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RESUMO

A Fenotipagem forense através do DNA consiste na utilizagdo de metodologias para predi¢do
de caracteristicas externamente visiveis (CEVs) a partir do material genético de amostras
biologicas encontradas em locais de crimes, e tem se mostrado uma ferramenta promissora
no auxilio da identificagdo humana em atividades policiais. Atualmente, métodos baseados
em ensaios multiplex e modelos estatisticos de predicio de CEVs relacionadas a
pigmentagao de cabelo, pele e iris utilizando painéis de biomarcadores do tipo SNP e Indel ja
foram desenvolvidos e validados pela comunidade cientifica forense. Assim como tragos de
pigmentacdo, a idade aparente (P4, do inglés perceived age) de um individuo também pode
ser considerada uma CEV e sua estimag¢do em individuos desconhecidos pode ser ttil para
otimizagdo no andamento de investigagdes. Liu et al. (2016) foi pioneiro em evidenciar que,
além do estilo de vida e fatores ambientais, a presenga de variantes genéticas do tipo SNP e
Indel no gene MCIR - que codifica um receptor transmembrana responsavel pela regulagao
da producdo de melanina - e locus adjacentes também parece contribuir para a PA de um
individuo. O grupo destacou a associacao deste painel de polimorfismos e a idade aparente
na populagdo europeia, onde portadores de haplotipos de risco aparentavam ser até 2 anos
mais velhos do que sua idade cronoldgica (CA, do inglés Chronological Age). Entendendo
que relacdes genotipo-fendtipo ndo podem ser extrapoladas entre diferentes grupos
populacionais, o objetivo principal deste estudo foi testar essa hipotese e verificar a presenga
da mesma associacdo na populagdo miscigenada do Rio Grande do Sul. A partir dados
genomicos de uma amostra de 261 individuos representativos da populagdo gatcha e
utilizando um modelo de regressdo linear multipla, nosso grupo foi capaz de verificar uma
associacao significativa entre 9 variantes intronicas em locus adjacentes ao MCIR (e.g..
AFG3L1P, TUBB3, FANCA, etc.) e aparéncia etaria facial, cuja PA foi definida apds
heteroclassificagdo etaria de imagens frontais de face através de 11 avaliadores.
Curiosamente, diferente do constatado em populagdes europeias, nossos resultados mostram
que a presenca dos alelos de efeito (R) das variantes em nossa amostra influenciou tanto em
fendtipos de face mais jovens quanto em fendtipos de face mais velhos. A influéncia de cada
variante na PA ¢ representada pelos valores 5. A titulo de exemplo, individuos homozigotos
para AFG3LIP rs112220510 aparentam ser 3,16+1,34 anos mais jovens do que ndo
portadores da variante, enquanto homozigotos para AFG3LI1P rs201156703 parecem ser
7,54+3,59 anos mais velhos do que ndo portadores. Apesar de apresentarmos propostas sobre
os mecanismos moleculares por detrds da influéncia destes polimorfismos na PA, estudos
futuros ainda serdo necessarios para que estes sejam devidamente elucidados.

Palavras-chave: Fenotipagem forense através do DNA; Caracteristicas externamente visiveis;
Idade aparente; MC1R; Polimorfismos de nucleotideo unico.



ABSTRACT

Forensic DNA Phenotyping (FDP) consists of the use of methodologies for predicting
externally visible characteristics (EVCs) from the genetic material of biological samples
found in crime scenes, and has proven to be a promising tool in aiding human identification
in police activities. Currently, methods based on multiplex assays and statistical models of
prediction of EVCs related to hair, skin and iris pigmentation using panels of SNP and
INDEL biomarkers have already been developed and validated by the forensic scientific
community. As well as traces of pigmentation, an individual's perceived age (PA) can also be
considered an EVC and its estimation in unknown individuals can be useful for optimization
in the progress of investigations. Liu et al. (2016) were pioneers in evidencing that, in
addition to lifestyle and environmental factors, the presence of SNP and Indel variants in the
MCIR gene - which encodes a transmembrane receptor responsible for regulating melanin
production - and adjacent loci also seems to contribute to an individual's PA. The group
highlighted the association between these MCIR gene polymorphisms and the PA in the
European population, where carriers of risk haplotypes appeared to be up to 2 years older in
comparison to their chronological age (CA). Understanding that genotype-phenotype
relationships cannot be extrapolated between different population groups, the main objective
of this study was to test this hypothesis and verify the applicability of this variant panel in the
Rio Grande do Sul admixed population. Based on genomic data from a sample of 261
individuals representative of gaucho population and using a multiple linear regression (MLR)
model, our group was able to verify a significant association between 9 intronic variants in
locus adjacent to MCIR (e.g.: AFG3L1P, TUBB3, FANCA, etc.) and facial age appearance,
whose PA was defined after age heteroclassification of frontal face images through 11
assessors. Interestingly, different from that observed in European populations, our results
show that the presence of effect alleles (R) of the selected variants in our sample influenced
both younger and older face phenotypes. The influence of each variant on PA is expressed as
B values. For example, homozygotes for AFG3L1P rs112220510 appear to be 3.16+1.34
years younger than non-carriers of the variant, while homozygotes for AFG3LIP
rs201156703 appear to be 7.54+3.59 years older than non-carriers. Although we present
hypotheses about the molecular mechanisms behind the influence of these polymorphisms on
PA in this study, future studies will still be necessary for them to be properly elucidated.

Keywords: Forensic DNA Phenotyping; External Visible Characteristics; Perceived Age;
MCIR; Single Nucleotide Polymorphisms.
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MCIR - Receptor de melanocortina tipo 1 (Melanocortin 1 Receptor)
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1 INTRODUCAO

1.1 O CONTEXTO ATUAL DA GENETICA FORENSE E DA IDENTIFICACAO
HUMANA

Nas ultimas décadas, a genética forense tornou-se uma ferramenta indispenséavel no
que se refere a identificagdo humana e resolucdo de problemas juridicos, gragas ao esforco
conjunto de estudiosos nas areas da genética humana, médica e de populagdes, associados aos
avancos nas técnicas de biologia molecular. Evidéncias genéticas podem ser obtidas de
qualquer vestigio biolégico humano - sangue, saliva, sémen, cabelo, ossos, etc - e sdo
pecas-chave para elucidagdo de casos onde se faz necessaria a caracterizagao de individuos
desconhecidos em cenas de crime, de pessoas desaparecidas, de vitimas de desastres naturais
ou para confirmag¢do de parentesco.

Na genética forense contemporinea, as short tandem repeats (STRs) - também
denominadas de sequéncias microssatélites - autossOmicas sdo marcadores moleculares
amplamente utilizados e consideradas o padrdao ouro no que diz respeito a identificacao
humana (KOWALCZYK et al., 2018). As STRs sdo uma classe de pequenas sequéncias de
DNA repetidas em tandem, que variam de 2 a 6 nucleotideos e representam cerca de 3% do
genoma humano (LANDER et al., 2001). Tratam-se de marcadores de natureza polimorfica,
podendo variar tanto no nimero de unidade de repeticdes quanto na rigorosidade do padrao de
repeticao, tendo cardter multialélico e apresentando alta variabilidade entre individuos - o que
lhes confere alto poder de discriminagdo quando utilizados para propoésitos de identificagdo
(DIAS FILHO et al., 2020; WYNER; BARASH; MCNEVIN, 2020). Associar a variabilidade
destes marcadores a analise de multiplos loci também reduz a probability of identity (PI) -
probabilidade de que dois individuos selecionados ao acaso apresentem o mesmo gendtipo
para um dado /ocus. Por conta disso, geneticistas forenses optam por utilizar kits comerciais
que permitem a amplificacdo simultanea de 15, 16, 18, 21 e at¢ 27 loci STR com
caracteristicas Unicas em técnicas empregando eletroforese capilar e Multiplex Polymerase
Chain Reaction (PCR), cujo PI value alcanga valores excepcionais de até 9.09x 107
(POWERPLEX® FUSION 6C SYSTEM, [s. d.]).

O numero de loci STR amplificados em uma analise padrdo tende a aumentar a medida
que os bancos de dados de perfis genéticos também aumentam. Essa tendéncia ¢ esperada,
visto que a utilizagdo destes marcadores para fins de caracteriza¢do individual depende da
comparac¢do direta com perfis genéticos de referéncia - seja de um possivel suspeito levantado
durante investigacdo, de familiares de primeiro grau deste ou confronto direto com perfis ja

depositados nestes bancos de dados genéticos (SCHNEIDER; PRAINSACK; KAYSER,


https://www.zotero.org/google-docs/?dBzZhd
https://www.zotero.org/google-docs/?3Ot9ex
https://www.zotero.org/google-docs/?YkFdAt
https://www.zotero.org/google-docs/?NXDNsC
https://www.zotero.org/google-docs/?MBIizO
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2019).Como exemplo nacional, podemos citar a rede integrada de bancos de perfis genéticos
(RIBPG), iniciada em 2009 e instituida pelo decreto n® 7950/2013 e que hoje conta com mais
de 100 mil perfis STR cadastrados no sistema CODIS (Combined DNA Index System) -
implementado a partir de uma parceria entre Policia Federal e FBI (Federal Bureau of
Investigation) -, compostos majoritariamente de amostras de condenados, seguido de vestigios
de locais de crime, restos mortais nao identificados, e de familiares de pessoas desaparecidas.
Segundo o ultimo relatério semestral disponivel, a RIBPG conta, atualmente, com o suporte
de 20 laboratérios estaduais - incluindo o Instituto Geral de Pericias do Rio Grande do Sul
(IGP-RS) -, 1 laboratorio distrital e 1 laboratdrio da policia federal e ja auxiliou em mais de
2800 investigagdes. Além disso, a lei 12.654, sancionada em 2012, regulamenta a coleta e
manutengdo de perfis genéticos de investigados e relaciona os crimes ou situagdes
determinantes para que estes sejam armazenados nos bancos de dados (BRITO; PONTES,
2020).

Contudo, ¢ importante salientar que, apesar de todos os avangos nas técnicas de
biologia molecular e, consequentemente, na utilizagdo dos perfis STR para identificacdo
humana, existem cenarios que podem impor limitagdes ao curso da investigacao. Casos onde
ndo ¢ possivel encontrar associa¢do entre a evidéncia genética e as amostras de referéncia -
seja de um possivel suspeito ou de qualquer individuo presente nos bancos de dados - estdo
presentes na rotina do perito criminal (KAYSER, 2015). Também, por se tratar de um campo
relativamente recente no campo das ciéncias forenses, existem divergéncias éticas e quanto a
constitucionalidade de leis tais como a 12.654/2012 no ambito juridico. Por conta disso,
esforcos vém sendo direcionados para o desenvolvimento de usos alternativos para amostras
de DNA oriundas de locais de crime, tais como a fenotipagem forense através do DNA, ou
FDP (do inglés, forensic DNA phenotyping), assunto que sera abordado posteriormente neste

trabalho.

1.2 POLIMORFISMOS DE NUCLEOTIDEO UNICO (SNP)

Os SNPs consistem em /oci onde ocorreu a substituicdo de uma base individual por
outro nucleotideo em uma posi¢do especifica do genoma, ocorrendo, em média, uma vez a
cada 1000 pares de base e normalmente apresentando apenas dois alelos (NUSSBAUM;
MCINNES; WILLARD, 2008).

Existem quatro classes principais de SNPs relevantes dentro da genética forense: 1)
SNPs informativos de linhagem - encontrados no mtDNA (DNA mitocondrial) e cromossomo

Y, utilizados principalmente para verificagcdo de parentesco em casos de desaparecimento ou


https://www.zotero.org/google-docs/?MBIizO
https://www.zotero.org/google-docs/?F0NrOw
https://www.zotero.org/google-docs/?F0NrOw
https://www.zotero.org/google-docs/?3sBY30
https://www.zotero.org/google-docs/?ZckZX8
https://www.zotero.org/google-docs/?ZckZX8
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desastres em massa, por conta de sua baixa taxa de mutagdo e auséncia de recombinagdo; 2)
SNPs de identificagdo - cumprem o mesmo proposito das STRs, possibilitando a
individualizacdo ou exclusdo de pessoas que nao poderiam ser fonte de uma amostra; 3) SNPs
informativos de ancestralidade - também encontrados no mtDNA e cromossomo Y, €
denominados ancestry informative markers (AIMs) -, cujos haplotipos podem inferir a
ancestralidade biogeografica por estarem presentes em diferentes frequéncias entre
populagdes; 4) SNPs informativos de fenotipo - utilizados na inferéncia de caracteristicas
fisicas por apresentam forte correlagdo com um fenotipo especifico (BUDOWLE; VAN
DAAL, 2008).

A natureza bialélica dos SNPs faz com que tenham menor poder discriminatorio para
identificacdo, e sendo assim sdo, quando necessario, utilizados como forma de complementar
os resultados de andlise dos perfis STRs (DIAS FILHO et al., 2020). Estima-se, que seja
necessdria a andlise de um conjunto de 40-60 SNPs para igualar-se a capacidade
discriminatéria de amostras de um painel de 15 loci STR (KOWALCZYK et al., 2018). As
principais vantagens dos SNPs em relagdo a outros marcadores utilizados para identificagdao
humana sdo: a) potencializam resultados oriundos de amostras severamente degradadas pelo
tamanho reduzido de seus produtos de PCR; b) taxas de mutacdo até cem mil vezes menores
que STRs (10 vs. 107); ¢) técnicas de sequenciamento de proxima geragdo possibilitam a
analise massiva de um amplo quadro de SNPs simultaneamente, diminuindo esta diferenca de
poder de discriminagdo; d) ndo apresentam artefatos técnicos conhecidos como stutter -
presentes na amplificacdo de STRs e derivados de um erro inato da enzima polimerase -, que
dificultam a interpretagdo de amostras com misturas de perfis genéticos (BUTLER; COBLE;
VALLONE, 2007).

1.3 INDELS/DIPs

Sdo polimorfismos de comprimento definidos pela insercdo ou dele¢do, como o
proprio nome ja diz, que podem variar de um a 10.000 pares de base (MULLANEY et al.,
2010; NUSSBAUM; MCINNES; WILLARD, 2008). Podem ser divididos em dois grupos: os
multialélicos, onde se encaixam as repeticdes em tandem tais como os microssatélites, ja
abordados anteriormente, ¢ minissatélites; e os bialélicos (WEBER et al., 2002), cujo uso
também tem sido explorado na comunidade forense .

Apos identificar e caracterizar mais de 2000 polimorfismos, Weber et al. constataram
propriedades basicas das InDels, verificando que 71% possuem variagdo de 2 a 4 nucleotideos

e que os bialélicos correspondem a cerca de 8% dos polimorfismos do genoma humano. Além


https://www.zotero.org/google-docs/?2yXcd0
https://www.zotero.org/google-docs/?2yXcd0
https://www.zotero.org/google-docs/?0UgD9T
https://www.zotero.org/google-docs/?cP3hbd
https://www.zotero.org/google-docs/?bPTiMZ
https://www.zotero.org/google-docs/?bPTiMZ
https://www.zotero.org/google-docs/?mnJaVW
https://www.zotero.org/google-docs/?mnJaVW
https://www.zotero.org/google-docs/?vZIAzE
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da ampla presenca, InDels bialélicos também apresentam caracteristicas desejaveis muito
similares as dos SNPs - baixa taxa de mutagdo, produtos de amplificagdo pequenos e sem
observagao de artefatos stutter - € mostram uma significativa diferenca de frequéncia entre
populagdes (DIAS FILHO et al., 2020), tornado-os marcadores informativos de
ancestralidade e identificagdo humana, mas também uteis na predicdo de fenotipos, estando

presentes em painéis conhecidos para tal pratica (BRESLIN et al., 2019).

1.4 FENOTIPAGEM FORENSE ATRAVES DO DNA

A FDP consiste na predi¢ao de caracteristicas externamente visiveis (EVCs, do inglés
External Visible Characteristics), como morfologia facial, altura, estimativa de idade,
estimativa de idade e pigmentacao de olhos, cabelo e pele (VIRMOND et al., 2016) através
da anélise de material genético obtido de amostras biologicas, auxiliando na identificagcdo de
individuos desconhecidos. A FDP torna-se uma estratégia alternativa em situacdes onde: (1) o
perfil genético de individuos suspeitos ou vitimas encontradas ndo corresponde a nenhum
outro presente nos bancos de dados de DNA disponiveis, ou (2) quando ndo ¢ possivel obter
amostras biolodgicas ante mortem ou de possiveis parentes proximos, em casos de
desaparecidos (KAYSER, 2015). Nestes contextos, onde qualquer informagdo adicional
acerca do doador de uma amostra ¢ util, a FDP serve como uma “testemunha bioldgica” e
permite uma investiga¢ao policial mais direcionada.

Grande parte das EVCs sao consideradas tragos complexos, ou seja, sdo influenciados
pela agdo de multiplos genes - onde cada gene contribui individualmente em pequena
proporgao para o trago fenotipico em questdo - e também por fatores ambientais (KAYSER,
2015; KAYSER; SCHNEIDER, 2009). Em outras palavras, significa que estabelecer uma
associacdo estatisticamente significativa requer o uso de milhares de amostras ¢ a analise de
milhares de marcadores SNPs em genome-wide association studies (GWAS), tarefa inacessivel
para um unico laboratério mas possivel através de grandes esfor¢os colaborativos, como a
formagao de consorcios internacionais (STRANGER; STAHL; RAJ, 2011).

Os principais exemplos da aplicagdo pratica da FDP que temos atualmente consistem
na predicdo de EVCs relacionados a pigmentagdo, visto que estes aparentam ser tracos
geneticamente menos complexos - apresentam alta hereditariedade e poucos genes
contribuem com a maior parte do fenotipo (VIRMOND et al., 2016). Métodos para predi¢ao
de pigmentacao da iris, cabelos e pele que utilizam marcadores SNP ¢ INDEL ja foram

desenvolvidos e validados, e estas informagdes acerca do individuo j& podem ser obtidas de


https://www.zotero.org/google-docs/?fzNqNR
https://www.zotero.org/google-docs/?RfMn0B
https://www.zotero.org/google-docs/?CTVZwK
https://www.zotero.org/google-docs/?ablkZo
https://www.zotero.org/google-docs/?dKz6jG
https://www.zotero.org/google-docs/?dKz6jG
https://www.zotero.org/google-docs/?FL1fs4
https://www.zotero.org/google-docs/?BoWQQ6
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amostras de DNA com um poder preditivo adequado (SCHNEIDER; PRAINSACK;
KAYSER, 2019).

Como um dos trabalhos pioneiros utilizando da tecnologia FDP, podemos citar o
sistema IrisPlex desenvolvido por Walsh et al. em 2011, que consiste num painel de 6
marcadores SNP - HERC2 rs12913832, OCA2 rs1800407, LOC105370627 rs12896399,
SLC45A2 rs16891982, TYR rs1393350 e IRF4 rs12203592 - junto de um modelo estatistico
de predicdo, capaz de prever corretamente a coloragdo de iris azul ou castanha a partir de
amostras genéticas com precisdo acima de 90% (WALSH et al, 2011). Em 2013, mais 18
novos marcadores foram adicionados ao painel, compondo o novo sistema Hlrisplex,
composto por 24 marcadores (23 SNPs e 1 InDel) e dois modelos de predigcdo para cor de
olhos e, também, cabelos - com acuracia de 69,5% para loiro, 78,5% para castanho, 80% para
ruivo e 87,5% para preto (WALSH et al., 2013). A tecnologia HlIrisplex continua sendo
aprimorada e, ainda em 2018, através de um artigo publicado na Forensic Science
International: Genetics, foi introduzido a esse sistema um novo modelo de predi¢do para
coloragdo de pele, que passou a ser chamada de Hlrisplex-S (“S” de skin, “pele” em inglés). O
painel do HIrisplex-S conta com 41 marcadores, incluindo os de seus antecessores, de 16
genes associados a pigmentagdo, e pode predizer cinco categorias de cor de pele baseadas na
escala de Fitzpatrick com diferentes valores de acuracia de predicdo - expressos pela area sob
a curva caracteristica de operagao do receptor (AUC) -, sendo de 0.75 para branca-palida,
0.73 para pele branca, 0.75 para pele intermedidria, 0.84 para pele parda e 0.98 para pele
negra (BRESLIN et al., 2019).

E importante ressaltar que, a despeito do desempenho satisfatorio destes painéis na
predi¢do de fendtipos, por se tratar de uma metodologia ainda mais recente que a utilizagao de
perfis STR - a primeira mencao do termo Forensic DNA Phenotyping na literatura data de
2006 (KOOPS; SCHELLEKENS, 2006) -, ainda hoje nota-se resisténcia no cenario
internacional para o uso de métodos FDP para auxilio em investigagdes. Relatérios recentes
mostram que diversos paises europeus ndo possuem legislagdo explicita ou implicita
regulamentando a pratica da FDP, assim como nao a praticam e nao apresentam discussoes
politicas a respeito em andamento (i.e.: Portugal, Dinamarca, Cro4cia, etc.). Por outro lado,
paises como Austria, Holanda, Espanha e Suécia ¢ Reino Unido, a pratica da FDP ja é
permitida para ancestralidade biogeografica, idade cronologica e aparéncia (PRAINSACK;
SAMUEL, 2018). Nos Estados Unidos, apesar da auséncia de regulacdo a nivel federal e
também, na maioria dos casos, estadual, a FDP ¢ uma estratégia adotada por grandes

companhias como [Identitas, Verogen e Parabon Nanolabs. Esta ultima que, através da
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tecnologia Parabon Snapshot, um sistema de fenotipagem que utiliza algoritmos de machine
lerarning para predi¢des de ancestralidade, fenotipos de pigmenta¢dao, morfologia facial e
estimativas de parentesco a partir da andlise de marcadores do tipo SNP (DNA FORENSICS
— PARABON NANOLABS, [s. d.]) - projeto financiado pelo Departamento de Defesa
Norte-Americano -, declara que j& auxiliou na resolucdo de casos envolvendo a identificagao
de restos humanos, homicidios e de estupro. Apesar disso, ndo ha na literatura detalhes sobre
os marcadores utilizados pelo sistema, sobre o algoritmo utilizado para predicdao de fendtipos,
ou sobre o processo de validacio da metodologia, tornando-o alvo de criticas de
pesquisadores influentes no campo da genética forense (ARNOLD, 2020). Entende-se,
portanto, que ndo hd um consenso internacional acerca do uso e regulacio da FDP.

Nao obstante, além do aspecto legal, ainda existem outros obstidculos a serem
ultrapassados para que haja uma implementacdo concreta da fenotipagem forense, os quais
tém sido discutidos dentro da comunidade cientifica e forense: a) o aspecto ético, onde
debatem-se questdes como o uso ou nao da FDP como evidéncia em julgamentos por conta
do “efeito CSI” - a confianga excessiva de um juri na tecnologia forense atual devido a
ficcionalizacao deste tipo de evidéncia na cultura pop -, a possibilidade de violagdo de
privacidade individual pela revelacdo de tracos fenotipicos sensiveis (e.g.: predisposicao a
determinadas doengas genéticas), assim como o armazenamento fisico destes dados genéticos
e quem teria acesso a eles, temendo o uso inapropriado destas informagdes; b) o aspecto
social, pois hd uma preocupacdo de que a interpretacdo incorreta dos resultados da
fenotipagem tenha um potencial para estigmatizacdo e aumento na discriminac¢do de grupos
minoritarios j4 considerados vulneraveis a a¢do do sistema criminal, visto que os tragos
preditos sdo compartilhados por grupos de pessoas; ¢) o aspecto genético - atualmente a
principal barreira do avango das tecnologias de fenotipagem -, considerando o conhecimento
ainda muito limitado sobre as bases genéticas envolvidas na formacdo da morfologia facial
(devido a complexidade do mapa gendtipo-fendtipo), limitagdo que estende-se até mesmo
para EVCs ligadas a pigmentacdo que contam com métodos ja validados, principalmente
tratando-se de fendtipos intermediarios (CANALES SERRANO, 2020; SCHNEIDER;
PRAINSACK; KAYSER, 2019).

1.5 IDADE CRONOLOGICA E IDADE APARENTE
Assim como aspectos de pigmentagao, a idade cronologica de um individuo também
pode ser considerada uma EVC pois pode ser observada, até certo ponto, porém independente

da etnicidade (HONG et al., 2017). Estabelecer a idade aproximada de um individuo
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desconhecido ¢ de grande relevancia forense e pode definir os rumos de investigacdes, se
combinadas com informagoes acerca de outras £V Cs mencionadas anteriormente.

M¢étodos moleculares para estimagdo da idade cronolédgica utilizando DNA de fluidos
bioldgicos encontrados em cenas de crimes ja foram propostos em literatura, estando entre os
mais populares aqueles que se baseiam no perfil de metilagdo de sitios CpG como
biomarcadores (VIDAKI; KAYSER, 2018), superando outros biomarcadores, como mRNA,
comprimento telomérico e quantificacao do rearranjo de DNA de células T (sjTREC) no que
diz respeito a correlacdo com a idade (ZUBAKOV et al., 2016). Estudos recentes mostraram
uma forte associacdo entre marcadores de metilagdo em sitios CpG de diferentes genes -
utilizando amostras comuns no meio forense, como sangue ¢ saliva - e idade cronolédgica de
individuos de ancestralidades distintas, apresentando modelos de predi¢ao de idade com forte
correlacdo entre idade predita e idade cronolodgica, superiores a 90%, e alta acuracia de
predicdo, com desvios médios absolutos da idade cronolédgica entre 3.85 e 4.25 anos (DIAS
et al., 2020; JUNG et al., 2019).

No entanto, ¢ preciso lembrar que, em muitos casos, hd diferenca entre idade
cronoldgica de um individuo e o que chamamos de idade aparente ou percebida. Esta tultima
que, diferente da idade cronoldgica, pode ser influenciada por fatores ambientais, como
exposi¢do prolongada a radiacdo ultravioleta (UV); fatores comportamentais e culturais,
incluindo habitos como tabagismo, frequéncia de consumo de alcool e diferentes dietas;
fatores étnicos, como peles com menor pigmentagdo; e caracteristicas faciais associadas a
fatores genéticos como calvicie masculina, cabelos brancos, presenca de olheiras e rugas
abaixo dos olhos (GUNN et al., 2009; NKENGNE et al., 2008; VOEGELI et al., 2021).

Isto posto, ¢ de interesse da genética forense a busca e validacdo de potenciais
marcadores moleculares relacionados nao apenas a idade cronoldgica de um individuo, mas
também a sua idade aparente, por ser essa a percebida tanto ao se observar os bancos de
imagens faciais disponiveis pelas equipes de investigagdo, quanto ao se deparar com 0s
individuos durante atividades policiais externas. Contudo, alguns pontos que podem ser
cobertos nos estudos eventualmente nao terdo o mesmo reflexo nas aplicagdes reais, como o
uso de maquiagem, intervengdes estéticas, estados hormonais transitorios (como na gravidez e
durante a lactagdo), patologias dermatoldgicas, entre outros aspectos que podem modificar o

estado aparente da pele de modo a alterar a percepcao etaria do individuo.
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1.6 GENE MCIR E APARENCIA DE JOVIALIDADE

Em LIU et al. (2016) foram encontradas evidéncias da associagdo entre um painel de
SNPs e Indels no gene MCIR e aparéncia facial em individuos europeus (LIU et al., 2016). O
estudo foi pioneiro em evidenciar que, além de fatores ambientais, variantes genéticas
também podem explicar a idade aparente de um individuo. Para chegar a tal conclusdo, o
grupo de pesquisa baseou-se nos resultados de Genome-Wide Association Studies (GWAS)
entre a idade aparente e o material genético de 2693 europeus holandeses, participantes do
Rotterdam Study, utilizando um banco de imagens digitais de face. Foram cobertos mais de
oito milhdes de SNPs e cada imagem foi classificada por 27 avaliadores diferentes. Como
resultado, observou-se que determinadas variantes proximas ou dentro do gene MCIR, em
individuos de ancestralidade europeia, possuem forte associagdo com a idade aparente. O
efeito foi mais perceptivel em participantes que carregavam haplotipos de risco (R) num
estado homozigoto (R/R), os quais aparentaram ser, aproximadamente, 2 anos mais velhos do
que sua idade cronolédgica - onde R consiste na presenga pelo menos um alelo de uma de
quatro variantes do MCIR pré-selecionadas: rs1805005, rs1805007, rs1805008 e rs1805009.
Tais achados foram replicados nas coortes do Leiden Longevity Study e TwinsUK, que
incluem, respectivamente, dados genéticos e fotografias faciais digitais de 599 europeus
holandeses e 1173 europeus. Por conta disso, as variantes selecionadas por LIU et al. (2016)
servirdo como referéncia para testar a hipotese deste artigo.

O gene em questdo codifica o receptor de melanocortina 1 (MCIR), um receptor
transmembrana acoplado a proteina G, presente na superficie dos melandcitos, células
especializadas de pigmentacdo. Possuem um papel importante na regulacdo do processo de
melanogénese nos mamiferos - determinando a quantidade e tipo de melanina produzida -,
tanto em niveis basais quanto em resposta ao dano causado pela radiagio UV
(GARCIA-BORRON; ABDEL-MALEK; JIMENEZ-CERVANTES, 2014). Os principais
agonistas endoégenos do MCIR sdo, naturalmente, as melanocortinas, um grupo de hormonios
peptidicos que inclui os hormonios estimuladores de melandcitos (MSH) - com destaque para
0 A-MSH - e 0 hormdnio adrenocorticoctréfico (ACTH). Apds a estimulacao do receptor pelas
melanocortinas, uma complexa cascata de sinalizagdo ¢ iniciada: a subunidade alfa da
proteina G dissocia-se do MCIR e ativa a adenilato ciclase, que por sua vez catalisa a
conversao de ATP em AMPc, um mensageiro secundario que ird desencadear uma série de
eventos nos melanécitos (HORRELL; BOULANGER; D’ORAZIO, 2016). O aumento dos
niveis de AMPc nos melandcitos estimula a sintese de eumelanina, um subtipo escuro da

melanina que possui propriedades fotoprotetoras por absor¢do da radiacdo UV - diferente da


https://www.zotero.org/google-docs/?nZLLaH
https://www.zotero.org/google-docs/?pFURzm
https://www.zotero.org/google-docs/?9DamYE

18

feomelanina, subtipo de colora¢do vermelha/amarela que confere menor protecdo a radiagdo -,
além de aumentar a eficiéncia de mecanismos de reparo de danos ao DNA induzidos por
radiacdo UV (e.g.. dimeros de pirimidina) e diminuir o estresse oxidativo pela redugdo de
geracdo de espécies reativas de oxigénio (ABDEL-MALEK et al., 2009; KADEKARO et al.,
2005).

Certos polimorfismos com perda de fungdo reduzem a capacidade do MCIR de
estimular a produgdo de eumelanina e aumentam a propor¢ao de feomelanina. Por conta disso,
jé sdo conhecidos por sua contribui¢do para fendtipos ruivos e de pele alva em um estado de
heterozigose composta (VALVERDE et al, 1995), caracterizados por sua tendéncia a
queimaduras e inabilidade de bronzear-se, assim como associados ao processo de
envelhecimento da pele (LAW et al., 2017). Algumas destas variantes citadas na literatura
estdo incluidas no painel de SNPs ¢ INDELs levantado por LIU et al (2016). Apesar das
evidéncias apresentadas, mais estudos sdo necessarios para elucidar o mecanismo celular

responsavel pela associacdo entre os SNPs no gene MCIR e um fendtipo mais jovem.

1.7 HETEROGENEIDADE ETNICA BRASILEIRA

Os latinoamericanos, em especial a populacdo brasileira moderna, sdo caracterizados
por sua heterogeneidade étnica e representam o mais recente grupo miscigenado do mundo.
Por conta dessa mistura, fruto de um processo de colonizagdo e migracdo (voluntaria e
involuntaria) de diferentes povos, possuimos uma identidade fenotipica e genética bastante
diversa. Estudos de estimag¢do de ancestralidade utilizando painéis de AI/Ms indicam a
presenga de trés grandes grupos biogeograficos, ou populagdes parentais, compondo a
populacdo brasileira: africanos, amerindios e europeus (FRANCEZ; LIMA; ALMEIDA,
2015; RUIZ-LINARES et al., 2014), cujo grau de influéncia de cada grupo entre individuos ¢
varidvel dentro do espaco geografico - maiores niveis de ancestralidade europeia sdo
observados no sul do pais, enquanto as ancestralidades amerindia e africana sdo mais
observadas no norte/oeste e nordeste/sudeste/centro-oeste, respectivamente (SALOUM DE
NEVES MANTA et al., 2013).

A utilizagdo de kits comerciais de painéis de A/Ms para estimar a ancestralidade
biogeografica (BGA) pode ser determinante para o direcionamento de investigagoes.
Determinar aspectos étnicos de um individuo pode, indiretamente, fornecer informacdes
fenotipicas uteis acerca deste. Além disso, o uso de AIMs também pode ser associado a
painéis de SNPs informativos de fendtipos, tais como Hlrisplex-S, j& citado anteriormente.

Exemplos hipotéticos da utilidade destes marcadores para o curso de investigagdes sdo
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descritos por Dias Filho et al. (2020): se um determinado suspeito possui marcadores
caracteristicos que apontem uma ancestralidade africana, podemos supor que ele possui uma
alta probabilidade de também ter pele escura; o mesmo vale para um possivel suspeito que
tenha mutacdes que apontem grande contribuicdo de ancestralidade europeia, e apresente
marcadores que resultem em cabelos ruivos, em uma cidade onde s6 exista uma pessoa ruiva
e descendente de alemaes.

Vale ressaltar, no entanto, que o perfil de miscigenacdo da populacdo brasileira ¢
bastante complexo. Como mencionado anteriormente, ¢ possivel observar um menor ou maior
grau de influéncia de determinada populacdo parental em diferentes regides do pais, devido a
variagdes no processo de colonizagdo. Estudos utilizando linhagens matrilineares (DNA
mitocondrial, mtDNA) e patrilineares (regido ndo-recombinante do cromossomo Y, NRY)
também mostram um processo de mesticagem assimétrico e sexualmente enviesado, onde
homens, em geral, apresentam uma maior ancestralidade europeia, enquanto uma maior
contribui¢do africana ou amerindia ¢ observada em mulheres (SOUZA et al., 2019). Por conta
disso, determinados estudos que buscaram caracterizar a ancestralidade brasileira concluem
que, tratando-se da nossa realidade, tentar associar a ancestralidade com tragos fenotipicos
relevantes no ambito forense ndo € uma alternativa tdo aplicavel ; por outro lado, Francez et
al. (2015) argumenta que estes trabalhos utilizam como base 4/Ms selecionados para estudos
envolvendo populagdes europeias, € que, quando empregados para populagdo brasileira,
superestimam o percentual de contribuicdo europeia enquanto minimizam a contribui¢ao
africana e amerindia, tornando-a mais homogénea do que realmente ¢. Em sua tese de
doutorado, Cerqueira et al. (2013) verificou que trés SNPs do gene MCIR (rs1805007,
rs1805008 e rs1805009) - presentes tanto nos painéis Irisplex, Hlrisplex e Hlrisplex-S, quanto
no painel de SNPs associados a idade aparente elencados por Liu et al. (2016) -, ndo
mostraram tal associagdo com a pigmentagdo nas populagdes gaicha e baiana (CERQUEIRA,
2013). Estes dados sugerem que relagdes genotipo-fenotipo encontradas em uma populagdo
nao devem ser extrapoladas para outras populacdes, € também a necessidade de criagdo de

painéis especificos para populacdes miscigenadas.
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2 JUSTIFICATIVA

Considerando a problematica exposta ¢ a hipotese associativa de um conjunto de
polimorfismos SNP e Indel no gene MCIR a aspectos relativos a aparéncia etaria facial em
populagdes europeias, compreende-se que estabelecer potenciais marcadores moleculares
capazes de prever caracteristicas externamente visiveis, como a classificagdo da percepgao de
idade cronolédgica facial (idade aparente), a partir de amostras bioldgicas, ¢ que sejam
aplicaveis a populacao miscigenada do estado do Rio grande do Sul, pode ajudar no melhor
direcionamento das atividades policiais e otimizar o ritmo de investigagdes criminais,

fornecendo subsidios a rapida e eficiente identificacdo de autores desconhecidos de crimes.
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3 OBJETIVOS
3.1 OBJETIVO GERAL

Reproduzir o estudo realizado por F. Liu e M. Kayser e testar a hipdtese que associa
um conjunto de polimorfismos SNPs e Indels no gene MCIR a aspectos relativos a percepgao
da aparéncia etaria facial, verificando a sua aplicabilidade numa amostra representativa da

populacao do Rio Grande do Sul.
3.2 OBJETIVOS ESPECIFICOS

a) Extrair os dados dos loci polimorficos e verificar os parametros forenses e

populacionais apresentados pelos marcadores selecionados na amostra;

b) Classificar as imagens frontais de face quanto a idade aparente através de

avaliadores;

c) Estabelecer ou verificar associagdo entre a aparéncia facial percebida e

polimorfismos genéticos localizados no gene MCIR na amostra escolhida.
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1. Introduction

Forensic DNA phenotyping (FDP) consists in predicting external visible
characteristics (EVCs) (e.g.: facial morphology, height, hair, eyes and skin pigmentation) of
unknown sample donors - whether they are wanted criminals, missing or deceased persons -
from crime scene DNA extracted from biological materials [1]. FDP is mainly based on
Genome-Wide Association Studies (GWAS) between phenotypic traces and DNA variants,
such as single nucleotide polymorphisms (SNPs) and base insertions/deletions (Indels). It can
be a useful tool for providing investigative leads in cases where the Short Tandem Repeat
(STR) based DNA profiling - current gold standard methodology for human identification - is
not possible due to the absence of a genetic profile belonging to the suspect or no DNA
matches occurrence in the available databases.

EVCs are complex traits influenced by many interacting genes, along with effects
determined by environmental factors. Iris, hair, and skin pigmentation patterns are considered
less complex phenotypic traits due to their high heritability, and because they are controlled
by the action of fewer genes [2]. Because of this, they were the first EVCs possible to be
estimated from DNA samples through prediction systems already developed and validated in
the forensic community, such as Irisplex [3], Hlrisplex [4] and HIrisplex-S [5] - multiplex
assays targeting multiple SNPs in different genes together with statistical prediction models
for eyes, hair and skin color.

Besides pigmentation traits, an individual perceived age (PA) - how old a person
appears to be - can also be considered a useful EVC for human identification applied to
criminal investigations. Unlike chronological age (CA), PA is influenced by numerous
environmental, behavioral, cultural, ethnic, and also genetic factors: exposure to ultraviolet
radiation, habits such as smoking and excessive alcohol consumption, degree of natural skin
pigmentation, presence of baldness or dark circles and wrinkles below the eyes, etc. [6,7].
Molecular methods for estimating an individual CA from biological samples with high
accuracy, for forensic purposes, have already been proposed in the literature [8,9,10,11],
mainly using biomarkers such as CpG island methylation profile, telomere length and
quantification of T-cell DNA rearrangement (sjTREC). Nevertheless, it is interesting for the
forensic community to explore and validate potential molecular markers related to PA, since
such phenotypic features can be observed both in the facial images databases available to the
investigation teams or when encountering individuals during external police activities.

In 2016, Liu et al. [12] found evidence of the association between a panel of SNP and
Indel polymorphisms in the melanocortin 1 receptor (MCIR) gene and PA in European
subjects. The research group pioneered the identification of genetic variants that explain a
small proportion of perceived facial age variation in a given population, based on GWAS
studies results associated to PA, assessed from frontal and side facial images, and evaluated
by 27 distinct analysts, and genomic data of 2693 dutch europeans from Rotterdam Study - a
prospective cohort study ongoing since 1990 in the city of Rotterdam, in The Netherlands
[12,13]. The effect was enhanced in individuals carrying risk haplotypes (R) in a homozygous
state (R/R) who looked almost 2 years older than their respective CA, where R means the
presence of at least one allele of four different MCIR variants - rs1805005, rs1805007,
rs1805008 e rs1805009. These findings were replicated in the Leiden Longevity [14] Study
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and TwinsUK study [15] cohorts, which include genomic data and digital face images of 599
dutch europeans and 1173 europeans, respectively.

MCIR gene encodes for a transmembrane G-protein coupled receptor (GPCR),
expressed on the cell surface of melanocytes and keratinocytes, specialized pigmentation
cells. It is an important element in the regulation of melanogenesis in mammals, controlling
the amount and type of melanin produced both at basal levels and in response to cellular
damage caused by ultraviolet (UV) radiation [44]. It has a high affinity for the group of
melanocytes stimulating hormones (MSH) - especially &-MSH and adrenocorticotropic
hormone (ACTH), its main endogenous agonists. Upon binding &-MSH/ACTH, MCIR
activates several signalling cascades, notably cAMP pathway, inducing the synthesis of
eumelanin, a dark subtype of melanin with photoprotective properties by uv radiation
absorption, and reducing levels of pheomelanin, a red/yellow staining subtype that confers
less radiation protection and may be involved in UV-independent pathways of oxidative stress
[45,46]. Increased cAMP levels also seem to increase the efficiency of UV-induced DNA
damage (e.g.: pyrimidine dimers) repair mechanisms and decrease oxidative stress by
reducing the generation of reactive oxygen species [47,48].

Cerqueira et al. [16] argues, however, that care must be taken when extrapolating
genotype-phenotype relationships between different populations. Some studies have shown,
for example, that in addition to locus classically associated with skin pigmentation, such as
SLC24AS5 and SLC45A2 genes, new locus in the intergenic region of BEND7 and PRPF18
have been associated with this phenotypic trait in African admixed-populations, but not in
European or Native Americans [17], while the OPRM1 and EGFR genes are associated with
differences in skin pigmentation between Europeans and Native Americans [18].

As stated earlier, one of the aspects that can influence an individual PA is its ethnicity
and, therefore, its biogeographic ancestry. Latin Americans, and consequently the Brazilian
population, can be characterized by their ethnic heterogeneity, being considered one of the
most recently admixed populations in the world [49]. It is estimated that three large parental
populations make up the bulk of Brazilian genetic mosaic: Europeans, Africans and Native
Americans; and the influence of each ethnic group varies within the geographical space of the
country - where higher levels of European ancestry are observed in the southern region (states
of Parana, Santa Catarina and Rio Grande do Sul), while Amerindian and African ancestry are
more observed in the north/west and northeast/southeast/midwest regions, respectively
[19,20,21]. This multiethnic admixture is the result of an extensive process of colonization
and migration (voluntary and involuntary) of different people during the country formation,
which resulted in a very diverse phenotypic and genetic identity [21,22]. In this work we
propose to test the hypothesis raised by Liu et al. [12] that associates a set of SNP and Indels
polymorphisms of the MCIR gene with the difference between CA and PA in Europeans,
verifying its influence on this phenotypic trait in the Rio Grande do Sul population and its
applicability as a FDP marker in highly multiethnic admixed populations.
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2. Materials and methods

2.1.  Data collection and ethical statement

261 DNA samples from volunteer unrelated adult subjects, aged between 25 and 83
years, were selected from a human forensic biobank established in the Forensic Genetics
Laboratory of Pontifical Catholic University of Rio Grande do Sul, all of them residents of
Brazilian Rio Grande do Sul state. All subjects provided oral mucosa swabs for DNA
extraction, following reading and signing consent forms (Appendix A). Participants also
provided information regarding self-perceived appearance of skin color classification based
on Fitzpatrick Scale, physical traits, and known familiar biogeographical origin (Appendix B).
This study follows the ethical principles of Helsinki Declaration of World Medical
Association [23], and was approved by the Research Ethics Committee of the Pontifical
Catholic University of Rio Grande do Sul (CEP PUCRS), under number CAEE
16312319700005336.

2.2.  DNA Extraction and quantification

Total DNA was manually extracted from buccal swabs using methodologies described
in Avila et al. [24], according to phenol-chloroform-isoamyl alcohol standard protocol
(Thermo Fischer Scientific Inc., MA, USA). DNA quantification was made by using Qubit™
2.0 Fluorometer with 4 QubitTM dsDNA High Sensitivity (HS) Assay Kit (Thermo Fischer
Scientific Inc., MA, USA) according to the manufacturer recommendations.

2.3.  Genome sequencing

Complete genome sequencing was performed by an external service provider
(Genconve Inc., NY, USA.) on an Illumina NextSeq 2000 (Illumina Inc., CA, USA.), using
Low-Pass Whole Genome Sequencing (LP-WGS) system combined with genotype
imputation step and estimated 1x full genome coverage per sample. Sequencing, data
processing and library preparation on the Gencove platform were made in accordance with the
company internal protocols.

2.4.  Data processing and variant calling

Variant calling of the target polymorphisms in MCIR associated with PA in european
populations - listed in the panel of Liu et al. [12] - was made using in-house scripts on the
VCF (variant call format) files provided by the sequencing company for each sample,
containing all sequences aligned to human genome build GRCh37, available through Gencove
library.

2.5.  Forensic parameters, population genetics indices and linkage disequilibrium

Forensic parameters and population genetics indices for the target polymorphisms data
were computed using the browser-based aplication STRAF (version 2.0.8), being them
Random Match Probability (PM), Power of Discrimination (PD), Gene diversity (GD),
Polymorphism Information Content (PIC), Power of Exclusion (PE), Typical Paternity Index
(TPI), Observed Heterozigosity (Hobs), allelic frequencies and p-value of a test for
Hardy-Weinberg equilibrium (pHW) for each locus. Linkage Disequilibrium (LD) was
computed using the web-based application LDlink.
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2.6.  Age heteroclassification

A total of 261 ICAO (International Civil Aviation Organization) standard frontal facial
images of the sequenced subjects, extracted from the Brazilian national civilian identification
systems, were used for age heteroclassification and determination of its PA - i.e., how old the
subjects looked. Each image was classified by 11 independent volunteer evaluators (5 men
and 6 women).

Prior to the assessments, a subset of ICAO standard frontal facial images from another
20 volunteer subjects without genetic data was used as a training set for the evaluators, for
calibration purposes. The training set was composed of 10 men and 10 women of different
age groups. Evaluators were aware of those subjects' ages. For determination of PA, we
employed a previously validated methodology described in Gunn et al. [25]: the evaluators
were first asked to select from a five-year range from age groups that they thought the subject
looked like they belonged based on the evaluators perception, from 18 to 89 years; secondly,
the evaluators were asked for a precise age within the selected age group.

After the training session, evaluators scored the PA for the 261 sequenced subjects, for
whom they were unaware of the subjects chronological age or any other personal information.
Data for each evaluator were recorded in a spreadsheet previously prepared by the authors of
this study.

2.7.  Statistical analysis

As for the statistical analysis, Multiple Linear Regression (MLR) was employed to
model the influence of polymorphisms (SNPs and Indels) in the difference in years between
the CA and the PA (Aage). The MLR equation estimated by the aforementioned data provides
a numerical description of the influence of independent variables (polymorphisms) in the
variation of the response variable (Aage) [26]. Since the independent variables are categorical,
the regression equation estimates the mean difference between a reference level and another
level of the variable. In this paper we stated as reference level the most common level, i.e., the
level with more observations. Additionally, MLR assumes that all independent variables are
independent among themselves (i.e., the inexistence of multicollinearity), which usually is not
the case for genetic data [26,27]. Therefore, in order to provide a parsimonious model, and
reduce the multicollinearity issue, two approaches were employed: i) SNPs with less then 4
observations in the non-reference levels were excluded, since such SNPs would not present
enough variability to actually add information to the model; and ii) a stepwise variable
selection based on the Akaike Information Criteria (AIC) was performed in the model, aiming
to avoid multicollinearity. All statistical analyses were performed in R (version 4.0.5) and the
packages “stats” and “MASS”, for MLR and variable selection respectively.
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3. Results and discussion

Variant calling from sequencing data resulted in the identification of 12 SNPs and 52
Indels, totaling 64 polymorphisms. Five polymorphisms were selectively removed because: 1)
all 261 individuals in the sample had the same genotype in the given locus, making it
impossible to verify its influence in the PA; ii) were not identified by automatic variant
calling. More detailed data about the 59 selected polymorphisms can be seen in Table SI.
Interestingly, after verification in the dbSNP and different from that presented in the study by
Liu et al [12], we noticed that variants associated with apparent facial age were not limited to
the MCIR gene region, but also spread in adjacent genes in 16q24.3 region, such as
AFG3LIP, DEFS8, FANCA, TUBB3, SPATA2L, SPIRE2, VPS9D1, and ZNF276. Regarding the
age heteroclassification of the sample from the frontal facial images, we obtained a total of
2871 PA assessments. Characteristics of the total sample, and also divided among the
different skin types constituents, are presented in Tables 1 and 2 respectively. When analyzed
individually, it was not possible to observe the influence of the variants and the presence of
effect alleles (R) on the Aage (figure 1). This corroborated the need for a multivariate analysis
of the data.

In our sample of 261 inhabitants of Rio Grande do Sul, MLR found statistically
significant relationships between 9 SNPs and Indel variants in different genes and PA.
Specifically, rs12924124 (ZNF276), rs12931267 (FANCA), 136100920
(SPIRE2/LOCI105371419), 1559751572 (TUBB3), 15201156703 (AFG3LIP), rs112220510
(AFG3LIP), rs112373300 (AFG3LIP), rs112388869 (TUBB3), and rs34850152 (AFG3LIP).
The results of the MLR can be seen in more detail in Table 3.

Interestingly, in the Rio Grande do Sul population sample, and differently from that
observed in European populations, the results of the MLR shows that many R alleles from
different variants in AFG3LIP, TUBB3, and FANCA genes influenced PA so that individuals
appeared to be 1,5-12 years younger, approximately, and being significantly associated
(p<0.05) with a younger face appearance (Table 3). For example, TUBB3 rs59751572 and
AFG3LIP rs112220510 showed an decrease in PA per increase in R - 8 values (variation in
Aage in relation to the reference genotype) of -1,26+0,54 for heterozygotes and -3,16+1,34 for
homozygotes; -1,48+0,67 for heterozygotes and -6,09+1,83 for homozygotes, respectively.
The opposite effect was observed for carriers of variants ZNF276 1512924124,
SPIRE2/LOC105371419 1336100920, AFG3LIP 1rs34850152, and AFG3LIP 1s201156703,
where the presence of R allele made the subjects appear to be 6-12 years older than non
carriers, approximately (Table 3), being significantly associated (p<0.05) with individuals
with an older than expected facial appearance.

We also performed MLR analysis after dividing the sample into two groups: the
light-skinned individuals (types I, II, and III) and the dark-skinned individuals (IV, V, and VI),
in order to identify the influence of the variants extracted in PA within the two groups
presenting distinct ethnicity background. For the light-skinned group, the presence of R
alleles of AFG3LIP rs112220510, AFG3LIP/CENPBDI rs151289005, TUBB3 rs59751572
and DEFS8 rs113500176 were significantly associated (p<0.05) with individuals with an 2-7
years younger face appearance (Table 4), while R alleles of AFG3LIP rs113020559,
AFG3LIP 1534850152 and SPIRE2/LOCI105371419 1s36100920, were significantly associated
(p<0.05) with individuals with an 2-13 years older face appearance. In the dark-skinned
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group, the presence of R alleles in the selected variants AFG3LIP rs112556696, AFG3LIP
rs112220510, TUBB3 1s59751572, TUBB3 15150764400, DEFS§ 1s113500176, DEFS§
rs1112881095, and DEFS8 rs11453006 showed to be significantly associated (p<0.05) with a
4-18 years younger appearance (Table 5), while AFG3LIP rs113020559, TUBB3
rs372052072, DEFS rs111421479, DEFS8 rs11446223, were associated with an older facial
appearance, ranging from 3-12 years, approximately.

Forensic parameters obtained for the analyzed genetic variants are presented in Table
S2. Resulting values suggest that this set of markers does not possess sufficient genetic
information to be successfully used in human identification (when considered the
individualization aspect only). Such a condition is caused mainly by the low diversity found
in SNP or Indel variants (where biallelic forms are the most common in this kind of locus),
which can be a major factor for the reduced heterozygosity presented by such markers. In
addition, minor alleles in most markers also present a significant difference in frequency in
comparison to the major alleles, once again reducing the utility of these variants in human
genetic identification. High heterozygosity levels are desired for human identification
purposes, and biallelic markers to be used in such applications should be carefully selected to
maximize the panel efficiency [23]. P-values of Hardy-Weinberg Equilibrium (HWE) test,
referred as pHW (Table S2), indicate that certain variants - some of them among those
selected by MLR, such as rs12924124, rs12931267, rs201156703, rs36100920 - present a
significant deviation (p<0.05) from HWE. A more likely cause for this finding is the existence
of some degree of genetic stratification within the target population, which are being detected
with deviations from HWE. Additional testing must be performed to better characterize the
occurrence of genetic substructures associated with the evaluated sample, but the presence of
people from distinct biogeographical origins is probably linked to this phenomenon. Linkage
disequilibrium (LD) analysis also showed a high level of correlation (R?) between these same
variants (Figures 1,2, and 3), indicating non-independent segregation of the loci during the
formation of haplotypes.

None of the four polymorphisms in the MCIR gene highlighted by Liu et al [12] for
their relationship with PA in Europeans - rs1805005, rs1805007, rs1805008 and rs1805009 -
showed to have such association in our study. These SNPs are classically associated with red
hair, fair skin and freckles phenotypes - which is why they are also called RHC (Red Hair
Color) variants - and also reduced photoprotection in European populations [29,30,43], but
they did not show to have the same influence in Latin Americans, besides being quite rare in
these populations [31,16]. In fact, in addition to the few redheads individuals in our sample,
these SNPs presented low allelic frequencies (Table S1), which should explain that they were
not selected by the MLR model.

p values found in this study are considerably higher than the effect on PA observed in
the study by Liu et al [12]. A possible explanation for this may be that our study used a
smaller sample and number of evaluators, and consequently, a smaller - but still significant -
number of total observations, in addition to presenting a greater amplitude of age groups,
composed mostly of relatively young individuals (more than 50% had a CA lower than 35
years), and therefore, a considerably lower mean age (Table 1). The estimated age of an
individual is a very subjective aspect that can be influenced not only by the facial
characteristics of the target person - that depend on environmental, cultural and behavioral,
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ethnic and genetic factors (e.g.: lifelong sun exposure, different diets, smoking, presence of
dark circles, male baldness etc.) [6,7,32,33] - , but also by factors such as the difference in
gender and age group between evaluator and research subject and facial expression of the
target person [7,32,34]. In addition, there is no standard methodology for PA determination. It
is also important to point out that because certain variants are in LD and therefore correlated
with each other, it can be interpreted that their effects can be summed up or may be canceling
each other in the regression model (e.g.: rs12924124 and rs12931267 are in LD and presented 3
values of +10,60 and -11,86, respectively, which means a resulting 8 value of -1,26 years in
PA in individuals with both variants). This additive model can also explain why some genetic
variants seem to have, according to the model, a very drastic effect in estimated PA, with age
variations over 10 years (older or younger). Despite the fact that the influence of a single
variant may be overestimating its role on PA determination, when considered together with
other genetic markers its effect is balanced. Therefore, it is important to highlight that the
presented variantes only make sense when considered together in the context of the statistical
model, and should not be individually considered alone in any attempt to pinpoint genetic
polymorphisms associated with facial appearance.

Regarding the age heteroclassification, individuals with higher skin pigmentation (skin
types V and VI) showed a lower mean PA (34,9 years) than the mean CA (36 years), indicating
that this group, in general, appears to have a younger face phenotype, something that is not
observed in the other skin types. These results are in consensus with the literature, since
individuals with lighter skin have greater sensitivity to UV-induced damage because they have
lower levels of eumelanin in the epidermis [28] and being more conducive to the appearance
of signs of aging. Our results also show a clear difference in variants significantly associated
with face phenotypes selected by the regression model for the light-skinned and dark-skinned
groups (see Tables 4 and 5). We believe that this phenomenon may be caused by the
significant difference in the presence of individuals with darker skin (types IV, V and VI) and
lighter skin (types I, II and III) in the sample, since: 1) the dark-skinned group represents few
less than 22% of the total sample (Table 1); ii) the vast majority of the selected variants do not
present a higher frequency in individuals of African ancestrys; iii) it is possible to observe the
presence of selected variants in common in the panels relative to the total sample (Table 3)
and the light-skinned group (Table 5), which represents the largest part of the sample (e.g.:
1s36100920, rs59751572 and rs34850152).

Unfortunately, the molecular mechanisms behind the effect of these variants on PA
remain unknown. Of all the selected variants that showed a significant association with
younger or older face phenotypes in our study - with the exception of FANCA rs12931267 -,
including those in the light-skinned and dark-skinned groups, none presents clinical
significance or association with any other phenotypic trait reported in ClinVar [36] and
GWAS catalog [37] databases, nor was it directly cited in previous publications. FANCA
rs12931267 has been associated with red hair phenotypes and freckling in European and
Canadian populations [35,36]. Most of the selected markers are intronic variants (Tables 3,4
and 5), with the exception of: 1) LOCI105371419 1s36100920, 3°-UTR (untranslated region)
variant; i1) AFG3L1P rs112220510, downstream transcript variant, iii) AFG3LI1P/CENPBD1
rs151289005, upstream/stop gained variant; and iv) SNORAI19 rs111421479, upstream
variant.
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A significant portion (43%) of trait-disease associated loci SNPs are found in
non-coding regions of the genome such as introns, responsible for regulating gene expression,
and can induce events such as exon skipping, activation of cryptic splicing sites and altering
the balance of isoforms that are an alternative splicing products [37,38,39,40]. In fact, the
16924.3 region has a high gene density, which adds to an inefficient polyadenylation tail in
the MCIR gene, allows the intergenic splicing of this locus with adjacent genes, for example
TUBB3 [41,42]. This intergenic splicing results in an MCI/R-TUBB3 chimera, which is
transcribed in an non-canonical mRNA that is translated in two functional isoforms of
canonical MCIR - Isol and Iso2 [41,42]. These isoforms preserve the general structure of an
GPCR, being able to perform MCIR functions, and their expression appears to be induced by
the action of &-MSH, the MCIR agonist [42,43]. Despite having a poor ability to activate
cAMP pathway like the canonical MCIR due to its decreased expression on the cell surface, it
was proposed that Isol and Iso2 may be involved in fine-tune of pigmentation response by
playing a role in the rearrangement of the cytoskeleton that is required to initiate, propagate
and guide the dendrites of activated melanocytes [41,42]. Considering these points, a possible
hypothesis we can raise is that the presence of the selected intronic variants in genes close to
the MCIR locus may be affecting potential regulatory elements and intergenic splicing sites.
This context could lead to a decrease in gene expression of both the canonic MCI/R and
potential functional isoforms, such as Isol and Iso2, and consequently in the photoprotective
mechanisms involving its signaling pathways. Even if this theory could explain why certain
variants influence an older face phenotype in comparison to the reference allele (S positive
values), the same cannot be said for cases where individuals appeared to be younger than they
actually are. Further studies will be needed so that the molecular mechanisms behind the
influence of these SNPs and Indel polymorphisms on PA can be better elucidated.

4. Conclusions

In summary, our study was successful in demonstrating the influence of certain SNPs
and Indel variants - included in the panel raised by Liu et al. [12] -, present in different genes
adjacent to the MCIR gene in 16q24.3 region, to the PA in the population of Rio Grande do
Sul. Interestingly, it was observed that, unlike what was evidenced in European populations,
such variants seem to contribute to both younger and older face phenotypes in our population.
Also, since few polymorphisms among all the extracted variants showed such an effect in our
sample, our results suggest the need for additional studies of genotype-phenotype association
with regard to apparent age in the Rio Grande do Sul population, seeking to find new
candidate genes that may be associated with this complex trait and targeting the developing of
forensic marker panels specifically for highly mixed populations. Despite our findings, further
studies are still needed to understand the molecular basis behind the influence of these
polymorphisms on complex traits like face phenotypes of different population groups.
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rs12931267. B) 1s12931267. C) rs36100920. D) rs201156703. WT - Wild type allele, R - Effect allele.
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Figure 2:Linkage Disequilibrium (LD) matrix of the variants selected by MLR. Variants
rs112373300 rs112388869 are missing from 1000G (GRCh37) data.
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Figure 3: Linkage Disequilibrium (LD) matrix of the variants selected by MLR in
light-skinned group. Variants rs112388869, rs11446223 and rs151289005 are missing from

1000G (GRCh37) data.
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Figure 4: Linkage Disequilibrium (LD) matrix of the variants selected by MLR in
dark-skinned group. Variants rs112388869, rs11446223 and rs11453006 are missing from

1000G (GRCh37) data.
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Table 1. Characteristics of the sample

Characteristics Sample
Male (N,%) 111 42.53
Female (N,%) 150 57.47
CA (Mean,SD) 33 10.29
PA (Mean,SD) @ 35.54 10
AAge(MeantSD) 1.72 4
Skin type I (N) 32 -
Skin type I (N) =~ 137 -
Skin type I (N) = 35 -
Skin type IV (N) 16 -
Skin type V (N) 25 -
Skin type VI (N) 16 -

N - Number of individuals; SD - Standard deviation; CA - Chronological Age; PA - Perceived Age;
AAge - difference between PA and CA

Table 2. Characteristics of the sample separated by skin types.
Characteristcs = Skin type I-II  Skin type III-IV = Skin type V-VI

CA (Mean+SD)  33+10.13 34+11.45 3649.49
PA (MeantSD) = 34.949.79 36.81+£10.9 34.949.7
AAge (Mean+SD)  1.63+4.03 1.81+4.21 2.1843.67

SD - Standard deviation; CA - Chronological Age; PA - Perceived Age; AAge - difference between PA
and CA



Table 3. SNP and Indel variants that most influenced in PA.

Locus Gene: Consequence Genotype f SD p-value
) TT 2.04 6.75 0.76204
rs12924124 ZNF276: Intron variant
CT 10.60 3.79 0.005575
i CG -11.13 4.15 0.007869
rs12931267 FANCA: Intron Variant
GG -11.86 6.32 0.061642
: i WT/R 0.50 1.59 0.753815
1536100920 SPIRE2: Intron variant, .
LOC105371419: 3'-UTR variant R/R 11.87 4.29 0.006142
. WT/R -1.26 0.59 0.0323
1s59751572 TUBB3: Intron variant
R/R -3.16 1.34 0.019211
) WT/R 1.64 1.22 0.180801
rs201156703 AFG3L1P: Intron variant
R/R 7.54 3.59 0.036815
: i WT/R  -1.48 0.67 0.028644
15112220510 AFG3LIP Intron'varlan't,
downstream transcript variant R/R -6.09 1.83 9.92E-04
. WT/R 093 0.64 0.150204
rs112373300 AFG3L1P: Intron variant
WT/WT  -5.55 2.68 0.03913
rs112388869 TUBBS3: Intron variant WT/R  -2.52 0.99 0.010972
rs34850152 AFG3L1P: Intron variant WT/R 493 1.32 2.26E-04

WT - Wild type allele; R - Effect allele; B - variation in Aage in relation to the reference genotype (most common
genotype); SD - standard deviation.

Table 4. Variants that most influenced in PA on individuals of light-skinned group.

Locus Gene: Consequence Genotype 8 SD p-value
AG 227 1.41 1.09E-01
rs4785704 NA
GG 5.78 8.33 0.48855
CT 17 4.2 .
1s12924124 ZNF276: Intron variant 717 0 0.0899
TT NA NA NA
CG -8.21 4. .062
rs12931267 FANCA: Intron Variant 8 38 0.06279
GG -15.55 8.09 0.05632
AG . . .
rs112556696 AFG3L1P: Intron variant 2.22 |1.51 0.14342
GG -6.04 5.79 0.29893
: i T/R 0.05 1. 0.97874
1536100920 SPIRE2: Intron variant, . WT/ 97 787
LOC105371419: 3'-UTR variant R/R 9.61 4.55 0.03602
) WT/R  -1.58 0.69 0.02235
1s59751572 TUBB3: Intron variant
R/R -1.48 1.53 0.33537
. WT/R 1.65 0.78 0.03677
rs370010270 DEFR: Intron variant
R/R 227 1.65 0.17049
WT/R  -0. . .
rs113500176 DEFS: Intron variant 0.83 1053 0.37033
R/R 484 2.17 0.02713
. R/R 3.53 2.32 0.13
rs5818730 AFG3L1P: Intron variant
WT/WT  -3.67 2.74 0.18234
. R/R -4.25 227 0.06242
rs11365264 AFG3L1P: Intron variant
WT/WT 3.68 2.69 0.17287
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Locus Gene: Consequence Genotype 8 SD p-value
WT/R  1.14 1.90 0.54786

R/R 12.70 6.10 0.03873

WT/R  -245 1.32 0.06456

rs113020559 AFG3L1P: Intron variant

1572468543 NA

R/R 2.85 3.68 0.43948
: i WT/R 02 1. 98441

5112220510 AFG3L1P Intronivarlan.t, 0.0 08 0.98
downstream transcript variant R/R -6.53 2.47 9.01E-03
rs112388869 TUBB3: Intron variant WT/R  -2.64 1.35 0.05253

WT/R  -1. 1. 1

rs11446223 DEFS8: Intron variant 79 1.38 0.19608

R/R 3.50 4.18 0.40316

CENPBD1: Stop gained,
AFG3LI1P: Upstream variant
rs34850152 AFG3LI1P: Intron variant WT/R  3.77 1.66 0.02422

WT - Wild type allele; R - Effect allele; B - variation in Aage in relation to the reference genotype (most common
genotype); SD - standard deviation; NA - Non available.

rs151289005 WT/R  -5.52 2.53 3.02E-02

Table 5. Variants that most influenced in PA on individuals of dark-skinned group.

Variant Gene: Consequence Genotype f8 SD p-value
AG -3.65 1.43 0.017361
GG -17.39 3.82 0.000108
WT/R  3.06 1.41 0.039396
R/R -3.32 224 0.150596

15112556696 AFG3L1P: Intron variant

rs372052072 TUBBS3: Intron variant

1s59751572 TUBBS3: Intron variant WT/R  -6.01 1.69 0.001433
rs150764400 TUBBS3: Intron variant WT/R  -6.25 1.50 0.000296
WT/R 5.50 1.76 0.004442
1s58851373 NA

R/R 9.56 2.44 0.000593
rs113500176 DEFS8: Intron variant WT/R  -7.37 1.63 0.000118
: i T/R 6.16 1.64 . 1

15111421479 DEFS: Intron Variant, ' WT/ 0.00087
SNORAT119: Upstream variant R/R -3.01 3.55 0.404337
rs112881095 DEFS8: Intron variant WT/R  -5.19 1.87 0.010178

R/R -0.90 1.28 0.489766

WT/WT  -2.12 1.55 0.183195

WT/R  -0.97 1.18  0.415563

WT/WT 5.18 476  0.286385

WT/R  -042 1.28 0.745114

R/R 8.11 3.65 0.035366

rs72468543 NA WT/R 753 1.71 1.65E-04
WT/R  -590 1.16  2.57E-05

R/R 4.16 4.46 0.359032

WT/R -5.79 1.73 0.002522

R/R -2.37 1.75 0.187888

rs34248444 DBNDDI: Downstream variant ~ WT/R  2.18 1.64  0.193496
rs112388869 TUBB3: Intron variant WT/R  -4.07 2.01 0.052955

rs11365264 AFG3L1P: Intron variant

rs10611547 NA

rs113020559 AFG3L1P: Intron variant

rs112220510 AFG3L1P: Intron variant

rs59713793 NA




Variant Gene: Consequence Genotype 3 SD p-value
. . WT/R  6.06 2.18 0.009843

1511446223 DEFS: Intrion variant
R/R 11.62 3.57 0.003125
: WT/R  -7.88 2.09 0.000842

rs11453006 DEFS: Intron variant
R/R -7.50 3.22 0.028156
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WT - Wild type allele; R - Effect allele; B - variation in Aage in relation to the reference genotype (most common

genotype); SD - standard deviation; NA - Non available.



Supplemental Information

Table S1. Extracted variants from VCEF files

Locus Gene <CHR MBP Type Alleles
rs10584116  AFG3L1P 16 = 90.0 Indel delCT
rs5818729 AFG3L1P 16 90.0 Indel delCC
rs112220510 AFG3L1P 16  90.0 Indel delA
rs112373300 AFG3L1P 16 90.0 Indel insTTAA
rs112556696  AFG3L1P 16 = 90.0 SNP A>G
rs113020559 AFG3L1P 16  90.0 Indel delA
rs11365264  AFG3L1P 16 = 90.0 Indel delA
rs138606117 AFG3L1P 16  90.0 Indel delG
rs140607816  AFG3L1P 16 = 90.0 Indel delG
rs147227691 AFG3L1P 16  90.0 Indel delC
rs147810494  AFG3LIP 16 @ 90.0 Indel delA
rs148467702 AFG3L1P 16  90.0 Indel delTT
rs149262318 AFG3LIP 16 @ 90.0 Indel delCACAAAAAA
rs151289005 AFG3LIP 16  90.0 Indel insA
1s60409378  AFG3LIP 16 @ 90.0 Indel insTA
rs199824666 AFG3LIP 16  90.0 Indel delG
rs200234556  AFG3L1P 16 = 90.0 Indel delGATC
rs201156703  AFG3L1P 16  90.0 Indel delTA
1s34239467  AFG3L1P 16  90.0 Indel delC
rs34850152  AFG3LIP 16  90.0 Indel insG
rs36089706  AFG3LI1P 16 @ 90.0 Indel delT
rs5818730 AFG3L1P 16  90.0 Indel delA
rs5818731 AFG3L1P 16  90.0 Indel delT
rs80032725  AFG3LI1P 16  90.0 Indel del GCCACCTACTCCT
1s34248444  DBNDDI1 16 @ 90.0 Indel delA
rs10573313 DEFS 16  90.0 Indel delTGGT
rs111421479 DEF8 16 = 90.0 Indel delT
rs112881095 DEFS 16 90.0 Indel delT
rs113500176 DEFS8 16 = 90.0 Indel delCT
rs11446223 DEF8 16  90.0 Indel delA
rs11453006 DEFS 16 = 90.0 Indel delT
rs149156863 DEF8 16  90.0 Indel insA
rs370010270 DEF8 16 = 90.0 Indel delT
rs56857645 DEF8 16  90.0 Indel delG
1s12931267 FANCA 16 89.8 SNP C>G
1575570604 FANCA 16 89.8 SNP G>C
rs1805005 MCIR 16  89.9 SNP G>T
rs1805007 MCIR 16  89.9 SNP C>T

rs1805008 MCIR 16  89.9 SNP C>T




Locus Gene <CHR MBP Type Alleles
rs1805009 MCIR 16 899 SNP G>C
1$312262906 MCIR 16 = 89.9 Indel insA
rs10611547 NA NA NA Indel delAGGTGGAGG
rs11276058 NA NA  NA Indel delGATGACTTAGTACTGCCCCTCAGCAGG
1s149945057 NA 16  90.0 Indel insG
rs4785704 NA 16  89.7 SNP A>G
rs58851373 NA 16  90.0 Indel delA
1s59713793 NA 16 = 90.0 Indel delCAG
1572468543 NA NA NA Indel delCTCAGCAGGGATGA
1s34265416  SPATA2L 16 = 89.7 SNP C>A
1s36100920 SPIRE2 16 89.9 Indel delAA
rs112388869 TUBB3 16 = 89.9 Indel insC
rs150764400 TUBB3 16  89.9 Indel delC
15201112914 TUBB3 16 = 89.9 Indel insT
rs59751572 TUBB3 16  89.9 Indel delCCTTCCTT
1rs372052072 TUBB3 16 = 89.9 Indel delC
1s57346585 TUBB3 16 89.9 Indel insTCT
1s34714188 VPS9D1 16 = 89.7 SNP T>A
1s12924124 ZNF276 16  89.7 SNP C>T
1s35026726 ZNF276 = 16 = 89.7 SNP C>T

CHR - Chromossome; MBP - Mega base pair position; NA - Non available.

Table S2. Variant’s population genetics indices and forensic parameters

Locus A C G T WI R GD PIC PM PD Hobs PE TPI pHW

rs10573313 0.998 0.002 0.004 0.004 0.992 0.008 0.004 1.46E+08 0.502 1.000
1510584116 0.833 0.167 0.278 0.239 0.566 0.434 0.249 0.045 0.666 0.129
rs5818729 0.006 0.994 0.011 0.011 0.977 0.023 0.011  0.000  0.506 1.000
rs10611547 0.107 0.893 0.192 0.173 0.672 0.328 0.192 0.028 0.618 1.000
rs111421479 0.807 0.193 0.313 0.263 0.522 0.478 0.318 0.071 0.733 0.838
rs112220510 0.791 0.209 0.331 0.276 0.504 0.496 0.303 0.065 0.717 0.188
rs112373300 0.092 0.908 0.167 0.153 0.707 0.293 0.169  0.022  0.601 1.000
rs112388869 0.969 0.031 0.060 0.058 0.885 0.115 0.061 0.003  0.533 1.000
rs112556696 0.858 0.142 0.244 0.214 0.614 0.386 0.207 0.032  0.630 0.022
1511276058 0.948 0.052 0.098 0.093 0.820 0.180 0.096 0.008 0.553 0.516
rs112881095 0.989 0.011 0.023 0.022 0.955 0.045 0.023  0.001 0.512 1.000
rs113020559 0.856 0.144 0.247 0.216 0.600 0.400 0.241 0.042 0.659 0.788
rs113500176 0.856 0.144 0.247 0.216 0.600 0.400 0.241 0.042  0.659 0.806
rs11365264 0.425 0.575 0.490 0.369 0.393 0.607 0.513  0.200 1.028 0.447
1511446223 0.805 0.195 0.315 0.265 0.521 0.479 0.299 0.063 0.713 0.431
1511453006 0.812 0.188 0.306 0.258 0.532 0.468 0.284 0.057 0.698 0.307
1s12924124 0.895 0.105 0.189 0.171 0.700 0.300 0.142 0.016  0.583 0.001
1s12931267 0.898 0.102 0.183 0.166 0.706 0.294 0.142 0.016  0.583 0.002

rs138606117 0.992 0.008 0.015 0.015 0.970 0.030 0.015 0.000 0.508 1.000
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rs140607816
rs147227691
rs147810494
rs148467702
rs149156863
15149262318
rs149945057
rs150764400
rs151289005
rs1805005
rs1805007
rs1805008
rs1805009
rs60409378
rs199824666
15200234556
rs201112914
rs201156703
1s312262906
1s34239467
1534248444
1s34265416
rs34714188
rs34850152
1s35026726
rs36089706
rs36100920
1s59751572
1s372052072
rs4785704
1s56857645
rs57346585
rs5818730
rs5818731
rs58851373
rs59713793
1572468543
1575570604
rs80032725

0.123
0.103

0.877

0.935
0.895
0.931
0.025 0.975

0.877

0.895

0.123

0.107 0.893

0.065
0.105
0.069

0.897

0.105

0.998
0.989
0.992
0.990
0.994
0.998
0.994
0.977
0.987

0.839
0.998
0.994
0.864
0.897
0.996
0.243
0.985

0.971

0.920
0.109
0.226
0.877

0.992
0.678
0.427
0.427
0.810
0.852
0.893

0.971

0.002
0.011
0.008
0.010
0.006
0.002
0.006
0.023
0.013

0.161
0.002
0.006
0.136
0.103
0.004
0.757
0.015

0.029

0.080
0.891
0.774
0.123

0.008
0.322
0.573
0.573
0.190
0.148
0.107

0.029

0.004
0.023
0.015
0.019
0.011
0.004
0.011
0.045
0.027
0.122
0.189
0.129
0.049
0.271
0.004
0.011
0.235
0.186
0.008
0.369
0.030
0.216
0.186
0.056
0.189
0.148
0.195
0.351
0.216
0.216
0.015
0.437
0.490
0.490
0.308
0.252
0.192
0.192
0.056

0.004
0.022
0.015
0.019
0.011
0.004
0.011
0.044
0.026
0.114
0.171
0.120
0.047
0.234
0.004
0.011
0.207
0.168
0.008
0.300
0.030
0.192
0.168
0.054
0.171
0.137
0.176
0.289
0.192
0.192
0.015
0.341
0.370
0.370
0.260
0.220
0.173
0.173
0.054

0.992
0.955
0.970
0.970
0.977
0.992
0.977
0912
0.948
0.788
0.691
0.762
0.905
0.571
0.992
0.977
0.609
0.692
0.985
0.472
0.941
0.655
0.705
0.892
0.700
0.738
0.694
0.485
0.645
0.655
0.970
0.434
0.395
0.395
0.533
0.646
0.669
0.690
0.898

0.008
0.045
0.030
0.030
0.023
0.008
0.023
0.088
0.052
0.212
0.309
0.238
0.095
0.429
0.008
0.023
0.391
0.308
0.015
0.528
0.059
0.345
0.295
0.108
0.300
0.262
0.306
0.515
0.355
0.345
0.030
0.566
0.605
0.605
0.467
0.354
0.331
0.310
0.102

0.004 1.46E+08 0.502
0.023  0.001 0.512
0.015 0.000 0.508
0.011  0.000 0.506
0.011  0.000 0.506
0.004 1.46E+08 0.502
0.011  0.000 0.506
0.046  0.002 0.524
0.027 0.001 0.514
0.107  0.010 0.560
0.157 0.019 0.593
0.138  0.015 0.580
0.050 0.002 0.526
0.261  0.049 0.676
0.004 1.46E+08 0.502
0.011 0.000 0.506
0.249  0.045 0.666
0.161  0.020 0.596
0.008 5.78E+09 0.504
0.402 0.115 0.837
0.031 0.001 0.516
0.176 = 0.024  0.607
0.138 0.015 0.580
0.057  0.003 0.530
0.142  0.016 0.583
0.146  0.017 0.585
0.142 0.016 0.583
0.307  0.066 0.721
0.199 0.030 0.624
0.176 = 0.024  0.607
0.015 0.000 0.508
0.490 0.179  0.981
0.517 0.203 1.036
0.517 0.203 1.036
0.264 0.050 0.680
0.126  0.013 0.572
0.199 0.030 0.624
0.153  0.018 0.590
0.050 0.002 0.526

1.000
1.000
1.000
0.021
1.000
1.000
1.000
1.000
1.000
0.090
0.014
0.138
1.000
0.506
1.000
1.000
0.432
0.044
1.000
0.176
1.000
0.006
0.000
1.000
0.000
0.684
0.001
0.046
0.262
0.005
1.000
0.073
0.380
0.395
0.030
0.000
0.745
0.004
1.000

A/C/T/G - Alleles frequencies; WT - Wild type allele frequency;
Diversity; PIC -Polymorphism information content; PM - Random match probability; PD - Power of
discrimination; Hobs - Observed heterozigosity; PE - Power of exclusion; TPI - Typical paternity index; pHW -
p-value of a teset of Hardy-Weinberg Equilibrium (HWE). A low p-value indicates a significant deviation from

HWE.
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R - Effect allele frequency; GD - Gene



Appendix A - Data collection form model

FORENSIC DNA PHENOTYPING - BRAZIL | INSTRUMENTO DE DADOS

DATA DA COLETA: / /

DADOS PESSOAI

S DO PARTICIPANTE

IDENTIFICACAO:

Nome: Data de Nascimento: / !
Contato (E-mail; telefones):

DADOS ANTROPOMETRICOS / CARACTERISTICAS / INFORMACOES

Altura: Peso: N° do sapato:

Ao usar a mao para escrever é: ( ) Destro { ) Canhoto

A orelha é saliente? ( )SIM ( YNAC Lébulo orelha é solto? () SIM ( YNAO

Est4 usando lente de contato? ( )sIM ( YNAC Estd bem bronzeado? ([ )SIM ( YNAO
Cabelo pintado/descolorido...? () SIM { JNAQO ..Alisado/Encrespado? ( )SIM ( )NAO
DADOS EPIDEMIOLOGICOS

Sexo: ( ) Masc ( )Fem

Origem: ( ) Europeia ( ) Africana ( )Indigena ( ) Asiatica () Arabe* ( )Outra:

Residente em: ( ) Sul ( ) Sudeste { ) Centro-Oeste ( )Nordeste ( ) Norte Estado/Cidade:
Natural de: ( )Sul ( ) Sudeste ( ) Centro-Oeste ( )Nordeste ( ) Norte Estado/Cidade:

(*Arabes: Habitantes da Peninsula Arabica, Oriente Médio, Africa setentrional).

DADOS BIOLOGICOS - ORIGINAIS (NATURAIS)

OLHO COR: ( )AzulClaro  ( ) Azul Esc. { )Verde ( )Mel ( )Cast.Claro ( )Cast. Esc. ( ) Preto

PELE COR: ( )Tipol ( )Tipoll ( )Tipolll ( ) Tipo IV ( )TipoV ( ) Tipo VI

CABELO COR: ( )LoiroPlat. ( )Loiro Amar. ( ) Loiro Esc. ( ) Castanho Claro [ ) Cast. Esc. ( ) Negro
( )RuivoClaro ( ) Ruivo Esc.

CABELOTIPO: ( )Liso ( )Ondulado ( )Crespo ( ) Molinha

CABELO QTDE: ( ) Muito ( ) Médio ( )Pouco CABELO OBSERV.: () Calvicie ( ) Grisalho

( )Branco ()

PARA HOMENS

QTD DE PELO EM FACE/PEITO/COSTAS/PERNAS/BRACOS: ( ) Muito () Médio ( ) Pouco

COLETADOR

Nome COLETADOR: | Matricula PUCRS: |

Como coletador, declaro que colhi e identifiquei corretamente
todas as amostras de células da pessoa aqui indicada para fins de
investigacdo de dados fenotipicos, tendo seguido rigorosamente

os procedimentos indicados. Para tanto assino ao lado: Assinatura COLETADOR

OBSERVACOES

(SE FOR O CASO: DESENHE O HEREDOGRAMA DA FAMILIA A QUAL
O PARTICIPANTE PERTENCE, IDENTIFICANDO-O COM UMA SETA). J

Tipo I: Pele muito clara, Tipo Iz Pele clara, sempre
sempre queima e queima e algumas
nunca bronzeia. vezes bronzeia

Tipo | Tipo Il

Tipo IV; Pele morena clara, Tipo V: Pele morena

raramente queima e escura, nUNca queima e
sempre bronzela sempre bronzeia.

Tipo IV Tipo V

Tipo Ik Pele menos clara,

algumas vezes queima
e sempre bronzeia

Tipo VI Pele negra,
nUNCA queima e
sempre bronzela.

Tipo VI
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Appendix B - Consent form model

TERMO DE ASSENTIMENTO LIVRE E ESCLARECIDO (TALE) NO DESENVOLVIMENTO DA
PRESENTE PESQUISA REFERENTE A0 ESTUDO DE FENOTIPO (POPULACAO)

Vocé esta sendo convidado para participar de uma pesquisa MARCADORES
GENETICOS PARA AS CARACTERISTICAS EXTERNAS VISIVEIS.
Nos comparamos o material genético, cor dos olhos/pele/cabelo, formato do
rosto, peso e altura das pessoas, para saber se estdo associados.
N&s precisamos: 1- anotar seus dados
2- fazer umas 10-12 fotos suas
3- passar um cotonete dentro da sua boca
O adulto responsavel por vocé assinard um TERMO (TCLE) permitindo sua
participacdo, mas vocé pode expressar seu proprio desejo por meio deste
documento. Vocé pode fazer qualquer pergunta sobre isso, e também pode
preferir ndo fazer.

Eu, fui informado
dos objetivos da pesquisa e entendi, e concordo em participar deste estudo. Por
isso, deixo agui meu consentimento. Se tiver novas perguntas sobre a pesquisa,
posso telefonar para a Dra. Clarice S. Alho no telefone (51) 3320 3545, ramal 4534,
ou para esclarecer sobre os meus direitos como participante deste estudo, ou se
penso que fui prejudicado pela minha participacao, posso chamar também os
responsdveis pelo Comité de Etica em Pesquisa da PUCRS (CEP-PUCRS) no telefone
(51) 3320 3000 ramal 3345. Entendi que o material e os dados obtidos a partir
desta pesquisa poderdo ser usados em pesquisas futuras, feitas aqui ou fora do
pais, mas isso acontecerd se elas também forem avaliadas e aprovadas pelo
CEP/CONEP. Se uma nova pesquisa aprovada pelo CEP/CONEP for realizada, eu:

() concordo que podem usar esse mesmo termo.

() prefiro assinar um novo termo.

E-mail / telefones:

Nome e assinatura do participante Local e data

Nome e assinatura do pesquisador Local e data

v" O CEP-PUCRS tem como endereco: Avenida Ipiranga, 6690 - Prédio 40 - 5° andar — Sala 505 - Porto
Alegre/RS; telefone (51) 3320 3000 ramal 3345.

v Este Termo de Consentimento foi elaborado em DUAS VIAS, sendo uma ficard com vocé e a outra com o
pesquisador, conforme a Resolucdo CNS 466/2012 itens IV.3.f, IV.5.d.

Paginaldel
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5 CONCLUSOES E PERSPECTIVAS

No presente estudo, fomos capazes de demonstrar, pela primeira vez, a influéncia de
polimorfismos SNPs e INDEL presentes em regides intronicas de genes adjacentes ao locus
MCIR - como TUBB3 1s59751572, FANCA 1512931267, AFG3LIP rs201156703 e ZNF276
rs12924124 - e a aparéncia facial etaria de individuos da populacao do Rio Grande do Sul. As
variantes mostraram influenciar tanto para fenotipos de face mais jovens quanto para
fendtipos de face mais velhos, diferente do observado em populacdes europeias no estudo de
Liu et al. (2016), que serviu como base para a realizagdo deste trabalho. Além disso, como a
influéncia destas variantes na PA parece bastante drastica e estar sendo superestimada, ¢
importante que elas sejam consideradas em conjunto no contexto de nosso modelo estatistico
para que seu efeito esteja balanceado. Isso ¢ justificavel baseado no fato de que determinadas
variantes estejam correlacionadas, indicando uma segregac¢ao ndo-independente na formagao
dos haplétipos. Ainda que os mecanismos moleculares por detras do efeito das variantes na
PA nao terem sido elucidados até o presente momento, propomos a hipdtese de que elas
possam estar interferindo em potenciais regioes regulatorias do gene MCIR, assim como em
sitios de splicing intergénicos.

Apesar de nossos resultados, alguns pontos sdo validos de serem mencionados como possiveis
limitadores do trabalho. Nosso instrumento de coleta de dados dos participantes nao inclui
questionamentos acerca de informagdes relevantes dos participantes que podem influenciar
em sua PA (e.g.. tabagismo, atividade laboral envolvendo exposicdo demasiada a radiacao
UV, presenca de intervengdes estéticas na face, uso de medicamentos que interferem no
processo de melanogénese, etc.). Ainda, visto que as fotografias frontais de face, mesmo que
padronizadas, sdo origindrias de documentos de identificacdo oficial, ndo foi possivel realizar
o controle de elementos que pudessem ter influéncia semelhante, como uso de maquiagens,
excesso de pelos faciais ou pequenas mudangas de expressdo. A presenga de marcas d’agua
que nao puderam ser removidas também impediu a utilizacdo de modelos deep learning para
heteroclassificagdo etdria, etapa que originalmente constava no projeto e que poderia ter
enriquecido nossos resultados. Apesar de estes pontos nao terem sido cobertos no estudo, eles
ndo refletem a realidade encontrada durante um processo de investigacdo, e de forma alguma
invalidam nossos resultados.

Por fim, vale ressaltar que, mesmo que seja importante estabelecer potenciais marcadores
moleculares capazes de prever EVCs como a PA em populagdes miscigenadas, os resultados
fornecidos pela aplicagdo da FDP na pratica forense sdo probabilisticos, € nao
deterministicos. Como ja mencionado em secdes anteriores deste trabalho, EVCs sdo em sua
maioria tracos complexos, o que confere aos fen6tipos uma margem de variagao.
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ANEXO A - NORMAS DE PUBLICACAO DA REVISTA FORENSIC SCIENCE
INTERNATIONAL: GENETICS

Author Information

Your Paper Your Way

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.

E Introduction

Types of paper

1. Original Research Papers (Regular Papers)

2. Review Articles

3. Short Communications

4. Book Reviews

5. Case Reports

6. Correspondence

7. Forensic Population Genetics (Original Paper, Short Communication or
Correspondence)

Case Reports will be accepted only if they contain some important new
information for the readers.

Forensic Population Genetics manuscripts can be submitted using three
types of formats:

Forensic Population Genetics - Original paper: In this section full length
papers on relevant population genetics issues of forensic interest will be
considered for publication. The data should be original, the population
genetic analysis must be of the highest quality and the data should have
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forensic relevance beyond the scope of simply reporting allele or haplotype
frequencies.

Forensic  Population  Genetics - Short communication (former
"Announcement of population data"): Understanding that both the quality of
population data and the relevance of results are crucial short
communications should be submitted in table format. Population data are
required to be downloaded as supplementary files (see Preparation of
supplementary data).

Forensic Population Genetics - Correspondence: If the relevance of the
data is not sufficient for an original paper or a short communication, but still
worthy of an announcement, the editors can invite authors to submit a letter
to the editor. In this case the manuscript must be written in the form of a
short letter to the editor summarizing the relevant information while the
frequency data must be provided as an electronic supplement, e.g. a
spreadsheet table, for online publication in the electronic repository of the
journal.

All Forensic Population Genetics papers should always contain information
on the description of the population, ethical requirements and quality
control. For mtDNA DNA papers, previous acceptance of the dataset in
EMPOP (http://www.empop.org) is required, for YSTR and YSNP data
previous inclusion of the data in the YSTR/YSNP database
(http://www.yhrd.org) is required. For specific information on requirements
and procedures of Forensic Population Genetics papers, see the latest
ethical requirements for publication:
https://www.sciencedirect.com/science/article/pii/S1872497320300727.
Failure to adhere to this guidance will result in an automatic rejection. The
editor?s decision is final in this regard.

Rapid Communications should describe work of significant interest, whose
impact would suffer if publication were not expedited. They should not be
longer than 5 printed journal pages. Authors may suggest that their work is
treated as a Rapid Communication, but the final decision on whether it is
suitable as such will be taken by the Editor. Rapid Communications
requiring revision should be resubmitted as a new submission.


http://www.empop.org/
http://www.yhrd.org/
https://www.sciencedirect.com/science/article/pii/S1872497320300727
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Please note: Any articles which refer to FSIGEN or ISFG guidelines must
include these in the body of the text and not as a citation.

Contact details for submission

For queries concerning the submission process or journal procedures
please visit the Elsevier Support Center. Authors can check the status of
their manuscript within the review procedure using Elsevier Editorial
System.

Submission checklist

You can use this list to carry out a final check of your submission before you
send it to the journal for review. Please check the relevant section in this
Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact
details:

* E-mail address

* Full postal address

All necessary files have been uploaded:

Manuscript.

* Include keywords

« All figures (include relevant captions)

* All tables (including titles, description, footnotes)

 Ensure all figure and table citations in the text match the files provided
* Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

* Manuscript has been 'spell checked' and 'grammar checked'

 All references mentioned in the Reference List are cited in the text, and
vice versa

* Permission has been obtained for use of copyrighted material from other
sources (including the Internet)


https://service.elsevier.com/app/home/supporthub/publishing/
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* A competing interests statement is provided, even if the authors have no
competing interests to declare

» Journal policies detailed in this guide have been reviewed

* Referee suggestions and contact details provided, based on journal
requirements

For further information, visit our Support Center.

g Before You Begin

Ethics in publishing
Please see our information on Ethics in publishing.
Studies in humans and animals

If the work involves the use of human subjects, the author should ensure
that the work described has been carried out in accordance with The Code
of Ethics of the World Medical Association (Declaration of Helsinki) for
experiments involving humans. The manuscript should be in line with the
Recommendations for the Conduct, Reporting, Editing and Publication of
Scholarly Work in Medical Journals and aim for the inclusion of
representative human populations (sex, age and ethnicity) as per those
recommendations. The terms sex and gender should be used correctly.

Authors should include a statement in the manuscript that informed consent
was obtained for experimentation with human subjects. The privacy rights
of human subjects must always be observed.

All animal experiments should comply with the ARRIVE guidelines and
should be carried out in accordance with the U.K. Animals (Scientific
Procedures) Act, 1986 and associated guidelines, EU Directive 2010/63/EU
for animal experiments, or the National Research Council's Guide for the
Care and Use of Laboratory Animals and the authors should clearly indicate
in the manuscript that such guidelines have been followed. The sex of
animals must be indicated, and where appropriate, the influence (or
association) of sex on the results of the study.


https://service.elsevier.com/app/home/supporthub/publishing/
https://www.elsevier.com/about/policies/publishing-ethics#Authors
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
http://www.icmje.org/recommendations/
http://www.icmje.org/recommendations/
https://www.who.int/gender-equity-rights/understanding/gender-definition/en/
https://www.nc3rs.org.uk/arrive-guidelines
https://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm
https://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm
https://grants.nih.gov/grants/olaw/guide-for-the-care-and-use-of-laboratory-animals.pdf
https://grants.nih.gov/grants/olaw/guide-for-the-care-and-use-of-laboratory-animals.pdf
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Declaration of competing interest

All authors must disclose any financial and personal relationships with other
people or organizations that could inappropriately influence (bias) their
work. Examples of potential conflicts of interest include employment,
consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. Authors should
complete the declaration of competing interest statement using this
template and upload to the submission system at the Attach/Upload Files
step. Note: Please do not convert the .docx template to another file type.
Author signatures are not required. If there are no interests to declare,
please choose the first option in the template. More information.

Submission declaration and verification

Submission of an article implies that the work described has not been
published previously (except in the form of an abstract, a published lecture
or academic thesis, see 'Multiple, redundant or concurrent publication' for
more information), 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 in the same form, in
English or in any other language, including electronically without the written
consent of the copyright-holder. To verify originality, your article may be
checked by the originality detection service Crossref Similarity Check.

Preprints

Please note that preprints can be shared anywhere at any time, in line with
Elsevier's sharing policy. Sharing your preprints e.g. on a preprint server will
not count as prior publication (see 'Multiple, redundant or concurrent
publication' for more information).

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is
sensitive to differences, and promotes equal opportunities. Content should
make no assumptions about the beliefs or commitments of any reader;
contain nothing which might imply that one individual is superior to another
on the grounds of age, gender, race, ethnicity, culture, sexual orientation,


https://www.elsevier.com/declaration-of-competing-interests
https://www.elsevier.com/declaration-of-competing-interests
https://service.elsevier.com/app/answers/detail/a_id/286/supporthub/publishing/
https://www.elsevier.com/about/policies/publishing-ethics#Authors
https://www.elsevier.com/editors/perk/plagiarism-complaints/plagiarism-detection
https://www.elsevier.com/about/policies/sharing/preprint
https://www.elsevier.com/about/policies/sharing
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
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disability or health condition; and use inclusive language throughout.
Authors should ensure that writing is free from bias, stereotypes, slang,
reference to dominant culture and/or cultural assumptions. We advise to
seek gender neutrality by using plural nouns ("clinicians, patients/clients")
as default/wherever possible to avoid using "he, she," or "he/she." We
recommend avoiding the use of descriptors that refer to personal attributes
such as age, gender, race, ethnicity, culture, sexual orientation, disability or
health condition unless they are relevant and valid. When coding
terminology is used, we recommend to avoid offensive or exclusionary
terms such as "master", "slave", "blacklist" and "whitelist". We suggest
using alternatives that are more appropriate and (self-) explanatory such as
"primary”, "secondary", "blocklist" and "allowlist". These guidelines are
meant as a point of reference to help identify appropriate language but are
by no means exhaustive or definitive.

Author contributions

For transparency, we encourage authors to submit an author statement file
outlining their individual contributions to the paper using the relevant
CRediT roles: Conceptualization; Data curation; Formal analysis; Funding
acquisition; Investigation; Methodology; Project administration; Resources;
Software; Supervision; Validation; Visualization; Roles/Writing - original
draft; Writing - review & editing. Authorship statements should be formatted
with the names of authors first and CRediT role(s) following. More details
and an example.

Changes to authorship

Authors are expected to consider carefully the list and order of authors
before submitting their manuscript and provide the definitive list of authors
at the time of the original submission. Any addition, deletion or
rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the
journal Editor. To request such a change, the Editor must receive the
following from the corresponding author: (a) the reason for the change in
author list and (b) written confirmation (e-mail, letter) from all authors that
they agree with the addition, removal or rearrangement. In the case of
addition or removal of authors, this includes confirmation from the author
being added or removed.


https://www.elsevier.com/authors/journal-authors/policies-and-ethics/credit-author-statement
https://www.elsevier.com/authors/journal-authors/policies-and-ethics/credit-author-statement
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Only in exceptional circumstances will the Editor consider the addition,
deletion or rearrangement of authors after the manuscript has been
accepted. While the Editor considers the request, publication of the
manuscript will be suspended. If the manuscript has already been published
in an online issue, any requests approved by the Editor will result in a
corrigendum.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the
Editor feels your article is more suitable in one of our other participating
journals, then you may be asked to consider transferring the article to one
of those. If you agree, your article will be transferred automatically on your
behalf with no need to reformat. Please note that your article will be
reviewed again by the new journal. More information.

Copyright

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


https://www.elsevier.com/authors/article-transfer-service
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/about/policies/copyright/permissions
https://www.elsevier.com/__data/assets/word_doc/0007/98656/Permission-Request-Form.docx
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/about/policies/open-access-licenses
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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.
Role of the funding source

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, it is recommended to state this.

Open access
Please visit our Open Access page for more information.
Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early
and mid-career researchers throughout their research journey. The "Learn"
environment at Researcher Academy offers several interactive modules,
webinars, downloadable guides and resources to guide you through the
process of writing for research and going through peer review. Feel free to
use these free resources to improve your submission and navigate the
publication process with ease.

Language (usage and editing services)

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 Author
Services.


https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/authors/journal-authors/submit-your-paper/sharing-and-promoting-your-article
https://www.elsevier.com/journals/forensic-science-international-genetics/1872-4973/open-access-options
https://researcheracademy.elsevier.com/
https://webshop.elsevier.com/language-editing-services/language-editing/
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Submission

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.

Submit your article
Please submit your article via https://www.editorialmanager.com/fsigen.
Ad(ditional information

Please note that articles that are sent to the author for revision need to be
returned within four months. A reminder will be sent in the third month. Any
articles that are sent after the fourth month period of revision will be
considered a re-submission.

B Preparation

Queries

For questions about the editorial process (including the status of
manuscripts under review) or for technical support on submissions, please
visit our Support Center.

NEW SUBMISSIONS

Submission to this journal proceeds totally online and you will be guided
stepwise through the creation and uploading of your files. The system
automatically converts your files to a single PDF file, which is used in the
peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your
manuscript as a single file to be used in the refereeing process. This can be
a PDF file or a Word document, in any format or lay-out that can be used by
referees to evaluate your manuscript. It should contain high enough quality
figures for refereeing. If you prefer to do so, you may still provide all or


https://www.editorialmanager.com/fsigen
https://service.elsevier.com/app/home/supporthub/publishing/
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some of the source files at the initial submission. Please note that individual
figure files larger than 10 MB must be uploaded separately.

References

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
article number or 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.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain
the essential elements needed to convey your manuscript, for example
Abstract, Keywords, Introduction, Materials and Methods, Results,
Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this
should be included in your initial submission for peer review purposes.
Divide the article into clearly defined sections.

Please ensure your paper has consecutive line numbering - this is an
essential peer review requirement.

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.

Peer review

This journal operates a double anonymized review process. All
contributions will be initially assessed by the editor for suitability for the
journal. Papers deemed suitable are then typically sent to a minimum of two
independent expert reviewers to assess the scientific quality of the paper.
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The Editor is responsible for the final decision regarding acceptance or
rejection of articles. The Editor's decision is final. Editors are not involved in
decisions about papers which they have written themselves or have been
written by family members or colleagues or which relate to products or
services in which the editor has an interest. Any such submission is subject
to all of the journal's usual procedures, with peer review handled
independently of the relevant editor and their research groups. More
information on types of peer review.

Double anonymized review

This journal uses double anonymized review, which means the identities of
the authors are concealed from the reviewers, and vice versa. More
information is available on our website. To facilitate this, please include the
following separately:

Title page (with author details): This should include the title, authors'
names, affiliations, acknowledgements and any Declaration of Interest
statement, and a complete address for the corresponding author including
an e-mail address.

Anonymized manuscript (no author details): The main body of the paper
(including the references, figures, tables and any acknowledgements)
should not include any identifying information, such as the authors' names
or affiliations.

REVISED SUBMISSIONS
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.

Article structure


https://www.elsevier.com/reviewers/what-is-peer-review
https://www.elsevier.com/reviewers/what-is-peer-review
https://www.elsevier.com/reviewers/what-is-peer-review
https://www.elsevier.com/reviewers/what-is-peer-review
https://www.elsevier.com/authors/journal-authors/submit-your-paper
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Manuscripts in general should be organized in the following order:
- Title (should be clear, descriptive and not too long)

- Name(s) of author(s)

- Abstract, which should be clear, descriptive and not longer than 400 words
- Keywords, normally 3-6 items

- Introduction

- Material studied, methods, techniques

- Results

- Discussion

- Conclusion

- Acknowledgments

- References

Essential title page information

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

» Author names and affiliations. Please clearly indicate the given name(s)
and family name(s) of each author and check that all names are accurately
spelled. You can add your name between parentheses in your own script
behind the English transliteration. Present the authors' affiliation addresses
(where the actual work was done) below the names. Indicate all affiliations
with a lower-case superscript letter immediately after the author's name and
in front of the appropriate address. Provide the full postal address of each
affiliation, including the country name and, if available, the e-mail address of
each author.

» Corresponding author. Clearly indicate who will handle correspondence at
all stages of refereeing and publication, also post-publication. This
responsibility includes answering any future queries about Methodology and
Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

* 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.

Highlights
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Highlights are mandatory for this journal as they help increase the
discoverability of your article via search engines. They consist of a short
collection of bullet points that capture the novel results of your research as
well as new methods that were used during the study (if any). Please have
a look at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online
submission system. Please use 'Highlights' in the file name and include 3 to
5 bullet points (maximum 85 characters, including spaces, per bullet point).

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws
more attention to the online article. The graphical abstract should
summarize the contents of the article in a concise, pictorial form designed
to capture the attention of a wide readership. Graphical abstracts should be
submitted as a separate file in the online submission system. Image size:
Please provide an image with a minimum of 531 x 1328 pixels (h x w) or
proportionally more. The image should be readable at a size of 5 x 13 cm
using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS,
PDF or MS Office files. You can view Example Graphical Abstracts on our
information site.

Authors can make use of Elsevier's lllustration Services to ensure the best
presentation of their images and in accordance with all technical
requirements.

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, yyyyl; the Bill & Melinda Gates Foundation, Seattle, WA
[grant number zzzz]; and the United States Institutes of Peace [grant
number aaaal.

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


https://www.elsevier.com/authors/journal-authors/highlights
https://www.elsevier.com/authors/journal-authors/graphical-abstract
https://webshop.elsevier.com/illustration-services/

68

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, it is recommended to
include the following sentence:

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

Units

Follow internationally accepted rules and conventions: use the international
system of units (Sl). If other units are mentioned, please give their
equivalent in SI.

Footnotes

Footnotes should be wused sparingly. Number them consecutively
throughout the article. Many word processors 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.

Artwork
Electronic artwork

General points

» 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.

* 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.


https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
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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:

* 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.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or
JPEG), EPS (or PDF), or MS Office files) and with the correct resolution. If,
together with your accepted article, you submit usable color figures then
Elsevier will ensure, at no additional charge, that these figures will appear in
color online (e.g., ScienceDirect and other sites) regardless of whether or
not these illustrations are reproduced in color in the printed version. For
color reproduction in print, you will receive information regarding the costs
from Elsevier after receipt of your accepted article. Please indicate your
preference for color: in print or online only. Further information on the
preparation of electronic artwork.

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


https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
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text in the illustrations themselves to a minimum but explain all symbols and
abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be
placed either next to the relevant text in the article, or on separate page(s)
at the end. Number tables consecutively in accordance with their
appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do
not duplicate results described elsewhere in the article. Please avoid using
vertical rules and shading in table cells.

References
Reference links

Increased discoverability of research and high quality peer review are
ensured by online links to the sources cited. In order to allow us to create
links to abstracting and indexing services, such as Scopus, CrossRef and
PubMed, please ensure that data provided in the references are correct.
Please note that incorrect surnames, journal/book titles, publication year
and pagination may prevent link creation. When copying references, please
be careful as they may already contain errors. Use of the DOI is highly
encouraged.

A DOl is guaranteed never to change, so you can use it as a permanent link
to any electronic article. An example of a citation using DOI for an article
not yet in an issue is: VanDecar J.C., Russo R.M., James D.E., Ambeh
W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab
beneath northeastern Venezuela. Journal of Geophysical Research,
https://doi.org/10.1029/2001JB000884. Please note the format of such
citations should be in the same style as all other references in the paper.

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:
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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.

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.
Using citation 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. If you use
reference management software, please ensure that you remove all field
codes before submitting the electronic manuscript. More information on how
to remove field codes from different reference management software.

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
article number or 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:

Reference style

Text: Indicate references by number(s) in square brackets in line with the
text. The actual authors can be referred to, but the reference number(s)
must always be given.


https://citationstyles.org/
https://www.mendeley.com/reference-management/reference-manager/
https://service.elsevier.com/app/answers/detail/a_id/26093/
https://service.elsevier.com/app/answers/detail/a_id/26093/
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Example: '..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a
different result ....'

List: Number the references (numbers in square brackets) in the list in the
order in which they appear in the text.

Examples:

Reference to a journal publication:

[1] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of writing a
scientific  article,  J. Sci. Commun. 163  (2010) 51-509.
https://doi.org/10.1016/j.S¢.2010.00372.

Reference to a journal publication with an article number:

[2] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, 2018. The art of writing a
scientific article. Heliyon. 19, e00205.
https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

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

Reference to a chapter in an edited book:

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

Reference to a website:

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

Reference to a dataset:

[dataset] [6] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data
for Japanese oak wilt disease and surrounding forest compositions,
Mendeley Data, v1, 2015. https://doi.org/10.17632/xwj98nb39r.1.

Reference to software:

[7] E. Coon, M. Berndt, A. Jan, D. Svyatsky, A. Atchley, E. Kikinzon, D.
Harp, G. Manzini, E. Shelef, K. Lipnikov, R. Garimella, C. Xu, D. Moulton, S.
Karra, S. Painter, E. Jafarov, S. Molins, Advanced Terrestrial Simulator
(ATS) v0.88 (Version 0.88), Zenodo, March 25, 2020.
https://doi.org/10.5281/zenodo.3727209

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
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given in full. Unpublished results including publications in preparation, and
personal communications should not be included in the reference list, but
mentioned in the text as e.g. "J. Smith, unpublished observation" or "J.
Smith, personal communication". Citation of a reference as "in press"
implies that the item has been accepted for publication. Please be prepared
to provide a copy of a reference "in press" upon request to the editor.

Citations to Journal or ISFG Guidelines
Please note: any articles which refer to FSIGEN or ISFG guidelines must
include these in the body of the text and not as a citation.

Video

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 file in one of our recommended file formats with a
preferred maximum size of 150 MB per file, 1 GB in total. 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.

Data visualization

Include interactive data visualizations in your publication and let your
readers interact and engage more closely with your research. Follow the


https://www.sciencedirect.com/
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
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instructions here to find out about available data visualization options and
how to include them with your article.

Supplementary material

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.

Research data

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,


https://www.elsevier.com/authors/tools-and-resources/data-visualization
https://www.elsevier.com/authors/tools-and-resources/research-data
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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 statement

To foster transparency, we encourage you to state the availability of your
data in your submission. This may be a requirement of your funding body or
institution. If your data is unavailable to access or unsuitable to post, you
will have the opportunity to indicate why during the submission process, for
example by stating that the research data is confidential. The statement will
appear with your published article on ScienceDirect. For more information,
visit the Data Statement page.


https://www.elsevier.com/authors/tools-and-resources/research-data/data-base-linking
https://www.elsevier.com/authors/tools-and-resources/research-data/data-base-linking#repositories
https://www.elsevier.com/authors/tools-and-resources/research-data/mendeley-data-for-journals
https://www.elsevier.com/authors/tools-and-resources/research-data/data-statement
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