission. (4) Any other interactions
with the sponsor of outside of the submitted work should also be reported. (5) Any relevant patents

or copyrights (planned, pending, or issued). (6) Any other relationships or affiliations that may
be perceived by readers to have influenced, or give the appearance of potentially influencing,
what you wrote in the submitted work. As a general guideline, it is usually better to disclose
a relationship than not. This information will be acknowledged at publication in a Transparency
Document link directly in the article. Additional information on the ICMJE recommendations can be
found at: http://www.icmje.org/. The form for conflict of interest disclosure can be downloaded here:
http://www.icmje.org/coi_disclosure.pdf (if this link does not display properly in your browser, please
right-click the link and select "Save Target As..." or "Save Link as..." from the pop-up menu).

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

To verify originality, your article may be checked by the originality detection software iThenticate.
See also:

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's WebShop.

The Elsevier Publishing Campus () is an online platform offering free lectures, interactive training and
professional advice to support you in publishing your research. The College of Skills training offers
modules on how to prepare, write and structure your article and explains how editors will look at
your paper when it is submitted for publication. Use these resources, and more, to ensure that your
submission will be the best that you can make it.
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This journal offers authors a choice in publishing their research:

Open access

» Articles are freely available to both subscribers and the wider public with permitted reuse.

« An open access publication fee is payable by authors or on their behalf, e.g. by their research funder
or institution.

Subscription

 Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs.

* No open access publication fee payable by authors.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

For open access articles, permitted third party (re)use is defined by the following Creative Commons
user licenses:

Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a collective
work (such as an anthology), text or data mine the article, even for commercial purposes, as long
as they credit the author(s), do not represent the author as endorsing their adaptation of the article,
and do not modify the article in such a way as to damage the author's honor or reputation.

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our green open access page for
further information. Authors can also self-archive their manuscripts immediately and enable public
access from their institution's repository after an embargo period. This is the version that has been
accepted for publication and which typically includes author-incorporated changes suggested during
submission, peer review and in editor-author communications. Embargo period: For subscription
articles, an appropriate amount of time is needed for journals to deliver value to subscribing customers
before an article becomes freely available to the public. This is the embargo period and it begins from
the date the article is formally published online in its final and fully citable form. This journal has an
embargo period of 12 months.

The following categories of articles can be proposed to European Journal of Medical Genetics:
Editorial comments: These manuscripts are solicited by the Editors.

Review: Authors are advised to discuss review proposals with the Editors before submitting it. There
is no specific format for reviews.

Experimental research: Results of experimental investigations related to medical genetics, such
as cell biology and animal models of human disorders, technology-oriented research, bioinformatics
research... In experimental research articles, the experimental data are the most important elements
of the work.

Clinical research: Results of original works on any aspects of Medical Genetics, including: delineation
of new syndromes with demonstrated genetic, genomic cause reports of series of patients, reports
on biochemical, genetic or genomic data in relation with patient(s), exome based studies with
functional data, genetic epidemiology or association studies for monogenetic or genomic disorders
and developmental anomalies, In clinical research articles, the experimental data are the support to
clinical investigations.

Clinical Reports: Report of significant new findings in a single patient, a single pedigree, or a small
series of patients with a known disorder.
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Exome Reports: Report of abnormal exome sequence results usually found in a single pedigree
(trio or sibship), with their associated clinical data, including cases for which functional studies are
not possible. An Exome Report typically covers patients with well described, recognizable phenotype
(known entities or "new" syndromes) and one or several candidate sequence variations predicted to
be pathogenic, patients with a known clinical diagnosis yet unexpected NGS results. The main goal of
this section is to allow rapid dissemination of possible genotype-phenotype correlations without the
necessity to have strong functional evidences, or to wait for data replication.

Genetic forum: The manuscripts of this section may address the practice of medical genetics, and
all its correlates: ethics, social issues, organization, perspectives... or propose innovative hypotheses
on any topics related to human genetics there is no specific format for Genetic forum articles.
Letter to the Editor: Letter to Editor provides a mean of communication between the authors and
readers. Although not original research per se, a Letter may provide new insight, make corrections,
offer alternate theories, or request clarification about content printed in the journal. An author can
answer to a Letter by the same mean.

Rare/unreported genomic aberrations: Rare variants detected by array technologies, should be
entered whenever possible in one of the existing databases for chromosomal aberrations (for instance:
DECIPHER, ClinVar or ECARUCA ). Please mention the accession number in your manuscript. Entering
gene variations in one of the existing databases prior to acceptance is mandatory. Most database
include a possibility to submit result and to keep them hidden till publication of the article, allowing
mutation to remain confidential during reviewing process.

Rare/unreported sequence variations All sequence variations should be submitted to a general
database (for example: ClinVar, dbSNP or to a locus-specific database. Directories of locus-specific
databases are available at HGVS or LSDB).This submission is necessary for novel and for confirmatory
data : it is important that all unpublished data is submitted to public databases. The manuscript
should indicate to which public database the data of the study were submitted, and include, when
possible, the accession numbers. The information must be inserted in the Results section. When
accession numbers for large number of variations must be listed, this information should be added
as Supplementary online material.

Online submission Manuscripts should be submitted via the journals online submission page at
https://www.evise.com/profile/api/navigate/EJMG. All correspondence, including notification of the
Editor's decision and requests for revision, is sent by e-mail. Submission to this journal proceeds
totally online and you will be guided stepwise through the creation and uploading of your files. It is
important that the file be saved in the native, editable format of the word processor used. The system
automatically converts your files to a single PDF file, which is used in the peer-review process. The
electronic text should be prepared in a way very similar to that of conventional manuscripts (see also
the Guide to Publishing with Elsevier: http://www.elsevier.com/quidepublication).

We recommend to use whenever possible the formatting rules that are described below. To avoid
unnecessary errors, you are strongly advised to use the 'spell-check' and 'grammar-check' functions
of your word processor. Tables may be included in the manuscript of submitted in separate files.
Figures are submitted as separate files. Captions of Tables and Figures are included in the main file.
Layout: Keep the layout of the text as simple as possible. Most formatting codes will be removed
and replaced on processing the article. Do not use the word processor options to justify text or to
hyphenate words. However, do use bold face, italics, subscripts, superscripts etc. When preparing
tables, if you are using a table grid, use only one grid for each individual table and not a grid for each
row. If no grid is used, use tabs, not spaces, to align columns. The electronic text should be prepared
in a way very like that of conventional manuscripts (see also the Guide to Publishing with Elsevier:
http://www.elsevier.com/guidepublication). See also the section on Electronic artwork.

Typing: Manuscript are typed with 11 or 12 fonts, with double spaced lines. The text should be
in single-column format.. Pages must be numbered. Lines are not numbered (this will be done
automatically when the pdf submission is created).

Headings and subheadings: Use caps letters only when necessary (first letter of the title, first
letter of family names, acronyms and other commonly accepted abbreviations. You may use bigger
or bold font for readability. Headings and subheadings are not numbered.

Figures and Tables: They are consecutively numbered in Arabic numerals, following the order of
appearance in the text, and should be referred to in the text by their number (Fig. 1; Table 1).
Style preferences: The preferred spelling for a word is its American usage. English usage is
acceptable but must be consistent in the manuscript.
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Units of measurement: All measurements should be in metric or other internationally accepted
units. Leave a space between numbers and units (10 cm, not 10cm).

Abbreviations: A definition should be provided between brackets when unusual abbreviations are
used.

Math formulae: Present simple formulae in the line of normal text where possible and use the solidus
(/) instead of a horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to be
presented in italics. Powers of e are often more conveniently denoted by exp. Number consecutively
any equations that must be displayed separately from the text (if referred to explicitly in the text).

Genetic nomenclature:

Description of genes and proteins must fit with to the official HGNC (HUGO nomenclature committee)
gene symbols. Typographic rules for gene and protein symbols: human gene symbols are italicized,
with all letters in uppercase (e.g., SHH, for sonic hedgehog) and follow the HUGO Gene Nomenclature
Committee guidelines. Protein designations are not italicized and all letters are in uppercase (SHH).
For other model organisms, refer to species-specific nomenclature standards. See Wain HM et al.
Guidelines for Human Gene Nomenclature. Genomics 2002, 79:464- 470. Cytogenetic variations are
reported following the most recent International System for Human Cytogenetic Nomenclature (ISCN
2013). Always mention the reference genome when reporting array data with nucleotide positions. All
mutations and variations must be described at DNA-level. When descriptions at RNA or protein level
are given in the text, including Title and Abstract. All mutations and variations must be reported in
accordance with the online recommendations of the Human Genome Variation Society(HGVS: http://
varnomen.hgvs.org/) and use the free access Mutalyzer website(https://www.mutalyzer.nl) to check
the syntax you used for variant description.

Genomic DNA-level: Always use the g.prefix.If you present personal data, always mention the
genome of reference.

Coding DNA-level Always use the c.prefix.For personal data, the DNA reference sequence from the
RefSeq database must be mentioned with both database accession and version number (example:
NM_001199954.1)

Protein level Always use the p. prefix and three letter AA code (example: p.Lys76Asn).Descriptions
at protein level may only be given in addition to a description at DNA level. Genbank protein reference
sequence must be mentioned (example: AAA51567.1 or NP_001186883.1 ) Mention clearly in the
text when the description at protein level is given without any experimental evidence ( i.e. no
RNA nor protein analysis). Alternatively, in absence of experimental evidence, you may use HGVS
recommendation and describe protein variation between brackets, for example: p.(Arg22Ser).

See detailed recommendations in Taschner and Den Dunnen, Hum Mutat 2011 32:507-511. and the
updates on HGVS website.

Descriptive terminology for dysmorphology: If the manuscript reports specific morphological
features of human subjects or other developemental anomalies, authors should use the Human
Phenotype Ontology (HPO) which provides a structured, comprehensive and well-defined set of
descriptors. Alternatively, for craniofacial features, hands and/or feet, the authors may use the
Elements of Morphology: Standard Terminology (Am J Med Genet 2009, 149A (1) : 1-127).

The term "case report" is not accepted, and patient should not be identified by their initials or file
number. Patients described in a manuscript should be regarded with sensitivity. Stigmatizing terms
should be avoided. As often as possible, refer to pictures with relevant features : facial dysmorphism is
better illustrated by a picture than by an extensive description. Please provide sex, ethnicity, parental
age, biometry at birth and gestational age, biometry at last investigation. For each biometric value,
give the correspondant z-score in standard deviations give pertinent family information.

Layout:

A manuscript must be provided to EJMG as one single word processor document. Figures are submitted
separately. Each manuscript generally contain the following sections, in this order.

Title page: Includes title, authors, affiliation, corresponding author

Abstract

Keywords
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Main Text: in articles, it is divided by several headings and subheadings:(see below for templates
specific to each type of manuscript)

Acknowledgments

Accession numbers (if any)

Figure Titles and Legends

Tables(with a title and legend for each)

References

Supplemental data:(if any):A list of the titles of each file included submitted as Supplemental Data
(this section do not include the supplemental data themselves).

Title: Keep it concise and focus the main message. Titles are often used in information-retrieval
systems. Avoid abbreviations and formulae where possible.

Authors and affiliation:

Names: First forename is given in extenso, followed if necessary by the initials of other forenames,
and by the family name. When there is more than one affiliation, the author's family name is followed
by one or several superscript letters indicating their affiliation (John R. Doea,b,, ). Degrees or titles
are not mentioned. The superscript letters do not have to be sequentially ordered, to allow more
structured affiliation section (see next paragraph).

Affiliation: The affiliation of the first author is always the first to appear (a superscript). To
reduce localization redundancies, when several affiliations are mentioned, they can be grouped and
ordered on a topographic basis and then numbered sequentially with superscript letters (example:
Departments of a genetics, b obstetrics and ¢ cytogenetics units, University Hospital HHH, City YYY ;
Departments of d genetics and e pediatrics, Regional General Hospital XYZ, City ZZZ, [State or
Region], Country AAA; etc. When successive affiliations are located in the same city, or the same
region/country, the city and the region/country are mentioned only in the last line.
Present/permanent address: If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Corresponding author: Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that telephone and fax numbers (with country and area
code) are provided in addition to the e-mail address and the complete postal address. Contact details
must be kept up to date by the corresponding.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement’ (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement' (more information). Permitted third party reuse of open access articles
is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the Open
Access Publication Fee. Details of existing agreements are available online.

The open access publication fee for this journal is USD 3000, excluding taxes. Learn more about
Elsevier's pricing policy: http://www.elsevier.com/openaccesspricing.

This journal has an embargo period of 12 months.

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Referees

Please submit the names and institutional e-mail addresses of several potential referees. For more
details, visit our Support site. Note that the editor retains the sole right to decide whether or not the
suggested reviewers are used.
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PREPARATION

There are no strict formatting requirements, but we recommend to use whenever possible the
formatting rules that are described below. To avoid unnecessary errors you are strongly advised to
use the 'spell-check' and 'grammar-check’ functions of your word processor.

Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to the relevant text
in the manuscript, rather than at the bottom or the top of the file. The corresponding caption should
be placed directly below the figure or table.

This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to @ minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.

It is important that the file be saved in the native format of the wordprocessor used. The text should
be in single-column format. Keep the layout of the text as simple as possible. Most formatting codes
will be removed and replaced on processing the article. In particular, do not use the wordprocessor's
options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts
(see also the Guide to Publishing with Elsevier: http://www.elsevier.com/guidepublication). Note that
source files of figures, tables and text graphics will be required whether or not you embed your figures
in the text. See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your wordprocessor.Please include line numbers in your manuscript for the benefit of
reviewers. This option is available in most word processing software. Instructions for Microsoft word
are available via this link.

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be prepared
in a way very similar to that of conventional manuscripts (see also the Guide to Publishing with
Elsevier). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

Descriptive terminology for dysmorphology

If the manuscript reports specific morphological features of human subjects or other developemental
anomalies, authors should use the Human Phenotype Ontology (HPO) which provides a structured,
comprehensive and well-defined set of descriptors. Alternatively, for craniofacial features, hands and/
or feet, the authors may use the Elements of Morphology: Standard Terminology (Am ] Med Genet
2009, 149A (1) : 1-127).

Typographic rules

Manuscript are typed with 11 or 12 fonts, with double spaced lines. Pages must be numbered. Lines
are not numbered (this will be done automatically when the pdf submission is created).

Headings and subheadings : use caps letters only when necessary (first letter of the title, first letter
of family names, acronyms and other commonly accepted abbreviations. You may use bigger or bold
font for readability.

Headings and subheadings are not numbered

Figures and Tables are consecutively numbered in Arabic numerals, following the order of appearance
in the text, and should be referred to in the text by their number (Fig. 1; Table 1).

Style preferences: the preferred spelling for a word is its American usage. English usage is acceptable
but must be consistent in the manuscript.

Units of measurement: all measurements should be in metric or other internationally accepted units.
Leave a space between numbers and units (10 cm, not 10cm)

Abbreviations: a definition should be provided between brackets when unusual abbreviations are used.

Concise and informative. Titles are often used in information-retrieval systems. Avoid abbreviations
and formulae where possible.

83



Authors and affiliation

First forename is given in extenso, followed if necessary by the initials of other forenames, and by
the family name. When there is more than one affiliation, the author's family name is followed by one
or several superscript letters indicating their affiliation (John R. Doe a,b, ...). Degrees or titles are not
mentioned. The superscript letters do not have to be sequentially ordered, to allow more structured
affiliation section (see next paragraph).

The affiliation of the first author(where the actual work was done) is always the first to appear (a
superscript). To reduce localization redundancies, when several affiliations are mentioned, they can be
grouped and ordered on a topographic basis and then numbered sequentially with superscript letters
(exemple : aDepartments of genetics, and bobstetrics and ccytogenetics units, University Hospital
HHH, City YYY ; Departments of dgenetics and epediatrics, Regional General Hospital XYZ, City ZZZ,
[State or Region], Country AAA; etc. Each affiliation appears on a separate line. When successive
lines refer to affiliations in the same city, or the same region/country, the city and the region/country
are mentioned only in the last line.

Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that telephone and fax numbers (with country
and area code) are provided in addition to the e-mail address and the complete postal
address. Contact details must be kept up to date by the corresponding author.

Abstract

The abstract presents the summary of the article. It is made of a single paragraph, and do not contain
abbreviations (except for those of common and generalized use: CGH, PCR, DNA ...). An abstract
is often presented separately from the article, so it must be able to stand alone. For this reason,
References should be avoided, but if essential, then cite the author(s) and year(s). Abstract should not
not exceed 350 words. The authors must ensure that relevant key words are present in the abstract,
as its content can be searched by PubMed and other reference softwares. The abstract should present
the essential points made in the article, the purpose of the research, a coherent summary of the
findings, and a concise presentation of the conclusions.

Keywords

Up to 6 keywords are given. They should reflect the central topic of the article. Key
words should be typed on the page following the abstract and labeled as such. Since the
key words will be used for indexing, they should be specific and avoid terms that may
be broadly interpreted. Authors are strongly encouraged to use MeSH terms for indexing
(http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=mesh). Use American spelling and avoid general
and plural terms and multiple concepts (avoid, for example, "and’, 'of"). Be sparing with abbreviations:
only abbreviations firmly established in the field may be eligible. These keywords will be used for
indexing purposes.

Abbreviations
Define any abbreviations that are not standard in this field in the text, by putting abbreviation between
brackets after the full text (example: .... In autism spectrum defect (ASD)... Noonan syndrome (NS)

... ). Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Funding sources

List funding sources in this standard way to facilitate compliance to funder's requirements. IIt is not
necessary to include detailed descriptions on the program or type of grants and awards. When funding
is from a block grant or other resources available to a university, college, or other research institution,
submit the name of the institute or organization that provided the funding. Use the following format:
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Funding: This work was supported by the National Institutes of Health [grant numbers XXXX, yyyyl;
the Bill and Melinda Gates Foundation, Seattle, WA [grant number ZZZZ]; and the United States
Institutes of Peace [grant number aaaa].

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article, using
superscript Arabic numbers. Many wordprocessors build footnotes into the text, and this feature may
be used. Should this not be the case, indicate the position of footnotes in the text and present the
footnotes themselves separately at the end of the article. Do not include footnotes in the Reference
list. Table footnotes Indicate each footnote in a table with a superscript lowercase letter.

Research manuscript must be kept concise, but there is no mandatory requirement for length or
number of references.

Introduction:This section contains general information about the topics addressed by the research.
If a general review of the literature is necessary, it should be set in the Introduction, to separate it
clearly from the Discussion itself. There is no subheadings in the introduction.

Patient Data / Material:Patient data heading is used to describe the human subjects under study.
It can be subdivided if necessary in several subheadings: ascertainment of patients, patient reports,
family reports, patient 1, patient 2 For large series of patients, use Tables instead of text as often
as possible. Keep only the most pertinent points in the main text, and avoid duplication in the main
text of information that are shown in the table. Materialsection replaces the Patient Data section
when the research is not focalized on direct observation human beings, but (for instance) on the
analysis of large populations with no description of individuals (such as studies based on cohorts or
registries), or experimental models.

Methods:This section describes procedures (in conjunction with appropriate references) to allow
readers to understand how the experiments were performed, with sufficient details to allow all
procedures to be repeated. This heading can be further subdivided per manuscript specificities.
Statistical methods deserve a specific paragraph, or a subheading. Widely used methods (such as DNA
extraction, classic Sanger sequencing, SNP- or CGH-array karyotyping) do not have to be described,
except for the aspects that are specific to the addressed problem (for instance: type of an array,
software used for analysis, references of BACs used in a FISH experiment).

Results:The section may be divided with subheadings. As a rule, the results should not be commented
or discussed in this section.

Discussion:The discussion section should be focused on the discussion of the results, perspectives
and hypotheses, and ends with a paragraph of conclusion. The section may be divided with
subheadings. It should not be redundant with the Results section. Usually, a general introductive
review of should not be presented in this section, but rather in the introduction.

Template for Clinical Reports and Array reports

The main section of manuscript must not exceed fifteen manuscript pages (600 lines) and a maximum
of 25 references.

Introduction:(see Research article template)

Clinical report:

This heading is used to describe the human subjects under study and the results of the investigations.
It can be subdivided if necessary in several subheadings (Family 1, Patient 1).

Only relevant (normal and abnormal) results needs reporting. The can be presented in a paragraph
at the end of the clinical report, or below a separate subheading when several patients have the
same anomaly. Widely used methods are not described, except for the aspects that are specific to
the addressed problem (see Method in Research Reports).

In Array Reports, confirm the status of the region in the dedicated databases (DECIPHER, ClinVar
or similar). If necessary, the list of all genes present in the rearranged region can be added as a
Supplementary Table.

Discussion:(see Research report template) Do not repeat the phenotypic description but indicate
most characteristic feature(s).

References:They are limited to 25.

Template for Exome Report

The main section of manuscript must not exceed fifteen manuscript pages (600 lines) and a maximum
of 25 references.

Abstract:The abstract should include the list of the gene symbols that are discussed in the variation
description section
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Artwork

Electronic artwork

The digital image files are entered separately from the manuscript text file in the web site (do NOT
include the images with the manuscript text file). Image sizes for review purposes should be sufficient
to allow reviewers to clearly see the elements of the figure. Color images and figures are strongly
encouraged, as they are published online at no cost to the authors. Color images are placed against
a white background wherever possible. For each figure, an individual high resolution digital files must
be uploaded.

A detailed guide on electronic artwork is available. You are urged to visit this site; some excerpts
from the detailed information are given here.

Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save as' or
convert the images to one of the following formats: EPS, TIFF or JPG. Note the resolution requirements
for line drawings, halftones, and line/halftone combinations given below:

EPS(or PDF):Vector drawings. Embed the font or save the text as 'graphics'.

TIFF(or JPG):Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.

Figure and picture captions:Ensure that each illustration has a caption presented on a separate
page of the main text file (see general organization of a manuscript). A caption should comprise a brief
title (not on the figure itself) and a description of the illustration. The legend should explain what is
being illustrated without the need to refer to the text. Authors should describe the abnormal findings
illustrated by the figure and not mention (for instance) "abnormal aspect of the X rays of patient
1". White or black arrows can be added on the pics for sake of clarity. Keep text in the illustrations
themselves to a minimum but explain all symbols and abbreviations used.

Labels on figure:Keep text in the illustrations themselves to a minimum but explain all symbols and
abbreviations used in the caption. White or black arrows can be added on the pics for sake of clarity.
Micrographs should be provided with a scale bar, if appropriate. Magnification can be added in the
caption. If references are embedded within a figure, they must also be cited within the figure legend.
For figures that have multiple panels, the labels should be set in uppercase letters in Arial font, taking
the scale reduction in account for the font size. Do not include separate panels on multiple pages.
Pedigrees should be drawn according to the published standards of Am ] Human Genetics 1995
56:745-752.

Tables

Tables are self-explanatory and do not duplicate information present in the text. Each table must have
a title. If necessary, place footnotes to tables below the table body and indicate them with superscript
lowercase letters. Avoid vertical rules. Any symbols and abbreviations used in the table body must
be defined in a footnote to the table. Each Table is presented on a separate page in the manuscript,
followed by its legend. The legend should explain the Table without the need to refer back to the text.

References

Citation in text:

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the

journal and should include a substitution of the publication date with either 'Unpublished results’ or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.
References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor plug-ins from
these products, authors only need to select the appropriate journal template when preparing their
article, after which citations and bibliographies will be automatically formatted in the journal's style.
Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor plug-ins from
these products, authors only need to select the appropriate journal template when preparing their
article, after which citations and bibliographies will be automatically formatted in the journal's style.
Users of Mendeley Desktop can easily install the reference style for this journal by clicking the
following link: http://open.mendeley.com/use-citation-style/european-journal-of-medical-genetics.
When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.
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Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Use of DOI is highly encouraged. The reference style
used by the journal will be applied to the accepted article by Elsevier at the proof stage. Note that
missing data will be highlighted at proof stage for the author to correct.

Citation in text

All citations in the text should refer to:

Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

Two authors: both authors' names and the year of publication;

Three or more authors: first author's name followed by '

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commaercial, or
not-for-profit sectors.

FOR RECOGNIZABLE PICTURES OF PATIENTS: if you submit unblocked facial pictures, you MUST
download a dedicated form (DOWNLOAD HERE), fill and sign it and submit a scanned copy. Select file
type "Permit to publish" in the dropbox menu to upload the scan. Submissions with recognizable facial
pictures missing the form will be returned to the author and will not enter the reviewing process. DO
NOT UPLOAD the signed permits themselves: store them locally.

Electronic artwork

General points

e Make sure you use uniform lettering and sizing of your original artwork.

» Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

« Number the illustrations according to their sequence in the text.

» Use a logical naming convention for your artwork files.

» Indicate per figure if it is a single, 1.5 or 2-column fitting image.

e For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.

» Please note that individual figure files larger than 10 MB must be provided in separate source files.
A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
* Supply files that are too low in resolution.

* Submit graphics that are disproportionately large for the content.
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Figure captions

The digital image files are entered separately from the manuscript text file in the web site (do NOT
include the images with the manuscript text file). Image sizes for review purposes should be sufficient
to allow reviewers to clearly see the elements of the figure. Color images and figures are strongly
encouraged, as they are published online at no cost to the authors. Color images are placed against
a white background wherever possible. For each figure, an individual high resolution digital files must
be uploaded.

For figures that have multiple panels, the labels should be set in uppercase letters in Arial font, taking
the scale reduction in account for the font size. Do not include separate panels on multiple pages.
White or black arrows can be added on the pics for sake of clarity. Micrographs should be provided
with a scale bar, if appropriate. Magnification can be added in the caption. Pedigrees should be drawn
according to the published standards of Am ] Human Genetics 1995 56:745-752)

Legend of figures. A caption should comprise a brief title (not on the figure itself) and a description
of the illustration. Legends are presented on a separate page of the main text file. The legend should
explain what is being illustrated without the need to refer back to the text. Authors should describe
the abnormal findings illustrated by the figure and not mention only (for instance) "abnormal aspect
of the X rays of patient 1". White or black arrows can be added on the pics for sake of clarity. If
references are embedded within a figure, they must also be cited within the figure legend. Keep text
in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor plug-ins from
these products, authors only need to select the appropriate journal template when preparing their
article, after which citations and bibliographies will be automatically formatted in the journal's style.
If no template is yet available for this journal, please follow the format of the sample references and
citations as shown in this Guide.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/european-journal-of-medical-genetics

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct. If you do wish to format the references yourself they should
be arranged according to the following examples:
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Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by 'et al." and the year of publication.
Citations may be made directly (or parenthetically). Groups of references should be listed first
alphabetically, then chronologically.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999). Kramer et al.
(2010) have recently shown ...."

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a’, 'b’, 'c’, etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, 1., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci.
Commun. 163, 51-59.

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, B.S.,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.
Reference to a website:

Cancer Research UK, 1975. Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/ (accessed 13 March 2003).

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak
wilt disease and surrounding forest compositions. Mendeley Data, v1. https://doi.org/10.17632/
xwj98nb39r.1.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body

text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a preferred maximum
size of 150 MB in total. Any single file should not exceed 50 MB. Video and animation files supplied
will be published online in the electronic version of your article in Elsevier Web products, including
ScienceDirect. Please supply 'stills' with your files: you can choose any frame from the video or
animation or make a separate image. These will be used instead of standard icons and will personalize
the link to your video data. For more detailed instructions please visit our video instruction pages.
Note: since video and animation cannot be embedded in the print version of the journal, please
provide text for both the electronic and the print version for the portions of the article that refer to
this content.

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the "Track Changes' option
in Microsoft Office files as these will appear in the published version.

Alternatively, authors may convert any or all parts of their supplementary data into one or multiple
Data in Brief articles, a new kind of article that houses and describes their data. Data in Brief articles
ensure that your data, which is normally buried in supplementary material, is actively reviewed,
curated, formatted, indexed, given a DOI and publicly available to all upon publication. You can submit
your Data in Brief directly alongside your research article submission (either initially or at the revision
stage). If your research article is accepted, your Data in Brief article will be editorially reviewed and
published in the new, Open Access journal, Data in Brief. Your Data in Brief and research article will
directly cite and link to each other (see published examples). The open access fees will be waived if
your article is submitted by December 31, 2014.
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This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief
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